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PREFACE

The objectives of this investigation, as presented in

the original proposal are: (1) to compare ERTS-1 imagery to

specific natural and cultural data atvarying scales over time;

(2) to determine and document the usefulness of ERTS-1 data

for environmentally based regional land use planning in 	 V3

Wisconsin; and (3) to determine the need and usefulness of

!	 ERTS-1 data for various state and university groups to obtain

.`	 interagency and interdisciplinary involvement in data analysis,

interpretation and application to current environmental problems

and land use planning policies.

The investigation was broad based. It includes an

evaluation of ERTS, RB-57 and conventional data sources; an

evaluation of the effect of the data source at the level of

the land use decision; and evaluation of the methods by which j

information may be extracted from ERTS-generated data; and

an examination of the management problem inherent in the
II	 application of ERTS generated to the land use planning process

as performed in operational agencies. University units

cooperating in the investigation include the Environmental

Monitoring and Data Acquisition Group, the Space Science and
i

}	 Engineering Center, and the Environmental Awareness Center.	 l'

State agencies cooperating in the investigation include the

Department of Administration and the Department of Natural

Resources. Numerous regional planning agencies and concerned`

private groups cooperated in an advisory role.

Based upon the results of this investigation, it may

be concluded that the ERTS system can provide valuable data

to the planners at the state level with a frequency never

r
before possible. The mechanics of the system make it a unique

data source. The true value of ERTS as a data source cannot

be realized employing processes used for conventional aerial

photography. Computer-based methods of data extraction, with

emphasis on an interactive mode, show great promise for

fulfilling the more refined data needs of regional planners.

The data format and production rate of the satellite justify
i

II
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improved methods of data extraction. In order to effectively

apply the data generated by ERTS to land use planning it is

highly desirable to develop a management system which provides

for the operational involvement of many diverse agencies and

a required response review process.
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1
1.4 INTRODUCTION

1

1.1 THE NEED FOR REGIONAL.PLANNING DATA

In their continual interaction with the land use planning

process through teaching, research and professional experience,

the investigators have encountered a lack of spatial physical

land use and resource data. Previous decades of environmental

alteration and mismanagement, coupled with a change in percep-

tion of what constitutes life quality, have led to requirements

that physical planners predict and document environmental impact
1

beforelan. implementation. Physical planners are being askedF	 F	 Y	 F	 g	 ^;.

to predict environmental consequences in quantified terms prior 	 ^.

to construction. In addition, the generation and quantification

of alternatives is being required and, therefore, environmental

alterations (e.g., highways, urban expansion, energy trans--
k

mission systems, etc.) must be located and quantified in terms

of environmental impact. The requirement to provide location 	
j

f,	 1 alternatives and quantify impact requires that physical resource

1	 data be available in a form which provides for manipulation,
both spatially and Quantitatively.

In addition to experience gained from long-term inter-

action with land planning procedures, the investigators in 1972 	 f``

participated in a university-wide faculty land use seminar

which was charged with assisting the Governor of the State of

Wisconsin in determining land use planning policy and legis-

lation. y The faculty seminar concluded after examination of

twenty-seven individual land use planning problem areas (e.g.,

urban snrawl, wetland loss, flooding, transportation planning,

etc.), that lack of sound, spatially-based physical resource

data was a principle cause of inadequate land use planning and

plan implementation. This lack affected every level of

management and planning. effort for private lands, public lands,

and public facilities. The lack of physical resource data

and a means of data manipulation has prevented the formulation

Faculty Land Use in Wisconsin: A Preliminary Description of
Problems and Preventive Efforts, 1972.  University of Wisconsin,
Institute for Environmental Studies, Madison, Wisconsin.
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of sound overall policies;. the examination of planning and

management concepts, and the evaluation of individual projects.

States and regions endowed with extensive physical resources

which desire to plan for the purpose of assuring environmental

quality, must quantify, monitor and assess their physical

environment. To meet this need, various forms of remote

sensing must be considered, evaluated and utilized when and

where appropriate. Therefore, the potential use of ERTS-1

data to assist in supplying information required for regional

land use planning was explored.

Involvement in the ERTS-1 investigation was based upon

experience in"other forms of remote sensing research including

the use of remote sensing for water quality monitoring and

resource data acquisition for input into geo-information

systems. In this investigation geo-information systems serve

in part as both the basis for ground truth comparisons with

ERTS-1 data and as the structure for determining relevant land

use punning resource data and variables. The investigation

was pursued by a diversity of disciplines including the planning

professions and the remote sensing disciplines. Review of the

effort was accomplished through an advisory council consisting

of representatives of concerned governmental and private

agencies. These working relationships provided contact between

the researchers and the potential data users thereby forming a

system for interactive research, and a mechanism for examining

the management problem associated with the application of ERTS

generated data to the land use planning process.

1.2 PROJECT OBJECTIVES

The three objectives of this research effort, as presented

in the original proposal, were:

a) to compare ERTS-1 imagery to specific natural and
cultural data at varying scales and over time.

M to determine and document the usefulness of ERTS--1

data for environmentally based regional land use

i	 planning in Wisconsin.	

1I ^

t



3

C) to determine the need and usefulness of ERTS-1 data

for various state and university groups to obtain

interagency and interdisciplinary involvement in

data analysis, interpretation and application to

current environmental problems and land use planning

policies.

1.3 PROJECT DATA BASE

1.3.1 TEST SITES

The investigation and documentation of the appli-

cation of ERTS-1 data to the regional, planning process

was based upon the utilization of representative geo-

graphical regions. These regions are shown in Figure 1.3.1.

The entire state of Wisconsin was employed as a test site

for the portion of the investigation dealing with state-

wide land use policy. The Northeastern Wisconsin Test

Site and the REMAP Test Site were employed in the portion

of the investigation dealing with more specific land use

decisions. Subdivisions of the REMAP Site, shown in

Figure 1.3.2 "Green Bay Test Site' and Figure 1.3.3

"Sheboygan Test Site," were employed in that portion of

the investigation dealing with more site specific deci-

sions. These test sites represent:

a) a variety of natural and cultural resource data,

b) different regional planning problems facing

Wisconsin, and

c) three varied scales of data.

These sites were determined to be representative of the

types required by the various planning levels within the

state.

The data base for the State of Wisconsin was developed

by the Wisconsin Geological and Natural History Survey

and the University of Wisconsin's Maxine Studies Center.

Small scale soils and geologic maps are available for

the entire state. The Marine Studies Center has provided

information concerning the current patterns in hakes

4
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FIGURE 1.3.2 Green Bay Test Site
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FIGURE 1.3.3 Sheboygan Test Site
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Michigan and Superior as well as near shore circulation

characteristics.

..^	 The data base for the Northeastern Wisconsin Test

Site was developed by the Wisconsin. Geological and Natural

History Survey.	 Data on the soils, structure, geology,

glacial features and drift thickness were generated from

published and unpublished reports of the Survey.

F	 The REMAP (Regional Environmental Management Allo-

cation Process) Test Site data base was developed by the

University of Wisconsin's Environmental Awareness Center.
3

.	 This is a computer--based data bank developed to provide

for the economic storage, analyses, and display of natural

and cultural resources for regional planning purposes.g 

}	 The system is geographically referenced on a Universal

Transverse Mercator (UTM) base.	 This geo-information	 ?

system was specifically developed to assist the Wisconsin

i3	
Division of Highways in locating and assessing environ-

mental impact from a proposed interstate Highway between

.	 Milwaukee and Green Bay, Wisconsin.	 The format of this

data bank provides for its direct compariscr^ with ERTS-1
data in order to determine:;

i
a)	 the discernibility of various natural and cul-;

imagery; tural data from ERTS - ^. 
b)	 the times of year the data can be efficiently

(	 inventoried and interpreted from ERTS-1 imagery;
F'c)	 the degree of accuracy to which they can be

inventoried from ERTS-1 imagery; and

d)	 the smallest limit of measure at which the data

are discernible.

1.3.2	 VARIABLES STUDIED

For the purpose of evaluating the utility of ERTS-1

for supplying needed resource information, a list of

variables was chosen as a basis of comparison of data

sources.	 The variables were chosen from those already``

..,	 stored in the REMAP data bank to produce a signifr.cant	 r a
representation of both natural and cultural data con-

;!	 sidered to be of importance in planning decisions. 	 The

AI	 {

g
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i	 a

complete list of these variables together with their

definI tions is contained in Appendix A. 	 j

1.3.3 RB-57 COVERAGE OF WISCONSIN

As an initial phase of the ERTS-1 investigation,

work was begun toward interpreting information from the

RB-57 high altitude (60,000 ft.) imagery which had been

provided by NASA. The purpose of this phase was twofold:

a) to compare data interpretations from RB-57

imagery to the existing REMAP data bank to

determine the optimum source of "ground truth"

for the ERTS investigation, and

b) to develop a methodology for interpretation of

ERTS-1 data. The results of this phase proved

to be very significant in the determination of

ground truth as indicated later in this report.

The RB-57 coverage consisted of four separate flights

over the general area of the REMAP data bank on the

following dates:

6 August 1971,

29 September 1971,

4 June 1972,

22 September 1972.

The Northwest portion of the state was flown by NASA on

18 and 20 September 1973, but this imagery has not yet

been used for direct interpretation comparison. Figure 1.3.4

shows the extent of the RB-57 coverage used in this inves-

tigation.

1.3.4 ERTS-1 COVERAGE OF WISCONSIN

ERTS-1 passes over Wisconsin in a NNE to SSW direction

as indicated in Figure 1.3.5. The passes take place on

five successive days, with each pass occurring at approx-

imately 10:00 AAA CST. The orbital characteristics of

the satellite result in an approximate sidelap of 38

percent at Wisconsin's geographic latitude. Summary maps
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FIGURE 1.3.4 Approximate RB-57 Coverage of Wisconsin
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Figure 1.3.5	 The Approximate Paths of ERTS-1
Satellite Over Wisconsin.
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of ERTS coverage available to the investigation are

J	 indicated in Appendix B.

1.4 PROJECT STATUS

This investigation has been extended by Modification

No. 6 to Contract No. NAS5--21754 to terminate on 23 September

1974. A second final report covering the entire investigation

will be submitted on 23 October 1974.

1.5 REPORT ORGANIZATION

Section 2 of this report presents the research results of

this investigation to date. Subsection 2.1, "Comparison to

Conventional Data," presents results for the first objective

of the original proposal. Likewise subsections 2.2, "Deter-

mination of Usefulness of ERTS-1 Data for Regional. Land Use

Planning and Allocation Decisions," and 2.3, "Requirements for

Interagency Involvement," present results for the second and

third objectives of the original proposal. Section 3.0

presents the summary, conclusions and recommendations of the

project. Supporting evidence is provided in the appendices.
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2.0 PROJECT RESULTS BY OBJECTIVES

2.1 COMPARISON WITH CONVENTIONAL DATA

2.1.1 INTRODUCTION

In order to arrive at acceptable alternatives

through a land use planning process, it is of primary

importance that data of sufficient accuracy and specifi-

city be made available to the decision makers. The

involvement of the Environmental Awareness Center at the

University of Wisconsin in the Interstate-57 location

process constituted an attempt to provide a specific

group of planners with all of the data deemed necessary

for an environmentally soue^d decision.* Throughout the
execution of the study, the researchers were constantly

faced with the problem of obtaining satisfactory data
sources. Often, the sources were either too outdated to

be reliable or didn't exist, while the time required

for compiling data from conventional sources approached

a prohibitive level.

Consideration of these problems encourages the

exploration of ERTS-1 data as an alternate source of
input to the planning process for two basic reasons:

(1) the earth orbital characteristics of ERTS allow

for a near real-time system of data acquisition,
a feature which makes it vastly superior to

conventional methods;

(2) ERTS has the potential to provide from a single

source the same amount of data which previously

required a number of different sources.

*A.H. Miller, B.J. Niem ann, An Interstate Corridor Selec-
tion Process, Environmental Awareness Center, Department
of Landscape Architecture, University of Wisconsin,
Madison, Wisconsin, 1972.
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It is apparent that because of these characteristics

ERTS-1 would be a superior system if the quality of its

data could be proven equal to or better than that of
conventional, systems.

For this reason, work was undertaken to compare

ERTS-1 derived data to conventional data in the for yn of
that compiled for the I-57 study in the REMAP data bank.
Initially, RB-57 imagery was also interpreted and compared

with the REMAP data to determine the best source of

ground truth so that the ERTS-1 data could ultimately be

evaluated in terms of the highest available. The follow-

ing sections describe the methods and results of these

comparison procedures.

2.1.2 DATA EXTRACTION FROM PHOTOGRAPHIC IMAGERY

2.1.2.1 REMAP Data Identifiable on ERTS Imagery

The REMAP I and II data banks were developed by the

University of Wisconsin's Department of Landscape

Architecture to assist the State of Wisconsin Department

of Transportation in selecting a satisfactory corridor

for Interstate 57 between Milwaukee and Green Bay. The

data banks consist of natural and cultural resource data,

computer stored on a cellular basis for I square kilo-

meter (REMAP I) and 1/9 square kilometer (REMAP'TI) cells.

These variables were developed during this investigation

as a comprehensive list (based upon available information)
of the data types necessary and typically used for large-
scale regional planning decisions and are therefore a

good basis for assessing the value of ERTS-1 data. Even
though the data bank was developed for highway corridor

location, the organization of the data objectively pro-

vides a basis for answering other regional. planning
que­s t i ons .

A basic test of the ERTS system consists of de
mining the degree to which these data can be identi
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on BRTS imagery. The comprehensive list of REMAP
data was condensed to 33 variables as defined in Appen-

dix A considered to be most significant for decision-

making for land use allocations of one kilometer or

larger such as transportation corridors, power plant

sites, power transmission systems, large industrial

concentrations and similar impact-producing phenomena.

The interpretation was performed on 9-inch ERTS transpar-

encies of the REMAP area at a scale of 1:1,000,000

using a Bausch and Lomb Model 240 Zoom Stereoscope and

Richards Series MTM Light Table. This is a simple and
inexpensive system but does not provide for image en-

hancement or manipulation. Individual "REMAP Data

Interpretation Matrices" were tabulated for each

variable for each date between 9 August 1972 and

26 October 1973 for which imagery was available for the

Milwaukee-Green Bay corridor. The results of these

individual tabulations have been condensed into the

summary contained in Table 2.1.1, "ERTS Data Interpreta-

tion Summary", which indicates which variables could be

properly identified by this simple visual inspection of

the imagery available during this time period. These

results should not be used to draw absolute conclusions

in all cases because the interpretability was often
E

influenced by image availability for the optimum time

period, image quality and interpretation technique. The

lack of satisfactory imagery is documented in Appendix B.

However, the results also show this technique lacking

in the resolution properties necessary for extraction

of these types of data with confidence. For much of the

data which were identifiable, it is evident that the

identifiability varies with the time of the year and

that there is a characteristic optimum time, especially

for dynamic variables such as vegetation.

For comparison purposes, Table 2.1.2 ("RB-57 Data
.^

InterInterpretation Summary") has been constructed from inter-	 '^P	 y	 ;^

_-



TABLE 2.1.1

ERTS DATA INTERPRETATION SUMMARYI

AGRICULTURE

BEACH RIDGE

X - Data identifiable 'without difficulty=
0 - Optimum time

Comments

0 X X X Identified most readily in summer with
composite or MSS 5; rectangular grid
pattern of fields is good indicator;
circular irrigation pattern

Not identifiable

COMMUNICATIONS, AIRFIELDS

I	 ^

DRUMLINS

END MORAINE

-	 Y

a.
^i

0 1 X	 X Identified best on MSS 5 when surrounded
by donse,healthy vegetation

c

X X 0	 Identified most readily during winter when
snow cover exists which produces a "shaded"
effect to highlight topographical features

X X X X Contrast in characteristic vegetation of
moraine with agricultural .areas results in
easy identification in southeastern areas;
identification in more heasrily forested,
northwest is possible but more difficult
due to similarity of surrounding vegetation

ESKER

1 See Appendix A:Definitio s
of Variables.

Positive identification is not possible
without three-dimensional viewing
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i	 ERTS DATA INTERPRETATION SUMMARY
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X - Data identifiable without difficulty
cx r

ŵ
ca
:4

`` y
0 - Optimum time

Comments

ESCARPMENT X Can be identified with previous knowledge
of the local geography

FOREST, LOiVLAND Y X Can be identified but only with color

I

i

composite image and proper ground truth

FOREST, UPLAND X x Can be identified but only with color
composite image and proper ground truth

E

FOREST, CONIFEROUS X X Can be identified but only with color
composite image and proper:grouhd truth

FOREST, DECIDUOUS X X Can be identified but only with color
composite image and proper ground truth 	 -

r

FOREST, DECIDUOUS/CONIFEROUS X 'Readily identified

ORIGINAL PAGE LS
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X-- Data identifiable without difficulty
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0
;;_, 0	 Optimum time

4
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E^ 4--q

Comments

GLACIAL LAKE BED Charactdristic features require much
lower altitude f6r identification

INTERCHANGES X X X MSS 5 or color composite provide relatively
easy identification in contrasting
surroundings of heavy vegetation

GROUND MORAINE X Some areas of ground moraine can
be detected by their proximity to
end moraine

LAKES 0 X X Boundaries most well-defined in
MSS 6, 7 or color composite.,due, to
absorption of infrared radiation

LAKE MICHIGAN X X X X Shoreline most well-defined when
water is not frozen

LAKES, LESS THAN 50 ACRES X X X Identified most readily on MSS 6, 7
or color composite

PAGE M

()p pooR QUALITY

A.

TABLE 2. 1. 1 (cont.

ERTS DATA INTERPRET&TION SUMMARY
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TABLE 2.1.1 Ccont.)

ERTS DATA INTERPRETATION SUMMARY
18

X - Data identifiable without difficulty

E
E

-+ : " 0	 O p t imam time

Ca LT. 2:: U Comments

LI^JTTED ACCESS HIGHWAY X X X X Cannot be identified during winter when
snow cover exists

MARSH X 0 X 0 Identi£iability depends on species
composition and hydrologic conditions;
early spring and late fall are best time

I for maximum community distinction;
gruand truth necessary for community
distinction

OPEN S11AMP X 0 X 0 Distinct boundaries are difficult to

r

identify especially during winter

i

:ESIDEN'TIAL, RURAL Not readily identifiable

itESIDENTIAL, SUBURBAN 0 X X MSS 5 or color composite best; discrete 	 s
i boundaries (urban/suburban) not identifiable

RESIDENTIAL, URBAN O X X X NISS 5 or color composite best, discrete

I
i
I

boundaries (urban/suburban) not identifiable



TABLE 2.1.1 [coat )

ERTS DATA INTERPRETATION SUMMARY
19

X - Data identifiable without difficulty
^ a

cu
a
w,

[h
0 - Optimum time

U3 w °' Comments

RIVERS 0 X X Only large rivers (unfrozen) identifiable
in winter;. boundaries are most readily
delineated in summer on either infrared
band

RIVER OR LAKE ZONING X X X Color composite best for identification

ROADS 0 X X X NESS 5 or color composite best for
identification; identifiability depends
on contrast in reflectance of
surroundings

z

G

i	 p
f.

f

SAND DANES Not identifiable in Wisconsin due to
minute size	 f

s

SHRUB CARR X

•	 F

Requires coverage during a specific time
(late fall) and some ground truth i.

STREM-1 X X X Only larger streams can be identified
color composite is hest

ORIGINAL, PAGE IS
r; T1
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ITILITIES, RAILWAY LINES
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TABLE 2.1.1 (cont.)

HRTS DATA INTERPRETATION SUMMARY
20

X - Data identifiable without difficulty-

W co

^	 E-1
ED
;P_1

^ 0 - optimum time	 -.1

U3 Comments

Not identifiable

Not identifiable



^	 TABLE 2. i.2

RB-57 DATA INTERPRETATION SUWIARY
2

'I	 ( Not available	 I

_	 x	 X - Data identifiable without difficulty

0 -- Optimum time	 _	 i=

?	 Comments

AGRICULTURE X X X Agricultural fields are easily distinguished;
I with proper ground truth some crop differ- 	 ;.
l entiation is possible E

i
c

f

.	 BEACH RIDGE X X X Can be distinguished along Lake Michigan
shore, especially at Point Beach; high
altitude provides better discrimination
between beach ridges and sand dunes then
low altitude (4000-8000 feet)

COMMUNICATIONS, AIRFIELDS X X X Easily identified; also possible to classify
according to size and image bacc	 g	 g	 Y determination
of runway length and type

t

z ^

DRUMLINS X X X Easily identified with stereoscopic viewing

•	 i
a

END MORAINE X X X Possible to identify by vegetational and
hydrologic characteristics alone; more
positive identification by topographic

f characteristics with stereoscopic viewing

ESKER X X X Identifiable but stereoscopic viewing
necessary

^
q

N

is



V)

, 3

M4

per,

2E:

N

U)

X	 Data ideatifiable without difficulty

0	 Optimum time

Comments

ESCAMMENT X X X Identifiable but stereoscopic viewing

i

necessary

FOREST, LOWLAND X 0 0 Identifiable on color--infrared film when
ground truth, is available; stereoscopic
viewing helps by providing relative
elevation of forest; distinct tonal
characteristics exist for this type of
vegetation

FOREST, UPLAND X 0 0 Identifiable on color-infrared film when
ground truth is available; stereoscopic
viewing helps by providing relative	 )	 t
elevation of forest; distinct tonal
characteristics exist for this type of
vegetation

FOREST, CONIFEROUS X 0 0 Identifiable on color-infrared film when
ground truth is available; optimum time
for distinction is during periods of
emergence and senescence of deciduous

t

vegetation

r	 FOREST, DECIDUOUS X 0 0 Identifiable on color-infrared film when
+ ground truth is available; deciduous

vegetation has a characteristically

f
higher infrared reflectance than coniferous

i

FOREST, DECIDUOUS/CONIFEROUS X X X Easily identifiable during any season
1

ORIGINAL. PAGE
ZSOF 
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RB--57 DATA INTERPRETATION SUWARY
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TABLE 2.1,2 (cont.)

RB-57 DATA INTERPRETATION SUMMARY 23

u

X -- Data identifiable without difficulty
c^u w 0- Optimum Time

"' w
W
=

^
En Comments	 i

GLACIAL LAKE BED X X Can be identified in some areas but requires
bare soil conditions to detect the
characteristic soil texture pattern; this
altitude is generally too extreme for
identification of this feature

INTERCHANGES X X X Easily identified monoscopically

GROUND MORAINE X X Can be identified.in some areas but reQl:.ires}
bare soil conditions to detect the charac-
teristic soil texture pattern; stereoscopic

4	 i viewing increases the accuracy of interpretation

LAKES X X X Easily identified; bottom effects, turbidity
and suspended solids affect the photo tone

LADE MICHIGAN X X X Easily identified; effects of shore currents
•' can be seen in turbid conditions

, 'fES, LESS THAN 50 ACRES X X X Easily identified

z
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TABLE 2.1.2 (cont.)

i

	 RB-57 DATA INTERPRETATION SU24ARY 	
24

1i

i
1^

(,.^• X -Data identifiable without difficulty

0 -Optimum time

Ca w .— Comments

LIMITED ACCESS HIGHWAY

i
E

X x X Easily identified

MARSH X 0 0 Can be identified on color-infrared film;
vegetation associations can be distinguished
best during periods of emergence and
senescence

OPEN SIVAMP X X x Easily distinguished from other wetland
components on color-infrared film

RESIDENTIAL, RURAL X x X Identifiable monoscopically

1

RESIDENTIAL, SUBURBAN X X X Identifiable but transition from suburban
to urban is hand: to define precisely

RESIDE'N'TIAL, URBAN x X X Identifiable but transition from suburban
to urban is hard to define precisely

s



E TABLE 2.1.2	 (cont.)

t RB-57 DATA INTERPRETATION SUMMARY	 25

LLa,,, X - Data identifiable without difficulty
x
va

^
w

^

0 - Optimum time

Comments

RIVERS X X X Easily identifiable on either color or
color-infrared film

a

RIVER OR LAKE ZONING
	

X I X I J X I Easily identifiable

ROADS X X X Primary and secondary roads are easily
identified; some lesser roadways can be
distinguished depending on the surface
type

a:

SAND DUNES	 Lower altitude required for magnitude of
dunes encountered in Wisconsin
	

• is ^

SHRUB CARR
	

X1 Of 1 0 1 Identified best on color-infrared imagery

'	 3
^	 .a

X X	 X Streams as small as a few feet in width
are readily identified; identification
of smaller streams is aided by stereo-
scopic viewing



TABLE 2.1.2 (cont.)

j'	 RB
I

t^^

-57 DATA INTERPRETATION SUMMARY	 26
'

X - Data identifiable without difficulty

C4
0 - Optimum time

w = W Comments
•

STRUAIM, INTERMITTENT X X X
i

Large intermittent streams can be
identified by erosion evidence;
stereoscopic viewing necessary

TERRACES X X X

I
i

Easily identified with stereoscopic viewing	 I
L

UTILITIES, RAILWAY LINES X X X Readily identifiable over most terrain	 -
types;  confusion w-i th roadways sometimes
occurs in rural areas

! -	 f

I	 ^
7

'	 s

I

.	 s

I
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pretation performed on RB-57 imagery for the same list

-^j	 of 33 variables. The major differences in the two systems,

(1) platform (12 miles vs. 500 miles) and (2) sensor
(photographic vs. scanner) , are evident in -the much
greater utility of the RB-57 imagery for interpretation

of resource data. However, research by other investi-

gators has indicated a cost ratio of ERTS to other data

sources at 1:9 to 1:20 (Poulton, 1973); the cost of ERTS 	 p

to RB-57 and conventional image acquisition as determined 	 c

by this study (U/W) has substantiated this ratio.

2.1.2.2 Data Bank Comuarisons b y CROSTAB Routine

Prior to receiving the initial ERTS data, a study

was undertaken to compare data interpreted from high

altitude RB-57 imagery with the REMAP I data which was

derived from conventional sources.	 Theur ose of thisp	 P	 a
endeavor was to establish the value of a high altitude

aircraft platform in deriving resource data of the type

needed for regional land use planning.	 A secondary

objective was to establish the validity of the REMAP

data as ground truth.

Comparison of RB-57 high flights with data derived

from conventional data sources shows that RB-57 data

correlates closely with conventional sources for the

certain types of data categories. 	 The University of

Wisconsin computing center has statistical analysis

packages available which enable rapid statistical com-

putations to be performed.	 The principle analysis done

was the cross-tabulation of data obtained from interpre-

tation of the RB-57 color infrared photographs and data

t
from the REMAP I data bank. 	 The CROSTAB program compares

two equivalent matrices element by element to determine
2

the degree of correlation between the values of the

elements.	 The correlation value is determined as the

percentage of elements in one matrix which agree, within

a given range of values, with the elements of the second
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matrix.	 Thus, if two matrices with 10 rows and 10
columns (100 elements) are compared element by element 	 }
and found to agree for 75 elements then they are said
to have a correlation of 75 percent 	 (75/100).	 It

should be noted that this simply establishes the correla-

tion and does not indicate which source contains the

greatest error.

The CROSTAB program calculates this correlation
value for two matrices and also provides further infor-
mation about their similarities or differences. 	 Figure

a
2.1,1 is a sample output from a CROSTAB analysis of two

data ranks each composed of 300 one square kilometer

cells.	 The-variables in Table 2.1.3 are referred to by
number in the CROSTAB printouts. 	 In the sample shown in

Figure 2.1.1, the value assigned to each cell was the

percent of cell covered by the variable lowland forest,

ranging from 0 to 100. 	 The diagonal line in the figure

'o	 between the two data sourcesindicates the correlation b 

for each of ten ranges of interpreted value of lowland 	 )
.	 forest.	 The results indicate that in a comparison of

corresponding cells of the data matrices the computer
found that:

52.00 of the cells agreed that there was 0 to 10%

lowland forest
1.0% of the cells agreed that there was 10 to 20%

lowland forest
0.7% of the cells agreed that there was 20 to 30%.

I lowland forest

0.3% of the cells agreed that there was 60 to 700

lowland forest
therefore 64.0% is the "correlation value" for lowland
forest.

The remaining numbers in the CROSTAB output are
^f
G:	 significant because they give an indication of the distri-

bution of the remaining data which did not correlate

particularly well.	 In the ideal case that both matrices

I	
_

1	 I	 {

1
t	 ^

!	 3.
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TABLE 2.1.3. CROSTAB RESULTS

30

VARIABLE NUMBER VARIABLE CRHSTAB VALUE

16 Intermittent Streams 99.5

17 Streams 97.2

20 Lakes (less than 50 acres) 99.3

21 Lakes 94.4

22 Lake Michigan 95.4
T

98 Limited Access Highway 100.0

99 Interchanges 100.0

115 Railway Lines 96.4

160 Roads 100.0

161 Rural Residential 95.9

24 Upland Forest 53.5

25 Lowland Forest 77.2

26 Open Swamp 77.0

TI 57 Residential Suburban Areas 84.9

58 Residential Urban Areas 77.2

65 River and Lake Zoning 77.2

147 Rivers 87.2

OP Ar, P
'00i Qu Gz is

f
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agreed on every cell value, all numbers on the output

would lie on the diagonal Line and would total. 100%.

Since this is seldom the case, it is necessary to under-

stand the meaning of the other numbers which occur on the

printed output. In Figure 2.1.1 the number "1.7" has

been circled in the first row. This value is interpreted

to mean that for 1.7% of the total cells in the matrix

(300 cells) the RB-57 derived data indicated that there

was between 30 and 40% lowland forest while the I-57

indicated a value between 0 and 100. The rest of the
numbers in the table are interpreted in a similar manner.
Thus, a good correlation between two matrices would be

indicated by a clustering of all the values in the

output table around the diagonal line of perfect corre-

lation.

As a test of correlation between RB-57 derived data

and the data gathered by conventional methods for the

I-57 study, two sample areas were chosen within the

}	 Green Bay-Milwaukee REMAP data bank. These areas are

shown in Figures 1.3 .2 and 1.3 .3 (section 1.0) . A

CROSTAB analysis was then performed for a group of

variables to determine the reliability of RB-57 data

compared with conventional sources. Table 2.1.3

"CROSTAB Results", shows the "average correlation

values" which were arrived at through the cross tabula-

tion process for each of the two sample areas. The
complete listing of the CROSTAB output is available in
the Type II NASA Report (GSFC ID UN 040), 15 December,

1972. 

The variables with a CROSTAB value above 90% have

been placed in one group (I) and those with a value .

below 90% in another (II) with the arbitrary assumption
that this represents a significant confidence level for
comparing the two data sources. The investigators feel

that RB-57 imagery (1:120,000 scale) can replace conven-
tional data sources for the variables in group I with

I
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enough accuracy for many planning purposes. This type

• I	photography would be especially useful for "corridor"

determinations similar to those required for highway

alignments by the Wisconsin Department of Transportation

and transmission corridors by the Public Service Commis-

sion.
The variables in group II displayed enough disagree-

ment between data sources to warrant investigation into

the accuracy of each source. After considerable ground

surveillance, it has been concluded that RB-57 data

represent a more accurate source for vegetation and

developed land use categories and constitute a better

reflection of actual ground conditions than conventional

data sources. Particular study was devoted to the

distinction between upland and lowland forest categories

and in all cases the RB - 57 data proved to be more accu-

rate.
There are many possible reasons for the variances.

Since the 1-57 data bank was constructed in part from

1967 photography, some of the land use variances are due

to additional development since 1967.	 Other reasons

are the weaknesses of conventional data which in many

cases are incorrect and archaic, but unfortunately

represent the best available information.
i

2.1.2.3	 Data Bank Comparisons by Spatial Location

a

i	 Correlation of BRTS data with existing spatial data

banks was a primary facet of this research program since

the major purpose for utilizing remote sensing methods
is the improvement of the planning process. 	 The same

two 300 square kilometer areas used in the CROSTAB

analysis program were chosen for this spatial comparison.

The sample areas are identified as the "Sheboygan Test

Site" and the "Green Bay Test Site", in reference to

geographical locations in Wisconsin.	 Computer methodo-

logies were developed and software written to compare -R

i^
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spatial interpretations from

` i	1) ERTS imagery,

2) RB-57 imagery,

3) conventional data sources (REMAP) .

This type of spatial comparison offers a distinct advan-

tage over the CROSTAB comparison since the spatial

comparison not only detects discrepancies but also
pinpoints their locations.

The following is a list of the variables studied in
this process and a comprehensive definition of each.

Agriculture - The percentage of the area of the cell
occupied by land which is used directly or indirectly

for the growth of food products, including crop,

animal or poultry farming. Lands within the

agricultural area which are apparently idle are

included in this category.

Escarpment - The percentage of the area of the cell

occupied by a steep slope caused by the displacement

of the earth's surface in a predominantly vertical
direction.

Forest - The percentage of the area of the cell

occupied by upland forest plus lowland forest.

Forest, Lowland - The percentage of the area of the

cell occupied by swamp hardwoods, white cedar,

tamarack, black spruce, balsam and lowland birch.

Forest, Upland - The percentage of the area of the

cell occupied by upland hardwoods; white, norway

and jack panes; popple; white birch; oak, hickory

and pin oak.
Lake - The percent of the area of the cell occupied

by any lake in excess of 50 acres which is not one
of the Great Lakes.

Take less than 50 acres - The percent of the area of

the cell occupied by any pond.or lake covering less
than 50 acres of surface water as a basic management

r'	 guideline for the restriction in use of power boats.

r
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Lake Michigan - The percentage of the area of the

0-1	 cell occupied by Lake Michigan.

Open swam - The percentage of the area of the cell

occupied by tagalder, willows, dogwoods; cattail

marshes, grass or sedge meadows; Leather leaf and

cranberry bogs; or weedy peat. Also called "Open

Wetlands".

Residential, Suburban - The percentage of the area of

the cell occupied by residential units usually on

the periphery of population centers as indicated by

the lower densities, single-family units, curvilinear
street patterns, a dotting of open spaces, and a

separation from commercial or industrial land uses.

Suburban residential units may also be classified

as such if separated from the population center but

Located adjacent to highways, granting rapid access

to the urban center.

Residential, Urban - The percentage of the area of

the cell occupied by higher-density housing, includ-

ing multi-family units located within the population

centers and generally with an intermingling of

commercial and industrial land uses. Street patterns

tend to be geometric.

River - The percent of the area of the cell occupied

by a Major River or a Minor River.

River, Major - The percent of the area of the cell

occupied by a primary artery of a major river sub-
basin. Major river sub-basins have been derived

from hydrologic studies done by the U.S. Department

of Agriculture in conjunction with the U.S.G.S..

River, Minor - The percent of the area of the cell

occupied by a secondary artery of a river sub-basin

'drainage area as designated by hydrological analysis.

Road - The number of roadways existing within a cell

including paved and unpaved town roads, county roads,

state highways, federal highways, limited access high-

ways. and interchanges.
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The ERTS information was interpreted from a

1:1,000,000 scale positive transparency of Band 5,

14 September 1972 ERTS image while RB-57 interpretations
were made from 1:120,000 scale color infrared positive

transparencies (29 September 1971). A Bausch and Lomb

Zoom 240 stereoscope and Richards MIM series light table

were used for ERTS and RB-57 interpretations.

The information for the REMAP data bank was obtained

from many sources, principal among which were: (1) USSS

topographic maps (1:62,500) from 1954-55; (2) "Wisconsin
Land Inventory" maps (1:15,840) which were prepared in
the 1930 1 s; and (3) small-scale panchromatic aerial

photography flown in 1966 (mono-coverage) .
The original intent was that the 10,000 square

kilometer REMAP data bank would serve as "ground truth"

against which the results of RB-57 and ERTS interpreta-

tions would be compared. Results indicate that the

interpretations from RB-57 color infrared photography

are a better representation of "ground truth" than the

REMAP data bank for most of the resources under consider-

ation in	 ERTS-1 study. Since the REMAP data bank was

assembled from a variety of conventional sources,

including maps, photographs, reports and statistical

information of varying vintages (from about 1910 to
1970) , at varying scales, and using various formats and
presentation methods, these sources represent conditions

as they existed at varying points in time and are not

entirely accurate today. The cumulative effects of such

source problems required correction by a laborious

homogenizing process of updating, restructuring, varifying

and scaling information into a common format. This process

was eventually successful, but the scope of the data stored

in the REA?AP data bank were still largely predetermined by

the type, scope and accuracy of the information in the

source documents. The information utilized dues represent

the best information available for regional scale decision

making. The RB-57 and/or ERTS imagery, on the other

hand,provides data at a uniform scale at a recent point in

_:=t,.:..,-..... ......... ....^-...^s.r.... K...as...-w..a.^,^.a,^,.r.•^ssa..-s-zramacw.ar-	 ..	 -.-.-^^	 ___........

i 
j^f
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time. For those natural and cultural resource parameters

that can be interpreted from these sources, the use of

RB-57 and ERTS images as data sources appears feasible and

desirable.

The results of the comparisons of these variables

for these two test sites are contained in Appendix C and

are summarized in Table 2.3.1 which presents the areal

estimates interpreted for each of the three data sources.

Four of these comparisons appear in Figures 2.1.2 - 2.1.5.

These four land cover/activity parameters (Agricultural
Land Use, Forest Land Cover, Open Water and Wetlands, and

Residential Land Use) account for nearly 90 percent of

the land in this test site and are the variables which

change most significantly with time.

^gricultural land use: Figure 2.1.2 shows spatial/

statistical comparisons for the amount of land in the

Sheboygan Test Site devoted to agricultural land use

(land used directly or indirectly for the growth of

food products, including crop, animal and poultry farming;

includes both cropland and grazing land). There is

close agreement among all three data sources and ERTS

imagery appears to be very useful for the determination

of lands devoted to agricultural use. Because of the

continuing change in use of agricultural type lands,
there i s a need to monitor and assess agricultural use.

Forest land cover: Figure 2.1.3 shows spatial/

statistical comparisons for the land covered with forests

(those land areas with at least 50 percent tree canopy

cover). Upland Forest and Lowland Forest were treated as

separate variables in the original RBMAP-1 and RB-57

data extractions, but a, combined into the one category
"Forest" in the case of ER'A'S. There is reasonable
agreement among all three data sources, but it should
be emphasized that the ERTS interpretation contains less

r	 discrete information than RB-57 and REMAP-1. It is 	 '
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possible that the ERTS-derived data could be refined by

^^^ [1) coverage over an entire season, and C2) more
sophisticated methods of data extraction.

Open water and wetlands:	 Figure 2.1.4 shows the

spatial/statistical comparisons for land covered with

open water and wetlands.	 Four resource variables,

1
"rivers", "lakes",	 "lakes smaller than 50 acres", 	 and

"open wetlands" were individually analyzed for ERTS,

RB-57 and REMAP.	 They have been combined here to repre-

sent that component of the land covered by open water

(rivers and lakes) and wetlands (principally areas occu-
pied by such biotic communities as those dominated by

grasses, sedges,	 emergent aquatics, dogwoods, shrub-

willows, and alders;	 such communities are variously

called wet meadows, marshes, bogs or swamps). 	 Due to

the REMAP data source problems described earlier, the

REMAP data bank does not adequately represent the area

presently occupied by wetlands in the REMAP area. 	 There

l' is reasonable agreement between ERTS and RB-57 in iden-

tifying the major open water and wetland areas in the

test site.	 However, in many cases where only a small

percent of each cell is occupied by open water and/or

wetland, detection was not made using the ERTS imagery

and simple interpretation techniques as shown by the

number of occurences.	 There is not a good agreement

between the REMAP areas and the RB--57 and ERTS areas

for open crater and wetlands.	 In order to investigate

the possible reasons for this discrepancy, a field check

was undertaken.	 It showed that many areas classified as

"open wetlands" in the REMAP data bank are now covered

by "lowland fares t" tree species. 	 Such areas are,
therefore, shown as "forest" on the	 ERTS and RB-57

printouts and as "open wetlands" on the REMAP printout.

When printouts for "lowland forest" and "open wetlands"

were compared for RB-57 and REMAP, they indicated that

the total areas of "lowland forest" plus 'open wetlands"

I;
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are quite close for these two data sources..

WETLANDS VERIFICATION

Variable	 Total Km 2 as derived from

ERTS	 RB -57	 REMAP

Open Wetlands	 10.8	 9.2	 20.8

Lowland Forest	 31.9	 18.9

TOTAL	 41.1	 39.7

This example clearly illustrates that (1) land cover
changes with time and 40 -year--old data are generally

outdated; (2) field checks are an essential part of
remote sensing data extraction studies; and (3) resource

definitions must be carefully drawn.

Residential land use: Although there are no true

urban areas in the Sheboygan Test Site, there are several

nodes of urban and rural residential land use, as shown

in Figure 2.1.5. The settlements of New Holstein

(popl. 3000), Kiel (popl. 2800), and Elkhart Lake (popl.
800) occur within the test site and each can be identified

on the ERTS image. There appears to be the tendency to

underestimate the area of residential land use when

interpreting from ERTS images of predominantly rural

areas. This is due to the inability to detect the

presence of characteristics which occupy only a small

portion of the one -kilometer c.ells, as previously de-

scribed in the case of open water and wetlands.

In order to make the interpretations shown in the

preceeding examples, only black - and-white transparencies

of individual ERTS bands were employed for the ERTS

interpretations. Multiple bands or multiple dates were

not employed. An additive color viewer (International

Imaging Systems Model 6040PT) has been acquired to pro-

vide for more discrete and comprehensive ERTS data

extraction..

Assuming that the RB-57 derived data represent

"ground truth", certain conclusions can be made about

3
Y `	 ^
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ERTS-1 as an information source from this preliminary

study.

In general,, the ERTS-1 interpretation resulted in a

higher total area than the other sources. This (1)

suggests that interpreters must recognize the resolution

capabilities of ERTS and develop skill in estimating

percentage occurrence of given variables and (2) indi-

cates the need for the use of machine assistance for

extraction.

In general, there exists a closer correlation between

the RB-57 derived data and the stored conventional data

of REMAP 1 than with ERTS-1 derived data. It is important

to recognize that in comparing ERTS results with existing

conventional data sources the best utility of ERTS may

not be realized. The fact that these types of data

(agriculture, roads, cities, etc.) have been mapped

previously may suggest that the best utility of ERTS-1

data is in determining measurements of data not tradi-

tionally mapped or those data which can be more economi-

cally mapped. It is these variables, either insufficient-

ly mapped or totally unmapped, which are not available

when needed in the present regional plAnning and decision-

making process.

It must also be realized that the interpretability

of a certain variable may vary with geographic location.

The results for the interpretation of agricultural land

use for the two test site locations demonstrate this

point. In the Sheboygan Test Site there was close

agreement among all three data sources as to the amount

of land used for agricultural purposes as shown in

Figure 2.1.2. However, Table 2.1.4 shows that ERTS

interpretations for agricultural land use were much lower

than the values from the RB-57 and conventional sources.

The most satisfactory explanation for this variation Lies

in the differing compositions of the two areas. The

 Sheboygan Test Site is almost entirely made up of either
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TABLE 2.1.4.	 SUI*LkRY OF INTERPRETATION RESULTS

-Areal-Interpretation Comparison

r Area, Sq. Km.

Green Bay Test Site: ERTS RB-57 REMAP

agriculture 98.75 161.37 159 .47

escarpment 10.00 9.00 9.00

forest 31.56 25.69 35.80

Lake Michigan 13.59 9.50 8.52
i

#.

Lakes 0.00 1.78 0.00 E:

lakes less than 50 acres '0.00 0.46 0.42 'f

open swamp (open wetlands) .0.00 3.38 13.90 }

residential - urban 61.78 48.50 37.19

rivers 10.25 8.69 1-1.01 +.

Sheboygan Test Site:
E

,a

agriculture 183.63 181.60 198.11

forest 48.83 59.47 51.99

lakes
i	 ,

2.11 4.33 4.47 =

Lakes, less than 50 acres 0.15 1.0.7 0.63

open swamp (open wetlands) 10.84 9.17 20.76

residential -- urban 4.70 7.49 7.88

f^	
rivers 0.97 2.17 3.60

i"",
	 •C , rAr^

r	 ._..	 ...	 ..-.	 J.
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J	
agricultural land or natural forested areas - two vari-

ables which tend to show high contrast on ERTS imagery.
On the other hand, the Green Bay Test Site is largely
composed of either agricultural or urban land - both

forms of "impacted" land and often appearing similar on
ERTS imagery. It is extremely important, therefore, that

consideration be given to the composition of a geographi-

cal area in assessing the accuracy with which certain

variables can be interpreted.

2.1.3 DATA EXTRACTION FROM ERTS COMPUTER COMPATIBLE TAPES

2.1.3.1 Conventional Data Tape Analyses

Although the extraction of information from ERTS
imagery by visual techniques has the advantage of

simplicity and availability, it is apparent that the

original ERTS data contains a significantly greater

quantity of information than can be extracted by these
simple techniques. Therefore, a portion of the investi-

gation was directed towards the application of computer
technology to the 800 bpi (9 track) digital ERTS tapes.

The REMAP I study area was again used as the test site.

This portion of the investigation was conducted in

cooperation with the UW Space Science and Engineering

Center (SSEC) and was partially funded by a NSF-RANN Grant
to the Institute for Environmental Studies.

800 bpi (9 track) system corrected computer tapes

of the REMAP I study area of 6 August 1972 have been

transformed to formats compatible with the local computer

system. MSS bands 4, 5 and 7 have been reformatted for

the vicinity of the Sheboygan Marsh (see map in Figure

2.1.6) . The area is 270 ERTS data elements wide and 129

records long, or 15.4 km by 9.8 km. w

The data elements for this scene were printed with

numbers from 0 to 64 representing the brightness values

of the data elements. Due to the printout of the

9
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i

brightness value for each data element, the shape of the
marsh is exaggerated 6 times horizontally. This posting

of the digital data for MSS bands 4, 5 and 7 for a small

area (see Figure 2.1.6) of the Sheboygan Marsh is shown

in Figures 2.1.7 to 2.1.9. The 6x horizontal distortion

makes comparison of the posting of this small area and

the map (Figure 2.1.6) difficult. This could be economi-

cally removed if a large volume of work were to be under-

taken. Nevertheless, very low brightness values corre-

sponding to open water can be perceived in all three bands.

Delineations of open water, macrophytes interspersed with

water, and macrophytes in solid stands can be made by
consulting the map in Figure 2.1.6. These postings of

the data were useful'in gaining an initial understanding

of the general coincidence of brightness values and known
features in the marsh.

The range of data elements for the entire 15.4 km x

9.8 km scene are displayed in Figure 2.1.10. Close

analysis of these histograms for each band explains the

visual differences perceivable in the overall grayish

tone of Band 4, the sharp cultural distinctions in Band 5,

and sharp water delineation with otherwise bright tones
for most other features were noted on Band 7.

The histogram for Band 4 shows the dynamic range

of Band 4 data to lie at 18 to 27 on the range of 0 to 64.

The range of Band 5 is 10 to 21. The lower position of

the dynamic range of Band 5 explains the overall darkness

of Band 5 compared to Band 4. The narrow base of the

curve of Band 4 (i.e., a narrow range of brightness
values) explains the narrow range of perceivable gray

tones in Band 4 for this scene on 9 August 1972. The
position of the curve for Band 7 is towards the brighter
end of the 0-64 range. This and the upward tail of the

curve at brightness values 1-3 is consistent with the
overall brightness of land features and the darkness of

l	 open water as perceived in an .MSS 7 image.

F
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BRIGHTNESS VALUES

FIGURE 2.1.10 Histograms of Brightness Values for 7.69 kn: x 6.48 km

Scene of Sheboygan Marsh, 9 August 1972.
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One technique useful in displaying the digital data

has been to display the various brightness levels in

discrete ranges. These ranges represented by symbols

of a computer overprint gray scale provide a representa-

tion of the scene made up of a 10 gray level display.
Figures 2.1.11 to 2.1.13 are line printer displays of
the brightness value data for Bands 4, 5 and 7 for the

Sheboygan Marsh scene of 9 August 1972. The darker

symbols represent darker brightness values for each

band; lighter symbols represent brighter values.

For each band, the data postings and histograms

discussed earlier were used to select the ranges of
brightness to display as a single printout symbol. The
data postings (Figures 2.1.7 to 2.1.9) showed that on

Band 4 open water coincided with brightness values of

15 or less. Accordingly, the darkest symbol was assigned
to the 0 to 15 range. The histograms were used to assign
single printout levels to single brightness values in
the steeper areas of the curve. In the flatter areas of
the curves, one printout level was assigned to 3 or 4

brightness values. The brightness values assigned to
each printout level are:

ERTS BRIGHTNESS VALUES

Printout Level Band 4 Band 5 Band 7

1 0-15 0-10 0-10

2 15-18 11 11-18
3 19 12 19-23
4 20 13 24-26
5 21 14 27-28
6 22 15 29
7 23 16 30
8 24 17-18 31-32
9 25-26 19-20 33-25

10 27-29 21-25 36-45
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The printout maps in Figures 2.1.11 to 2.1.13 were

compared to the map in Figure 2.1.6 and interpretations

of the printouts made. These interpretations are shown

in Figures 2.1.11 to 2.1.13. To provide a printout with

geometry as close as possible to the true scene, every

other ERTS data element was printed. This still does

not yield printout geometry the same as that in the map

in Figure 2.1.6. Since a direct overlay comparison of

the map and printout was not possible within the limits

of the budget, only an interpretative comparison is

possible. However, NASA and the USGS have established

that ERTS data, with proper manipulation, can meet

national map accuracy standards at 1:1,000,000.

1i Band 4, the perimeter of the marsh is distin-

guishable from the surrounding farmlands. Within the

marsh open water, emergent macrophytes interspersed with

water, and swamp hardwood and conifer mixes can be

distinguished from other plant groups (Figure 2.1.11).

The perimeter of the marsh and open water can be

distinguished in Band 5 (Figure 2.1.12). More of the

forested areas appear as dark tones but little separa-

tion of vegetation types is possible. Roads are also

visible.

In Band 7, the perimeter of the jaarsh is not

detectable (Figure 2.1.13). The open water and small

river channels with emergent macrophytes interspersed

with water are much more evident than in Bands 4 or S.
The swamp conifer forests are recognizable as a lighter

value than open water and emergent macrophytes inter-

spersed with water. Deciduous shrub and shrub-tree
mixtures are evident but not distinguishable from each

other. In general, there seem to be greater numbers of
distinctions possible in Band 7, although the overall
pattern is more complex, This is consistent with an

i
	 earlier observation that Band 7 contains more raw data

in digital format than Bands 4 and 5. Digital manipula- 	 ft
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tion of Band 7 data also yields more information than

Band 7 in image format.

2.1.3.2 A Semi-Interactive Data Analysis System

Another enhancement procedure has been performed on

the 9 August 1972 ERTS digital data. 9" x 9" Muirhead

Copy Facsimile prints have been produced from a manually

enhanced program and generated by a Muirhead Photofax

Receiver. In this process the opr;ator selected, via a

teletype keyboard, any level of b rightness values of

rai,: Er7 g: data. Any level (out of the 64 possible levels)

t	 was then transformed to any brightness level within the

j`	 range of the Murifax Copier (256 levels).

Pigures 2.1.14 to 2.1.17are examples of output for

E

the Sheboygan Marsh demonstrating the transformation of

brightness values of raw ERTS data to varying brightness

levels on the Murif ax Copier. The pictures are 135 ERTS

t

	

	 data elements wide and 90 ERTS data elements long, or

7.69 km x 6.48 km respectively. The western portion of
I the marsh is omitted. The assignment of brightness

values was done with a priori knowledge of the Sheboygan

Marsh developed by studying the map in Figure 2.1.6 and

the postings of raw ERTS data in Figures 2.1.7 to 2.1.9.

i	 In Figure 2,1.14, a result from Band 4, the entirety

of the marsh is visible as the gray tone. The open water	 y

F

	

	 is black. The white is a representation of not only

surrounding agricultural lands but unexplainable patterns

within the marsh. This suggests that various features

within the marsh have the same brightness values as

surrounding agricultural. lands. Based on arp iori

knowledge of the area, an interpretor interacting with

this display can separate the agricultural from wetland

components even though the range of brightness values is

sufficiently broad to encompass many features.

In Figure 2.1.15, a result from Band 7, the water is	 4

black, macrophytes interspersed with water are dark to 	 E

1

t



AIM.

58
medium dark gray, swamp conifers are medium light gray.

These are the only distinctions possible within the

marsh; the remainder of the plant communities cannot be

distinguished from the light gray to white values.

In Figure 2.1.15, also Beard 7, the water is black,

macrophytes interspersed with water are dark gray,

swamp conifers are medium light gray. The remainder of

the plant communities in the marsh cannot be distinguished

from the light gray and white values.

In Figure 2.1.17 the water is again black, but

macrophytes interspersed with water and swamp conifers

are gray. The remainder of the marsh cannot be distin-

guisaed from the surrounding agricultural lands in the

white value.

This process of assigning new values to raw ERTS

data, a form of contrast stretching, has been viewed as

a learning process for the researchers and demonstrates

that significantly more information can be extracted by

computer techniques than by light table techniques. The

capabilities of the McIDAS system expand this area

considerably and are discussed in the following section.

2.1.3.3 McIDAS: A Totally Interactive Data Analysis

System

McIDAS (Man-Computer Interactive Data Access System)

is a pictoral data analysis system developed by the

University of Wisconsin's Space Science and Engineering

Center. Developed primarily for wind measurement using

satellite observed cloud motion, McIDAS is sufficiently

versatile that a number of diverse users have been in-

vestigating its application. These include efforts

concentrating on land use and resource identification.

McIDAS, described in Appendix D, consists basically,

of a medium-scale computer, a color TV display, video

disk data storage, digital disk storage for system control

data, and high-speed communication links between the

9
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system and display. Data enhancements can be performed
simply and quickly utilizing hue and chromaticity as
interpretive tools in addition to black and white

brightness.

Some rudimentary studies were first conducted using

a prototype system (WINDCO) which utilized only black and

white display with very inefficient data transfer
capabilities. In spite of these limitations, the

following conclusions were apparent:

a) With digital data there is more information
existent in each band than in the associated
photograph.

b) Raw digital data has not been -transformed to
another form for display and is therefore a
more objective data source than ERTS image
formats.

c) Digital data may be easier than photographic

image data in archiving, retrieving, interpret-
ing and extracting information.

System development of McIDAS (Appendix D) has

presently reached the point where some of the capabilities

superior to WINDCO are now operational. Preliminary

investigations using the same ERTS CCT tapes as used on

WINDCO lead to the following conclusions and comments:

a) Proficiency in using the system from an opera-

tional point of view was easily attained.

b) The system is very efficient in accessing the

desired image and the data associated with that

image. Scenes can also be blown up to observe

selected areas within a single image. This

allows the user to start at a very large scale to

gain general impressions of an area. Large

patterns and areas of interest can be identified,

then one can focus down upon a desired smaller

area for a detailed inspection of more subtle

i
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resource patterns. This is a great advantage in

allowing both a general and detailed view of

an. area.

c) The color enhancement capabilities allow for

quick and easy immediate color enhancement of

a scene using the joystick. The user can

interact in the enhancement process, using his

knowledge of the resource patterns to maximize

the subtle differences in resource patterns for

identification. Color enhancement allows one to

view more patterns since the eye sees more colors

than shades of gray. By several trials of en-

hancement one can arrive at a display which will

maximize the contrast between resource types. In

the near future the McIDAS system will have the

capability of doing interactive overlays from

separate spectral channels each of which can be

separately color enhanced.

d) The present capabilities of McIDAS allow an 	 {

area to be traced out, the trace displayed on 	 k

the image, and the area in picture elements cal-

culated within seconds. At this writing plans

are underway to navigate RB-57 and ERTS data so

that the area will be in actual physical dimen-

sions. This capability is presently available

for the ATS-III (Applications Technology Satel-

lite) data. An additional extra-conventional

feature consists of being able to extract all 	
a

the data enclosed by the cursor overlaying the

image for all or a subset of the spectral chan-

nels associated with that image, and to calculate

and display on the CRT monitor the means and

covariance of the data sets. The cross-hair cur-

sor can be directed to any point on the displayed

image by inputting the TV coordinates, the

satellite tape coordinates and/or in the case of

ATS-III, the ground coordinates.

1
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2.2 DETERMINATION OF USEFULNESS OF ERTS-1 DATA FOR REGIONAL

LAND USE PLANNING AND ALLOCATION DECISION

2.2.1 INTRODUCTION

In section 2.1 of this report, explanation was

given of efforts to evaluate the utility of ERTS-1

data on the basis of direct comparison with data derived

by conventional methods. This method of evaluation is

legitimate but not complete. In order to obtain a more

complete judgement of ERTS-1 as a source, the data must

be tested in the context of actual planning processes.

Attempts were made to accomplish this by utilizing

ERTS -1 derived data in various formats for some practical

methods of resource information analysis and manipula-

tion. Some of the methods outlined in the following

sections are accepted planning techniques which have been

previously used. Proving ERTS-1 to be a satisfactory

input alternative to these techniques would place great

value on the satellite as a land use planning tool.

Other methods covered are relatively new to planning

disciplines. The utility of ERTS-1 as a valuable source

for these techniques can only be ascertained as the tech-

niques themselves are accepted. The study of these

methods is justified by the rationale that the ability of

ERTS-1 to collect data is so revolutionary that it

could allow techniques which would be otherwise unwork-

able for lack of a satisfactory data source.

2.2.2 DATA BANK COMPARISONS BY MANIPULATION WITH THE

LINEFINDER SIMULATION TECHNIQUE

This research seeks to determine the utility of

ERTS-i data in the planning process. The fundamental

Question can be expressed as "what effect does the data

source have upon the planning process?" Inasmuch as the

i   
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planning process must exist at several levels from

r	 site specific to regional, the utility of a data source

is a function of the level of planning. In order to

test the relationship between a data source and the

decision on a regional basis, a portion of an Interstate

Highway corridor was located based upon (l) ERTS

generated data, (2) RB-57 generated data, and (3) con-

ventional data. The three data banks for each of two

test areas were used in the Sheboygan and Green Bay

test sites. Two new models were developed to complement

an existing model developed with the REMAP I data bank.*

The models are linear summations of the product

of resource values for each cell in the 300 km 2 data

banks with weights assigned by expert opinion. The

LINEFINDER routine (Appendix E) sums products of weights

and variable values for each cell. The program then

starts at an established starting point and finds the

"least cost s" or lowest assemblage of coefficients

through the data array. LINEFINDER finds linear routes,

such as highway or power transmission corridors. Other

available software finds optimum areas.

Two policies, which could be real land use decisions

determined by policy makers, were run through each data

bank:

Policy 1: Least disruption to the ecological sys-
tem (Table 2,2.1, Figures 2.2.1-2.2.4)

Policy 2: Greatest scenic value (Table 2.2.2,
f

Figures 2.2.5-2.2.8)

s Model 1 in each policy uses weights established by

experts. Model 2 in each policy uses weights made up

by the researchers to demonstrate the effect of weight

*The REMAP I data bank was developed in 1970-72 by the
University of Wisconsin Department of Landscape Archi-
tecture with funding from the Wisconsin Department of
Transportation. The computer program LINEFINDER was

doolk	 written by Dennis Bunde, UW Department of Computer
Science.
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POLICY 1

LAND ALLOCATION MODELS

"LINEFINDER1 " ROUTINE

I

t

DATA
DERIVED
FROM

VARIABLE USED WEIGHTS

MODEL 1	 MODEL 2

RTS Ravers 20 2
Lakes 9 2
Lake Michigan 9 2
Forest 4 20
Open swamp 4 20

46 46

B-57 Stream, intermittant 100 3
and Stream 90 3
EMAP I Rivers 20 3
ATA BANK Lakes 9 3

Lake Michigan 9 3
Lowland forest 4 75

3	 Upland forest 4 75
Open swamp 4 75

240 240

TABLE 2.2.1

POLICY 1: Least Disruption to the Ecological. System

r
i
a

.I
r	 ji

f	 g

f
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POLICY 2

LAND ALLOCATION MODELS

"LINEVINDER" ROUTINE
rr

r

f

i

DATA
-DERIVED
FROM VARIABLES USED

19BIGltTS
MODEL l MODEL 2

ERTS Forest 1 6
Open swamp l 6
1,.gricultural l 1
Urban 10 1
Escarpment 2 1
Lakes l 1
Lake Michigan I l
Lakes less than 50 acres l I.
Rivers l 1

19 19

RB-57 Agricultural 1 1
and Escarpment 2 1
REMAP-1 Lowland forest 1 4
DATA BANK Upland forest 1 6

Lakes I. I-
Lake Michigan l I
Lakes less than 50 acres 1 1
Open swamp I 2
Rivers 1 I.
Stream I 1
Stream, intermittent 3 1
Urban 10 l

21 -21

TABLE 2.2,2
POLICY 2: Greatest Scenic Potential

ORIGINAL PAGE IS

or' POOR QUALITY-
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changes. Since it is realistic to assume that different

experts may disagree on weights, two weighting schemes

were used to demonstrate the effect of different view-
points. The ability of this method to accept varying
weights and display the results is a great asset.

An inspection of Figures 2.2.1 through'2.2.8 reveals

several significant points. Although there is agreement

in a few areas among selected corridors there are signifi-
cant variations. It is apparent after a_ cursory examina-
tion that the variations between the ERTS corridor and

the other two are caused in part by inclusion of addi-

tional variables in the case of RB-57 and REMAP I

(Niemann, 1974; Miller and Niemann, 1972) . However,
the comparison between the RB-57 and the REMAP I data

bank is directly attributable to the discrepancy between

the data values stored in those systems since the game

variables are included. Inasmuch as field checks have

consistently indicated the superiority of the RB-57

data source for these variables the conclusion must be

drawn that the conventional REMAP I data base incorrectly

biases the decision based upon these variables. The

significance of this to the planning process cann6t - be
overestimated.

This investigation is continuing and will be re-
ported on further at a later date.

2.2.3 CRITICAL RESOURCE INFORMATION PROGRAM (CRIP)

Assessing the condition of natural and cultural

resources on a statewide basis is rapidly becoming a

tenet of sound planning. In response to this need,

Wisconsin initiated a study--the Critical Resource

Information Program--to define, organize and describe
the state's critical resources. During the investigation,

a rather sophisticated and multifaceted assessment

methodology was developed to evaluate the relative

criticality of resource areas within the state. The

e
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methodology accounts for the complex nature of the	
78

^•,	 resource base as well as the complications arising from

the determination of what constitute criticality.

The term critical, as defined by the CRIP investiga-

tors, applies to geographically defined areas within

which one or more significant resources are found. The

relative criticality of a resource area (from not criti-

cal to very critical) is based on such factors as resource

quality and size, location, cost of maintenance, and

degree of present or future scarcity.

The GRIP investigators have attempted to make

objective and where possible, quantify the resource
assessment procedure. At the same time, the constraints

of time and finances which the state will face in the
implementation of such a program are recognized. Con-

sequently, a multiple approach strategy has been deve-

loped (Figure 2.2.9) .
Potentially critical areas will be delineated

through one of two general level assessment procedures.

The general level subjective process will solicit and

utilize input from county governmental bodies, regional

or county advisory committees, local resource experts,

interest groups, and local residents to delineate

potentially critical areas. This subjective process will

be implemented in each county through a series of work-

shops that will identify - potentially critical areas.

The general level objective methodology relies on
data of a general nature available over the entire
county under investigation. Such data include ERTS

imagery, highlevel aerial photographs, maps of resource

distribution and data from relevant local, state or

federal agencies. These data will be analyzed by re-

source analysts to objectively identify potentially

critical areas. Figure 2.2.9 is a simplified diagram of
i

the overall procedure.

The areas identified through implementing the two

S

1
I

T
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parallel processes will be combined into one set of

potentially critical areas in each county. Each set of

potentially critical areas will be submitted to the

state agency charged with implementation of the program

for review and eventual official designation as poten-

tially critical areas. This agency will select those

areas most in need of criticality assessment at the

detailed level. The selection of areas for detailed

i

	

	 analysis may consider the degree of immediate threat,

the availability of funding and other considerations.

The areas selected for criticality assessment will

be evaluated by the detailed level objective process. A
potentially critical area is evaluated in terms of each

of itsDsignificant resource components. Each signifi-
cant resource will be analyzed by use categories, each

use being independently evaluated. Thus, criticality

is highly use dependent.

Each use will be evaluated on the basis of a set of
questions which are either intrinsic (resource related)

or extrinsic (man related). The questions are broken

down into specific quantifiable variables, such as water

pH, number of plant communities, presence of rare plant

or animal species, intensity of human pressure, etc.

Numerical values which these variables can assume are

ranked on a relative sca'!,: from l (indicating low
quality) to 5 (indicating high quality) . Each of the
variables is independently weighted according to its

{	 relative importance within the particular use category. 	 I
t

	

	 For some resources in some parts of the state

sufficiently accurate data are available to allow the

{	 detailed analyses to be made by the administering agency

without field work. In most cases, the detailed level

assessment will require on-site data acquisition by a

qualified resource analyst in the potentially critical
a	

area.

^"`	 An effort has been made to utilize ERTS-1 data for 	 {^



sl

the data collection aspects of this program. Initially,

manual interpretation methods with simple viewing and

i
drafting methods were used to identify and delineate

significant areas from ERTS-1 images at a scale of
1:1,000,000. These methods proved to be insufficient
for the task of extraction of critical resource data

mainly because of the small scale of the imagery in
comparison with the detail of the data required.

However, recent work with the raw data on magnetic tapes
through the use of the McIDAS (Man-Computer Interactive i
Data Access System) system (Appendix D) has shown that

i	 much more specific information may be derived from the

ERTS-1 data. Further work with the system is required
3

before any specific inventory application of ERTS-1 may

be made to the CRIP program.	 q

Another facet of the program involves the communica-

tion of the results of CRIP to a widely varying audience.

In this area ERTS-1 imagery appears to be potentially

very effective due to its large areal coverage which

enables general resource categories to be mapped and

displayed. Figures 2.2.10 to 2.2.13 are reproductions of
resource patterns which were extracted from ERTS-1

images (1:1,000,000) and transformed into 1:500,000

i overlays to accompany a mosaic of the State of Wisconsin

produced for the Department of Administration. These

four patterns: forests, open water, agricultural and

open areas and urban areas demonstrate the advantage of

ERTS for mapping general feateres economically on a

statewide basis and suggest that similar mapping of more

specific resource data could be accomplished using more

refined technique which are presently being developed.

2.2.4 LAKE EUTROPHICATIbN STUDY	 i

Since 1 March 1974, a cooperative investigation has

been underway with the Wisconsin Department of Natural

Resources (DNR) to assess the applicability of using ERTS	 i

r
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imagery to classify the eutrophic status of inland Lakes

Aw^_ in Wisconsin.* The DNR has allocated $6000 for partial

funding of personnel and supplies for the project. The

DNR is also supplying ground truth in the form of water

quality parameters for 200 lakes during the summer of
1973. It is anticipated that similar ground truth will

be gathered during the summer of 1974.

The imagery used are the ERTS 9" x 9 11 positive
transparencies from bands 5 and 7. Densitometric values

for each of the lakes in Wisconsin over 100 acres in

size are being determined. Preliminary analysis has

indicated that the ratio of the exposure from band 5 to

band 7 is a good indicator of turbidity. Turbid 4..-7 in

turn seems to be a good indicator of eutrophication.

Densitometric analysis of the imagery has been

rapid. To date measurements have been made on 1100

lakes from bands 5 and 7. Measurements for 20 lakes on

five different dates have also been made. The correla-

tions of the measurements fwom the transparencies to 	 I
the ground truth from the 200 lakes monitused by the

DNR are being made. It is anticipated that a report

will be submitted to DNR by 1 June 1974 dealing with a

preliminary classification of all the lakes in Wisconsin

over 100 acres in size. Further work is anticipated with

the DNR to refine the lake classification scheme with an

increase in funding from the DNR.

2.2.5 REGIONAL GEOLOGICAL STUDIES

The Geological and Natural History Survey of the

University of Wisconsin-Extension is the state agency

assigned by statute to study the State's mineral

TTie data analysis is under the direct supervision of an
investigator at the University of Wisconsin, Dr. Frank L.
Scarp ace.

I
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resources, soils, waters, plants and animals and act as

a repository for this information. As natural resource

management, land use planning and solutions to environ-
mental problems require an extensive and accurate base

of geologic and natural resources information, the Survey,
a "non-auditable contributor not to be paid by NASA',

is a participant in the "Evaluation of the Application of
ERTS-1 Data to the Regional Land Use Planning Process".

To date the Survey has not been able to undertake

an intensive study to critically evaluate ERTS imagery

as a geologic tool for Wisconsin. As is true with any

small state survey, priority must be given to on-going

and funded projects. Nevertheless, one of the Survey

geologists chose a 12 county area and a portion of 5

additional counties in northeastern Wisconsin for pre-

liminary study as reported here. This area was chosen

primarily for 5 reasons, namely:
a) The area is comprised of glacial, sedimentary

and igneous terrain.

b) Much of the Precambrian area is the site of
active exploration for metallic minerals by

major mining companies.
c) The area may be considered "geologically remote"

as the most detailed maps of the entire area

are at a scale of 1:500,000 with many sections

labeled only as "granite and undifferentiated

igneous and metamorphic rock".

d) The Survey has an active geologic mapping pro-

ject, at a scale of 1:24,000, in Marathon

County located in the southwest portion of the

study area.

e) The investigator would not be biased by previous

familiarity with the area.

Ten 9 1 ' x 9" 1:1,000,000 scale film transp arencies
of Bands 5 and 7 representing fall, winter, and spring

imagery were employed:

l	
f
f^
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Date
t

Identification Number

12/13/72 E 1143-16095-5

12/13/72 E 1143-16095-7

2/25/73 E 1217-16211-5

2/25/73 E 1217-16211-7

3/31/73 E 1251-16095-5

3/31/73 E 1251-16095-7

4/18/73 E 1269-16095-7

8/04/73 E 1377-16084-7

8/05/73 E 1378-16144-5

8/05/73 E 1378-16144-7

Geologic work has shown the presence of "green-

stone" belts in the Precambrian rocks of northern

Wisconsin.	 These belts are often sites of mineraliza-

tion.	 However, most of the study area is covered by a

mantle of glacial drift.	 Thus much of northern

Wisconsin, including the study area, has unknown miner-

al potential.

Recent reports such as those by N.E. Day (1974) 	 {

indicate that there is a high degree of correlation

between linear and curvilinear features observed on

ERTS images and sites of mineralization. 	 That Wisconsin

does have mineral potential is indicated by the presence

of "greenstone" belts and the recent discovery of

commerical copper deposit outside the study area.

Therefore, a map of linear and curvilinear features

observed on ERTS imagery might be important to delineate
s

future exploration sites.	 Additionally, LaBerge and

Myers (1972) state that linears in the form of shear

zones "must be recognized as a dominant feature of the

Precambrian geology of Northern Wisconsin".

With only the aid of a light table and a 3"

were studied.	 7readin	 Iris	 each of the transparencies	 e eg glass,	 P

All linear or curvilinear data observed by the investi-

gator was plotted on a clear film overlay that was

registered to a 1:1,000,000 U.S. Geological Survey

1
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Minimum Culture Base Map Transparency diazo copy of the

area. Obvious culture features, such as the section

line roads in Marathon County, that would not be related

to geologic or hydrologic conditions were not included

on the overlay. Figure 2.2.14 is a map showing the

linear and curvilinear features observed on the ERTS

images.
The next step was to compare the data from Figure

2.2.14 with the best available ground truth. A series

of transparent overlays as a scale of 1:1,000,000 showing

distribution patterns were constructed from published and

unpublished reports of the Survey, namely:

Overlay 	Map Source

Soils	 Soils of Wisconsin, 1968

scale 1:710,000

Structure

Geology

Map of Northern Wisconsin
Showing Areal Geology of

Precambrian Rocks, 1970

scale 1:500,000

Preliminary Geologic Map of the

Iron Mountain Sheet, 1973,

scale 1:250,000

Preliminary Geologic Map of Green

Bay Sheet, 1973, scale 1:250,000

Field Trip Itinerary and Geolo-

gic Map of the Precambrian
Terrain in Northeastern and

Northcentral Wisconsin, 1973,

scale 1:500,000

Glacial features	 Glacial Features of Wisconsin,

1956-unpublished, scale 1:1,000,000

Drift Thickness	 Thickness Map of Unconsolidated

Surficial Deposits in Wisconsin,
in press scale, 1:1,000,000
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Linear Map of Northeastern
Wisconsin from ERTS Images
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The "Map of Northern Wisconsin Showing Areal

Geology of Precambrian Rocks" is a compilation using

all available, published and unpublished, data concerning

the Precambrian rocks of northern Wisconsin. Likewise,

the map of "Glacial Features of Wisconsin" includes the

glacial information published at 1:250,000, on the

"Pleistocene Geology of the Door Peninsula, Wisconsin",

and the "Pleistocene of Part of Northeastern Wisconsin"

and other reports. The maps fromthese reports were

also used in making visual comparisons but were not

reduced to a 1:1,000,000 overlay.

Comparison of these overlays and other maps to

Figure 2.2.14 indicates a poor correspondence, with

minor exception, between the "ground truth" and data

derived from the ERTS imagery. The primary reasons for

this discrepancy are that at a scale of 1:1,000,000,

the ERTS imagery contains more detail than is presently

available on our best available maps and that the area has

not undergone any intensive or extensive field study

as to structure, glacial features, or geology in the

last 50 years. Certainly Wisconsin's accurate base of

geologic and natural resource information is lacking

in the study area. ERTS imagery may be of considerable
value in enhancing this much needed but presently in-
adequate information base.

Although the correspondence between maps available
and the data derived from the ERTS imagery is poor,

most of the linear trends found on the imagery do

correspond to the known glacial trends of the area. A

few of the ERTS linears can be ascribed to known end

moraines and many additional linears seem to lie in

areas where drumlin fields and/or fluted ground could be

expected to occur. Also, many of the longer linears and

curvilinears recognized occur in areas presently mapped

only as "thin ground moraine" and "pitted outwash".

Presumably these linears may represent buried moraines or
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bedrock highs. Inspection of topographic maps of the

area would aid in the delineation of the features but

unfortunately much of the study area has only planimetric

coverage. Topographic coverage by 7 1/2 quadrangles

will be available though, in the near future.

In order to separate the linear features caused by

glacial activity from those that are bedrock controlled,

detailed surficial and glacial geology maps would be

most useful. Fortunately, a detailed preliminary

reconnaissance airphoto analysis study was done for

the U.S. Navy Underwater Sound Laboratory's "Project

Sanguine" using airphotos at a scale of 1.20,000 and

1:66,000. This study, "An Airphoto Analysis of a

Portion of Wisconsin & Michigan for 'Project Sanguine"'
(1969) includes most of the area covered in this report.

A preliminary spot check of ERTS derived linears

and curvilinears with the "Project Sanguine'- airphoto

analysis maps of landforms, soils, and rocks shows

good correlation. By using the airphoto analysis maps
as "ground truth" it may be possible to separate the

glacial linears from the bedrock linears. Also, as
overburden thickness does not exceed 50 feet in many
parts of the-study area, the linears of bedrock origin
expressed through the drift should be especially help-

ful in the study of the Precambrian geology and mineral
exploration in the study area. At the same time, this
separation of linears also would enhance definition of

glacial features and ultimately could result in resource
pattern maps of both glacial and bedrock materials which
are so important to resource management and planning.

As the utility of ERTS imagery in solving earth

problems is becoming more widely known through reports

in professional journals, Wisconsin workers in the

geologic fields are becoming increasingly interested in
the use of ERTS imagery to their area of concern. The

Survey views ERTS imagery as another useful tool for
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mineral exploration,.geologic, land use, and resource

`?. problem solving and definition. Although the Survey

cannot under present budgetary restrictions use ERTS

to its ultimate advantage, it is hoped that the Survey

can provide basic information on ERTS derived data to
professional users for substantiation in the field and

thereby add to Wisconsin's base of geologic and natural

resource information.

2.3 REQUIREMENTS FOR INTERAGENCY INVOLVEMENT

2.3.1 INTRODUCTION

The third objective of the research effort, as
stated in the original proposal, was; "To determine the

need and usefulness of ERTS-A data for various state and

university groups to obtain interagency and interdisci-

plinary involvement in data analysis, interpretation and

application to current environmental problems and land

use policies." The principal mechanism developed to

investigate this objective was the ERTS Advisory Council.
This Advisory Council was organized to bring together

the various land use interests within the state of
Wisconsin in order that they might interact with the

Principal Investigators of the project. This was an

attempt to involve the land use data users in the evalua-
tion of the application of data generated from satellite

and high altitude aircraft platform for regional and
state land use planning. Members of the Advisory Council

were selected to r--present:

Agriculture

Conservation and Preservation

County Planning

Forestry (Public and Private Sectors)

Recreation (Public and Private Sectors)

Regional planning

^--	 State Department of Natural Resources

State Environmental Affairs
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State Planning

State Transportation Planning

University Extension

Utilities Planning

Table 2.3.1 entitled "ERTS Advisory Council"presents the

members and their affiliation.

During the duration of the project the Advisory
•

Council met as a body, on three occasions. 	 The first
3

meeting was a half day presentation of the character- g

istics, capabilities, and limitations of the ERTS

system.	 The second and third were full day workshops

directed towards the evaluation in user terms of the

research investigation to date. 	 In addition to these

formal meetings of the entire council, many informal

meetings were held with sub-groups to examine elements

of the research effort which were not of general con-

cern.

2.3.2	 RESULTS

2.3.2.1	 Basic

aJJ
J

There are two categories of results under this

objective.	 The first is application by operational

agencies of the ERTS and RB-57 generated data.	 The

second is the development of a more effective manage-

ment mechanism for coordinating and focusing the

research activity to the needs of the user community.

2.3.2.2	 Application by_Operational Agencies

Based upon the introduction provided by the

Advisory Council many of the represented agencies are
currently using ERTS and RB-57 generated data in their

operational progra 7is.	 These include, the Southeastern

Wisconsin Regional Planning Commission which is employing

the data to update information relating to vegetational,

conditions within the region; the West Central Regional
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Planning Commission which is in the process of employing
the data to generate a land use and land cover inventory

of their region; the newly created Bay Lakes Regional
Planning Commission which is considering the use of the

data as an integral component of their information system;

the State Department of Administration which has utilized

ERTS data in overview assessments of the state land
resources and is considering the use of this type of
data as an integral component of their "Path of Develop-
ment" approach to determine geographic areas in need of

refined inventory and regulation; and the State Depart-

ment of Natural Resources which in cooperation with the

University is using ERTS data to generate a first level

inventory of the Eutrophication level of the Lakes in

Wisconsin.

Although these specific functional applications

are being undertaken and funded by the operational

agencies indicated, the initial linkage of problems to
methods was largely accomplished through the functioning

of the Advisory Council.

2.3.2.3 Development of a More Effective Management
MnrF^o r 4 em

Although the Advisory Council, as indicated above,

did perform a valuable function in linking problems to

methods, an examination of the areas of operational

application above indicates that only one is specific,

namely the classification of eutrophication levels.

The remainder are all general in character and largely

consist of simply employing ERTS and RB-57 generated

data for general inventory. The Advisory Council has
been relatively ineffective for delineating and
evaluating specific areas of application of satellite

data. This failing of the Council has been examined by

the Principal Investigators with sub-groups of the

Council, in order to determine causes and to recommend
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a more effective mechanism for the future.

,..,

	

	 The Advisory Council has had procedural problems

throughout its existence which has severaly limited its

effectiveness. Those which could be identified are: the

lack of definition of the responsibilities of the Council.;

the diversity of the expertise of the membership and size

of the group; the inability of the users of land use data

to articulate specific data needs; and the inadvertent

mixing of data requirements for land use related research

with that required for regulation and control.

Based upon this assessment of the functioning of

the Council the entire Interagency Involvement research

objective was re-examined by a subset of the Council in

an effort to: (1) more precisely define the problem of

the effective interfacing of the multiple agencies, and

(2) define a management organization which would be

structured to meet the problem as defined.

Four basic elements of the management problem were

identified. These are:

1. Administration and Coordination: Those functions

associated with the operational support of any

complex research ictivity including: (a) fiscal

administration, (b) orderly receipt, storage and

retrieval of data, (c) effective coordination

of personnel and equipment, and (d) resolution

of problems of priorities.

2. The Data/Information Flow Sequence: In any

remote sensing activity, be it operational or

research, four basic functions can be identi-

fied. These are illustrated in Figure 2.3.1

entitled "Data/Information Flow Sequence" as

they apply to this ERTS investigation. Insur-

ing that each of these functions operate

smoothly is a management responsibility. In

the past, the function most difficult to recog-

""'	 aize and achieve has been information analysis.
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TABLE 2.3.1

ERTS ADVISORY COUNCIL r

Mr. Farnham Alston
Governor's Asst. for Environmental
Affairs

Governor's Office
Madison, Wisconsin

Mr. David A. Anderson
Hydrologist/Forester
U.S. Department of Agriculture
Forest Service, Eastern Region
Milwaukee, Wisconsin

Dr. Marvin T. Beatty
Center for Resource Policy Studies
University of Wisconsin-Extension
Madison, Wisconsin

Mr. Hariand E. Clinkenbeard
Assistant Director
Southeastern Wisconsin Regional

Planning Commission
Waukesha, Wisconsin

Mr. Arthur Doll
Director, Bureau of Planning
Wisconsin Department of

Natural Resources
Madison, Wisconsin

Mr. Jonathan P. Ela
Midwest Representative
Sierra Club
Madison, Wisconsin

Mr. Fred Goold
Mt. Telemark Four Seasons

Development
Hayward, Wisconsin

Mr. George Gunde:rsen
Division of Planning
Wisconsin Department of

Transportation
Madison, Wisconsin

Mr. Arthur R. Kurtz
Assistant Secretary
Wisconsin Department of Agriculture
Madison, Wisconsin

Mr. Bernard M. Slick
Chief, Environmental. Management
U.S. Department of Agriculture
Forest Service, Eastern Region
Milwaukee, Wisconsin

Mr, Thomas. C. Webb
Director of Data Processing
Wisconsin Power & Light Company
Madison, Wisconsin

Prof. James L. Clapp*
Dept. of Civil and
Environmental Engineering

University of Wisconsin
Madison, Wisconsin

Prof. Ralph W. Kiefer
Dept. of Civil and
Environmental Engineering

University of Wisconsin
Madison, Wisconsin

Mr. Michael M. McCarthy
Project Coordinator
ERTS Project
University of Wisconsin
Madison, Wisconsin

Prof. Bernard J. Niemann, Jr.
Dept, of Landscape Architecture/

Environmental Awareness Center
University of Wisconsin
Madison, Wisconsin

Prof. Theodore Green III
Dept. of Civil and
Environmental Engineering

University of Wisconsin
Madison, Wisconsin

Mr. Meredith Ostrom
Director
Wisconsin Geological and

Natural 111-story Survey
Madison, Wisconsin

Mr. E. Jack Schoop
Assistant Director for Planning

i!	 Wisconsin Department of Administration
lj	 Madison, Wisconsin}M1

also Director, Environmental.
Monitoring and Data Acquisition
Group
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At times this has been neglected entirely with

the data processing function directly Linked to

the decision function.	 At other times, although

the function has been recognized,	 it has not

had significant input from both the data

processing and decision function.	 In the case 3

of this ERTS investiga*ion the Advisory Council

was in a position to, and had the•.personnel to

perform this function. 	 The fact that it did

not perform the function adequately was due to j

the procedural problems discussed above and the

insufficient level of involvement of the Council.
The Interagency Interface:	 Although this aspect

of the management problem is not present in all

remote sensing operations it is very much an

element in this investigation. 	 The basic re-

sponsibility of the University is educational

while the basic responsibility of a state or

local agency is operational. 	 On any cooperative

research effort between these units, the inter- 9

face must be constantly monitored in order to

insure that the proposed focus of the research

is maintained.	 Further, if during the course

of the investigation it becomes necessary or

desirable to change the direction of the research,

this interface must function to insure that the

new direction is compatible with both the require-

ments of the agency and the basic educational

mission of the University.	 If,	 in some cases,

differences cannot be resolved at this interface,

there should be a mechanism to resolve differences

at some other level.
Technology Shove-Need Pull Interface: 	 Because

this investigation relates to the application '.

of ERTS generated data to problems confronted

by state and local agencies, the investigation

is involved in the transfer of technology. 	 In

3.

ORZGVV4 P
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those cases where technology transfer has been

( .^.	 most effectively accomplished in the past, a
clear linkage between the technology and the

need was present. This requires a working-level

contact between the researcher who knows the

technology and the operational person who knows

the need. The Advisory Council, meeting at

periodic intervals, was not effective in solving

!	 this aspect of the management problem.

2.3.2.4 Recommended Management Structure
i
ja	 After the elements of the management problem as-
j	 sociated with the interrelationships between an opera-

]	 tional agency federal, state and local governments and

a university research unit, and those between the user of

remote sensing data and the acquisition unit had been

identified, the following management structure was
designed. This structure was designed to meet the man-

agement needs imposed by these elements as they apply to

a multiple component ERTS research program and to be
consistent with the capabilities and limitations of the

existing organizations involved. The management struc-

ture developed is shown diagramatically in Figure 2.3.2

entitled "Recommended Management Structure".

The Institute for Environmental. Studi.es:. (IES) is
an administrative unit of the University of Wisconsin-
Madison which has as its objectives- (1) providing
leadership in interdisciplinary environmental research

by initiating and coordinating research programs;

(2) initiating and supporting cross-disciplinary under-

graduate and graduate courses and degree programs; and

(3) providing for internal communication among groups and

individual faculty members involved in environmental

research, training and extension programs. The IES has

the capability of drawing upon the resources of the

entire iniversity of IVIsconsin-Mad;son.

1

t
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NASA

University of Wisconsin

Institute for Environmental Studies

Environmental Monitoring and

Data Acquisition Group

ERTS Management

i
	 ERTS Coordinating Committee

ERTS Task #1	 ERTS Task #2	 ERTS Task #3	 j

Principal Investigator Principal Investigato Principal Investigator 	 ..h
Co-Investigator	 Co-Investigator	 Co-Investigator	 j

Review

Panel

State Dept,	 State Dept.	 State Dept.

of	 of	 of

Administration	 Transportation Natural. Resource

FIGURE 2.3.2 Recommended Management Structure

DP .Pad 
PQU'

i

Review
	

Rev iew

Panel
	

Panel



9

y

102

The Environmental Monitoring and Data Acquisition

Group (EMDAG) is one of seven research centers and groups

under the direction of IES. The EMDAG is a formally

structured ongoing, composite effort focused upon the
enhancement, extension and coordination of the monitoring

and data acquisition efforts of the TES and the Univer-

sity at large.

In this recommended structure the Director of the

Environmental Monitoring and Data Acquisition Group

would be responsible for the administration and coordina-

tion of the ERTS investigations. In order that maximum
coordination be achieved, he would be assisted by a

Coordinating Committee. The Coordinating Committee would
consist of the Principal Investigators of the separate
investigations plus a representative of the Department of

Administration, the Department of Natural Resources,

the Department of Transportation and appropriate regional

and local agencies. The Director of EMDAG would act as

chairman of the Coordinating Committee. The Coordinating
Committee, in addition to tis responsibilities for

coordination, would be charged with resolving problems

of priorities.

The Director of EMDAG would be responsible for

receipt of data/information from NASA and its orderly

and timely distribution to the Principal Investigators.

In addition, he would be responsible for maintaining an

effective storage and retrieval system for all data/

information in order that it be available to all related

investigations. Each Principal Investigator, upon re-

ceipt of data/information from the Director, would be

responsible for the flow as it applies to his investiga-

tion. In particular, the Principal Investigators would

be responsible for assuring that the appropriate state,

regional and local agency personnel are a part of the

flow sequence.

In order that the University research effort be

t
E

s
4

t

a
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directed and maintained constant with the needs of the

I	 : operational agencies, a Review Panel would be esta-

blished for each investigation. 	 These Review Panels

would have three functions:

f Cl) to participate in establishing the project

definitions and objectives,

(2) to maintain the direction and the focus of

the project upon the agencies needs via a 	
~review process, and

(3) to evaluate the results of the project at the

conclusion of the funding period.

It is anticipated that the panel members may

carry a benefit to their respective agencies by becoming

more knowledgeable of the capabilities and limitations
of satellite remote sensing.i

In order to meet these functions, the panels would

j; be required to meet with the research team a minimum of

three times during the funding year, typically at the
beginning, mid-point and end, to review the project to

date and to consider future direction. 	 As a product

of each revieiv, the panel would be required by letter

of agreement with the appropriate agencies to prepare a

report which would include its evaluation and recommenda-

tions.	 Copies would be sent to: 	 (a) the Principal

Investigator;	 b	 the agencies involved;g	 ^	 C )	 g	 (c)	 the Director

t of EMDAG; and (d) NASA, by inclusion as an appendix in
the appropriate periodic report.	 This procedure is

i
designed to force real dialogue between the researchers

i' and the user agencies.	 By this process, problems, both

Ir
defined and undefined, would be exposed as they develop

I?, during the course of the investigations. 	 In the past,

$f^ some problems have not been brought to light until after

fF the submission of the final project report.
Although the technology shove-need pull interface

element is closely related to the University-State Agency

element of the management problem, it cannot be met by
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the same-mechanism. Since the Technology Shove-Need

Pull Interface specifically deals with the transfer
of technology, contact at the working level is required

at a frequency much greater than the Review Panel

meetings. Therefore, each investigation would identify

Co-Investigator (or Co--Investigators) from the appro-
priate units of the involved agencies. These Co-Inves-

tigators, along with the Principal Investigators, would
be responsible for the day-to-day efforts to meet the

objectives of the project as monitored by the review
panels.
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3.0 SUMMARY CONCLUSIONS RECOMMENDATIONS

Al%'D FURTHER WORK

3.1 INTRODUCTION

In order to assess the applicability of a satellite

::uch as ERTS to the statewide and regional planning process

it is necessary to define the needs of the system. At the

present time, state and regional planners are being required

to predict the effects of environmental alterations such as

highways, urban expansion and energy production systems in

definite quantitative terms. In addition, data describing

many of the state's important resource systems in a state-

wide content are not available. To accomplish prediction

of impact plus statewide inventories, planners need physical

resource data in a form which provides for manipulatijr..,

both quantitatively and qualitatively. Comprehensive and

accurate resource information is lacking. Existing infor-

mation simply is not sufficient to solve or defend existing

or future environmental problems.

The potential strength of ERTS-1 lies in the fact that

it has the capabilities to monitor the entire state of

Wisconsin, to a certain degree as often as every eighteen

days. This fact alone justifies the study of its feasibility

as a data source since no other method has been implemented

or proposed to date which has the potential to produce this

amount of data for large areas at a comparable frequency.

Aircraft methods of remote sensing, both low and high

altitude, are economically prohibitive at this time to

achieve the same spatial coverage as ERTS-1. The existence

of ERTS-type coverage is therefore justified by the magni-

tude of the present data requirements alone.

Tile sensing abilities of the satellite in terms of

the output data products are not revolutionary. Similar

uses of scanning instruments have been successful at much

lower aircraft altitudes. Many methods of data analysis have

-'	 already been developed to deal with the types of sensors on

board ERTS. ERTS is the first remote sensing instrument

I
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I
with its specific sensor-platform combination.

This ERTS program has been investigating three principal.

areas: (1) the comparison of ERTS-derived data with data

derived from more conventional. sources; (2) an inquiry into

the usefulness of ERTS-1 data for the regional land use

planning process; and (3) an investigation of the management

problems associated with interdisciplinary and interagency

application of ERTS-generated data to the land use planning

process.

3.2 COMPARISON OF ERTS-DERIVED DATA

WITH CONVENTIONAL DATA

Section 2.1 described our investigation using both ERTS

imagery and ERTS computer compatible tapes as data sources

for the construction of resource "data banks" which could be

utilized in regional land use planning and allocation deci-

sion making. The investigation was concerned with the use

of ERTS-1 data as a source for extraction of resource infor-

mation the nature of which had already been shown.to be

necessary for data bank construction. Even though the

comparison utilized a data bank constructed for an inter-

state highway location problem, the data are reflective of

statewide needs. The study was based on the premise that

the benefits of repetitive satellite coverage could make

ERTS a superior data source if the quality of its data

could be proven sufficient.

Interpretation of resource data was performed on ERTS

imagery with methods similar to those often used to extract

information from lower altitude aerial photography (i.e.

light table and optical magnification). The extracted data

were then compared with the most accurate ground truth

available to determine the reliability of the ERTS data.

It was concluded that ERTS-1 imagery could not produce the

resolution necessary for the extraction of the required

.M-	 data to the degree of accuracy provided by the lower alti-

tude imagery. The accuracy of ERTS data was comparable to
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that of the high--altitude RB-57 imagery for some large

patterns such as forests and agricultural land, but finer

distinctions of smaller sub-categories could not be made.

Therefore, although the ERTS imagery does provide a large

area coverage and overview not attainable from aircraft

platforms, it does not provide a suitable substitute for

RB-57 photography in the process of natural resource data

extraction.

In order to obtain maximum resolution of small ground

elements, it has been shown that the ERTS digital tapes

shoutd be used. This implies the use of a man-machine

interface such as the McIDAS system for manipulation of

data. The McIDAS system is still in the development stage

and its applicability to this phase of the research cannot

be fully evaluated at this time. There is, however, little

question that without some form of man-machine interface

the full usefulness of ERTS-type data cannot be realized.

3.3 USE OF ERTS DATA FOR REGIONAL LAND

USE PLANNING

SLction 2.2 described the investigation of the use of

ERTS data for regional land use planning and allocation

decisions and included a consideration of: (1) highway

corridor location using a LINEFINDER simulation technique

using ERTS and conventional data; (2) the utility of ERTS

data to the Wisconsin Critical Resources Information Program;

(3) the use of ERTS images in a quantitative Lake Eutro-

phication Study; and (4) regional geologic studies using

ERTS imagery.

The investigation of a highway corridor location using

the LINEFINDER simulation technique using ERTS and conven-

tional data was directed towards the fundamental question

"what effect doer the data source have upon the planning

process?" In order to test the relationship between a data

source and the decision on a regional basis, a portion of

an Intersta Highway corridor was located using computer

simulation techniques based upon: (1) ERTS-generated data;

is
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(2) RB-57 generated data; and (3) conventional data.

^.	 Corridors were located through two approximately 300km 2	i	
a

test sites (Figures 2.3.2 and 2.3.3) for each data source

for each of two policies. Although there is some agreement

in the corridors selected, there are significant variations.

The variations between the ERTS-based corridors and those

based upon RB-57 and conventional data are caused in part

by the inclusion of additional variables in the latter two

data bases. However, the variations between the RB-57 and

the conventional data based corridors must be directly

attributable to the discrepancy between the data values

stored in those systems since the same variables are included.

Inasmuch as field checks have consistently indicated the

superiority of the RB--57 data source for these variables,

the conclusion must be drawn that the conventional data

base incorrectly biases the decision. This investigation

is continuing and will be reported on further in October

1974.

The Critical Resources Information Program is one of

several current and potential State of Wisconsin programs

in the general area of land resource assessment, planning

and management. It is the program with the most specific

data needs and, as such, can best serve as the means to

evaluate the utility of the ERTS program in land resource

planning activities. The CRIP effort could provide a

partial basis for the configuration of states open space;

for additions to the scenic easement programs, for scientific,

wilderness and research and educational natural area pro-

tection programs; and for a state perception of the extent

and Quality of its physical resource systems.

It is important to examine the utility of ERTS as a

data source within the contexts of both the short run and

the long run objectives.

In the short run (1974), CRIP is providing: (1) a

methodology to assess the criticality of land and water
.-	

areas within the state; and (2) an information system to

store, manipulate and retrieve critical resource data.

i
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'• Short run considerations imply reliance on manual data
i^

extraction using ERTS transparencies viewed on a light

table or with a color additive viewer. 	 ERTS images,in

' combination with other data sources such as USGS topographic

maps, are being used in some cases to spatially locate and

provide context for the significant resources identified by

CRIP	 (e.g. wetlands,	 forests, lakes and shorelands). 	 ERTS

also is being considered to serve as the base document for

the purpose of sampling these resources. 	 This sampling

l' effort is to establish a basis for measuring criticality,

provide an initial approximation of the states critical

resources, and test the assessment methodology.	 The potential

usefulness of ERTS in this endeavor is based on the results

of the ERTS, RB-57 and RENIAP data bank comparisons and
k

.E: preliminary attempts to delineate resource types on clear

acetate overlays of ERTS images, as previously discussed.

In the long run (1975+), CRIP krill undertake the actual
delineation and monitoring of critical resource areas on a

i statewide basis.	 We anticipate that the interactive mani-

pulation of ERTS digital tapes could provide a means to

acquire detailed data on selected resource variables.	 The

Sheboygan Test Site results reveal the ability to delineate
i^ the overall structure of a wetland area and to identify

wetland vegetative communities. 	 Utilizing more sophisticated

techniques such as image enhancement, density slicing and

pattern recognition which McIDAS will offer, it may be

possible to obtain detailed data on such variables as surface

water pollution (algal blooms, turbidity), forest vegetative

type, the extent of exotic species, the extent of flooding,

surface water level fluctuations 	 (especially important in
k
E identifying wetlands), and the extent of resource buffer

areas.
ERTS appears as potentially the best medium for large

l:
scale resource monitoring.	 ERTS must therefore be tonsi-

i
dered most applicable to the "general objective" scale in

the CRIP overall methodology.	 At present, the sensor does

not appear to be spatially discrete enough for the "detailed
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assessment" pTacedure. However, with the looping and flicker

techniques to be provided by the McIDAS system, sequential 	 )

images of one area can be viewed rapidly with empha-sis on

spectral changes. These changes may be suggestive of

resource alteration, of phenological phenomena, and of

changes in urban and rural development (which is especially

important to the extent that development presents a threat

to resource integrity). The use of ERTS as a monitoring

device becomes even more attractive when comparisons are

made with the alternatives (high/low altitude aerial photo-

graphy and ground surveys) on the basis of cost, time and

frequency of updating.

ERTS can also be used as an aid for communicating the

purpose and need of the CRIP study. The ability to visualize

the limited and threatened nature of the state's resources

is greatly facilitated by displaying individual ERTS images

or ERTS mosaics of the state. The capability of presenting

a time series display of dynamic environmental features

using McIDAS could enhance the use of ERTS output as a

communication device.

The investigation of the Use of ERTS images for quan-

titative Lake Eutrorhication is being conducted in cooperation

with the State of Wisconsin Department of Natural Resources.

This investigation was undertaken due to the regzfi rement of

the Department of Natural Resources to classify the lakes

in Wisconsin by levels of eutrophication. Preliminary

results indicate that the ratio of exposure of band 5 to
I	 band 7 is a good indicator of turbidity which seems to be

an indicator of eutrophication. This investigation is

continuing and a preliminary classification of all lakes

r	 over 100 acres in Wisconsin will be completed prior to

i
Octorr^r 1974.

The investigation dealing with Red ional_Geologic

i	 Studies using ERTS images is being conducted in cooperation
i

with the Wisconsin Geological and Natural History Survey.

Ten 9"x9" 1:1,000,090 scale ERTS film transparencies of

hands 5 and 7 representing fall, winter and spring imagery

were employed to prepare a map (Figure .2 .2.14) showing
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linear and curvilinear features of a natural origin observed

	

..,'	 on the ERTS images.. Many of the linear trends correspond

to the known glacial trends of the area. Other linears

should be related to bedrock fracture patterns. Because

an accurate base of geologic and natural resource information

is lacking in the study area, it was not possible to ascer-

tain the nature of all the linear and curvilinear features

found in this test area. One important conclusion of this

study is that the features observed on ERTS images have

served to point out the lack of sufficient geologic infor-

mation for much of the State. Although the Survey cannot

under present budgetary restrictions use ERTS to its ultimate

advantage, it is hoped that the Survey can provide basic

information on ERTS derived data to professional users for

substantiation in the field and thereby add to Wisconsin's

base of geologic and natural resource information.

In summary, ERTS-1 has the potential to provide extremely

valuable data to planners at the state level with a frequency

never before possible. The mechanics of the system make it

a unique data source. Research has been concentrated in the

area of evaluation of the data quality as compared to data

needs. Initial attempts at analyzing ERTS-1 data with

processes used for conventional aerial photography have

shown that the true value of the data cannot be realized

with these methods alone. Computer methods of working

directly with the digital information have shown much

promise towards fulfilling many of the needs of statewide

planning. At this point in time, however, the McIDAS system

is still in its early stages. Its potential appears to be

an important element in assessing the value of ERTS since

the data format and production rate of the satellite

requires improved methods of analysis.

3.4 DEVELOPMENT OF A RECONNENDED MANAGEMENT STRUCTURE

Section 2.3 describes our investigations of the manage-

	

IL	 ment problems associated with the interdisciplinary and

interagency application of ERTS-generated data to the land

^s
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use planning process. The principal mechanism developed
	

i

to investigate this objective was the ERTS Advisory Council.	
i

This Council was organized to bring together the various

land use interests within the State of Wisconsin in order

that they might interact with the Principal Investigators 	
3

of the project. The Council and sub-groups of the Council

examined the functioning of this project as well as past

related projects in order to identify the elements of the

management problem. Based upon this examination the

following elements were defined: (1) Administration and

Coordination; (2) the Data/Information Flow Sequence; (3)

the Interagency Interface; and (4) the Technology Shove-

Need Pull. Interface. After these elements were defined, a
recommended management structure was developed which was

specifically designed to meet the management needs imposed

by these elements as they apply to a multiple component

ERTS research program and to be consistent with the capa-

bilities and limitations of the existing agencies involved.

This management structure was endorsed by the agencies

involved by letters of agreement and was fully incorporated

into the ERTS Follow-On Investigations proposed by the

University of Wisconsin-Madison in cooperation with the

State of Wisconsin Departments of Administration, Transportation,

Natural Resources, and the Office of Emergency Energy Assis-

tance.

3.5 CONCLUSIONS AND RECOMMENDATIONS

As i result of the wort: performed to data on the inves

Ligation of the utility of ERTS-1 at the statewide and

regional planning levels, the following represent the

specific conclusions and recommendations of the investigators
based on the present status of the investigation.

C1) Land resource data/information, regardless of

source, must be spatially referenced to be of

maximum value for planning.

C^) It is essential to establish precise definitions

of land resources and the parameters which determine

them.

z



a

7

k	

113
	

3

(3) It is essential to establish precise criteria and
t

•y	 data required for the assessment of land resources.

(4) Optimum land resource measurement techniques for a
data source such as ERTS must be evaluated in terms

of economics, requirements of resolution, spatial
location and accuracy of identification.

(5) ERTS is the only physical resource imaging system

now available which can cover state-size areas at

frequent intervals.

(6) Composite ERTS imagery (mosaics) is superior to

any other data/information source for perceiving

and delineating macro landscape units.

(7) Composite ERTS imagery (mosaics) is an effective

device for communicating to non-planners the

directions and significance of land use impact on
state and regional resources.

(S) The identification and extraction of reliable

resource information from ERTS generated data are
1

functions of the variable being extracted, the

time of year, and the MSS band employed.

(9) For broad land cover assessments, data/information

derived from ERTS by non-sophisticated methods

(interpretation using light table and magnifying

Lens), is sufficient for initial resource assess-

ments at the state or regional policy level.

(10) ERTS derived data/information is superior to

conventional land use data for those items

(a) which change rapidly with time, and (b) for

which conventional data are not available.

(11) Employing non-sophisticated data/information

extraction techniques with ERTS imagery tends

to yield overestimates of the size of large

resource patterns. This overestimation is

caused by the relatively large instantaneous

field of view of the MSS system and should be

reducible by proper interpreter training,

(12) Land resources smaller than 1/10 square kilometer

i

,. j
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' in area are usually overlooked by interpreters

ii -- employing non-sophisticated techniques for ERTS

- image analysis.
t

(13) The identification and extraction of reliable

resource information from RB-57 generated data

j are functions of the variable being extracted,

the time of year, and the type of sensor employed.

(14) High altitude aircraft (RB-57 photography, scale

1:120,000) derived data/information is superior

to ERTS as a data source in terms of resolution

and accuracy of identification. I

(15) Machine-based analysis -techniques applied to ERTS-
generated data/information yield much more specific E

information than -non-sophisticated visual tech- ..

niques.

(16) Machine-based data extraction systems should be

interactive, employing the man to identify and

the machine to analyze, measure and store.

(17) Regardless of what type of extraction system is

employed an interpreter with a broad resource

knowledge of the geographic area under study can
,

, extract significantly more information than an

interpreter who is unfamiliar with the area. 	 The

} optimum combination is a knowledgeable resource

expert and supporting interactive machinery.

(18) An optimum state or regional data/information

j system will encompass a hierarchy of data sources

j including satellites, high altitude aircraft, low

altitude aircraft, ground surveys and other con-

ventional sources.

(19) ERTS can provide a focus from which the regional

land use planning data/information needs can be 4	 j

defined as specific requirements for more detailed s

information by individual variables and decision

level.

(20) Any effort directed towards the implementation of

ERTS (or any other system) as a data source for a
9

regional i nformation system must be inter- and

y
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(21) It is essential to integrate development funds from
I	 a

multiple sources in order to develop and implement

a comprehensive data/information system for state

and regional planning.

(22) The effective implementation of a state or regional }

data/information system requires the assignment of

responsibility, authority and adequate funds to a

single agency.,

(23) The successful implementation of a state or regional
a

data/information system requires interagency coop-
3

eration and may require interagency reorganization.

3.6	 FURTHER WORK - SHORT RANGE

This ERTS investigation has been extended until October

1974,	 at which time a second Final. Report will be submitted.

Work planned for the period May-October 1974 is outlined

below.

3.6.1 DATA EXTRACTION FROM PHOTOGRAPHIC IMAGERY

An additive color viewer, the International Imaging

Systems Model 604OPT is recently available to the project.

Utilizing 70mm ERTS film chips, viewing on screens attached

to the viewer can be done at scales of 1:1,000,000 and

1:500,000. Using the projection feature of this viewer,

viewing on a detached ground-glass screen can be accom-

plished at a scale of 1:250,000. Two principal investi-

gations with this viewer are planned.

(1) Data Bank Comparisons by Spatial Location

Data for each of the data types listed in Section

1.2.3 will be extracted on a percent-of-cell basis

for both the Green Bay Test Site and the Sheboygan

Test Site using the additive color viewer at a

scale of 1:250,000. These results will be compared

with the original data extraction from ERTS trans-

parencies using individual MSS bands at a scale

of 1:12000,000.
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(2) Land Cover Maps

'"	 In Section 2.2.3, it was reported that statewide

land cover maps were prepared showing four basic

land cover classes (surface water, forested areas,

urbanized areas, and agricultural land and other

open areas). Data for these maps were extracted

from ERTS transparencies at a scale of 1:1,000,000,

fitted into a mosaic, and enlarged to a scale of

1:500,000. Using the additive color viewer at a

scale of 1:250,000, land cover maps will be prepared

showing the four basic land cover classes for at

least one ERTS frame and reduce these maps to a

scale of 1:500,000 for comparison with our original

maps.

3.6.2 DATA EXTRACTION FROM ERTS COMPUTER

COMPATIBLE TAPES

Section 2.1.3 described data extraction efforts to

date using ERTS computer compatible tapes. The bulk of

the work could be described as rre-McIDAS since only the

McIDAS prototype (WINDCO) was available for most of the

period. McIDAS is still under development and the exact

nature of our involvement with McIDAS will depend to

some extent on its developmental timetable. However,

the following McIDAS work is anticipated: (1) inter-

active pattern recognition using a maximum liklihood

classifier with a fast table look-up approach; (2)

interactive full-color scene overlays from separate

spectral channels; (3) scene navigation using ERTS and

RB-57 data so that delineated areal output will be in

actual physical dimensions (square kilometers) rather

than tape-machine dimensions (numbers of pixels).

3.6.3 DATA BANK COMPARISONS LY MANIPULATIONS

WITH THE LINEF INDER

Building on the work reported in Section 2.2.2,

two areas of additional work are planned concerning the

f^
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LINEFINDER technique:

(1) To run additional routines using different

policy weightings through at least one of

the 10 x 30 km test sites.

(2) To analyze the routes selected by LINEFINDER

to ascertain which data types caused the

greatest difference in routes selected among

the three data sources (ERTS, RB-57 and

REMAP) .

3.6.4 CRITICAL RESOURCE INFORMATION PROGRAM

Only limited involvement with the CRIP program is

planned during the next 6 months as a part of this

investigation. A proposal has been submitted for an

ERTS Follow-On Investigation which is titled "The Use

of ERTS Data to Inventory and Monitor Critical Land

Resources for Statewide Planning and Management"

(Proposal 2097A). If the proposal is funded, work will

commence immediately to study in great depth the utility

of ERTS to the CRIP program.

3.6.5 LAKE EUTROPHICATION STUDY

The lake eutrophication study described in Section

2.2.4 is continuing with partial financing from the

Wisconsin Department of Natural. Resources. The results

of this study will be reported in our October 1974

Final Report.

3,6.6 REGIONAL GEOLOGIC STUDIES

A geologic analysis of linears from ERTS images

of Northeastern Wisconsin was reported in Section 2.2.5.

Geologic analysis of this area, and also an area in

Northwestern Wisconsin, using ERTS images is continuing

and will be reported in our October 1974 Final Report.
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made comparing the cost of extracting land use data

from conventional sources to both ERTS and RB-57	 l ,

_ generated data. This will be examined for: (1) simple

visual extraction procedures; (2) multispectral viewing

procedures (I 2 S); and (3) data extraction employing

computer compatible tapes. This will be reported in

	

	 ?a
the October 1974 Final Report.

3.6.8 INTERAGENCY INVOLVEMENT

A conceptual framework for interagency involvement

in ERTS investigations was set forth in Section 2.3

While no changes are anticipated to these concepts during
the period May-October 1974, it is planned to involve the

various agencies, as follows:
(1) A copy of this report will be sent to each

member of the Advisory Council and feedback

from Council members will be requested. This
will probably involve a full-day Advisory

Council meeting during Summer 1974.

(2) As mentioned above, the lake eutrophication
study is being funded in part by the Wisconsin
Department of Natural Resources.

(3) The Wisconsin Department of Administration is

interested in funding additional ERTS work

dealing with: (a) the preparation of state-

ivide land cover maps, and (b) a further
investigation of the monitoring aspects of
ERTS data analysis. This work is under

development.

3.7 FURTHER YORK - LONG RANGE

Five proposals for ERTS follow-on investigations were

submitted from the University of Wisconsin-Madison in
December 1973. These proposals deal with:

2097A The Use of EFTS Data to Inventory and Monitor

i	 Critical Land Resources for Statewide Planning,
and Management

i+
a
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2097B Lake Eutrophication and Turbidity Studies in

Wisconsin

--	 2097C Computer Accessing of ERTS Data to Monitor

Snow Albedo for Estimating Statewide Allocation

of Distillate Fuels

2097D Computer Applications of ERTS Data to Detect,

Inventory and Map Wetlands and Related Resources

for Planning, Management and Regulation

2097E Management of Multidisciplinary ERTS - B Projects,

University of Wisconsin

Proposal 2097A (The Use of ERTS Data to Inventory and Monitor

Critical Land Resources for Statewide Planning and Management)

is a direct outgrowth of the ongoing ERTS-1 project described

in this report. Future directions of ERTS research at the

University of Wisconsin-Madison will depend on the nature of

future ERTS funding.

z^
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APPENDIX - A

DEFINITION OF VARIABLES 	
i

}	 1

This Appendix consists of a definition of 33 variables
considered to be most significant for decision-making for

land use allocations of one kilometer or larger such as

transportation corridors, power plant sites, power transmis-
sion systems, large industrial concentrations and similar

impact-producing phenomena.
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APPENDIX Ak: DEFINITION OF VARIABLES

AGRICULTURAL

	

	 Land which is used directly or indirectly for
the growth of food products, including crop,
animal, or poultry farming. Lands within the
agricultural, area which are apparently idle
are included in this category. indicated by
farm structures, cultivated fields, pasture
land and the absence of residential, commercial
or industrial development.

BEACH RIDGE

	

	 A ridge or rim--like area of stratified gravelly
and sandy deposits which formed the beach of a
Jake at an earlier period.

COMMUNICATIONS, 	 Land used for airfields, roadways, highways,
AIRFIELDS

	

	 interchanges, telephone cables, gas lines and
power transmission lines.

DRUMLINS

	

	 Long cigar--shaped hills formed by glaciers and
oriented axially in the direction of glacial
advance.

END MORAINE

	

	 A line of hills which mark the margin of a
glacier or glacial stage.

ESKERS

	

	 Long, steep, sinuous ridges of coarse, somewhat
stratified, glacial material which were formed
by the deposition of material by rivers which
ran within the glaciers.

ESCARPMENT

	

	 A Jong precipitous cliff-like ridge of land
or rock commonly formed by faulting or
fracturing of the earth's crust.

FOREST, LOWLAND

	

	 Forest characterized by swamp hardwoods, white
cedar, tamarack, black spruce, balsam, and
lowland birch.

FOREST, UPLAND Forest characterized by upland hardwoods; white,
norway and Jack pines; popple; white birch; oak,
hickory and pin oak.

FOREST, CONIFEROUS

	

	 Forest characterized by hemlock, white pine,
red pine, jack pine, black spruce, white cedar,
tamarack and balsam fir.

FOREST, DECIDUOUS
	

Forest characterized by southern or northern
Wisconsin hardwoods.

FOREST, DECIDUOUS,	 Forest characterized by northern or southern
CONIFEROUS
	

Wisconsin hardwood and conifer species
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APPENDIX :A (cont.)

GLACIAL LAKE	 A flat area formed beneath bodies of impounded
glacial meltwater and often characterized by
fine chalky sediments of sand..

INTERCHANGE	 The number of highway structures
which allow access to high-standard highways
without disrupting the flora of traffic on either
of the intersecting highways.

GROUND MORAINE An area of unstratified glacial material which
was deposited behind the margin of a glacier
when it melted.

LAKES Any lake An excess of 50 acres which is not
one of the Great Lakes.

LAKE MICHIGAN Lake Michigan

LAKE OR POND LESS Any pond or lake covering less than 50 acres
THAN 50 ACRES of surface water as a basic management guideline

for the restriction in use of power boats.

LIMITED ACCESS HIGHWAY Highways which consist of two separated travelways
with an absence of right-angle intersections.
Access provided by interchanges.	 May be state
or federal highways.

MARSH A tract of low wetland often treeless and
periodically inundated and characterized by
grasses, sedges, cattails and rushes.

OPEN SWAMP An area occupied by tagalder, willows, dogwoods,
cattail marshes, grass or sedge marshes, leather
leaf, cranberry marshes, and weedy peat.

RESIDENTIAL, RURAL An area occupied by non--farm residences located
away from population centers and recreational
areas, indicated by the grouping of small numbers
of units (5-10) with property size of approximately
10-20 acres or less.

RESIDENTIAL, SUBURBAN An area of the cell occupied by residential units
usually on the periphery of population centers ra
indicated by the lower densities, single--family
units, curvilinear street patterns, a dotting of
open spaces, and a separation from commercial or
industrial land uses.	 Suburban residential units
may also be classified as such if separated from
the population center but Located adjacent to
highways, granting rapid access to the urban
center.
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APPENDIX A (cont.)

RIVERS

RIVER OR LAKE ZONING

ROADS

SAND DUNES

SERUB CARR

STREA ,1

INTEMIITTENT STRW1

An area occupied by higher-density housing,
including multi--family units located within
the population centers and generally with an
intern, ingliu, of commercial and industrial
land uses. Street patterns tend to be
geometric.

A primary artery of a major river sub basin.
Major river sub--basins have been derived from
hydrologic studies done by the U.S. Department
of Agriculture in conjunction with the USGS.

Lands adjacent to and within 300 feet of rivers
or 1,000 feet of a lake which, by state statute,
requires protective zoning.

Roads may be defined as
including paved and unpaved town roads, county
roads, state highways, federal highways, limited
access highways and interchanges.

Area of medium to coarse-grained materials
deposited by the wind.

A wet ground plant community dominated by tall
shrubs other than alder with an understory
intermediate between meadow and forest in
composition.

A stream channel with a year--round flow of
water, indicated on USGS maps by a single
solid line.

A stream channel which has only a seasonal or
periodic flow of water, indicated on USGS maps
by a broken line (---- .. ------) .

A series of Level areas descending the sides
of a river valley which indicate past changes
in river level and gradient.

Land used for telephone cables, power transmission
lines, high pressure oil lines, gas lines and
railway lanes.
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APPENDIX - B

SUMMARY OF CLOUD COVER FROM ERTS IMAGERY FOR WISCONSIN

This Appendix consists of summary maps derived from ERTS

imagery of cloud cover over Wisconsin for the period August
1972 through October 1973 according to the seasons: summer,

fall,  winter and spring.
The shaded areas represent the areas for which at least

one good image was obtained during that particular season.

These maps are significant because they give an indication of

the availability of the imagery required for identification

of a particular variable which may require coverage at a

specific season of the year. It is important to note the
lack of good fall coverage up to this time as this is consider-

ed the optimum season for the identification of many resources.
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FIGURE .1 

(Note: SUmmary of Coverage of YisCOnSin: 

Shading RepreSents Areas of Good COverage) Summer, 1972 j 1973. l 
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FIGURE Z Summary of Coverage of Wisconsin: Fall, 1972, 1973.

o P
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(Note: Shading Represents Areas of GoodCoverage)	 .
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FIGURE 3 Summary of Coverage of Wisconsin: Winter, 1972, 1973.

(Note: Shading Represents Areas of Good Coverage)
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•FIGURE 4	 Summary of Coverage of Wisconsin: Spring, 1973.

(Note: Shading Represents Areas of Good Coverage) 	 -
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APPENDIX - C

SPATIAL PRINTOUTS
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APPENDIX - C

SPATIAL PRINTOUTS

This Appendix consists of maps of a particular variable

or value surface over the area specified by a data file. The

value present in each cell is represented by a printed

character. A variable may be mapped into up to ten defined

data levels which are indicated -through the use of overprint

symbols.
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APPENDIX - D

McIDAS

1) INTRODUCTION

McIDAS [Man-Computer Interactive Data Access System) is

a pictoral data analysis system developed by the University

of Wisconsin's Space Science and Engineering Center,

Developed primarily for wind measurement using satellite

observed cloud motion, McIDAS is sufficiently versatile that

a number of diverse users have been investigating its appli-

cation. These include efforts concentrating on land use and

resource identification.

2) HARDWARE DESCRIPTION

Major components of McIDAS (Figure 1) include a high

quality color television monitor, a medium size (1 micro-

second cycle time) Datacraft 6024/5 computer, and an AAIPEX

video disk for storage, in analog form, of 250 video frames.

Video information is not displayed directly on the monitor but

is converted back into 6-bit digital form by high speed

analog-to-digital (A/D) converters. (A single A/D converter

is in use at this time, a second will be installed soon, and

a third is planned.) The high speed stream of digital infor-

mation is applied to small "look-up table" memories whose

outputs are reconverted to video form to supply drive signals

to the monitor. This arrangement allows aearly instantaneous
.•.

alt-oraatirtz of onlaaantrments. chromaticit y . and htte mere1v b-%-

,j
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changing contents of the look-up tables.
3

One-hundred-fifty .megabits of disk storage are provided

for the operating system, program libraries, and 4 video

frames of digital data; this storage will soon be tripled and

will allow up to 18 digital TV frames. Other hardware includes

a tape drive, cursor-control joystick and electronics, a

keyboard/console for operator communication, card reader,

and line printer.

3) SOFTWARE FEATURES

McIDAS' operating system is a Datacraft-desinged DMS-3

(disk monitoring system), modified by the McIDAS designers.

FORTRAN-IV is available. However, an operator has at his

disposal a very simple and convenient two-mode command struc-

ture which makes interactive operation simple and which can

be learned quickly by a person without programming background.

One class of operations are invoked by single-character oper-

ands entered an a console keyboard. 'A' and 'B', for

example, advance or back-up the frame selected for display

from the video disk. 'F' prints the displayed frame number.

A "line feed/character/character/return" sequence invokes

another class of more complex operations. A few examples of

this are illustrated in Section 4.

4) APPLICATION OF MCIDAS FOR REMOTE SENSING

Utilization of remotely-sensed data requires at least two

distinct data analysis steps. First, data must be somehow

7 3

a

G
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processed to permit sufficiently accurate interpretation --

perhaps of ground cover types, land use or whatever. Second,

some effective means must be used to retrieve the interpreted

data and place it into some usable form. This may be a

hard-copy map, or perhaps simply a tabulation of cover, type

percentages or areas.

McIDAS, with its comparatively small computer, is ill-

suited to large-scale "number smashing" numerical and statisti-

cal analysis. On the other hand, it allows a high degree of

man-machine interaction so we are striving to solve the

interpretation problem by taking best advantage of this

capacity. Largely, this utilizes the extremely easy gray

scale and color enhancement capabilities of McIDAS.

One enhancement program, El, allows a linear enhancement

over a specified range of input values; this is done by

loading the look-up table to map the selected range of input

values into the entire range of output values. Another

procedure, SC, which tale are finding especially useful for

resource interpretation allows an operator to trace a curve

with the display cursor across the face of the display. The

ordinate represents output brightness, the abscissa, input

level, so the curve defines an enhancement. The image in

Question is continually visible during this process, so one

can instantly inspect and alter enhancements. A related

program allows color displays with hue replacing output

brightness on the ordinate.

Any enhancement can be saved for a given frame and

f
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recovered later. Or, a fixed enhancement can be retained for

f ^;,	 an arbitraty number of frames.

With installation of a second A/D converter in the near

future and later a third, these programs and others will be

expanded to allow true multi-spectral analysis.

Data extraction can be facilitated if statistical

properties of the data are known. One useful tool is a

routine called CURGRAM (operand code CG), which retrieves

data points bounded by an adjustable rectangular cursor and

prints brightness-value histograms.

"Zooming" capability is provided by repeating rows and

picture elements. Because of the high-speed data transfers

of the digital disk, this process is rapid, requiring approxi-

mately a minute to completely redisplay an expanded image.

Data utilization is expedited by several programs which

have been developed. Image navigation, or precise computation

of geographic position, was essential for the cloud motion

studies which led to the system. Appropriately modified,

these techniques are readily applied to ERTS data so that

latitude/Longitude can be listed for selected points of

interest.

.another useful and simple procedure calculates surface

area bounded by the display cursor. Most recently we have

produced software to allow manual manipulation of the cursor

(reduced, in this case, to a point) around a closed boundary.

Area calculations are then performed and printed on a CRT.
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FIGURE 1 - SCHEMATIC OF McIDAS
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APPENDIX E

LINEFINDER

Introduction

The LINEFINDER procedure was developed by the Department

of Landscape Architecture/Environmental Awareness Center with

support by the Wisconsin Department of Transportation by

Denis Bunde, research assistant and Mike Andersen, research

assistant.. Adaptations and documentation was supported by

the USDT-Bureau of Outdoor Recreation (Contract no. 2-14-07-6)
and with HATCH support (142-1900).' The initial program was

developed for the allocation of interstate 57 corridors be-

tween Green Bay and Milwaukee Wisconsin (REMAP I and I I) .
Allocation of land for construction of a linear feature

such as a powerline or highway was based on a model in the
original REMAP application. The original model was construc-
ted to account for as many interests as possible. For
example it included sub-models of engineering feasibility,
visual effect, disruption to the natural system, disruption

to the cultural system, etc. The approach taken in the REMAP
study was to construct models which represent the cost from

the modeler's point of view of running the linear element
through a given cell. For example, from the farmer's point
of view (agricultural model) , it should cost a great deal to
run through agricultural land, while from the engineer's point
of view (engineering feasibility model), it would cost very
little due to the relative flatness of the land. Once the
sub-models were created they were weighted to represent the
relative importance of different points of view and com-

bined.

*Niemann, B.J. Jr., Rose R.A., and Marcus, P.A., et al.,
Handbook: Applications of Remote Sensing and Computer Tech-
niques for Recreation Planning, Vol. 2 & 3. Department of
Landscape Architecture/Environmental Awareness Center, Univ-
ersity of Wisconsin-Madison: March 1974.

s. J	
E	 d
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1

The LINEFINDER Program

To the previously mentioned model is applied the line-

i
fi.nding algorithm which, given a model, a starting cell, and

i	 a finishing cell, finds the lowest cost route from start to

€	 finish in terms of that model. The algorithm consists of

two parts:

a) Find the minimum cost of going from the starting

point to all other points in terms of the model

(subroutine DISTR.

'	 b) Follow the path from the finish to the start that

will minimize the total cost accumulated by passing

through cells (subroutine FINDR). Note: If the

j'	 cost of going through each Bell were the same, the

minimum cost route would be- the shortest route.

i`	 However, since cell values, the minimum cost route

Is not necessarily the shortest.

DISTR and FINDR

]

	

	 The output of DISTR is a matrix which specifies the cost

of the minimum cost path from every cell to the origin. Sub-

routine FINDR is an implementation of Algorithm CHEAP de-

scribed below. Its output is the array JPATH which indicates

which cells are included in the minimum cost path from the .

starting point to the origin specified to subroutine DISTR.

These subroutines are described below:

DISTR	 DISTance Route

(COST, TOT, UNIT,	 Generates the Distance Matrix

YINIT)	 TOT with the integers UNIT

and YINIT specifying the origin.

h The real matrix COST contains

the effective cost of running

the corridor horizontally or

j'	 vertically through that cell.

r-
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+	 FINDR	 FIND Route
(TOT, X, Y, ROUTE)	 Finds minimum cost ROUTE front

integer coordinates x, y to

the origin of array TOT. The	
1

output of FINDR is in a format
such that it can be fed directly
into the corridor impact rou-

tines.

The program listings for DISTR and FINDR (Figure 1)
comprise the LINEFINDER program. DISTR creates an array of

relative "costs' to get from any cell to a derived cell
(XINIT, YINIT) (one of the end points) . FINDR, given a cell
(the other endpoint) follows the path of least cost thru all
cells back to the "first" endpoint. A general discussion of

the LINEFINDER algorithm follows the figure.
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i	 ' StsKr	 SU13ROUTINE0ISTRICf3ST , TCTrXIN1T.YI:IIT1
PAR 4F F TER PXy6n , NY-5f3
PARAPFTER NX7 • MR^1	 -

	

1!r
	

DIPFNSICN CC5TIP11rMY1+FOT;PX.PYI+CQEFFI63r%INC{6lrYI;G{6}

	

'!	 INTEGER x+Y ► X7 ► Y2eXIAC Ylnf.,XIt;IT,Y1NiT
UATA/X1hC/-I,U,I,-11,-:01IAC/1tltlt-l+-I ^[/
DATA/COCFF/.7OfLO7..5.2r.7071C1r.5,.70TFb7/
LOGICAL ISk

C 1NtTIALIIE
tiro
DO 113 Y+t,PY
Do to x^I "
1FtCOSTIX7YI.GT.0.OJGQ TO lo

Nn N+1
CQST(XtY)=L.E-5

	

1	 ]U	 TDTtX,YI*1. £l0
IFIA.GT.o1PRIhT 12.14

12	 cFORPAtItH0,130 CELLS WERE- FOLNC THAI WERE LESS THAN ZERO BY SOFRO

To T,
Y.YthlT

	

(	 tik C CONSIDER vOY!"IG FROP CELLfXtYI TO CELL(X-ItY1
15	 DD 20 Xr21PX

ARTUT1X,Y,+.5+tCUSTIXtY1+CoSI1X-IrY13

IF 
IA. TCT1 X-I,Y)KC TO 20

20	 CoNrINUE
C CgN^IDE R WUVING FROP CELLIX.Y] TO CELLIXRLPYI

Do 3D X=I PX7
A=TCTfX,YI+.5*ICTIST(XrY1+CCST(Xtl ► Y)1
IFfA.GE.ICTIX+LtY11GU TO 30
TOTIx+t Y3=A

30	 CON IINU1L
C UP DATE TCT PATRIX FOR RUMS Y-I AND Y+1

ISNx.TRUE.
CD 45 X-1,PX
On 40 I=1 6
X2-X+XINC111
Y2-Y+YIACIII
LF(X2.LT.I.0R.X2.GT.PX.CR.Y2.LT.I.DR.Y2.GT.3 + Y1GD TO 40
AOCCEFFIII+(CCSTIX2tY21+CCST;XrY1)+TGT(X n YJ
IFfA.GE.TCTIX2.Y211GC TO 40
TTIT{X2,Y21=A	 -
IFII.GT.31tSNx4FALSE.

40	 Cn4r1%UE
45	 C0147 [SUE

jFIISH1G11 TC 50
C THE REVICUS RCA {Y-LT MUST BE REPROCESSED

Y=Y-1
GO Tq 15

C IF Y POINtS TC RCH MY ► THE ALGORITHM IS DONE

	

I	 LnPROCESS.	 EUTHENEXTYRaw

	

{	 Y=Y+1
f
ND

TC 15

SUBROUTINE FINUP.;TUT XrYrRq!1TFI
'ARAM	 iETER NX-U.1+Yx5t^
1NfFGrP X , Y9I+C1/11 eXIAC101 . Y1t][I?t.TFMP
IEIPEKSI^N RCUTCIPX.rY3.CUFFt'tpt.i^TINX,NY1
UA TAIX INC/Le1tUr-I,^i,-1 ► fl,1lii4C/0. 1,-1+^IrQelrlril
UA T A t; F/.5,.7a7LCTr.S..IC71Llr•K+.TOI1GJr. ,.;G 110 T/
INtFf

c;,
Ca 

t
YP °{ P.J/lrS ► I.3rI ► !/

C FIN?] A PIJ11PtJP PAFH F yUM x,Y TO TJ- E ORIGLN OF 9f •E TO[ MATRIX.
C INITIALLIE

qq 5 J-t:FY
DO 5 [=1PX

5	 RCUTE119JI-0

JYnY
C`` DONE YET

eOFIND 1 IHE0tEff CELLL CF4 Ft-EAFtNI V UH PATP BY SUCCESIVELY TRYINU. 4 1.l. 8	 =a

	

}	 C SURRDUNUI%G CELLS.

	

(	 AHAXaO.0
DO LO =1.13

NC }+JX

	

I	 X=YINCi(iI1+JY
IFIJ.LT.I.CR.J.GT.MX.CR.K.LT.I.QP.K.GT.NY}GO TO 110
B,a ITUrIJx,JYI-IL'IIJ K11/CC£FFII]
Ir(A.LE.A'.XIG0 TG

j,,
K
C

 l
'	 1L0	 CONFINUr

C UPDATE COPP, XCCCRD ' y1ICCORQ
RDUTFIJx ♦JYT^RUUTElJX,JYI +TYPEITEPPIJX-JX+%Irtl TFt+P l
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FIGURE 1 LINEVINDER -- Subroutines

*NOTE: Statement 15 should read: DO 20 K = MK,2
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LINEFINDER

GENERAL CONSIDERATIONS

The program LINEFINDER finds the minimum cost corridor of

a given width between two points on a matrix representative

of a map. It is assumed that the corridor runs through

the center of the cells, and may proceed to the next cell

only horizontally, vertically or diagonally. There are

three parameters which the user specifies: RATIO, RATIO2.

and SQUARE.

The parameter RATIO, which must be less than or equal to

one, determines the width of the corridor with respect to

the width of the cells. For example, if RATIO is one, then

the corrido • -9ed will be as wide as a cell'. If RATIO is

.5, it will 6.: half as pride, et cetera.

The parameter RATIO2 p, which must be one or greater than one,

allows consideration of corridors with effective costs

greater than the minimum. For example, if RATIO2 is 1.01,

all corridors are considered that have an effective cost no

more than one per cent greater than the minimum cast cor-

ridor. This gives some idea of alternative corridors that

i	 have nearly the same effective cost, and of how constraining

the corridor is.
is

f
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The third parameter is SQUARE. This determines how the in-

put map is transformed. If SQUARE is false, then a constant

is added to every cell in the map,so that all costs in the

map range from zero upward. This is done to prevent the

LINEFINDER from going into an infinite loop which can occur

if a negative cost is associated with a cell. If SQUARE is

true, then not only is a constant added to every cell in

the map, but in addition, all the cell values are squared.

This emphasizes the relatively high valued cells. This mode

of operation effectively simulates what a human does in

drawing a corridor on a map.

i
	 The output of the LINEFINDEiR program is a symbolic map.

All cells which fall in a minimum cost corridor are printed

with an "x." All cells which, belong to the union of slightly
more expensive corridors are printed with a plus (+). All

other cells are printed with a period. An example of LINE

FINDER output i s shown in Figure 15 of the text.

COMPUTER FORMAT

The input map is read by the standard subroutine UNPACK.

The input file is UPFILEq which must be in the standard

system format except by subroutine UNPACK.

fr

171



172

The coordinates used by the program LINEFINDER are the ones 	 )

used internally to identify the x and y location of each

record. In the one-kilometer data bank, the coordinates are

represented by the three digits before the decimal place.

In the 1/3-kilometer data bank, each coordinate is multiplied

by three and then rounded off to an integer. For example,

a coordinate of 433.3 is represented internally as the

integer 1270.

LINEFINDER CONTROL CARDS

One card is needed for each minimum cost route which is to

be found. Each card is written with the following format.

i
j

Column	 Field Name Description

1-5	 Location A right ,justified integer indicating
the location of the input data in
each record read by UNPACK.	 A 1
will cause variable 1 to be mapped,
a 2 will cause variable 2 to be

V
mapped, etc.

6-10	 X1 The internal x-coordinate of the
desired corridor's starting location
written as a right justified integer.

11-15	 Y The internal y-coordinate of the
1 desired corridor's starting location

written as a right justified integer.

16-20	 X2 The internal x- coordinate of the
desired corridor's terminal location
written as a right justified integer.

21-25	 Y The internal y-coordinate of the2 desired corridor's terminal location	 }
written as a right justified integer.
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Column	 field Name Description

25-30	 Ratio The ratio of the width of the cor-
ridor compared to the width of each
cell written as a floating point
number.	 The assumed decimal point
which may be overridden by an ex-
plicit decimal point is to the left
of the field.	 This number must be
less than or equal to one.

31-35	 Ratio2 A ratio of the greatest cost corridor
to be considered compared to the low-
est cost corridor. 	 The ratio must be
greater than or equal to one, and is
written as a floating point number.
The implied decimal point which may
be overridden by an explicit decimal
point, is just to the left of the
field.

36	 Square If this field contains a "T", the
input map values will be squared
before LINEFINDER is run,	 If "F",
they will not be squared.
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DESCRIPTION OF THE ALGORITMI

The input value map is read into a two-dimensional matrix

called COST. A constant is added to all cells in the matrix

COST so that every cell is greater than or equal to zero.

This is done so that there will be no negative costs. A nega-

tive cost may cause the LINEPINDER to go into an infinite

loop. If the variable SQUARE is true, all the values in the

COST matrix are then squared.
i

The goal of the algorithm is to find the minimum cost cor-

ridor connecting two end points on the COST surface. Before

we can discuss how the algorithm works, we must first dis-

cuss how the effective cost of a corridor is found.

The-cost of a corridor through a cell is the proportion of

that cell covered by the corridor times the cost of the

entire cell. This relation assumes that the attributes of

each cell are evenly distributed within that cell. The ef-

fective cost of the entire corridor is the sum of the costs

i	 for the individual cells.i

Each corridor segment is assumed to rua from the center of

one cell to the center of an adjacent cell. Only two orien-

tations need be considered: vertical and diagonal. All

other segments can be obtained by rotating these two basic

orientations.
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Vertical Line Segment	 Diagonal Line Segment

Assume that the width of a corridor is w and the length of

a cell is L. Consider a vertical segment which runs from

(x,y) to cell (x,y+l). The area impacted in cell (x,y) is

wL. The area of cell (x,y) is L 2 . Let VERT be the fraction
T-

of the cell impacted. Then:

VERT = wL	 w	 1/2 RATIO
'U2 7L

where RATIO a w

Leff SC(xl , yl , x 2 , y2 ) be the incremental cost

n£ getting from cell (xl ,y1 ) to cell (x 2 , Y2)

Then the impact of this corridor segment is:

IC (x,y,x*l,y+l) = VERT * COST (x,y) + VERT * COST (x,y+l)

In general, the impact of any corridor segment which runs

horizontally or vertically is VERT times the cost of the

first cell plus VERT times the cost of the second cell.

i
..	 .	 .....	 .	 .
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Consider a diagonal cell running from cell (x,y) to cell
(x+l,y+1). The area impacted in cell (x,y+l) is:

AREA	 = l w tia = w 2

	

x,y+1 2 2	 4

Let CUT be the fraction impacted. Then

CUT = w2	 RATIO 

4L Z	4

Similarly, the fraction impacted in cell (x+l,y) is also
Cut. Let DIAG b e the fraction impacted in cell (x+l,y).
Then:	 WL2 + L 2

i	 DIAG =	 4	 4 - CUT
L2

VI —2 w2— L - CUT

22 RATIO - CUT
a	 s

The cost of this diagonal cell is:
r

IC(x,y,x+l,y+l) = DIAG * COST (x,y) + CUT	 COST (x+l,y) + i
CUT * COST (x,y+l) + DIAG * COST (x+l,y+l)

In a similar way, the cost of all the other diagonal corridor
sections can be computed. f

It is not obvious that the total, effective cost of a cor-
ridor made up of two corridor segments is the sum of the
costs for each section. Consider a corridor which runs from
cell (1,I) to cell (2,1) and then to cell (2,2). This cor-
ridor is shown below.
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i

A Corridor Runnis.g From Cell (1,1) to Cell (2,2)

It will beseen that the small square in cell (2,l) belongs
to both segments, and hence is counted twice. In addition,

the square enclosed by the dotted line is not counted at all.

However, it can be shown that the area in the dotted square

is exactly the area contained in the solid square. Hence,

the corridor from cell (1,1) to cell (2,2) is the sum of the
separate corridor segments. % can be shown that the area
of corridor overlap within a cell equals the area of required

fill for all pairwise combinations of corridor segments.,

except for the case where one segment lies on top of another.

This exception case will never occur as part of a reasonable

corridor.

It can now be seen that the cost of a corridor is simply

the sum of the cost of each corridor segment.
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4
The DISTANCE Matrix (D) is a matrix the same size as the

COST Matrix which, when the following algorithm is complete,

will contain in each cell the total effective cost of the

minimum cost corridor from that cell to the origin cell.

j	 Let the origin cell have coordinates (x,y). For ease of
i

exposition, we will assume that the following operations

are done only when all cells used in each operation lie

within the study area.

1. (Initialize) Fill all the cells in th.e Distance Matrix

with an extremely large number, which is larger than

any minimum cost route on the cost surface. Let (x,y)

be the origin, and let D(x,y) - 0.

2. [Consider moving from cell. (x,y) to cell (x-1,y)]

Do for x = minimum [x) step 1 until maximum (x) in row y: 	 '.

If D (x -1, y)3 D(x, y) + IC (x , y , x ^ l a y) then

D(x- l,y)<--D(x,y) + Ir-(x,y,x+l,y)

3. [Consider roving from cell (x,y) to cell, (x+l,y)]
F

Do for x = maximum (x) step l until minimum (x) in row y:
i

If D(x+1py) >D(xsy) + IC (x , y , x+l $ y ) then

D(x+I,y)^-,"D(x,y) + IC(x:yx+l:y)

4. [Try moving from row y to row y-11

If y n I t go to step 7.	 4

ISW*► True 17

Do for all x in row y:



1 ^

179

r;

l If D(x,y-1 ) -^>D(x,y) + IC(x,y , x,)r`1)	 then

D x	 1	 '^--D(x	 ) IC	 x	 1
i.

ISW-False

If D(x-1	 I	 >D x,Y`	 )	 C	 ,YJ + IC x	 x-1	 IC ,Y,	 ,Y" )	 then

D (x`l,Y-1)'F-	 D (x ,Y) + IC (xsY,x-1 qy -1)

ISW k--False

If D(x+ I,y-I) > D(x,Y) + IC (x,Y, x+1 , Y` 1 ) then

D(x+l,y - 1) f--D(x , v) + IC(x,Yax+1,Y"1)

a ISW <- False

S.	 (Check to see if Row (y-1) must be reprocessed).

If ISW = False, then
c
g

Y --y -1

Go to step 4.
k

F 6.	 (Consider moving from row (y) to row (y+1))

If y points to the top of study area, then STOP.

a The Algorithm is completed.
a

x Do for all x in row:

If D(x,)r+l) > D (x,y)	 + IC (x ,Y, x ,Y+l ) then

is D (x	 +1 <	 +,Y	 )	 (	 ,Y) IC	 x	 +1(x,Y,	 ,Y	 )

If D (x+I,y+1) },D (x ,Y) + IC (x,Y,x+1,Y+1) then

D (x+1 rY+l ) C D (x ,Y) + IC (x ,Y,x+l ,Y+1)

If D(x-l,y+l)">D(x,y) + IC (x ,Y, x ` 1 ,Y+l ) then

D(x-1,Y+1)<---•D(x,Y) + IC(x,Y,x+1,Y+1)

Go to step 2.
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WHY THE DISTANCE ALGORITHM WORKS 	 _	 s

u

After the Distance Algorithm stops, D(x,y) for all x and y

contains the smallest value of D(xa,ya) plus IC(xa,ya)-

where xa , Ya are the coordinates of a cell adjacent to x,y.

We will prove that D(x,y) contains the effective cost of

the minimum cost corridor from cell (x,y) to the origin.

We will do this by first describing an algorithm which de-

fines a corridor from cell. (x,y) to the origin. Secondly,

we will show that the effective cost of this route is D(x,y).

And thirdly, we will show that there is no less expensive

corridor.

Algorithm CHEAP constructs a corridor from cell (x,y) to

the origin. The algorithm is as follows:

1. Set pointer "P" to point to the starting cell

(x ) y)

2. Mark cell P. If P points to the origin, Stop.

3. Set P to point to the minimum D(x,y) adjacent to

the cell now pointed to by P. If there is more

than one minimum, arbitrarily pick one. Go to

Step 2.

When the algorithm stops, the route is the line connecting

all the marked cells.

i

i,
z.
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The algorithm CHEAP is guaranteed to stop for the following

reason. If P points to the origin, then D(P) . 0, and the

algorithm will stop. If P points to a cell not the origin,

and if the next cell chosen in Step 3 is P, then D(P)< D(P).

This is true since the cast of very cell is greater than

or equal to zero, hence IC (P J) >0, and hence 'step 3 by the
A

way that matrix D was constructed, D (P) < D(P).  Hence D(P)

for every new P chosen in Step 3 will be smaller than the

last. Since there are only a finite number of cells in the 	 j

matrix, in a finite number of steps, a P will be chosen such

that D(P) = 0. Pointer P will now point to . the origin and

the algorithm will stop.

The effective cost of the Corridor found by algorithm CHEAP

from cell P is D(P). Let P I be the cell adjacent to P on

the corridor found by algorithm CHEAP. Then D(P) 	 D(P l ) +

IC(P,PI ). By induction, it can be found that D(P) 	 IC(P,P I ) +

IC(PI,P Z ) + . . . + (Pn, origin). From this it can be seen

that D(P) is the effective cost of the corridor from P to

the origin.

We will now show that algorithm CHEAP gives the minimum

cost corridor from cell P to the origin. Let us call this

CHEAP corridor Corridor C o . The effective cost of corridor

C o is D(P). Consider an alternative corridor A which con-
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netts cell P and the origin, which is not an algorithm

Short route. We will construct a series of corridors Ci

connecting P and. the origin such that length (C +1)> > Cost (Cm)

for m <n, and that Cn is alternative corridor A.

We will now show hots to construct corridor C m +1 from cor-

ridor Cm. Follow route Cm starting from point P to the

origin. Let P l , be the last cell on which corridor C m and

corridor A agree. Corridor Cm+l is a new route which follows

corridor C. from cell P to cell Pl, follows corridor A from

cell Pl for one cell, cell. P,, and then takes an algorithm

CHEAP corridor from this cell, to the origin. Since D(Pl)

is the minimum of D (P j ) + IC (P l , Pj ) , where P j is any of the

cells adjacent to P l , it is clear that D (P l ) ,t;^ D (P Z ) + IC (Pl,

P 2 ) . Hence, cost (Cm) < cost (Cm+l) . This is true for all

m, less than or equal to n. Hence we have:

COST (Co ) < COST Cl <. o	 COST CC.) - COST (A)

Because of ` the transitive property of the relation, less

than, COST (Co) < COST (A) .

We have shown that any corridor from an arbitrary point P

to the origin which is not an Algorithm CHEAP corridor has

a greater cost than the Algorithm CHEAP corridor. Hence,

the minimum cost corridor from P to the origin being entirely

J	
within the surface will be found by Algorithm CHEAP.

F
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DETERMINING THE CORRIDOR

One way of locating the optimum corridor is to put the origin

of the Distance Matrix at one end point of the desired cor-

ridor, use the Distance Algorithm to generate the Distance

Matrix, and then start Algorithm CHEAP at the other end

paint of the desired corridor. Theere are two further capa-

bilities which were desired.

1. If there is more than one minimum corridor, it

is desirable to locate all of them. Algorithm

CHEAP can be modified to do this.

2. It is desirable to print out the union of all

corridors which are only slightly longer than

the minimum cost corridor.

In order to accomplish thiss the following algorithm was

employed.

Call the beginning point of the desired corridor E 1 and

the end point E2 . The Distance Algorithm is used to deter-

mine the first Distance Matrix D 1 with its origin at El,

and Distance Matrix D 2 with its origin at E 2 . Consider any	
^o

h

point P. The minimum cost porridox from E1 to P is D1(P),

and the minimum cost corridor from P to E 2 is D2(P). The

minimum cost route from E l to E2 through point P is D l (P) +

r
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D 2 (P). The minimum cost route from E 1 to E2 , which may or

may not go through point P, is D1 (E 2 ). If DI(P) + D2(P)

DI (E2), then'paint P is on a minimum cost route from E'

to E2 . If Di (P) + DO) <RATIO2 • D 2 (E 2 ) where RATION-1.,

and if P is not a member of the minimum cost corridor then

point P belongs to the union of corridors which are less

than RATIO2-1 times more expensive than the minimum cost

corridor.

184
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SAMPLE LINEFINDER RUN STREAM

Assume that the generated model is on tape U8Q86,.and that

the programs are on tape U6944.

RUN name,account-number,page-limit 	 RUN CARD

@ASG,T UPPILE.	 Assign Portrand file space.

BASG,T PROG.

@ASG,Tii TAPE.,T,U8086/U6944
Reserve one tape drive on which to
mount these tapes, the first tape is
mounted.

@COPY,G TAPE.,UPFILE.	 Copy tape U8O86 into file UPFILE.

@TSWAP TAPE.	 Mounts the second tape on the

5 ^ t

	 tape drive.

@COPY,G TAPE.,PROG.	 Copy tape U6944 onto file PROG.

FREE TAPE.	 Release the tape drive:

MAP,I TPF$.LINEFINDER	 Collect the LINEFINDER relocatable
IN PROG.DLINE	 elements into an absolute element.

LIB PROG.

@XQT TPF$.LINEFINDER

LINEFINDER Control
Cards

@FIN

Causes execution of LINEFINDER

The cards which control the operation
of program LINEFINDER

End, of control deck.
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GLOSSARY TERMS

Conventional sources for data extraction: Those used in

the REMAP data bank consist of:

1. USGS topo maps (15 minutes) 1:62,500 scale;

2. Wisconsin land inventory maps 1:15,840 scale dating

from the 1930's;

3. Small scale panchromatic aerial photographs flown in
1966 (monocoverage); and

4. Maps, photographs, reports and statistical information

of varying vintages (1910-1970) .

GRIP: Critical Resources Information Program: A program

of the Department of Administration of the State of Wisconsin
to define, organize and describe the critical resources of

the state. A multifaceted assessment methodology was deve-

loped to evaluate the relative criticality of resource

areas within the state. The criticality of a resource is
based on such factors as resource quality, size, location,

cost of maintenance and degree-of the present or future

scarcity. Most of the current GRIP research is being done by

EMDAG with funding by the State of Wisconsin.

CROSTAB: A computer program out of the University of

Wisconsin-Madison computer center that compares two equiva-

lent matrices element by element to determine the degree of

correlation between the values of the elements. The corre-

lation value is determined as the percentage of elements in
one matrix which agree within a given range of values with

the elements of the second matrix. This program simply

establishes the correlations and does not indicate which

source contains the greater error.

Cultural. Resource Data: Includes data elements on

1. land use systems,

2. population distribution systems,

3. communication systems, and

4. cultural landscape units
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EMDAG: Environmental Monitoring and Data Acquisition

Group, one of seven research centers and groups under the

administration of the Institute for Environmental Studies,

University of Wisconsin-Madison. The EMDAG is a formally

structured, ongoing composite effort focused upon enhancement,

extension and coordination of the monitoring and data acquisi-

tion efforts of IES and the University at large.

I-57 study: Study done by the University of Wisconsin

Environmental Awareness center in 1972 entitled "An Inter-

state Corridor Selection Process: The Application of

Computer Technology to Highway Location Dynamics", by

F.J. Niemann, Jr. and A.H. Miller. 	 a

I t s: A color additive viewer (International Imagery
	 9

Systems Model 604OPT).

LINEFINDER Routine: A computer routine written by Mr.

Denis Bunde, U.W. Department of Computer Sciences, that sums

the products of weight and variable values for each cell.

The program then starts at an established starting point and

finds the "least value" or lowest assemblage of coefficients

through the data array. The LINEFINDER finds linear routes,

such as highway or power transmission corridors.

McIDAS: (Man-computer Interactive Data Access System):

A highly interactive man-machine: system currently being

developed by the University of Wisconsin's Space Science and

Engineering Center, created primarily for quick access to

large volumes of digital data generated by satellites such as

ATS-III, SMS, and ERTS-1.

Muirhead Photof ax Copier: A computer controlled copier

by which a photographic image can be produced from imagery

stored on digital data tapes.

Natural. Resource Data: includes data elements relative to:

1. hydrologic systems

2. ecological systems

3. physiographic systems- Y
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4. pedalogical systems, and

S. natural landscape units (watersheds).

Physiogr.aphic Patterns: Patterns made up of topographic
orientations, topographic slope, and various land forms such

as outwash plain, ground moraine, till plain, etc.

RB-57 Imagery: Color and color-infrared photography flown

at 60,000 feet to give scales of 1:60,000 and 1:120,000.

REMAP: A computer program entitled Regional Environmental

Management Allocation Process, developed by the University of

Wisconsin Environmental Awareness Center to provide for the

j	 economical storage, analysis and display of natural and cultur-

al resources for regional planning purposes using a Universal

Transverse Mercator Base. This geoinformation system was

specifically developed to assist, the Wisconsin Division of
E

I	 Highways in Locating and assessing environmental impact from
proposed Interstate-57 between Milwaukee and Green Bay,

Wisconsin. Data banks consist of natural and cultural resource

data, computer stored on a cellular basis for one square

kilometer (REMAP I) and 1/9 square kilometer (REMAP II).

VARIABLE: A data type whose amount varies relative to a

given criterion. Appendix A lists and defines the 33 variables

(e.g., upland forest, raver, agricultural land, etc) which

are considered to be most significant for decision making for
i land use allocations of one square kilometer or larger such

as transportation corridors, power plant sites, power trans-

mission systems and similar impact producing phenomena.

WINDCO: The McIDAS prototype with the capability for

displaying digital tape data on a TV monitor as a black and

white image and performing enlargements and contrast adjust-
ments via external controls and software.

i'.

^i
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4.0 ADDENDUM - WORK COMPLETED AFTER 23 MARCH 1974
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4.1 DATA EXTRACTION FROM PHOTOGRAPHIC IMAGERY

ERTS images were used for two data extraction studies

using the International Imaging Systems Model 6040 PT additive

color viewer, as reported below..

4.1.1 DATA BANK COMPARISON BY SPATIAL LOCATION

4.1.1.1. Introduction

A study of the Sheboygan Test Site was undertaken

to compare land cover data extracted using 70mm positive

ERTS transparencies in an International Imaging Systems

Model 6040 PT color additive viewer at a scale of 1:500,000

with land cover data extracted using ERTS 9x9 positive

transparencies (1:1,000,000). RB-57 color-infrared photo-

graphy at a scale of 1:60,000 of the test site provided

	

r ti	 ground truth data for each of the four land cover types.

From the above data Fable 4.1.1) we sought to determine

if there was any advantage in using the 70mm ERTS chips

color enhanced in the I Z S as opposed to ERTS (9x9)

positives, and if there might not be greater variability

among individual interpreters than among the data sources.

Data Source	 Land Cover Type	 Interpreters

RB-57	 Agriculture	 1
ERTS (I ZS)	 Forests
ERTS (9x9)	 Structures	 3

Water

Table 4.1.1: Data Sources, Land Cover Types

and Interpreters.

The Sheboygan Test Site (see Figure 1.3.3) is a

portion of the larger REMAP test site which has been con-

sistently used as a test site in ERTS investigations at

	

}	 the University of Wisconsin-Madison. This site includes

a variety of natural and cultural resources -- agricultural
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fields and pastures, upland and lowland forest, wetlands,

quarries, two small towns and their supporting communi-
cations and transportation systems.

4.1.1.2 Methodology

For purposes of this study the test site was gridded

into 300 one square kilometer cells (ten cells wide by

thirty cells long) at a scale appropriate for each of the

G three data sources. One interpreter placed the grids on

all the imagery in order to make their placement as con-

sistent as possible.

Previous studies with ERTS determined four land cover

types 'that can be considered all inclusive in Wisconsin.

These are:

1) agriculture - agricultural areas, open fields

E	
and pastures;

{	 2) forests - upland and lowland forests;
i 3) structures - man-made structures and disturbances

such as cities, roads, gravel pits and quarries;

and

4) water, here defined as open water only, not
including heavy macrophyte growth.

One land cover type at a time was interpreted for
i

the 300 cell test area by the interpreters on a percent-

of--cell basis. After percent forests, structures and
water were interpreted, the percent of each cell remaining

was designated agriculture. With three data sources (RB-57,
ERTS [1 2 S], ERTS [9x9]),four land cover types and three

interpreters, thirty data matrices emerged.

Data were first extracted from 70mm chips using the

li 12 S. Table 4.1.2 lists the date of imagery, image number,

bands, illumination and filters used on the I2  for the
land cover types. "Agriculture" is not shown on this
table since the percent of each cell designated Agriculture

was determined by subtraction.

4



Land Cover
-^	 Type	 Date

=f	 Forest	 12/13/72

Image #

1143-16095

Structure	 8/9/72	 1017-16100

Water	 6/11/73 1323--16100

197

Band # Illumination Filter

5 full green
7 7.5 red

5 full none
7 5.5 red

4 full, blue
5 full blue
7 full none

Table 4.1.2: ERTS 70mm Film Chips and

Settings Used with I2S.

Next the forests, structures and water were inter-

preted by each of the three interpreters for the test

site using RB-57 color-infrared photography (1:60,000)

flown on 4 June. Two months later the three interpreters

determined percent land cover type per cell for the test

area using ERTS (9x9)s on a light table with approximately

10 power magnification (Table 4.1.3) .

I Land Cover Type Date Image # Band #

Forest 12/13/72 1143-16095 5

Structures 8/9/72 1017-16100 5

Water 6/11/73 1323-16100 7

Table 4.1.3: Date, Image Number and Band Number for

ERTS (9x9) Transparencies at a Scale of

1:1,000,000.

4.1.1.3 Results

The data from the above interpretations were punched

onto computer cards and run on a program that output two

types of cell-by-cell correlation analyses. Table 4.1.4

gives percent correlation between interpreters by data

sources. Correlation values are expressed as a percent

range from 100% to -100% where 100% equals perfect corre-

lation,, 0% equals no correlation, and -100% equals perfect

?	 negative correlation. NV stands for number of vectors

(cells), always 300, in this study. 	 r
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Interpreters

'^	 Land Cover	 NV	 1-2	 1-3	 2-3	 .,.

Forests 300 85.9 79.4 67.4
ERTS	 Structures 300 81.7 --1.8 -9.0

(12S) Water 300 39.2 83.5 50.5

Agriculture 300 76.8 59.8 52.6

Forests 300 89.7 78.0 66.9

Structures 300 78.8 83.2 75.0
RB-57	 Water 300 92.7 96.2 94.8

Agriculture 300 85.2 72.7 60.7

Forests 300 92.9 94.8 87.5
ERTS	 Structures 300 55.8 60.5 53.4
(9x9)	 Water 300 88.5 95.3 53.9

Agriculture 300 89.9 90.7 83.5

Table 4.1.4: Percent Correlation Between

Interpreters by Data Sources -

ERTS (I Z S) , RB-57, and ERTS (9x9) .

Table 4.1.5 gives percent correlation between ERTS (IZS)

and RB-57, between ERTS (9x9) and RB-57, and ERTS (IZS)

and ERTS (9x9), by interpreter. It compares each inter-

preter's ground truth data to that extracted from the

two ERTS sources and compares his consistency in inter-

preting ground cover types from ERTS (I 2 S)and ERTS (9x9).

Used together, Tables 4.1.4 and 4.1.5 tell what

cover types were difficult to interpret accurately and

where interpreter inconsistencies exist. In analyzing

Tables 4.1.5 and 4.1.5 it should be remembered that

since agriculture was originally derived by subtraction,

it will always reflect the total correlations of the

other three land cover types. Therefore it is more to

the point to consider only the correlations of forests,

structures and water.

i
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Interpreters

1 Land Cover	 NV	 1	 2	 3

ERTS(I25)	 Forests	 300	
89.8	 63.4	 78.6 h.'+

Structures	 300	 66.0	 63.9	 2.6;.vs.

! RB-57	
Water	 300	 96.1	 42.9	 84.6

Agriculture	 300	 81.5	 74.2	 58.5

Forests	 300	 88.1	 90.2	 66.0
ERTS (9x9)

Structures	 300	 58.8	 36.6	 55.3
vs,

RS-57	
Water	 300	 92.1	 77.4	 85.9

Agriculture	 300	 85.2	 86.0	 61.2 !y`

Forests	 300	 83.5	 80.4	 72.2
ERTS(T2S) }Structures	 300	 84.4	 59.1	 -2.2

VS.	 Water	 300	 91.7	 40.7	 87.3
ERTS(9x9)	 Agriculture	 300	 79.8	 75.9	 57.6'_

Table 4.1.5:	 Percent Correlation Between
.e

ERTS	 (I 2 S)	 and RB--57; ERTS(9x9)2
and RB-57; and ERTS(I S) and

_

ERTS (9x9) by Interpreter.

4.1.1.4	 Correlations Between Interpreters
a

rz RB-57 imagery is considered to yield ground truth

since its larger scale yields more detail than the ERTS:

imagery.	 For forests, there was 89.7% correlation between

interpreters I and 2, 78.0% correlation between interpreters a#

1 and 3, and only 66.9% correlation between 2 and 3.
3

Interpreter 3's interpretation seems to bring down both

correlations, indicating an inconsistency in his inter-

` pretation as compared to the other interpretations. 	 For

structures, agreement between 1 and 2 is 78.0%, between 1

and 3, 83.0%, and between 2 and 3, 75.0%. 	 Interpretation

E of open water is best correlation, being between 92.7 and

96.2 %	F	 the above it would appear interpreter 3 dida .	 From	 v	 pp	 p
4	

j not interpret forests in the same manner as 1 and 2, nor

... did interpreter 2 interpret structures as did 1 and 3.

Consistency exists among interpreters only in their

E
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extraction of open.water data.

Using the ERTS(I 2 
S), interpreter 3 again shows a low

percent correlation in forests. Interpreter 3's correlation

of structure with both interpreters I and 2 is slightly

negative. As this did not occur using ERTS (9x9)s, a

mechanical error of some sort such as grid slippage is

suspected here. Interpreters 1 and 2 show an 81.7% corre-

lation on structures. On water, while interpreters 1 and

3 show an 83.5% correlation, it drops to 39.2n between

interpreters l and 2, and 50.5% correlation between inter-

preters 1 and 3, indicating interpreter 2 was not consistent

with the other two. Referring to Table 4.1.5, we find only

42.9% correlation between interpreter 2's ERTS(I 2 S) and

RB-57 data for water. Going back to the RB-57 data in

Table 4.1.4 we see interpreter 2's data is inclose agreement

with that of interpreters 1 and 3 which would indicate his

1. 2 S interpretation is at fault.

Using the ERTS (9x9)s we find a high correlation

between interpreters for forests (87.5-84.8%). The corre-

lation on structures is considerably poorer than with the

RB-57 (being between 53.4 and 62.50) and the ERTS(12S),

discounting the grid slippage error. The interpreters

correlations on water while not quite as high as on the

RB-57, are far better than those using the ERTS (I 2S) .

4.1.1.5 Correlations Between Data Sources

Table 4.1.5 shows interpreter 1 to have the highest corre-

lation between ERTS(1 2S) and RB-57 data. Interpreters 2

and 3 showed reasonable correlation on forests between

their ground truth data and ERTS(I 2S); interpreter 3 shows

reasonable correlation on water. Interpreter 3's mechanical

failure on structures shows up as no correlation between

ERTS(I ZS) and RB-57 while interpreter 2 shows poor corre-

lations on both structures and water.

On the ERTS(9x9) vs. RB-57 data, both interpreter 1

and 2 show a high positive correlation between their
F
a

4

'^ 9
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ERTS(9x9) and ground truth forest data while interpreter

	

t` `,f̂,,,	 3 does not. All three interpreters show poor correlations
on structures, indicating structures was poorly defined.

Since structures are generally small, they are difficult

to pick up on ERTS imagery. Where they do show, the high

reflectance which makes them stand out can lead to an

over - estimation of this cover type. Interpreters l and 3

show high correlations on water; interpreter 2's correlation

is down but not as much as on the I2S.

Comparison between the ERTS(I 2S) and ERTS ( 9x9) by

interpreters shows a medium high correlation on forests

(72.2-83 . 5°x), a high correlation on structures for inter-

preter 1 ( 84.4%) and only a 59.1% correlation for inter-

preter 2. Interpreter 3's mechanical failure makes his

correlation meaningless. Interpreters I and 3 showed high

correlation on water. Interpreter 2's problem interpreting

water on the I 2S is reflected in his low correlations here.
One suspects correlations can only be considered to show

reasonable agreement among interpretations if they are

75% or greater.

4.1.1.6 Correlations by Interpreters for Each

Land Cover Type by the Three Data Sources

(Table 4.1.6) .
Table 4.1.6 (Table 4.1.5 data rearranged) gives the

percent correlation between data sources for each land

cover type for each interpreter. As such,it shows inter-

pretex I has the highest correlations and is most con-

sistent among ?-.he data sources for each land cover type.

All interpreters show poor correlations between all sources

on structures with the exception of interpreter 1. He

shows agreement between his ERTS(I 2S) and ERTS(9x9) ixiter-
pretation but the accuracy is questionable as neither his

ERTS( I 2 S) or ERTS (9x9) correlate well with his RB-57

[ground truth) interpretation. Interpreter 2 is fairly

	

a.^	 consistent in his forest interpretations, interpreter 3
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in his water interpretations. Interpreter I has had the

ON	 greatest c*nount of experience in image interpretation.

As his results are very consistent within.themselves, we

.will take them as being most reliable. Thus the better

the other two interpreter's data correlates'with his, the
more accurate they may be considered.

Data Sources .Correlated

1 2 S vs RF•-57	 9x9 vs; R, 3-57	 12S vs 9x9

Interpreter 1

Forest 89.8 88.1 83.5

Structure 66.0 58.3 84.4

Water 96.1 92.1 91.7
Agriculture 81.5 85.2 79.8

Interp reter 2
Forest 83.4 90.2 80.4
Structure 64.9 36.6 59.1
Water 42.9 77.4 40.7

Agriculture 74.2 86.0 75.9

Interpreter 3

Forest 78.6	 - 66.0 72.2
Structure 2.6 55.3 2.2
Water 84.6 85.9 87.3
Agriculture 58.5 61.2 54.6

Table 4.1.6: % Correlation by Interpreters for

Each Land Cover Type by the Three
Data Sources.

4.1.1.7 Data Extraction Time

Interpreters kept track of time spent extracting data.

Table 4.1.7 gives data extractions in minutes per square
kilometer for each land cover type. Since water is very
discrete and there is little of it in the test site, it
took the least amount of time to interpret, followed by
structures and forest. Structures, while not being	 ..

I,.

1
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numerous on ERTS, were hard to interpret as they were

the most evenly distributed cover type other than agri-

culture. Agriculture tames are the same for all three

data sources asf they were derived by subtraction. ERTS

(9x9)s can be interpreted slightly faster than ERTS(I2S)

while RB-57, at a larger scale and with far greater detail,

takes more than twice the time to interpret.

Data Extraction Time l In
Minutes/Square Kilometer

	

ERTS	 ERTS	 RB-
1:500,000/I 2S 1:1,000,000 1:60,000

Forest	 .20	 .22	 .60

Structures	 .13	 .10	 .22

Water	 .10	 .07	 .22

Agriculture/Open	 .17	 .17	 .17

TOTAL	 .60	 .56	 1.21

l Includes set up and extraction, but does not include
computer encoding, printout/data display, or analysis.

Table 4.1.7: Data Extraction Time in Minutes/Square Kilometer

4.1.1.8 Conclusions

1) As indicated by the consistently low correlations

with ground truth (RB-57), structure as a land cover type

was poorly defined an both ERTS(I 2S) and ERTS(9x9). Water

appearing in discrete units was easiest to define with

high agreement among interpreters except for interpreter

2 using the I2S.

2) For both interpreters 1 and 3, the I 2 S gave a

slightly more accurate interpretation of forests and

and structures. Water was interpreted approximately the

same for both ERTS(I ZS) and.ERTS(9x9). Using the I 2S takes

slightly more interpretation time (Table 4.1.4) and certainly

more preparation (set up) time than using the ERTS(9x9)s.

Nonetheless, in the case of a well trained interpreter,

use of the I 2 S seems to bring forth slightly more accurate
data for slightly more time spent interpreting.

i

r .:fit
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3) In this study error stems primarily from three

""'	 sources: a) Lack of visual understanding of ground cover

types;:b) grid shrinkage, expansion and shifting; and

c) interpreter's lack of experience. (a) While the three

interpreters had a verbal and written definition of the

land cover types, the three did not spend enough time

together visually comparing and making consistent one

another's interpretations before interpreting the 300 cell

area. The grids were painstakingly located by one indi-

vidual on all the imagery, but some grid shifting was

unavoidable when the imagery was handled. This spplies

particularly to the ERTS(9x9) and the RB-57 interpreted

on the light table where, over time, the table heats up.

(b) Grid slippage was particularly severe with the

RB-57. The test site covers three frames and grid sections

stretched and shifted when the imagery was rolled up

between times of use. As the RB--57 was used to locate

the ERTS (I 2S) and ERTS (9x9) grids, shifts of the grid on

one created shifts of the grad on the others. While a

fraction of an inch frid shift does not greatly affect the

RB-57 cell-by-cell interpretation at 1:60,000, on the

vastly smaller scales of the ERTS(I 2 S)(1:500,000) and

the ERTS(9x9) (1:1,000,000), such a shift may be highly

significant. (c) Lack of experience is well--documented

by the correlation analyses of this study. Inexperienced

interpreters 2 and 3 show little consistency in their

interpretations by data source, while interpreter 1, with

the most experience in interpreting ERTS as well as a

variety of larger-scale imagery, shows high consistency

among data sources. Whale interpreting a 300 cell area

is entirely manageable, interpreting an area the size of

the State of Wisconsin (145,400 one square kilometer cells)

would be a tedious job.

4) Far greater variability seems to exist in the

interpreters' ability to interpret consistently among them-
,*.	 selves than among data sources. It would seem that both

extensive expei nee and interpreter training and care in
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interpretation are necessary to derive optimal data from

either ERTS(1 2 S) or ERTS(9x9)s. There is no'substitute

for an experienced, careful interpreter. If more than

one person.is going to make interpretations for a project,

the interpreters must work together until each can inter-

pret given cover types with only a small degree of deviation

from the other's interpretations.

4.1.2 LAND COVER MAPS

Following extensive consultation with planners of

the Wisconsin Department of Administration (DOA) to define

their needs and using funds provided by the Wisconsin DOA,

Bureau of Planning and Budget, land cover maps were prepared

for the State of Wisconsin at a scale of 1:500,000.

4.1.2.1 Definition of Land Cover Classes

The land-use classification system being developed

IE

	 by USGS for use with remote sensor data (Anderson, Hardy

and Roach) was applied with modification to this project.

The classes developed were forest-brushland, agricultural-

open land, structures-barren land and surface water.

1) Forest-Brushland: The forest-brushland class

is made up of the USGS forest land including deciduous,

evergreen and mixed, plus the shrub-brushland range which

includes the Eastern brushlands -- former agricultural

clearings. Forest land is defined as an area having a

tree crown areal density of 10% or more. Areas within

forest land showing evidence of recent clear cutting are

included with forest land.

2) Structures-Barren Land: The structures-barren

land class is a combination of the USGS urban and built-up

land and barren land classes, except for transportation

and communication networks which extend into rural areas.

Salt flats and strip mines in the icf̂  barren land class

do not occur in Wisconsin.
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3) Surface Water: Surface water includes all areas

of water visible on the ERTS imagery. Unlike the USGS

definition, if emergent aquatics were present but in

quantities insufficient to change the spectral signature

then the area was called surface water. if emergent

aquatic vegetation was dense enough to cover the water,

the area was included in the agricultural and open land

class.

4) Agricultural and Open Land: The land areas that

have been designated agricultural and open land include

the USGS agricultural land class plus such open areas as

non-forested wetland, golf courses and others.

4.1.2.2 Data Extraction Techniques

Data extraction was accomplished at 1:500,000 scale

using an International Imaging Systems Model 6040PT additive

color viewer. The viewer utilizes 70mm ERTS images and

has the capability of overlaying four bands with filter

and intensity variations available to each one.

Distortion problems, common to all ERTS imagery used,

were overcome by extracting data onto a Kronoflex copy of

the 1:500,000 USGS Lambert Conformal Conic Projection Map

of the State of Wisconsin. The cultural features and

water bodies shown on the map permitted adjustment to

alleviate distortion as it occurred for each township.

4.1.2.3 Results

The following categories of land cover data were

extracted in units of 160 acres or larger: 1) forest

and brushland, 2) structures and barren areas, 3) surface

water, and 4) agricultural and open land.

Final versions of the four land cover maps are being

drafted as color separation plates and the Wisconsin DOA

will publish a four-color Land Cover Map of Wisconsin at

a scale of 1:500,000 in early 1975.

.1
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Three of these color separation plates have been

completed an;2 are contained herein as Figure 4.1.2.1

(Forest and Brushland), Figure 4.1.2.2 (Structures and

Barren Areas), and Figure 4.1.2.3 (Surface Water).

1) Forest and Brushland: Forest and brush areas

were best seen on winter imagery where they appeared in

dark tones on the white snow background. Care was taken

to exclude open water and certain urban areas which also

appear dark toned. Snow cover in southeast Wisconsin

was insufficient to separate tall herabceous plants from

brush and trees; therefore, it is likely that some open

areas were included with forest and brushland in that

area.

Using RB-57 color-infrared photographs as ground

truth, it was determined that a wide range of canopy

densities were included. Dense canopies such as conifer

forest at 100% appear black while lesser canopy densities

appear respectively lighter.

^..'

	

	 Imagery combinations useful for forest and brushland

included band 5 with no filter and full illumination and

band 7 with a red filter and full illumination. Any date

when deep snow covers the ground but not the trees is

useful.

2) Structures and Barren Areas: Structures and

barren areas were best identified in late summer (July

and August) imagery because of the high contrast in

reflectance between structures and full growth vegetation.

Ground truth studies showed that urban densities of

less than one structure per acre, with accompanying

pavement, and older, small communities having mature

tree canopies were not seen.

Band 5 used with no filter and full illumination 	 5

combined with band 7, a red filter and 5.5 illumination

provided the best results.

3) Surface Water: Surface water systems were best

identified on early June imagery after wet soil areas had

ii
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FIGURE 4.1.2.2	 LAND COVER MAP OF WISCONSIN: Structures-Barren Land
SCALE: 1:3,000,000
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}	 dried but before shallow water bodies evaporated or were

overgrown with emergent aquatic vegetation. Extreme care

was necessary to separate cloud shadows from lakes.
^I The most useful imagery combination was band 5 with a

blue filter and full illumination and band 7 with no filter

and full illumination.

4) Agricultural and Open Land: Agricultural and

open lands were considered to be all land not delineated

under one of the other categories.

4.1.2.4 Summary and Conclusions

Four land cover categories were defined and delineated

over the entire area of the State of Wisconsin using ERTS

imagery. Delineations were recorded on a 1:500,000 scale

Kronoflex copy of the USGS map of the state. Approximately

60% of the total project time (1.5 man-months excluding
map drafting) was spent with actual delineations of the

four categories. Another 40% was used to select imagery,
f	

study the appearance of the four categories, compare to

ground truth, and write the paper describing the project.

This project has been extended in order to prepare

a wetlands map of Wisconsin at a scale of 1:500,000 using

the additive color viewer techniques developed during the

progress of this land cover mapping project.

4.1.3 COST ANALYSIS FOR LAND COVER MAPPING

Based on the results'reported in Sections 4.1.1 and

4.1.2, it was determined that data extraction for four

land cover classes using ERTS imagery at a scale of

1:500,000 and an additive color viewer required 1.56 minutes

per square mile in the case of data extraction using a

grid overlay and 0.28 minutes per sqz:are mile in the case

of continuous line drawings. These times include set-up

and extraction times but do not include computer encoding

or map drafting time.

At a pay rate of $5.00 per hour, the data extraction

costs would be as summarized in Table 4.1.8.

:A .^.v.Sse^...^.«-.c..K..-a.w^.ix-.ant-.rv.r-mr.n.,rt'-mw•xv..t 	 ---,-.^^	 _ `^a..̂..._:^-.._-^^^^^._._
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Data Extraction Costs for
Land Cover Mapping in 4 Classes IJ
1:500,000 ERTS/additive color
viewer

	

Cost per	 Total Cost for
Square Mile	 State of Wis.3

(56,154 s .mi.)

1 km grid overlay 	 13.0¢	 $7280

Continuous line drawing 2	2.3^	 1290

1 - using data extraction by percent of cell.

2 - delineating, in general, only areas of

160 acres or larger.

3 - calculated at a rate of $5.00/hour.

Table 4.1.8: Data Extraction Costs

`i
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4.2 DATA EXTRACTION FROF+i ERTS COMPUTER COMPATIBLE TAPE

The value of ERTS data to the environmental work of

State regulatory and management agencies comes from the

breadth of view possible (the whole State from a new per-

spective), from the quantity of data (four channels each

with at least 64 levels), and from the frequency of repeat

views. But these require so much data, with so much potential

for analysis, that conventional methods of data manipulation,

light table and photo analysis, can neither exploit the

materials nor meet the need.

In 2.1.3.3 the McIDAS system was described as a feasible

means for manipulation and interpretation of large volumes of

digital data. Up to this point the capability of the Space

Science and Engineering Center has been used to instrument

the system to the point where it has been possible to test

the manipulation of various examples of ERTS data. One

research associate in the past year has demonstrated the

capabilities of the system in extracting the kinds of data

required for environmental monitoring and resource inventory.

He has demonstrated the value of the McIDAS system to

(1) digest large amounts of data at a high rate of

speed,

(2) go directly to digital data without need for

reduction to another form,

(3) display subtle characteristics of the data by

color enhanced density slicing,

(4) increase recognition of features of land and water

by visual display,

(S) produce greater versatility of interpretation

through the interactive capabilities of the system,

(6) locate features accurately by longitude and latitude,

(7) display accurately overlaid images in chronological

order to aid in detection of temporal changes,

(8) compute areas having selected characteristics or

within described bounds, and
(9) store and recall enhanced images.
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(The capability will soon be developed to find locations for

which the coordinates are known.)

In its present form the McIDAS system displays one channel

of the ERTS data at a time. Additions to the system in the

next few months will produce the capability of analyzing two

channels simultaneously allowing real time analysis of multi-

spectral data. A third is planned for the future. These

additional channels will allow multispectral analysis with

greater speed and versatility.

The McIDAS system is just now ready for practical use

to analyze ERTS data on problems specifically related to the

work of the Department of Natural Resources, the Department

of Administration, and the Public Service Commission of the

State of Wisconsin.
a) Remote sensing has been shown to be of value for

the measurement of the biomass of macrophytes in

lakes. In connection with the research of Prof.

Michael S. Adams, imagery will be analyzed in the

next few weeks to determine macrophyte quantities.

I
b) In research on algae concentrations in lakes, Prof.

C	 William Woelkerling is ready to use image analysis

that will be carried out on the McIDAS system.

c) The Wisconsin Critical Resources Information Program,

funded by the State Department of Administration, is

preparing to make use of the McIDAS system in its

pilot study to identify and measure a variety of

resources in selected areas of the State. This

research is expected to show the feasibility of

an inventory of the whole State. A system like

McIDAS appears to be essential to such an inventory.

^	 d) Projected research on power plant siting is expected

4	 to be dependent on McIDAS analysis of the many factors

impinging on plant and transmission line decisions by

the Public Service Commission and public utilities.

k '	 e) Research on power plant plumes in Lake Michigan is

expected to begin to use the McIDAS system for analysis
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_	 in the near future.

f) The project on determination of the eutrophic status

of :lakes described in 3.6.5 requires the capability

of the McIDAS system or a similar system to extract

the data for interpretation.

Development of the McIDAS system in connection with this

ERTS research has brought the capability of the applications

described. Since this development cannot be interrupted now,

funds have been secured from the National Science Foundation

to continue one Research Associate who will work for seven
months (until 30 April 1975) on the applications of the McIDAS

system to these State environmental problems and to generate

clearer outlines for further research in the application of

this system. (For more detailed description, see Appendix 4B.)

f
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4.3 DATA BANK COMPARISONS BY MANIPULATIONS WITH SYNOP

4.3.1 INTRODUCTION

Building on the work reported on in Section 2.2.2,

a computer program SYNOD has been developed and tested.

Its primary purpose is that of a versatile analytical

tool to aid in the determination of the effects of

different data sources on the selection of a minimum-

cost corridor within a selected test site. The data

sources, ERTS, RB-37 and REMAP I, used were from the

same data banks reported on in Sections 2.1.2.1 and

2.1.2.3. For this study the test site was restricted

to the 300 square kilometer Sheboygan Test Site described

in Section 1.3.1 and for simplicity and clarity the same

terminal points, the left-uppermost and left-lowermost

one kilometer cells, were used whenever a corridor was

produced. The techniques described here, of course,

are applicable to any test site and data sources assuming

the data is in a computer-compatible format.

4.3.2 BACKGROUND

To aid in the understanding of the various forms

of SYNOP output a few basic concepts need to be reviewed.

A minimum cost corridor between two terminal points is

minimum in the sense that it is the smallest sum of

corridor segments between the two points where a corridor

segment is a positive definite number derived from the

data bank values of two adjacent cells. A cell in the

data bank not on the boundary of the test site would

thus have eight corridor segments associated with it.

In more physical terms this number represents the cost

of a corridor segmeni^ from the center of one cell to

the center of an adjacent cell. A further discussion

of this concept appears in Appendix E. How this "cost"

is actually computed depends on the type of minimum

4.

1
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corridor a policy maker is interested in. For example

!	 in SYNOP, two different methods are available. In the

first the cost of the corridor segment is simply the

sum of the two adjacent cell values where off-diagonal

cell values are ignored when the two adjacent cells in

question are along a diagonal. The second method

computes the cost by adding the cell values times the

fraction of the cell covered L the corridor segment.

Thus, a horizontal or vertical corridor segment would

be the average of the two cell values while a diagonal

corridor segment would be the sum of four contributions,

two from the off-diagonal cells (see Appendix E for a

quantitative description). A corridor segment width of

one kilometer is assumed. The effect on the nature of

the path for these two methods on corridor segment cal-

culations on the minimum cost corridor for identical

data sources is discussed below. Note: This difference

in the paths of the corridors has nothing to do with the

differences in paths which results when different data

sources or data 'variables" are taken into account.

4.3.3 DISCUSSION OF SYNOP OUTPUT

In a single computer run, SYNOP can produce all
C	 ^.

or any combination of the various forms of output shown

in Figures 4.3.1 to 4.3.7. Although the single variable

FORESTS is illustrated here the input/output could be

any weighted linear combination of the variables discussed

in Section 2.1.2.3.

1. Figure 4.3.1 is a normal spatial printout of	 3

the percentage of each variable in increments

of 10% on a cell-by-cell basis. The frequency

of occurrence for each increment for each data

source appears at the bottom of the figure.

This form of output is essentially the same as

that which appears in Appendix C.

--	 2. The disadvantages of the old LINEFINDER routine

i

w:
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as used to generate the routes in Section 2.2.2,

were: a) alternative minimum cost routes, if

they existed, were not displayed; b) routes only

slightly greater in cost were unavailable;and

c) no-meaningful manner of comparing the different

routes resulting from the same variables but

different data sources was available. The SYNOP

output in Figures 4.3.2 and 4.3.3 represents an

attempt to remove some of these disadvantages.

In Figure 4.3.2, the symbol "0" represents the

path of all minimum cost corridors; more speci-

fically any cell in which an 11 0" appears is a

cell through which a minimum cost corridor can

be found. Any cell in which the symbol "0"

appears is a cell through which a corridor greater

than (.GT.) minimum cost but less than or equal to

(.LE.) l% above the minimum cost can be found.

The same interpretation applies to the other

symbols in the Legend of the figure. In general

each cell symbol represents the minimum corridor

cost possible for a route passing through that

cell. The meaning attached to the numerical

values MINIMUM and MAXIMUM under each cost array

printout is that, for example in the case of

ERTS (Figure 4.3.2), the MINIMUM corridor cost

is 71.78.5. The MAXIMUM value 214.964 means that

there is at least one cell somewhere in the 300 Km

ERTS FOREST data bank through which the cheapest

route that could be found passing through this

cell would be 214.964, i.e. for each of the 300

cells in the data banks there exists a minimum

cost route which connects the two terminal cells

and passes through that cell; the range of these

minimum cost routes varies from a MINIMUM of

71.785 to a MAXIMUM of 214.964 for this particular

data set.

It is evident upon examining Figure 4.3.2
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3.

that the ERTS and RB-57 minimum cost routes

agree quite well while the REMAP I route differs

substantially, although in the case of the latter

a route about 10% above the minimum seems to

.follow the same course as the former. A second

feature to be noted which serves as an advantage

over the conventional LINEFINDER output is that

in the present display it is apparent where in

the test site severe restrictions exist in the

location of the corridor and where the restrictions

are not so severe. For example in the ERTS and

RB ;^57 arrays there is very little leeway in the

lower half of the test site for relocating the

minimum route without incurring a large increase

in cost, while on the upper half the route could

be shifted several kilometers without encountering

more than a 1% increase.

Figure 4.3.3 is an "overlay" by pairs of the

results shown in Figure 4.3.2. This is achieved

simply by printing the symbol associated with the

larger cost for each pair of spatially identical

cells. It is seen that for the ERTS and RB-57

overlay there is fair agreement between the

location of the minimum cost corridors for'the

two data sources implying that for the case of

FORESTS, the ERTS data source would lead to the

same corridor selections as the RB-57 data bank

would.

Figures 4.3.4 and 4.3.5 are similar to Figures

4.3..2 and 4.3.3 except that the second method

discussed above, where off-diagonal elements

are involved in the calculation of the corridor

segments, was used. Comparison of Figures 4.3.2

and 4.3.4 demonstrates the characteristic features

of the two calculations. The first method (Figure

4.3.2) where off-diagonal cells are not accounted
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for results in a corridor with smooth curves

suggestive of a highway designed to handle a

large traffic flux at moderate speeds; the

large number of right angle turns in Figure 4.3.4

is typical of the lower speed, leisure-type

corridors found in Federal and State Parks where

efficient traffic flow is often secondary to the

design of a scenic route. These two different

types of corridors resulted from identical data

sources and the choice of one over the other

would depend primarily on the goals of the

decision makers. There are an almost unlimited

number of ways in which corridor segments can

be calculated; the final choices, of course, must

be made by those in charge of policy.

4. In analyzing the various corridors, it is some-

times helpful to have an understanding of how

closely the data banks agree with each other.

The normal spatial printouts as in Figure 4.3.1

contain that information but it is difficult to

easily compare the data banks. Figures 4.3.6

and 4.3.7 serve as an aid in this goal. In

Figure 4.3.6 all spatially identical cells are

compared by pairs and those which exceed a

threshold value of 10% are printed out. The

symbol "0" refers to the data bank which has the

smaller value. For example in comparing FRTS

and RB-57, 70 FRTS cells contained at least 100

less of the variable FOREST than the same geo-

graphical RB-57 cells, while 28 RB-57 cells

contained more than 100 of the variable FOREST

than the corresponding FRTS cells. Various
conclusions can be reached with this technique:

if the number of 11 0 1's and "8"s are approximately

equal, this implies a random error; if a large

preponderance of one over the other exists, this
implies some kind of bias. The latter point is

;r
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demonstrated in Figure 4.3.7 where the threshold

i	 value is 50%. It is clear that located around

the Sheboygan Marsh County Park, the forests

were greatly underestimated from the ERTS data 	 I
relative to the RB-57; referring back to Figure

4.3.6 the occurrence of 70 to 28 tends to imply
1

that in general forest is underestimated from 	 j

ERTS data.	 II
S. Figures 4.3.8 through 4.3.14 for the variable

AGRICULTURE are identical in technique to Figure 	 }

4.3.1 through 4.3.7 for FORESTS. Figures 4.3.15

and 4.3.16 likewise demonstrate that the same

analysis can be compared to linear combinations

of variables.

4.3.4 CONCLUSIONS

It is apparent from the work done earlier on data

bases described in this report as well as the later results
c	 ^
-

	

	 derived from the SYNOP routine that in spite of some gross

differences between the ERTS and RB-57 variable estimates

that, assuming the RB-57 to be "ground truth," there is

almost always better agreement between the ERTS and RB-57

data banks than between the REMAP-I and the RB-57. The

REMAP-I data bank is typical of most Wisconsin data banks

which are removed from the higher populated areas in that

they are usually too outdated to serve as reliable data

base in the decision making process. For relatively

sparsely populated areas such as the Sheboygan Test Site, 	 4

the macroscale ground cover variables such as agricultural j

and forested areas tend to play a dominant role in the 	 {

choice of selecting a minimum cost corridor. It is 	 i

'S
these variables which can be extracted from ERTS imagery.

Furthermore, with systems such as McIDAS (Appendix D),

improvements in the ERTS data extraction process are

inevitable. In addition, thought is being given to

? adapting the SYNOD routine to the McIDAS system so that^

	

	 P g	 Y	 ;
corridors can be selected and varied°in rear time.

-	 i
1
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Î 	 11g8fi11nflts80 91 I8Flf3?^ Fi#ti^f111t lti8gl} ildtli3FlOt

tl4dfluilMaCi7 + 1
y	 V	 p

1HgE]d@H^xfTr3l te11it1dlltl^EttlC4t
j

'
EE
	 t))IIf189f8Gfd * itI 16G}tfftlEt^pf! ® i lltBdnHli#N:St!! 4

I	 18filiftfiSU • M81 1HE; iff•YIIL' f3f18j jdlyftl^HBilflOtil r

1Rt1r€tsfa,^x^.nr,! 19+^y^"y=^d.H^. IM^^ttt+I?'S*'^!
I	 1 1"fivAi	 ltG6f3S THAI)+nti^l ii(Id1

•	 j)IH}lfihtitt'^lN) INUH49944hofi tf^fl^E3ifl8 )I?EdJl1
i

1t9Ei g 1188++ * tI l8itf{}ap;{{s «3ttt} lttklicllKiilili^ #1
1llflf3lt^ftOQ g lS1 188!ldf^Fit' FikfAl 1I8kx811if1fRU

190RAC00+88I lilHq+i +6x #flff;t 1ig118++QpEif Jf41
lflt)If+Edd;++! tu8 :E+#Fl f3 ?G##FI tHfi130tEt1^E)c'i^4t -

ImKOO+vnff,fxl 1S	 af3	 ftnd8q^ I^i^ai?i{s^11	 !lilti	

1+68f1P4m"KH51 I +Ef18L^HNfltli;l 1+00t1t4[^tlifl61
BROG00	 loommon g ® ftst lOd #f419f6A	 dlf? 4 1Qfief3fl1it3tlfTRt

---------- ------	 - w ---------
. 7̂

i	 A 0 C

ERTS & R857 ERTS & REMAP 8857 & REMAP

I	 -	 •^o + OVERLAYS OF HiNIMUM CAST ARRAYS a	 ^

SYMBOLS ASSOCIATED WiTt4 COST RANGE

RANGE	 ( PER CENT) SYM0OL
0	 sEQa COST	 4 E0&	 0 0
0	 -GT• COST	 a LE•	 1 8

s	 l	 *GT+ COST	 aLE9	 5 +
5	 4QTe COST	 aLEa	 113
10	 . GTa COST	 oLE•	 100

.^t

i	 FIGURE 4.3.5 -	 OVERLAYS OF MINIMUM COST ARRAY OF FIGURE 4.3.4,',

}
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ERT5-1 INVESTIGATION: CONTRACT a NAS 5..21754
EI4VIR014. MON1T0R11VG AND ACC IJISITION GROUP

p	 INSTITUTE FOR ZNVIROrflgENTAL STUDIES 	 `1 UTM

U 141VERSITY OF WISCUNSIN	 MADISON	 !	 !	 !

0	 4

SHEBOYGAN TEST SITE	 0	 a	 #	 ^'
VARIABLE a FORESTS	 0	 0	 r!

0	 0

	

UTM w 	 wwwww-wrww	 ..w-----	
;

8869000 I	 009	 I	 1	 Do 8 j	 !	 t

!	 9@131	 1	 9	 6131	 1	 B	 1
1	 1	 I	 1	 1	 I

I	 I	 I	 j	 1	 l

I	 0	 i	 I	 0	 y	 J	 i

!	 1	 10	 1	 1	 !
to	 1	 le	 !	 !	 I	 ,'
10	 1	 10	 !	 10	 1

I	 DO BO	 1	 10 DOOSO	 I	 I	 6 a	 I

1	 8008	 1	 1	 8008 001	 I	 00	 1
1	 69 DDa 1 	I a 59 0001	 10 0	 1

1	 08	 1	 1OHOOj	 1	 8 001
10	 0 0001	 I8	 0 13001	 18	 8	 1

	

1000 D 001	 1 no 5	 001	 16	 as	 I
1000 D0	 1	 IR 0000 0001	 1986 139	 1

	

lo g o G Dal	 1888 Bea DOI	 lose 6680 1

	

1 0 8 00 1	 113 866960	 1098G 9139 1

1	 13 0	 1	 I	 as a	 1	 !	 86 8	 1
i	 D	 I	 1	 1	 1	 0 9 8	 I
1	 00	 8131	 1	 00 0981	 1	 0001
1	 00990001	 1	 00 BBDOO1	 1	 13	 1I	 a Sao CG 1	 1 (ia	 o Doi	 I	 9	 t

1	 1 6	 U 001	 1 C	 00	 1	 1 8	 0 goat

10	 8	 1	 1 a B 0	 I a	 I
1 080 0	 !	 1 a 0 0 Sol	 l	 00	 1
1	 0	 I	 1 6 00000	 t	 1	 00 a	 1	 ':
1 00	 8	 1	 1 DO 0 a	 1	 1	 B	 13	 1	 ^'
I a	 000	 1	 loo 0	 a	 1	 10	 as	 t
I	 as on	 I	 I	 as	 1	 I	 as	 !

	

48 g Oc OO 1 860 a 001	 1 9 0 as - 001	 1 00 Be	 1
..ihw-4 w.rrw	 wrwF.wwwoww	 r.w ww»rpw7

	

A	 B	 C

ERTS b RB57	 ERTS	 REMAP	 8857 & REMAP

OCCURRENCE 0	 6	 0	 9	 0	 d
70	 28	 70	 X18	 2y	 99

COMPARISON OF DATA BA14KS Oil A CELL-- DY - CE LL BASIS

OVERPRINT SYMBOLS INDICATE AN ARSOLUTE
DIFFERENCE GREATER THA N 10 PER CENT BETWEEN CELLS

FIGURE 4.3.6	 COMPARISON OF DATA BANKS - 10% THRESHOLD.
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ERTS - 1 INvESTIPATIC I :	 CONT R ACT x NAS 5-21751f
ENVIRON. MONITORING AND A CQUISIT1.0tr GROUP
INSTITUTE FOR F.'NVIR0 1,., t iCh T AL SYUDIES	 4	 4 UTM	 i
UNIVERSITY OF WISCONSIN - 0, 4 DISON	 (	 i

0	 7
SHEBOYGAN TEST SITE	 0	 0
VARIABLE	 FORESTS	 0	 0

0	 0
UT11	 -----------	 -----I+b.1--	 ------ -R-.k

g R69000 I	 I	 I	 l	 1	 1
1	 !	 1	 i	 !	 I

'	 I	 1	 1	 1	 i	 I
3	 1	 t	 i	 1	 1
i	 I	 1	 I	 I	 I

•	 i	 1	 1	 (	 I	 1
'	 i	 1	 I	 l	 1

I	 l	 10	 (	 I	 d
t	 1	 1	 I	 i	 1	 _

!	 1	 1	 ^	 l	 1
.	 t	 1	 I	 I	 !	 t

I	 1	 1	 (	 t	 i

1	 1	 !	 I	 1	 1
100	 1	 1 0	 I	 IB	 l
1000 DO	 I	 1	 (	 16ge	 I
1	 1 15	 (	 16 a	 d

I	 I	 1	 l	 1	 B	 I
!	 I	 I	 B	 t	 I	 l
1	 1	 l	 1	 1	 1
I	 1	 1	 I	 1	 i

-	 I	 1	 1	 I	 !	 I	 ,

!	 1	 1	 1	 !	 ^	 a

I	 l	 i	 i	 I	 1	 ^
I	 1	 t	 I	 l	 1	 i

F	 I	 i	 1	
!	

1

i	 !	 I	 1	 1	 I

d	 1	 10	 1	 1	 I

1	 1	 1	 1	 i	 1

	

. gaa0000 1 8	 1	 I	 1	 I	 I

	

----------	 ------bb--	 ----------	 .
A	 B	 C

ERTS 6 R857	 ERTS G REMAP	 8857 F. REKAP

	

OCCURRE fICE 0	 n	 0	 9	 0

	

7	 1	 3	 Z	 0	 7

COMPARISON OF DATA BANKS ON A CELL -BY-CELL BASIS

OVERPRINT SYMBOLS INDICATE AN ABSOLUTE
DIF'F'ERENCE GREATER TktAN 50 PER CEUT BETWEEN CELLS

FIGURE 4.3.7 - COMPARISON OF DATA BANKS - 50% THRESHOLD.

ORIGINAL PAGE IS
OF POOP. QUALITY	 ,
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ERTS - I 1 r1V[5TIGAT1414:	 CO"TRAC T	r. HAS 5-2I7S4

ENV1ROM.	 MQNITOR1 h G	 AND	 .1 CQUISITION	 GROUP

I •NSTIIUTE	 FOR	 ENVIROvJ1F.i4TAL	 STuDIES

UNIVERSITY	 OF	 WISCONSIN	 MADISON

4	 4	 UTH

I	 I

0	 9
SHEBOYGAN TFST	 SITE 0	 0
VARIABLE	 AGRICULTURAL LAND 0	 0

0	 {}

4869000	 IRklfFitil WOPHl INI319xqu9NH1 1Y13Q^p:^RHHri!

IKRNkk4t plRxH1 IKHH^Et€ ^::4RWt IN1ii1HF,[tfiI#I7l31

1171d1dK:;KH1^'r K! IHti;^ll5xla [̂ xR1 IN219^.Hll"OH1

146,01110ARR1 18I0NIINWl RMI

1 NNNINUMIRNI 1RgWI}I#i5 ;lk q l 1'F,NMi"HIUNRI

1119YIOP111NKNI IN::It141NUNNI 114^`Rs11[^kIllal^l

1Rt^H%Gsi ^ :t?^;41 IN Nil ItN0+89I 114NHIH (I&IIII I

1NHli p i#lia	 ++ 1 1+r,Hmmx+'''X*I 10HUHROXXXIi

Im"" F1#„+DOI 18pNNI +, rN:4i INHUNHO	 1"11

11431495	 , 99I lur'"In	 +;¢jiI 10984+	 BONI

IuHNR14	 ++I 1r_n041(r:+1 xxi 3I[lil;8ne*91:43

I NNNbIYR.11 .10111 I mHN4NR3Hr; I 19 m v A R H H R u%l 2 1 

I2f vxil x , Dl$1 IFwN".I47a , 0aI IN1WN*vifI II I

I	 1 00,1 amml I	 1 Nu+@l4Ns9I 1	 +HRH;4H9HKI

I	 f	 0914M 1	 a	 6 x1YI1A I	 ,	 +81091
I	 W+U01 1	 XWOO1 I	 a111i4)Rl

+	 ee l 1^.	 1421461 191	 .a3ffEiB!
I H I	 OiErNoI loci.	 O3i,.a3 IMia	 00.461 11
I11 g 8+ ' 9H Q H g 1 1009,	 xx xxxi IV9119	 INIOUI

Iw"Kikl wm!4AI:I IRfii}ulm131	 1 1$BN' id&HR8aaI

10 P: H€t R0 + af39I 1Ha1:1NC,i; at) I IKHI:;nrnl t#I

I R g Zii4 + OG++1 1 OwX"rm+1:5P I I HI11y t10 x +XCO I

111,1m+1914 plR1 INts809 hr, ExII 1Ii#11kI8>;iom	 t

I p +vf,+rHu, R! 11;G40004IYno I TOL-.+nomIt NM I

IPO 0 -TOONOFNI 18D508ONKa3s IY3tUCrpottltil

!f	 f611iI1HH aI^ i 1 fafOl̀1iFk$zx1 1^ +,x^IZ^lzx;^t

1 „H:^IJF}BN IiIiI I..xr^ xl^^: ^ ui l+•$^^xF^^nl
!#t1"INlEN9chiI! 1+itgl3tiiil1iHN1 I,ONHti^IK^#II

I ORK 11014""91 100101OHNflu I I grl Yti4,1l4H^i^ 1
484000U	 INa ,++1 "WN91

•
10111	 03Ix3xxl INHO BNOW;1

r-....-.....,rr-..--4 _.. .. ..-

A

..........
B C

ER TS RB57 REMAP	 I

LEVELS	 1	 2	 3 4	 5	 6 7	 8	 9 ]0
05044	 11211	 +++++ nC000 B6AB8 444* 4 1111: 9000 0 H HRnm NIXON

SYMBOLS	 goose	 , „, ,	 +*+++ 00000 6se g e K&4K4 xxxxx	 0443&3	 R41K1114 mamag
arr.r 	 +++++ 000CE1 sHPB9	 w4xxA 1XIII Limmo IlI# yth 119"UI

RANGE M	 1-9	 10-19 20. 29 30-39 40-49 SO-S9 60-69 70-79 80-89 90-99

A	 lI	 1.6	 to 12	 16	 It 17	 40	 44 89

OCCUR	 8	 14	 12	 10 26	 18	 20 39	 30	 46 69

C	 12	 6	 7 11	 17	 17 31	 43	 67 71

FIGURE 4.3.8	 SPATIAL PRINTOUT •- AGRICULTURE.,
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ERTS - 1	 INVESTIGATI611: CONTRACT	 n	 ALAS	 5 -21759
p„	 ENVIROIJ.	 I,{O?• ITORING	 AND ACQUISITION	 GROUP ^.

INSTITUTE FCR ENVIRON M ENT A L ST.DICS 9	 9	 UTIi

UNIVERSITY OF WISCONSIN - MADISON 1	 1
0	 9

SHEBOYGAN TEST SITE 0	 0

POLICY	 AVOID	 AGRICULTURAL LA14D 0	 0
0	 O

UTM ----------- ---------- ----------

M869COD	 104RUtiliiiURNI 10*liRNNIJ; ww1 10}l4ill3JJNRgAI

1[]e^ adN^lw ;ili 1 1+::#pilii4wQD11 1 +0ANKH"H Nlil

I H(7F*<P+W ►e N Rti 1 114+O;4*41r911J11 l ++GxpllllN[llil
I lsBL nJtt4N t+py l 1 p +HCkp 9N"w 1 I N+609941,9111

1lii4i^i+1111kR p !  1prl±t?[1rtNs3QlPlt lifit+BOi;i(iti11t91

'	 lNgP^GriHt^4 ! 91 Ili?^H^S7t9p11i 1p ##+fi0^t8tlNl

I g M q ^liiO^ i^ +4i11 IR^iW #^le^r + + p1 113*++yal4iltif

lkIRUN^itf' n+i{l lNiiR ##;i?[1'!qt 1#1 ti 61 #+• + 130iE1l1

1 tt41Nl+!c6f?f: +k l 1 N^ p El^Hr r +^9 t I ttJi64ft++O+i11J!

!RRlr11+f3 G :3 +i4f !IitipJt +E[1+i4Wt INdpA+8O*nH1

1 H(IMR^FdOa+ * 1 I p #6i^it:^R^1if 91 1#?qL##+ q +;i8 1

1NNIY^H8G9 + M! lElrNMit++^,+^tt IRp##+++0+!!1

l it^4 # +(iiiu6^S l I +„ N;{ +++C +^;1 1 +# #lf +++() sil l

[fi •rlek[tic6irillik i`?M+Ei:++O1:^19i l6 +}F+++D+lk[il

1 H!?Ef:(?es' t`re191i 1 l4?N+^98O !^x## 1 I BE?SBOU+#Ni41

1eG8D0UkA4x1 1986OO9#+4#Il1
I+H2COU+++# 1 1+6808H+4AN I 1 +90086x+i4RU 1

I3`ifFie`s0+lll: fllJ1 IIC+f3OG+^c;t#}e! 1##609+#;4^1i 1
II^t(++D >flf?^1JNl IRp^ + Cti+pxntal^ !i!#'^B[1+#^^01

•	 I61lip+^+Uicreiilll 16lK4l+4O;l'<^i+(JC! llip#ItieO+;4^ri1
1N®JtJii► +Fi^filll INrt^# #OHx^JFS IBNNit + aO+lEJ3I

Ll^iJFt }!iO +^ p Rk 1J1^it^tiiHC?^^t141 1p^t *^+EiL' #ilN1	 ^

1 k"h* Ira w p Rf11 l itx9tAEU cHftli i I w# #x EiO -tRe'ru!

1@+ +C y +hkRn1 18*RGO;i83g41

1J-+(;0+iihfi9N1 li4+pt?+	 1taFiNi IN#+O+iCA"N"I
I4?o e4"lit4[	 IRI 16 ►̀ -O ;^fiHMglij I ++ C^i#ifgli;lH1

10Bi'fiMsiPliNRI 16.^lei^9fat+^lliJtl lf901•i: t4191lllilt3l

10+1i+c •x9P5 ifNI!! 107ieNNi#Ndpp! 10+1t (fllkNNR81

I0RK *"§MKNj l+;	 J311tlN'3WM1 IO+p (Jpf:pH111df

g 890000	 1G^fiN++ttlhfJM9l 11^ + 4plifiiiktlilli l
- -

10+k1(pJii4tlb8I
- - - - - - - - - ------------

A

 - - - - - - - -

B C
ERTS R857 REMAP	 I

MAXIMUM	 16 g Ov696 1631o302 1892.428
MINIMUM	 910e159 9394392 1143.002

OVERPPI?iT SYMBOLS REPRESENT PER CENT.0O5T 	 AO O V E MINIHUM COST

SYMBOLS ASSOCIATED WITH COST RANGE

RANGE (PER CENTI SYMBOL

^^ICrI	
0 +EQa COST aEQ, 0 0

PAGE

orl 
pQ	 1

- GT:
.GT•

COST
COST

.LE.
aLEe

1
5

0 

QUALITY	 5 sGT e COST oLE. 10
10 trdT• COST =! Eo atisF

FIGURE 4.3.9 - MINIMUM COST ARRAYS - Off-diagonal, ce?l.ls
not included in corridor segmen t calculations .	 t ^'
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x _ 	 1
ERTS-•1	 IN7CSTIGAT10a: CO`JTNAC T	d	 i`. AS	 5»21759
et4VIR014.	 MOMITORING AND	 ACQUISITION	 GROUP

^.. INSTITUTE	 FOR	 ENV 1 R01.HENTAL STUDIES 9	 4	 UTH
UNIVERSITY	 OF	 W I S CONSIff — MADISO N 1	

5

D	 9
SHEBOYGAN TEST SITE D	 O
POLICY	 i	 AVOID AGRICULT U R A L LAND b	 0

ODUTM----------- ------»» ------- .-
4P69000	 1C yE p HN # kh4i?11 lLtagithbi # tIA#I 1D	 dllRi{IlRRRj

1+G^KkNRhNHI I + HrEMRi3liB[i€I1 I+D31riNMllgil9l l
I#+h4NA	 pAml
IE4+Hn1i3fhM ,̂ 611 lt<+B^NhHPA11t Ip+801egh#IIR(
!l1RKSt.HflI I ^Ig I flE	 lsB{ }I 1l EtFtRi 1#nk80Kmmn2I

lFRN+'Sdht^l^fl1 IRMN	 9	 ?tl?#II luffm44il #ti#®1
1 hifHllttH{>E+!N I I ks+fi#u y +^ #R#I I I RWHN0,HDi4HN j	 "A

I$ p h IK"KNOX809"I
IwA p 9xea + m%l !IlINh	 +p+hli9t IRh1IN9+p+hRl
Ik pp "+9U+*wl 11If^Rp+BD#i?Rt 1#KHB+HDifNEil
Itlkwfl	 .h6n#RI iRktlW^ +p+ 	 Mi IRlaRiliFiF9 +^tRi
1?lhhRls++ p +@1 1RHRX +++ G+plj IRilltRit++p+pj	 a
ltFiiktk ++ rk^'r.lil 1#r^+t:4++?.p3flll l+i4M #+++ D+Ill	 ,.
(E+#{irH: ^ttl 1E+#+Hg+Hq^ IB+;s+^D#H®1
IEEF:'vAi3ritlPl # j 1BeHQOB^^RRI 18BB99CIEkiI #1
I is^lE=U^'?ift<^:i4I 1 HC8(t Gfi'.'!^^18 ! I s3E#36OEtHHKG11	 k
!+ t}HGae+IuRI i+E908B+y+lfl! 1+69nBH+#ifli!
jl^ bs ftinf^ +tt^ # ML IHs'3HQ+ i4XliHl

i
IWit808+ ?cic^Fl31

1 g H34+DtFlsxKRt 1RIs^+D}:#R##} Ifld#+O+Rt+itA 1 	 i
1ftHht++H^f++ ^FR! 1WGih+s+bt+##!l^ 13fR#tf88hIF 'siXl

.	 I hli{tRt++N+^mli l 1lII^HR^E+C^tHR 1 lilllif^#et31<^tll1	 i
3 lafskhi+d+^tre!! 1 1pb1RN3^8+niiR!

3
I4l^iiE#IEHO #bM!

Idxltxa^ g R' M$ 1 E ^kq^$ *^t;?IRI IO^:R#t;O#kRSI
1ll^i3sC+r7hNrdtilil 1Rn>fHtasihMH }4s 11i34nBRis >t{If{li}
!?t+PY+sirl+119q( liF3,+i:+l+tlpyRj I^E14+C+;+RNEiFI!
IFee^atshet^i^I ) + +^>fa^tl^t+ae, 1+ +DtRdRhtaRRl
leelst^NxNSSf: Ri l9A^F^HNNfiRlRt ! 80##FiMi!#Rqj

1O+1• 4tiNtrRHR p I lO+ttMR#(3f^^iRt 10+IEhRffitl^#RI

I+GirN#h#RNY1 1O+hh#pRQRp!

•
I++Il19RRl9mml

+}A9DnD0	 lQ +ItRRt1^IRNIRI
------»«-«

lOYtstlHflARtlRi In+ltl^Pl6t^ER191i1
- - - - - - -

A 13

- - -

C
ERTS b RBS7 ERTS b REMAP R857 b REMAP

s •	 OVERLAYS OF MIN I MUM COST ARRAYS ^	 s

`E SYMUOLS ASSOCIATED WITH COST RANGE

RANGE	 (PER CENT)	 SYMDOL
{ D n EQo	 COST	 rEQv	 D 0

Q sGT&	 COST	 •LE•	 I e
I .GT.	 COST	 . LEs	 S ¢

5 *GTo	 COST	 o LE •	 10 I

4
10 &GT.	 COST	 =LE.	 Ion

FIGURE 4.3.19 - OVERLAYS OF MINIMUM COST ARRAYS
OF FIGURE 4.3.9.
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v

`^^	 fEVTS-1	 INVESTIGATION;	 ACT	 9	 NAS	 5-21759j	 C ONTRA CT^.	
ENVIR (INe	 t101;ITORING	 A14D	 ACQUISITION	 GROUP

-

INSTITUTE	 FOR	 ENV1RW.MEt.*TAt_	 STUnIES y	 4	 UTM
UNIVERSITY	 OF	 WISCC'ISIN	 -	 MADISON I	 1

O	 9	 3
5HF:l'lOYGAr'a 	 TEST	 SITE 0	 o	 -
POLICY	 AVOID	 AGRICULTURAL.	 LAND p	 0

0	 a

^i8b9G0a	 l0+t ^1Rf4HtIb1^ I .10+01 	 KN 1 1 [1iEiltftEliRa	 h:i 1	 1

lq9+Rf?NA^iESl1 E 16; +t1liNv#Hk i 10 + ^fAFIlsHfl^ttl i	 t

18{]+KK#H +^NKI 1+siGffilN # NKba 10++ # N14HMN" 1
1 +cO+nFlkHk191 'I + +n$ +atltd4Fl l la ++ly ?4tittflHKl

1F13F+0+^Na	 ^1 lilt+Oij+^11a>fi, 10+R+%xpHg31

1 bM#+O+itiYRll1 1 H A M+OO+AN" 1 10 + 1E9+A-h14L14 1
1[iHf9i{+O+x# 1el 1HNH1^+Hn+ 10 +# i4tf+	 kK14

119 ifill++U a +# i I E!1lH	 +f1E" N 1 I DNx$R q +9A" I

l^flKffKF^ ±I^*#i lif^olN.RS0	 kill 10+ni4yx +AN9I

Ll94KK+60 19+;f 1 I Akw;i+90 p1t8I 1 O+h"x++AH6?,,	
.

I I#W9a+Gvr++ 1 1 wUR 4 F +1, 00 1 ! 0 +31 ittf + +riBH I	 1

IW}9l9#r B+ + rAll 1RKW +^+++0+ei I0+#i#++#+Nk l

1 +f1KkG8 ++xpl I+itH4+++O+x_ IO+IIH+K#+RHIlie +;^e+* +1fW 1 166 +4 +80 —X I 106 +9 +;s+0961

l86B8CC^ + + rill 1695990 . . . N I 100888f3RAWH l

1 B68BC,a ++.A A t 16F+i3COta+ff + ^Z iB00HE?E9t11e!^^ 1	 t
I8e6 p CSS ++++1 1 +PH(;89 ++++ 1 1+S8OHG +fi4191

1#+FIB,+#+^ p1 1'f+6v0+*N++^ 1tE+800+#tti}t1I
I M#+BO+^+#H l 1 #!9+HC'+:tk++ 1 I ti#+Bi3+##If t! I

!	 1 +++gyp +++ # 1 l E^lp1++O^ +++Z IK1E +eoa +x,I#1	 ► 	 .
I'I+++E08+ildi i 1 Fir+++U+++	 i l++B809kk l4 i
I1f +++Ellier jei(1 1 f1 ++ ++(3+q #17 y. 1 if ++HQ11QP±fa I	 3

! 3f+	 +ca>Ff >=^I i l k+ +4ca+	 ul^ 1 1#++l#90+vqH 1
I!#+800+*k;xEd 1 I}++F+f)+Iti^Y•q t 1#+ +Au -tSyk I
1 ++C ++ +^IRti 1; 1 1++tjcl +lilq fiK B 1 I++BO+ft9#1K 8 I

'	 180C1^8dKfia^I E ] EuD +1flsABi^k i leaa +ffplAghlt 1

1DF31'xK" q	UR 1 IqU + 4HKhKy"1 108+8NO"9481
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4,4 CRITICAL RESOURCE INFORMATION PROGRAM

Since Qur proposal for an ERTS Follow--On Investigation

	

l	
titled "The Use of ERTS Data to Inventory and Monitor Critical

	

i^	 Land Resources for Statewide Planning and Management" (Proposal.

2097A) was not funded by NASA, it was not possible to devote

	

i 	 time and resources to stud further the utility^ project	 Y	 Y of

ERTS to the CRIP program.
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4.5 ERTS LAKE WATER QUALITY MONITORING PROJECT

jThe Wisconsin Department of Natural Resources (DNR) is

required to classify the lakes in the state as to their trophic

level in response to the federal legislation "Federal Water

Pollution Control Act Amendments of 1972," section 314. This

project represents an attempt to evaluate the feasibility of

using photographic imagery from the ERTS (Earth Resources

Technology Satellite) to accomplish this classification. The

ERTS satellite passes over the same location on the ground

every 18 days, Each ERTS image covers a rectangle on the

ground 115 miles by 115 miles. The satellite's sensor systems

(multispectral scanner) gather data in four different wave-

length bands simultaneously: Band 4 (.5-.6p); Band 5 (.6-.7p);
Band 6 (.7-.81i); and Band 7 (.8-1.1u).

Densitometric readings in band 5 of ERTS 70mm imagery

were taken for all lakes in Wisconsin greater than 100 acres

(approximately 1000 lakes). For 37 of these lakes, DNR water

quality ground truth data was correlated with density readings

?	 in all four bands. The lakes in the remainder of the state

were classified as to the level of eutrophication by an

algorithm developed by a statistical analysis of this correlation.

4.5.1 METHODOLOGY

This project involved four separate experiments:

1) Densitometric analysis of 37 lakes in each of the 4

ERTS bands using 70mm positive transparencies; this data

was then correlated with secchi depth readings taken by

the Wisconsin Department of Natural Resources; 2) Using

specially developed computer programs and an interactive

CRT terminal, ERTS digital tapes were accessed and the

actual. 64 scene brightness values sent back by the

satellite were obtained for 14 of the above lakes; 3) A

time series densitometric analysis of 20 lakes in south-

eastern Wisconsin on four different ERTS overflight dates;

S

	 and 4) Densitometric analysis of approximately 1000 lakes

'^--	 in Wisconsin greater than 100 acres on band 5 of ERTS

70mm imagery.

I
t
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The primary goal of this study is to evaluate the

usefulness of densitometric analysis of ERTS photographic

imagery as a tool for a periodic monitoring program of 	 t

Wisconsin lakes far chap es in water turbid ;+ ca sed bgy u	 y
the growth of phytoplanktonic algae. Thirty-seven lakes

were selected for densitometric analysis in each of the

four ERTS bands. The location of these lakes, which

range in fertility from extremely eutrophic lakes in

southeastern Wisconsin to very clear oligotrophic lakes

in the northern part of the state, is shown on Map 4.5.

Eight different ERTS images were required to provide

coverage of all 37 lakes. Secchi depth readings were

selected as the ground truth measure of lake eutrophication

to be correlated with lake exposure calculated from the

ERTS image. Secchi depths and various other water quality

parameters are sampled quarterly in these lakes as a part

of the DNR Lake Water Quality Monitoring Program.

The sampling date of each of these lakes was within

25 days of the ERTS overflight date. 	 In addition, each

lake 1) had no tannin coloring, 2) was at least 20 feet

deep to minimize bottom interference, 3) was Large enough

to insure that the measurement spot of the microdensitometer

was wholly within the lake, and 4) was not obscured at all

by clouds or atmospheric haze.

A Gamma Scientific spot microdensitometer equipped

with a digital readout photomultiplier-picoammeter com-

bination was used for the measurement of the transmitted

intensity of light through the film. A measurement spot

size diameter of 50 microns, which corresponds to 550 feet

on the ground, was selected for the analysis of lake imagery.

Y.

For 30 of the lakes the sampling date was within 10 days
of the ERTS overflight. The remaining lakes (sampled
within 11-25 days) were included because they were all
known to be oligotrophic and were not expected to show
much variability in algal turbidity over time. ^Y
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This is large enough to average across several of the

00%	 pixels or resolution cells of the ERTS multispectral	 ^} }
scanner which are about 200 feet across on the ground.

A one millimeter measurement spot size was used for

densitizing the film wedges on each of the ERTS images.

The raw current readings output from the densitometer

were used to calculate the transmittance of light through

the transparency for the lake of interest. On any one

frame, lake image transmittance might be expected to

correlate with secchi depth. However, the transmittances

of lakes on different frames are not comparable because

of photographic processing differences. These processing

differences can be normalized by using the film wedges

provided on each frame tc calculate the relative exposure

of each lake. Relative exposure is proportional to the

light energy hitting the ERTS multispectral scanners and

is comparable from frame to frame. Each step on the film

wedge was exposed during processing by an amount of light

proportional to a known exposure. The transmitted light

was measured through each step of the film wedge on each

frame. A transmittance versus exposure curve was plotted

for each frame and this was used to find the exposure

related to the densitometric reading for each of the lakes.

All the above calculations were done with computer

programs developed for this project. The program includes

a graphing subroutine for plotting exposure versus secchi

depths. These plots are shown in Figures 4.5.1--4.5.6.

The programs include provisiori f for inputting calculated

lake exposures and secchi depths into a non-linear

regression curve fitting subroutine for statistical

analysis.

Of the four ERTS bands, band 5 and, to a slightly

lesser extent, band 4 showed the best resolution between

lake image exposure and secchi depth. Band 5 of the

multispectral scanner senses red band wavelengths from

^"'	 .6-.7p. The plot of band 5 exposure versus secchi depth
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is shown in Figure 4.5.2. An exponential model was used

to calculate the least squares regression represented by

the solid line. The following equation describes this

line:

EXPOSURE = .0543 + . 148e .073 secchi depth

The root mean square residual (standard deviation) about

the regression line is .02524. The mean measurement

error in band 5 of two replicate sets of 14 lakes was

6.09%. Given this small measurement error, much of the

scatter about the regression line can be assumed to be a

function of the 1 to 25 day interval between the sampling

date and ERTS overflight date. The root mean square

residual is an indicator of how reliably the fitted curve

predicts a secchi depth for a given exposure. Assuming a

normal error distribution, an envelope of one standard

deviation (.0254) on each side of the fitted curve can be

expected to contain a given lake exposure 68.27% of the

time (see Figure 4.5.6). An envelope of two standard

deviations ( . 0508) on each side of the curve will contain

a given lake exposure 95.450 of the time.

The plot of band 4 (green band, wavelength .5-.6p)

lake exposure is shown in Figure 4.5.1. There is very

little contrast in band 4 between the lake image and the

land surrounding it. To reduce the chance of measurement

error caused by the inability to distinguish between the

two, 12 of the smaller lakes were not analyzed, leaving

25 lakes in the band 4 sample. The exponential equation

describing the least squares fit is:

EXPOSURE = .144 + .176,'0979 secchi depth

The root mean square residual (standard deviation) is

.0402. The mean measurement error in band 4, calculated

from two replicate sets of 14 lakes, is 4.70%.

The plots of the infrared wavelengths, band 6 (.7-.8u)

and band 7 (.8-1.1u) exposure versus secchi depths are

shown in Figures 4.5.3 and 4.5.4, respectively„ There was
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no significant correlation between lake exposure and
On,
	 secch i depth in either of these two bands.	 `..^

Figure 4.5.5 shows a plot of band 5 exposure versus

secchi depth for tree tannin colored lakes. While

exposure values for tannin lakes don ' t correlate with

secchi depths, at a given secchi depth they consistently

have lower exposure values than non-colored lakes. One

possible explanation for this phenomenon is that turbidity

caused by the brown colored tannin dye dissolved in the

water absorbs light while the particulate turbidity caused

by phytoplankton increases lake reflectivity.

4.5.3 ANALYSIS OF 1-1 LAKES USING DIGITAL GRAY

LEVEL DATA FROM ERTS COMPUTER TAPES

Using con niter programs developed in conjunction with
Dr. Lawrence Fisher of the University of Wisconsin -Madison

Department of Electrical and Computer Engineering, digital

brightness values for 13 lakes in south central Wisconsin

were extracted from ERTS computer tapes.	 The technique
i

involves the use of a Princeton Electronic Products 	 (PEP)

interactive graphics terminal to display a representation

of the area of interest in band 7.	 The high contrast

between the lake image and the land surrounding it in this

band allows for easy and positive identification of the

lake to be analyzed.	 Using an electronic "joy stick,' a

cursor is positioned on the lake surface and the scene

brightness value from 0 to 63 in all four bands at that

location is accessed and stored on a high speed disk for

further manipulation and analysis.	 This procedure eliminates

measurement errors due to densitometer spot size and posi-

tioning and data degradation due to photographic processing.

In addition, any lake larger than several pixels ( 200 feet

across each) can be analyzed with a high degree of accuracy.
r;
t' Graphs of scene brightness versus secchi depths for bands

4 and 5 are shown in Figures . 4.5.7 and 4 . 5.8, respectively.	 -,

The relationship between scene brightness and secchl.
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depth as found by this computer analysis are to be compared

with Figures 4.5.2 and 4.5.3. The relationship found for

band 5 seems to be comparable. The standard deviation is

less, but significant scatter occurs. The scatter in the

regression suggests that there are either measurement

errors or that the conditions in the lakes changed between

the time of sampling and ERTS overpass. Measurement errors
are almost non-existent when using the PEP terminal. This

would suggest that the scatter is due to changing lake

conditions.

This past summer secchi depth and other ground truth

measures were taken in a number of Wisconsin lakes on the
same day as the ERTS overpass. A more reliable relationship
between scehe brightness and secchi depth should be avail-

able after data from this work has been analyzed. The

similarity between densitometric-derived exposures and

computer-derived exposures lends confidence to the densi-

tometric measurement of all lakes greater than 100 acres in

Wisconsin. When the new exposure versus secchi relationship
is derived, secchi depth will be predicted for all lakes

greater than 100 acres from the exposure values derived

from the measurements on the 70mm imagery.

4.5.4 TIME SERIES ANALYSIS

A time series analysis was performed to evaluate the

variability of lake exposure as the algae growing season

progresses through the summer. Twenty southeastern Wisconsin
lakes were identified on individual frames for the following
dates: 9 August 1972, 11 June 1973, 17 July 1973, and
22 August 1972. All of these lakes had known fertility

problems, and as would be expected, the exposure in band 5

increased for almost all the lakes as the algal turbidity

levels increased as the summer progressed (see Figure 4.5.9).

Exposures were consistently significantly higher in August

1972 than in August 1973. This increase in exposure could

be attributed to a light atmospheric haze covering the frame.
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4.5.5 DENSITOMETRY OF WISCONSIN LAKES GREATER TITAN

100 ACRES USING ERTS BAND s 70*1 I rV%G T RY

Based on the preceeding studies, it was decided to

densitize ERTS band 5 70mm lake imagery to develop a

trophic status ranking of all lakes greater than 100 acres

in the State of Wisconsin. This classification is based

on the relation between band 5 exposure and turbidity

caused mainly by phytoplanktonic algae. Energy detected

in band 5 may come from as much as 5 feet below the lake

surface, and submerged rooted aquatic macrophytes are

probably registered by the satellite's sensors. This

study, however, has not directly addressed itself to the

relation between lake exposure and the extent of these

macrophyte growths,

One hundred acres was selected as the minimum lake

size to be densitized based on the need for the micro-

densitometer measurement spot to be wholly within the

lake. The 50 micron measurement spot used covers an area

approximately 550 feet across on a 70mm image. A round

100 acre lake is 2300 feet across, which was felt to be

the minimum lake area that could be found and measured

with a reasonable degree of accuracy.

Theoretically 17 ERTS images from one 6-day overpass

period would provide complete coverage of the State of

Wisconsin. However, because of cloud cover and missing

imagery, this project used 26 images from four different

6-day overpass periods. The 5-day period from 3 through

7 August 1973 provided the majority of the imagery used.

Densitometer readings for each lake were punched on

IBM cards for computer calculation and manipulation. In

addition to densitometer readings, IBM cards were also

punched with each lake's name and an arbitrary identifi-

cation number, the lake's latitude and longitude, county

location, secchi disc depths when available, maximum water

depth, an arbitrary 0,1,2 ranking for atmospheric haze,

and an arbitrary 0,1,2 ranking for evaluating Cases where

9

l	 .^
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the lake shape was such that difficulty was encountered 	 -

insuring that the measurement spot of the densitometer

was wholly within the lake.

Computer programs developed for this project were

used to calculate lake exposure, and to rank the 1000

lakes by exposure: by county, DNR district, or the State

as a whole. In addition, sorting routines will sort the

lakes by depth, haze, or size for analysis purposes. The..

computer printouts presented with this report include:

1) a sort of all lakes by district with the lakes ranked

in descending order of exposure; 2) a sort of all lakes

by district, with the lakes ranked in order of descending

exposure by county within each district; and 3) a sort and

ranking by DNR district of all lakes greater than 20 feet

in depth, with no haze or clouds obscuring the imagery,

a7d whose size and shape is such that the microdensitometer

measurement spot is wholly within the lake.

A rough cost estimate of labor and computing costs

for future densitometry of lakes greater than 100 acres

in band 5 comes to about $3.00 per lake analyzed. Based

on the cost of analyzing the 13 lakes from the ERTS digital

tapes, it is hoped that any lake greater than 25 acres can
be analyzed in all four ERTS bands for a comparable cost
per lake.

4.5.6 CONCLUSIONS

There seems to be a relationship between the exposure

value for a lake as measured by ERTS band 5 and secchi

disc depth. The exact relaticnship between exposure and

secchi depth is still to some extent in doubt. A better

relationship could result from an analysis of the data

from last summer.

If a photographic product is to be analyzed, the
70mm positive transparencies are the best approximation

to the scene brightness as measured by ERTS. She most

reliable data from ERTS can be derived from the ERTS
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digital tapes. For lakes less than 100 acres, assessment

of lake conditions should be made from the digital tapes.

The costs of analysis for lakes in Wisconsin from

E RTS are less than $3.00 per lake. Costs for analysis,

from the digital tapes should be comparable or less than

the analysis of the photographic product.

t	 ^^
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4.6 REGIONAL GEOLOGIC STUDIES 

ERTS-1 images of a geologically complex area in north-

western Wisconsin (Figure 4.6.1) were examined to evaluate

their potential use as geologic mapping tools. ERTS 9x9 inch

transparencies (several dates and several bands) were examined

using a light table and magnifying lens. Areas of similar

tones and patterns were delineated for each ERTS transparency

and the resulting pattern maps (see Figure 4.6.2 for a sample

pattern map) were compared with existing soil, glacial geology,

bedrock geology, and structural geology maps and the degree

of correlation between ERTS-derived pattern maps and existing

soil/geologic maps was determined. It is important to note

that the pattern analysis was performed without reference to

ground truth maps. Patterns were mapped strictly on their

spectral similarity without attempting image interpretations.

Table 4.6 summarizes the results of this study. It

shows that the best correlations between pattern maps and

soil/geologic features occur for soils and glacial geology

and the poorest correlations are for bedrock geology and

structural geology. This is not unexpected since the entire
area is covered by glacial drift of varying thickness.

In addition to pattern mapping, maps were prepared

showing linear features. Many previously unmapped linears

were delineated. As with the Northeastern Wisconsin area

reported in Section 2.2.5, present geologic "ground truth"

for this area is inadequate to substantiate the nature of

thess newly identified linear features.

The use of ERTS imagery for geologic studies in Wisconsin

is promising and further studies should be undertaken.

IThi.s section is summarized from a term paper titled "Geologic
Interpretation of an Area of Northwestern Wisconsin Using
ERTS-1 Imagery" by William W. Woessner, Graduate Student,
Department of Geology, University of Wisconsin-Madison
(prepared for the course CEE-552, Remote Sensing of the
Environment, taught by Prof. Ralph W. Kiefer.and Dr. Frank
L. Scarpace).
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TABLE 4,6

DEGREE OF CORRELATION BETWEEN PATTERN MAPS

DERIVED FROM ERTS IMAGES AND EXISTING SOIL

AND GEOLOGIC MAPS

" -2,

C'.	 .1

Date
ERTS
Band

Soils
Map

Degree of

Glacial
Geology

Map

CorrelationlWith:

Bedrock	 Structural
Geology	 Geology
Map	 Map

8/12/72 4 4 4 4	 5

8/12/72 5 3 2 3	 5

8/12/72 6 3 2 3	 3

8/12/72 7 2 2 3	 3

8/12/72 Color 2 2 4	 4
457

2/8/73 6 3 3 2	 3

6/14/73 7 1 2 3	 4

'Degree of Correlation

1 - excellent, almost every pattern line matched overlay

2 - good, most pattern lines matched overlay

3 - fair, some pattern lines matched overlay

4 _ poor, almost no pattern lines matched overlay

5 - very poor, no lines matched overlay

i

u
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4.7 INTERAGENCY INVOLVEMENT

In June of 1974 copies of this project's Type III Report

for the period June 1972 to April 1974 were sent to all members

of the Advisory Committee (see Section 2.3). This report

served as background material for a full day Advisory Council

meeting held on 9 July 1974 at the University of Wisconsin-

Madison campus. This meeting was devoted to an open discussion

of the results of this investigation to date and suggestions

for future research and applications direction. These dis-

cussions were organized around the six major sub-divisions

of this project, namely: (1) Comparison of ERTS Derived

Data to Conventional Data; (2) Determination of the Usefulness

of ERTS Data for Regional Land Use Planning and Allocation

Decisions; (3) The Automation of Data Extraction and Mani-

pulation; (4) The Application of BRTS Data to Lake Eutrophication

Studies; (5) The Application of ERTS Data to Regional Geological
Studies; and (6) Interagency Management Implications. The

results of these discussions are included in the appropriate
sections of this addendum. Correspondence with members of

the Advisory Committee is included in Appendix 4A.

Based upon the early work done under this contract, a

cooperative project between the University of Wisconsin-Madison
and the State of Wisconsin Department of Natural Resources (DNR)

is currently being conducted. This project is funded by the

DNR and is directed towards the classification of the lakes in
Wisconsin by eutrophic level. using ERTS as a data source. This

work is reported in detail in 4.5.

Based upon the early work done under this contract, a

cooperative project between the University of Wisconsin-
Madison and the State of Wisconsin Department of Administration
(DOA) is currently being conducted. This project is funded
by the DOA and is directed towards the preparation of state-wide

land cover maps. This work is reported in detail in 4.1.
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4.8 FUTURE WORK - LONG RANGE

{

	

	 Inasmuch as none of the five ERTS Follow-On Proposals

submitted to NASA from this group were selected for funding,

we anticipate no further work.

1	 ^
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JUL 19 1974

Wisconsin Power E; Light Companyr	 -:F.,̂
,

Investor-owned Energy

222 West Washington Avenue	 P 0 Sex 192	 Madison, Wisconsin 53701	 Phone 608/252.3311

July 16, 1974

Nr. James L. Clapp
Director
Environmental Monitoring and

Data Acquisition Group
Institute for Environmental Studies
University of Wisconsin
610 Walnut
Madison, Wisconsin 53706

I found the ERTS Advisory Council meeting very informative and
have also reviewed the project report. I would like to share
the following thoughts with you regarding the usefulness of
ERTS imagery and research being performed by your group.

With regard to the research projects reviewed at the meeting,
it is quite apparent that ERTS has been a valuable resource
enabling more comprehensive analysis than would otherwise have
been attainable. The communication value of ERTS images with
respect to the enhancement of man's knowledge of his environment
would seem to justify the entire ERTS project in itself. Your
group is to be commended in its desire to involve potential users
through the Advisory Council. Although user interaction is
valuable, it is important that funding agencies recognize that
ERTS is currently in the research phase and that its applicability
to the needs currently identified by user groups should not be
a criteria for the continuance of the project.

In reflecting upon the usefulness of ERTS data with regard to
the location of power transmission corridors, some specific
suggestions are indicated below:

1. Computer Technology - The use of computer techniques to
assist in the location—of utility corridors has been established
through EDAP and other systems. The comments herein con-
tained assume this computer tiechnology will be applied and
further enhanced. It is the interface between ERTS data and
the computer technology that is therefore being addressed.

ti.
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2. Coordination with Traditional Data Sources - In order for
ERTS data to be incorporated into computerized models, there
would have to be a coordination with traditional data sources;
for example, rights of way would have to be identified as to
usage levels, functions, widths and agency control. Cultural
data would have to be identified, as would land uses. It is
understood that certain land uses are identifiable from the
imagery per se; however, such categories as "Designated
Recreational Areas" must be based on traditional data sources.

3. Applicability to Highly Urbanized Areas - Many of the areas
in which utility corridors are located are urban in character
and have been extensively covered by traditional data sources.
The need for a high degree of spacial resolution is accentuated
in these areas. It would therefore appear that ERTS data would
have little applicability to corridors selected entirely within
relatively urbanized areas.

4. Extent of Data 	 - In order for the ERTS data
to be valuable in decision models, the level to which data can
be interpreted must be more discreet than is indicated in
Table 2.1.3. That table indicates that ERTS Identified Linear
systems correlate well with traditional data sources. These
linear systems can be identified and stored in computerized
models with relative ease using traditional sources. it has
been found that the most time-consuming and expensive kinds of
data to store in computerized models are those kinds of data
that occur over a high perc^,ntage of the geographic area in
question. S,ich data categories as Upland Forest, Lowland
Forest, Wet	 's and other natural data have been the most
difficult an:' Amerconsuming to transfer from traditional sources
to computer format. It appears from the correlation analysis
made in the study that the raw ERTS data would not provide an
answer to this problem. With this concern in mind, the McIDAS
system begins to emerge as one of the most significant potential
technologies uncovered in the ERTS research project. If the
McIDAS system would enable the further identification of data
to a more discreet level and Lubsequently, the storage of the
refined data in computer compatible format, the key to the
applicability of ERTS to computerized utility corridor location
would be provided.

5. Acceptability to Requla.toryAgencies - Application of ERTS
data to utility corridor selection assumes acceptability of
computerized techniques to regulatory agencies. Part of such
acceptability would be the underlying data credibility. The
use of photcgraphic imagery would probably be inadequate to
provide such credibility; therefore, direct interfaces to the
computerized data bank are necessary. If the McIDAS system were
used, the expertise of interpreters would have to be clearly
established.

?f
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6. Future Direction of Research - A recurrent concern in both
the report and the Advisory Council meeting was that of the
spacial resolution capability of ERTS data. If ERTS data is
to be used for utility corridor locations, any further spacial
resolution is unnecessary. The area of further research
should be the enhancement of the capability to identify
resources on a discreet level as was indicated above.

T appreciate the opportunity to express my perceptions of the
utility industries views regarding the applicability of ERTS
research to planning applications. 	

1
Sincerely,

V-LjA ;[T YT . i[Gi li i..1

System and Procedures
Supervisor

JWL:lp
020747

cc: Bernard J. Niemann, Jr.
Professor and Chairman
Department of Landscape
Architecture

University of Wisconsin
Madison, Wisconsin

cc: Mr. Thomas C. Webb
Mr. William Keepers
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M

Mir. James L. Clapp
,rector

Environmental Monitoring and
Data Acquisition Croup

Institute for Environmental Studies
University of Wisconsin
WARF Building
610 Walnut Street
Madison $ Wisconsin 53706

Dear Mfr. Clapp:

This is to acknowledge receipt of your letter of June 19, 1974, with which
you transmitted a copy of the report entitled "Evaluaticn.of the Application of
ERTS-1 Data to the Regional Land Use Planning Process" dated April 23, 1974, and
prepared for the National Aeronautics and Space Administration and in which you
also invite me, as a member of the ERTS Advisory Council, to a meeting to be
held at the WARF Building on July 9, 1974, to assess the highlights of the rapox
and to obtain "...honest reaction to this research and use of ERTS,.." We have
reviewed the aforementioned report and we do have some questions and co maents
regarding the conclusions being reached based on the findings of the research as
reported.

Preceding any specific comr,Ients regarding findings and conclusions spelled
out in the report, however, it is worthwhile to provide some background information
regarding the work of the Soutkeiwtern Wisconsin Regional Planning Commission. We
agree wholeheartedly, for example, that high quality mapping and aerial photography
is required for the preparation of sound regional plans, which plans must be and
are indeed inextricably linked with the natural resource base. Under its legislative
chewga to prepare a comprehensive plan for the Southeastern Wisconsin Region, the
Commission began, in 1961, to prepare the first county base maps for the seven
counties in southeastern Wisconsin which were dram to national map accuracy standards.
These county base maps have been compiled at a scale of 1:24000. In addition, the
Commission has prepared rectified enlargensents of each civil township in southeastern
Wisconsin at a scale of 1:24000 from t high flight' aerial photographs flown by the

f
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Commission in the Spring of 1963 and in the Sprang of 1970 ani.from 'high flight'
aerial photographs flown by the Wisconsin Department of Transyortation in the Pall
of 1967. In addition to the base map program which is annually updated and the
'high flight' aerial photography series which will again be flown in the Spring
of 1975 and every five years thereafter, the Commission has prepared ratioed
enlargements at a scale of 1:4800 for the entire 2,700 square mile Region from
the 'low flight' aerial photographs flown in the Spring of 1963, 1967, and 1970,
with each such enlargement encompassing four complete U. S. Public band Survey
Sections. These maps and aerial photographs have been an invaluable tool in the
complex planning process utilized in southeastern Wisconsin.

Using the maps and aerial photographs, the Commission began in 1963 the
conduct of a number of special resource inventories and investigations including:
detailed operations soils studies; woodland inventories including specific woodland
use identification and qualitative aasessment; wildlife habitat identification
delineation and qualitative review; potential outdoor recreation and scenic area
identification and evaluation; prime agricultural area identification and delineation;
water and wetland identification and delineation; and, conventional urban and rural
land use identification delineation and quantification. The information collected
by the Commission utilizing the maps and aerial photographs, in addition to being a
prime input to the preparation of various regional and subregional puns prepared and
adopted to date, has been used by a number of state agencies as well as private
industry, private and public utilities, land developers, and individuals in numisrous
specific studies ranging from highway corridor studies to the location of individual
residences. The maps and aerial photographs and the type of data maintained are
all essential, we believe, to any regional planning program. It is because of this
background of information and experience, we suppose, that the Southeastern Wisconsin
Regional Planning Cormission staff was initially asked to participate on the ERTS
Advisory Council.

As a member of the Advisory Council, we have indicated at two of the meetings
of the Council held in Madison, that after reviewing the imagery derived from
ERTS-1, along with photographic enlargements prepared from the RB-57 'High Flight'
Series that in our opinion the ERTS-1 imarxy was essentially useless to Regional
Planning and that the RB-57 photography was more useful to regional planning when
supplemented with lower flight photography and actual field surveys. We cannot,
therefore, agree with the general conclusions reached in your re port that ERTS
imagery is a valuable tool to regional planning. Perhaps one of the reasons that
we disagree in our contlusiou is that there appears to be a general difference of
opinion as to what regional planning encompasses. Simply stated, re ional plannia
as it is conceived in southeastern Wisconsin is local planning and we believe sincerely
that this concept, if revi4wed wou]d be found to be universal throughout the State
of Wisconsin. Regional planting in the State of Visconsin is funded by the counties
and local units of government who look, and appropriately so, to regional agencies
for the technical assistance in local planning matters, Information that can be
derived from -the ERTS-1 program is much too general and imprecise to use in confront-
ing a city council or village board let alone a judge and jury in a courtroom involved

V
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in a xokzing dispute. in our opinion, the money being spent to project and monitor
a space satellite could better be spent, in terms of regional planning, to provide
better high flight (RB-57) and low flight aerial photography, including color
infrared and conventional color photography.

Following are some comments on your report which will be assessed by the
Advisory Council on July 9, 1974:

1. In the comparative evaluation made utilizing the ERTS imagery, RB--57
photographs, and conventional data sources, we question the use of
the conventional data if, in fact, as the report indicates, much of
the information is 30 or 40 years old. Obviously in viewing forest
cover, wetlands, and water areas, these three data sources could not
be expected to be compat5b a with any photographs flown in the last
five years. Indication that the RB-57 photography correlates most
closely to actual field chae.*s would be the expected result. We
mould expect foi.., example that the natural resource base information
gathered utilizing the Comission's 1970 'low flight' aerial photo-
graphs would compare favoraMy with the 1971 RB-57 photography.

2. The conclusion reached on page 36 of the report regarding the use
of RB-57 and ERTS imagery as "feasible and desirable" data sources
is not substantiated by the findings reported on the preceding pages
as relates to the ERTS imagery.

S. On page 43, it is indicated "...that the best utility of ERTS-1 data
is in determining measurements of data not traditionally mapped or those
data which can be more economically mapped. It is these variables
either insufficiently mapped or totally unmapped, which are not
available wher, needed in the present regional and decision making
process." No where can we find an indication of what these variables
are or should be or what method has been used to determine the
economics of mapping such variables. Economics are indeed a problem
and the funding for data collection is indeed limited. Spending
money, however, on data collection and retrieval which cannot be used
by the traditional usev is not at all economical and may indeed be a
complete misuse of limited fiscal resources.

4. The comments made in the report on page 66 indicating that "...the
planning process must exist at several levels from site specific to
regional,..." is an indication as mentioned previously that there is
a wide discrepancy in the concept of regional planning. Regional
planning is 'site specific' and must be in order to be viable in any
kind of changing situation.

5. The first paragraph under the title "Appliew:ion bj Operational Agencies"
on page 94 of the report, there is an indication that the Southeastern imconsin
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Regional Planning Commission is employing data generated from the
ERTS and RB--57 series to update information related to vegetational
conditions within the Region. The report should be corrected in this
regard. No such data is being utilized by the Southeastern Wisconsin
Regional Planning Commission. These data are being updated in
southeastern Wisconsin utilizing the Commission's 1970 1:4500 scale
'low flight' aerial photographs.

p
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6. In regard, to the proposed management structure, we would suggest
that the actual, users of data to be derived from research programs
at the University or operational programs at the state be included
in the structure preceding the actual operations or programs and
specific studies in order that these users may provide input regarding
specific needs.

7. On page 105 of the s=mary and conclusions section, the statement
is made that "The potential strength of ERTS-1 lies in the fact that
it has the capabilities to monitor the entire state of Wisconsin,
to a certain degree as often as every 1B days." and that "...this fact
alone justifies the study of its feasibility as a data source..." The
Southeastern Wisconsin Regional Planning Commission updates its infor-
mation source maps and photographs at a minimum of every five years
and while it mould be advantageous to have aerial photographic coverage
every year, there is some question whether or not the period of time
of even one year is large enough to actually Twnitor changes in the
natural resource base, even thoughh the monitoring of urban developmvat
at the one year interval would be desirable although expensive. Li
terms of the resolution of the imagery and utilization of the data
received from an ERTS-1 type program, we question the assessment made
on page 105 that the ERTS type program is more economical than more
conventional aerial photographic methods.

S. Beginning on page 112, specific congluslans and recommendations are
spelled out in a total of 2,t sentence/par graphs. Conclusion No. 5
on page 113, indicates that, "ERTS is the oily physical resource
imaging system now available which can cover state-size areas at fre-
quent intervals". The obvious question here is what kind of information
do we in government or at the University want to monitor every 18 days
In the State of Wisconsin? Conclusion No. 6, on page 113, indicates
that, "Composite ERTS imagery (mosaic) is superior to any other data/
information for perceiving and delineating macro landscape units."
Depending upon your definition of macro, we must disagree with that
statement, if indeed macro is regional and not just statewide. Conclu-
sion No. 7 states that, "Composite ERTS imagery (racsaics) is an
effective device for communicating to non--planners the directions and
significance of land use impact on state and regional resources."
Again we must disagree. As a matter of fact, in speaking to individual-.3 or
a group of non-pxamnem general information such as derived from ERTS
may be more harmful to the resolution of problems than having no data
at all. Conclusion No. 10 on page 113, states, "ERTS derived data/

is
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information is superior to conventional land use data for those items
(a) which change rapidly with time, (b) for which conventional data
are not available." We agree wholeheartedly with the statement, however,
we reiterate that (a) the problems . confronted in regional planning pro-
grams are not those which change rapidly in time and (b) the fiscal
resources could better be spent on compiling conventional data. In
conclusion No. 14 on page 114, it is stated that, "High altitude aircraft
(RB-57 photography scale 1:120000) derived data /information is superior
to ERTS as a data source in terms of resolution and accuracy of
identification." We would agree again wholeheartedly with that statement.
Conclusion No. 19 on page 114, states that, "ERTS can provide a focus from
which the regional land use planning data/information needs can be
defined as specific requirements for detailed infomation by individuals
variables and decision level." That statement could be made about any
large coverage mapping or, aerial photography program. The problem again
is one of resolution and if indeed an overview of a region is needed
or required, it is our opinion that high altitude air photography such
as RB-57 or the NASA N-2 programs could meet this requirement better
,and, at an appropriate time as relates to a specific study, project, or
application.

As has been stated at the previous meetings of the Advisory Council, the
Pa gi,onal. Planning Commission staff as users of data derived frotst aerial photographs

lv	
and mapping cannot agree that the ERTS -1 program is presently valuable or has any
real potential for value in a regional planning program as regional planning is
conceived in southeastern Wisconsin due to the fact that such imagery source does
not provide the specificity required in truly regional/ local planning programs.

We trust that these comments are helpful to both the University of Wisconsin
Institue for Environmental Studies and the National Aeronautics and Space Administra-
tion and while they might appear to be negative, we trust that they will be constructive
inputs to any future effort by either the IES or NASA in terms of data source
studies.

Sincerely;

Harlan E.
Assistant Director

F;EC/lh

cc: Mr. G. Richard Stonesifer
The 8 Regional Planning Commissions in Wisconsin

f	 i
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INSTITUTE FOR ENVIRONMENTAL STUDIES
^^	 n	 Environmental Monitoring and Data Acquisition Group 	 University of Wisconsin—Madison

WAF3F Building. 610 Walnut
I	 Madison. Wisconsin 53706

Telephone: 608-2634789

E 2 August 1974

Mr. Harlan E. Cl.inkenbeard
Assistant director
Southeastern Wisconsin Regional
Planning Commission

916 N. East: Avenue
Waukesha, Wisconsin 53186

Dear fir. Clinkenbeard:

Your letter of 8 July and particularly the time of study and consideration
it represents are appreciated. This Und of honest reaction is essential to
research which is to apply to community needs. I am responding because, while
I believe your comments are extremely important coming from one of the beFt
developed and expertly operated regional planning commissions in the United
States, they do not agree with the views of other users nor with the majority
of the researchers in some respects.

I understand your viewpoint to be that Regional. Planning in Wisconsin
is limited to local planning and that research on "Regional Land Use Planning
Process" should consider only the needs applicable to local planning. T
believe that when you raised this question at our first advisory council
meeting it was clear that the researchers and many members of the advisory council
dial not agree with this limitation of the area of research.

SWERPC has such an enviable history and posit ion that I can see how you
feel satisfied with its combined high and low altitude methods of gathering the
data it needs. This research, however, is based on the opinion that most levels
of government charged with aspects of the regional planning process are not
satisfied with the data gathering methods available to them and could not
confidently answer the question "How does ERTS data compare with that available
from other sources?" It does not appear that SWERPC could have answered that
question apriori without research something like what we have conducted with
your participation.

The suggestion that I understand you to be setting Borth is that the
money spent on satellite research would better be spent collecting data by the
conventional means used by SWERPC. This would seem to mean that money should
be used to operate in a proven manner rather than to search for improved methods.
While it may be the objective of SWERPC to operate on proven methods it is the
objective of research to question the value of a variety of methods, determine
their relative merits, and expand the knowledge of the whole variety of possi-
bilities --- including those that prove not to be useful for a particular purpose

.»,	 as well as those that represent improvements. The funds spent for research
seldom are directly comparable with those spent to operate on well known methods.
I believe that those who sponsor research are convinced that while many tasks

F
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could be accomplished in the short run if money were spent on operations, in the
long run research is invaluable and cannot be sacrificed to short run goals.

I take it from your comments that you believe photo update once a year is
too often for detection of changes of interest to SWERPC arkd that even if ERTS
produced data as often as once every 18 days, it could not be economically
feasible since it does not produce useful. data. It is my belief that the
conclusion that less -than-once-a year coverage is sufficient and that no use
could be made of data of the general level of ERTS data is considered premature
by our researchers and by some members of the advisory committee. This seems to
me to be anothr-r case of the general point that while SWERPC is satisfied with
its current methods, others are of the opinion that other options must be
considered.

You have concluded, as I understand it, that if small scale data is
required, U-2 or RB--57 photography would be superior. To the extent that U--2

	
a

or RE-57 imagery would be available at a favorable cost, and assuming that for
all uses these are shown to be superior to ERTS data, this conclusion might
be shared by most of the advisory committee. However, we believe that this
conclusion is not wholly supported and that a careful use of both ERTS and
RB-57 imagery may better serve some of the users. It is one of our objectives
in future research to define more accurately the limitations and strengths of
each type of data.

Your comments indicate that it is not correct to state that SWERPC is
using RB--57 data. We were lead to this conclusion by the following events.
At the second ERTS Advisory Council meeting you inquired concerning the
availability of RB-57 coverage of the Southeast Wisconsin area. You were
informed that such coverage was available for a portion of the area. On
t5 April. 1974 Mr. Ed Semrad, who filled out our check-out sheet as an Associate
Planne"r from your office, came to our data center, looked over the available
coverage and checked out two samples (MDR--00022 and M12-00028) to investigate
their suitability for update of vegetational conditions within your region. A
short time later we were asked to advise your office as to procedures for ordering
a complete set of this coverage from EROS to which we responded. The reason
given for the order was the above mentioned vegetational update. At the third
Advisory Council meeting (after the report was written) you told several of our
staff that indeed the coverage had been ordered but because of scratched imagery
it could not be used. If this is the correct sequence of events I will see to
it that this is reflected in our final report submitted to NASA in October.

Your opinion that the user community should be an integral part of the
planning for research is shared by other users and the researchers. I believe
we made significant progress in this direction in the preparation of our ERTS
follow-or, proposals in which four agencies and organizations in addition to the
University were involved in the development of the proposal. The needs and
interests of these agencies were exposed through the mechanism of the ERTS-1
Advisory Committee.

ao
With regards to your question concerning the specific identification of

insufficiently mapped or totally unmapped land use variables, I am only able to

-^
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say that an inventory of the status of land resources data for the state was
beyond the scope of this project. We are basing this conclusion upon the
reports of the Governor's Land Resources Committee, the University's Faculty
Land Use Seminars and, more recently, the Critical Resources Information Program
of the Wisconsin Department of Administration. I believe that a state-wide
inventory to document this point is necessary and desirable.

In conclusion I wish to thank you sincerely for your taking the time to
share your thoughts with us. I would be glad to discuss any of these points
further at your convenience.

Sincerely,

J es L. Clapp, Director
Hnviranmental Monitoring and

Data Acquisition Group

J'LC/rs
cc: Mr. G. Richard Stonesifer

The 8 Regional Planning Commissions in Wisconsin.
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September 3, 1974

Dr. James L. Clapp
Director
Environmental Monitoring and

Data Acquisition Group
Institute for Environmental Studies
University of Wisconsin
WARF Building
610 Walnut Street
Madison, Wisconsin 53706

Dear Dr. Clapp:

This is to acknowledge receipt of your letter -of August 2, 1974, in which you
responded to our letter of July 8, 1974, incorporating our comments and suggestions
on the report entitled "Evaluation of the Application of ERTS-1 Data to the Regional.
Land Use Planning Process."

There are two or three points which you made in your letter of August 2 which
should be clarified. The firs: of these relates to your interpretation of our remarks
on the second page of our July 8 letter relating to the definition of regional planning.
Our comment was that "...regional planning as it is conceived in southeastern Wisconsin
is local planning... 1° We did not say, as you indicated, that we believe regional
planning is limited to local planning nor that research on regional land use planning
should consider only the needs applic.: :tble to local planning. The point here is that
regional planning in Wisconsin is specifically defined in the Statutes and, consequently,
regional planning commissions in the state must carry on their planning activities
within specifically established physical boundaries and cannot arbitrarily change geo-
graphic jurisdiction for either the purpose of research or for the purpose of planning,
The term 'regional' cannot, therefore, be interpreted or should it be defined as en-
compassing an area unique to each specific planning project or program. Moreover,
because regional planning commissions are advisory under state law, they have no legal
authority or power to implement the plans prepared. Implementation must rely certainly
on state and federal agencies having authority to provide funds or to actually design
and constrict works of improvement, but also, and, most importantly, implementation
of regional plans lies extensively within the province of the local units of

Ir
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government in the Region, and, therefore, the level of
must be able to be interpeted at the local level---thus,
planning is really local planning. This does
planning should be limited to local planning
be locally oriented. To be more specific, the
generalizer. maps of large land areas such as
country such as derived from ERTS-1 imagery i
of the practical usability of such mapping at
is 'nice to have' and, perhaps, is valuable in
monitoring operations.

Our comments should not be interpreted as 'anti-research'. The Southeastern
Wisconsin Regional Planning Commission has indeed been involved over the past 13
years in a great deal of planning related research of which a part has been incorporated
into specific operations of the Commission and other planning agencies as well as into
research programs of universities and goveramental agencies throughout the United
States and countries in Asia and Europe. The comments and suggestions set forth in
our letter of July 8, were directed specifically at the findings and conclusions set
forth in the aforementioned ERTS-1 document.

Your comment that 'the comparison of ERTS data with other source information for
planning purposes could not have been made without the satellite mapping' is not
necessarily a valid statement as it relates to regional planning as defined and
established in Wisconsin. Given the specifications of the imagery expected to be
provided via ERTS-1, we are confident that a determination could have been made that
such imagery would not be of either the resolution or preciseness required in pre-
paring a comprehensive physical plan for a sub-region of the state,which is the legis-
lative charge of regional agencies as set forth in the Wisconsin Statutes. There is
no question that such research may be helpful in such planning activities or useful
to other types of planning, monitoring, and analyses. The specific point here is
that in our opinion, and forgetting both the technical and climatic problems, the
ERTS-1 imagery is not of significant value to a regional planning program to warrant
the expenditure. In view of the fact that better source information and data can be
acquired for such purposes by more conventional means, based on more specific speci-
fications, and within specific time constraints, we would suggest again as we did in
our letter of July 8 that the money might better be spent on either producing or
finding better ways to produce and provide more conventional photography to regional
planning agencies with very limited budgets.

In regard to the comment made in your report that our Commission is utilizing
RB-57 data, we would request that that statement be deleted from the text. The RB-57
infra-red photography of southeastern Wisconsin obtained by the staff was used in
fact as a part of our own research in an attempt to determin if indeed this high
flight aerial photo series would be valuable in helping; to better define vegetitative
cover. That research has not yet been completed although the RB-57 infra-red coverage
might, at some future date, be utilized in conjunction with the Commission's own high
flight aerial photographs to assist in natural resource inventories. As already stated

detail in regional planning
my comment that regional

not mean, certainly, that regional
nor does it mean that all research should
need and desirability of producing very

a statewide or multi--state area of the
s, in our opinion, non-existent in terms
the local level. Certainly such mapping
specific broad area research or
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on several occasions, the RB-57 photographs may provide a suitable substitute for
the Commission's own high flights if such photography can be produced based on very
specific specifications relating to resolution, and time of photography, and other
general quality improvements. Continued research in these areas may indeed be feasible
if such research would result in ways and means of providing high quality, low cost
conventional aerial photography for use by such agencies as regional planning commissions.

We hope that these comments serve to clarify the statements in our letter of
July B. We appreciate the opportunity to comment on this research program as it
relates to regional planning in Wisconsin and we would also welcome the opportunity
to meet with you on this matter to discuss either our comments or the ERTS research
program more specifically.

Sincerely,

HI 1 E. C11̀ d 	aaud ---------
Assistant Director

HEC/lh

cc: Mr. G. Richard Stonesifer, NASA
The 8 Regional Planning Commission Directors in Wisconsin

t
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1.0 INTRODUCTION

►.

	

	 There exists an increasing demand to monitor our physical

environment and to acquire specific quantitative knowledge

about it in such resource areas as land use patterns, air

quality, water-wetland quality, soils, surface-subsurface

hydrology, and vegetation. To satisfy such demands in a

practical and efficient manner, various remote sensing methods

have evolved over the past decades. The nature of both the

environmental studies and the remote sensing data gathering

systems (aircraft and satellites) result in enormous amounts

of acquired data. It is evident to anyone who has worked in

this area that the conventional means and techniques employed

to extract desired information in a reasonable amount of time

are disappointingly inadequate. Furthermore, the rate of such

data collection is increasing and all present indications are

that it will continue to increase for some time to come.

Conventional techniques based on light table analysis of

photographs are slow and tedious. Such operations as photograph

	

alignment, while critical, are time-consuming and ='Ke ij► C^^i-	 ^`

cient use of investigators; photograph-based measurements and

other hand-constructed efforts are slow, repetitious, and

monotonous. In many cases computers are used to do these

time-consuming tasks, particularly where much of the data is

originally acquired in a manner which is directly compatible

with a digital computer (magnetic data tapes); however, con-

ventional computer output, such as line-printer material,

are impossibly bulky, awkward and are ill-suited to most

remote sensing applications. In addition, raw data is seldom

analyzed in a single computer operation and the final information

extracted, but the data analysis chain must purposely be

broken by human intervention in order to select relevant

portions of the data and make judgement decisions. Interpreting

the line -printer or plotted output, rewriting and updating

the old programs and engaging in the logistics of moving them

back and forth between users and machines resulting in the

"breaks" typically lasting days and sometimes weeks.
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A system called McIDAS (Man-Computer Interactive Data

tnt	 Access System) is being developed at the University of

_

	

	 Wisconsin's Space Science and Engineering Center (SSEC) which

offers great promise as a useful tool to gain efficient access

to large quantities of digital data in addressing itself to

the problems discussed above. It reduces the interruptions

in the data chain from days to minutes and seconds quickly

doing the tedious, time-consuming manipulations associated

with the analysis of such data while at all times retaining

the data in picture form which is the most convenient format

for human perception and judgement. Supported primarily for

-

	

	 obtaining wind measurements using satellite obr.rved cloud

motion, McIDAS has the potential to be useful in many other

areas.

The purpose of this study was to investigate the appli-

cation of McIDAS to efficient resource data extraction,

manipulation, and analysis, and to determine the necessary

hardtivare and software requirements to be fulfilled in

accoamodating potential users interested in obtaining resource

information,

LY
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2.0 PROJECT OBJECTIVES

N^

To meet the objective of assessing the needs of potential

users involved in extracting information from resource-type

data, it was originally proposed to utilize existing digital

data which were currently being studied by others with more

than a passing interest in efficient resource data analysis.

A logical choice of such data was the ERTS-1 magnetic tapes

associated with the photographic imagery currently under

investigation by another group in the Environmental Monitoring

and Data Acquisition Group (EMDAG) who had been awarded a

grant to evaluate the application of ERTS-1 data to the

regional land use planning process (NAS5-21754). In addition

to the ERTS data there was available RB-57* false color photo-

graphs of the same areas under study utilizing the ERTS data..

A portion of this imagery was digitized and also investigated

(see next section).

Once the digital information was available, it was

proposed to get it into the proper format for display and

study on the McIDAS prototype (for a brief description of

the prototype, see Appendix A). Having acquired familiarity

with the data, system and users needs, a reasonable assessment

of where to go from there could be made in developing MCIDAS.

RB-57 imagery is color and color-infrared aerial photography.
The altitude is usually 60,000 feet and the scales are
1:60,000 and•1:120,000.

77777T7*
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3.0 METHODOLOGY

INITIAL STUDIES

J

	

	 In the initial phase of the study, four sets of ERTS

computer compatible tapes were obtained corresponding to

three different dates in eastern Wisconsin. The tapes were

reformatted for use on the McIDAS prototype system (see

Appendix A) and the Muirhead PhotoFax Receiver, a system for

making photographic images from digital data tapes (see

Appendix E). The reformatting was done so that the raw

ERTS data "looked"like the ATS-III satellite data for which

all existing routines were written. Having accomplished

this task, the ERTS imagery was examined using blowup routines,

black and white contrast stretching routines and flickering

techniques in which images of the same area (Sheboygan Marsh

in eastern Wisconsin) taken at different times were registered

to within a pixel and then "flickered" back and forth to

observe any changes which might have occurred. The flickering

experiment greatly demonstrated the need for developing

-^

	

	 routines in which the effects of the satellite detectors on

the imagery has to be removed or normalized to make temporal

comparisons meaningful, i.e.*one must be extremely cautious

in .attributing any brightness changes observed temporally to

"real" changes in the scene without first having thoroughly

considered the effects due not only to the satellite detectors

changing with time but also changes in sun-scene-detector

angle and atmospheric effects. The detector effect observed

in this study was the "modulo 6 banding" which was very

pronounced for one date but almost non-existent for the other.

In addition to the WINDCO studies, programs were developed

using a UNIVAC 1108 to gain further familiarity with the ERTS

data since it was at that time quite obvious that it would be

the primary data source and, in fact, the most popular one

from the users' point of view. The programs developed were

those in which data from portions of the ERTS magnetic tape

f -,

	

	 were extracted and histograms plotted for a selected data

field, brightness values printed and/or plotted for a series
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of selected lines and multispectral channels, and contour

lines of brightness plotted retaining the geometric config-
uration of the data. The latter routine was useful for 	 °--

outlining lakes which, in the two IR ERTS channels (MSS 6

and 7), are usually always darker than the surrounding land

features.

CONCLUSIONS OF INITIAL STUDY

As the various results discussed above were achieved,

they were communicated to the potential users either on a
private basis or via seminars and lectures. (The potential
users were primarily,at that time graduate students and

faculty in the areas of Civil and Environmental Engineering

and Landscape Architecture.) From the resulting feedback it
was apparent that there was one outstanding requirement that

.the upcoming McIDAS system should address itself to. That
requirement was how well could the system classify data.

The classification of data is meant here to mean that given
an image - in this case displayed on the face of a colored
CRT - some operation is performed on the imagery such that
a selected feature is made distinct from the rest of the

imagery both visually and in a mathematical sense, i.e. that

feature is "classified" into some meaningful category. An

example of classification was alluded to above in the
discussion of the contouring routing in which lakes were

separated from their surrounding features on the basis of
their low brightness values in the ERTS infrared channels.

A secondary requirement was that once classification

was effected that some geometrical operation be performed

on the classified data. The operation was either that of
computing the land area of the classified data or referencing
(navigating) it to some earth -based coordinate system, such
as the Universal Transverse Mercator (UTM) system.

Since navigation was well within the capabilities of

the system Call the geosynchronous satellite data used on

'	 the system are navigated) and since navigation appeared and 	 s-
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still appears to be a secondary consideration, it was decided

to investigate the classification capabilities of McIDAS,

which are discussed later in the report.

FURTHER DEVELOPAJENTS

As the McIDAS system was being assembled and its proto-

type disassembled, investigations proceeded on several fronts.

A fair amount of effort went into searching for existing

routines which might easily be adapted to the McIDAS system.

One area of software support considered was the "LARSYS User's

Manual" developed by the Laboratory for Application of Remote

Sensing (LARS) of Purdue. The LARSYS package consists of

processing functions for operating on multispectral and/or

multitemporal image data in digital form and is formatted

for use on remote terminals connected to the LARS IBM 360/67

computer. However, after several informal inquiries, it was

learned chat the manual was intended for those users who

subscribed to the LARS remote terminal. A second software

system cxc-Amined was the Algorithm Simulation Test and

Evaluation Program (ASTEP)(Detchmendy et al., 1973), an

interactive program designed to manipulate and process multi-

spectral scanner data (including ERTS) which was assembled

by the Mission Planning and Analysis Division of the Johnson

Spacecraft Center. Although designed to operate on a TINIVAC i
1110 computer (the University of Wisconsin has a UNIVAC 1110), 	 1

a fair amount of time was spent in editing changes to make the

ASTEP routine conform to the UW UNIVAC 1110 input/output format

in order that the various ASTEP subroutines could be utilized
to experiment with the ERTS data on that computer. Even then,

not all of the routines worked satisfactorily and, since the

ASTEP documentation was not thorough enough, it was decided

that further efforts towards improvement were not merited.

Although small portions of ASTEP were later incorporated

into some of the McIDAS routines, a fair amount of time could

have been saved if the routines had initially been written

from scratch, a practice which is now evident in retrospect.

While the above mentioned routines were being examined,

simultaneously as McIDAS was being assembled the basis systems
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software was being developed to receive the ERTS data. This

included developing an internal computer directory code and

classification scheme for all data to be used in this project.

Throughout the course of this project, the SSEC-McIDAS
developmental and user's meetings were attended. The attendance
had a twofold function: to make the SSEC McIDAS engineers
and systems programmers aware of the needs of the potential
users outside of meteorology in order, when practical, to
influence system development favorable to them; and to''gain
awareness of the present and projected capabilities of` the

system in order that meaningful plans could be made.
The second part of the project consisted of developing

and experimenting with routines on McIDAS which were f&lt to

have the greatest value in deiionstrating to the potential

users the capabilities of the system. A discussion of these
.routines follows this section.



289
4.0	 SIGNIFICANT HARDWARE AND SOFTWARE FEATURES OF McIDAS

Major components of McIDAS (see Appendix C for schematic)

include a high quality color television monitor (see Figure 1),

a medium size (l microsecond cycle time) Datacraft 6024/5

computer, a tape drive, cursor-control joystick and electronics,

a keyboard/console for operator communication, CRT, card reader,

and line printer. 	 Four-hundred-fifty megabits of disk storage

are provided for the operating system, program libraries, and

16 video frames of digital data.	 Also included is an AMPEX

video disk for storage, in analog form, of 250 video frames.
Video information is not displayed directly on the monitor

but is converted back into 6-bit digital form by high speed

analog-to-digital (A/D) converters.	 (A single A/D converter

is in use at this time, a second will be installed soon, and

a third is planned.)	 The high speed stream of digital infor-

mation is applied to small "look-up table" memories whose

outputs are reconverted to video form to supply drive signals

to the monitor.	 This arrangement allows nearly instantaneous

alteration of enhancements, chromaticity, and hue merely by

changing contents of the look-up tables which is accomplished

via the keyboard or the joystick. 	 Changing the contents of

the look-up tables using the joystick has been found to be

an extremely useful feature of the system and is the basis

of several successful techniques.	 From the user's point of

view one of these techniques works as follows:	 the bottom

of the TV screen is considered as representing the range of.

input gray scale values (0-63) with increasing brightness

going to the right; the left side of the screen represents

a continuum of hues from top to bottom and the position of

the cursor on the screen indicates the input value-hue pair.

Starting with a black and white image on the face of the

monitor and the cursor located to the left of the screen, the

entire image is transformed to a color image in a matter of

seconds simply by moving the cursor via the joystick across

the face of the screen in any manner desired by the user to

°' transform any of the gray values of the image to any hue.
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FIGURE IA - McIDAS CONSOLE

FIGURE 1B - SHEBOYGAN MARSH

Figures 1A and 1B show the McIDAS console and a separate
shot of the Sheboygan Marsh, displayed on the color monitor,
in Figure IA. A - CRT display for input/output messages;
B - Color TV monitor; C - keyboard; D - joystick. A further
description of Figure 1B appears in the text and following
figures.

ORIGINAL PAGE 1
OF POOU QUA. ITY



'7

291
(This transformation is sometimes referred to as density slicing.)

Since any input gray scale value can be assigned to a slightly

different . hue, the texture of the imagery; is retained, a distinct
advantage over . conventional density slicing techniques where
for practical toason.s, usually large ranges. 'of input values
are assigned primary or: near-primary colors thus obscuring

some of the information in the imagery. In like manner, black

and white enhancements, contrast stretching and a variety of

othertransformations can be effected by this joystick-cursor-
look-up table approach, a characteristic of the system which
truly is an interactive feature.* Any enhancement ran, if
desired, be saved in t:ie system's directory and recalled at a

later time by a simpie.key-in command. In addition, a succession

of images, each with their own unique enhancements, can be

repeatedly displayed in a 'loop" where the recycle time of

the loop can be controlled by the horizontal position of the
cursor. The looping capability is of course most useful for
observing changes in a sequence of nearly identical images

¢	 such as provided by the meteorological satellites.

The programs discussed thEs fir such. as density slicing
allow for single spectral channel data class;i.ficaton. A

simple example of this is demonstrated in Figure 2 where the

open bodies of water (Sheboygan Lake and Elkhart Lake) and.a

form of vegetation (swamp conifers, .primarily Tamaracks) were

color enhanced for two types of imagery, E`RTS: and RB-57. The
latter was digitized from a color infrared transparency using
three, color filters. ('his area displayed here in Figure 2
and subsequent figure, lies within one of the test sites
chosen for the University of Wisconsin's ERTS-1 project
(Kiefer et al., 1973; Clapp et Ai_-,  1972)4) Classification
for these two features in this case was amendable to a simple
density slicing technique since these features were really

d	 1inherently separated in the individual umages an sump y
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FIGURE 2A - SHEBOYGAN MARSH -- RB-57

G
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FIGURE 2A - SHEBOYGAN MARSH - ERTS

RB-57 enhanced red channel from imagery collected on
4 June 1972. ERTS enhanced IR channel. (0.7 to 0.8 micron)
from imagery collected 9 August 1972 (skew in ERTS data
not removed). S - Sheboygan Lake; E - Elkhart Lake;
Sc - swamp conifers.
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FIGURE 3A - KkDISON A14D ENVIRONS - MSS-5
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FIGURE 3B - hfADISON AND ENVIRONS - MSS-5 & 7

Madison and Environs - 15 Sept. 1972. Figure 3A is enhanced
red channel of ERTS in which man-made structures (roads and
buildings) show up clearly but open water (Lakes Wingra,
Kegonsa and Waubesa) does not. Figure 3B shows results of
PATREC (see text) in which ERTS bands MSS-5 and 7 are combined
to delineate both man-made structures and open water, sakes
are as follows: Md - Mendota; M - Monona; W - Wingra;
Wb - Waubesa; K • Kegonsa.

Y
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At present only rectangular training - sets can be selected

but with a trivial modification of a program`call.ed RSTICS to

CURCRAM any area on the imagery can Ie traced out using the

cursor-joystick.	 Figure . 4A demonstrates RSTICS where the

enhanced Tamarack areas were traced out an :numbered.	 Another

feature of RSTICS is that it . automatical_ly calculates the

areas enclosed and displays the results on' a CRT.

The multidimensional scheme in which efforts were concen-

trated during the last months of the duration of this study

was MAXLIK, a maximum likelihood routine based on multivariate

normal distributions with thresholding. 	 The threshold value

and the channels to be included in the spectral signatures

were entered into the McIDAS system with the keyboard, the

training areas selected with the cursor,and the classification

of the image based on the training sets was carried out on a

pixel-by-pixel basis. 	 FiguTas 4B and 5 demonstrate MAXLIK.

Here two training sets were chosen, one centered in Lake

Mendota, the other in Lake Kegunsa with the results that the

large bodies of open water in the scene were classified into

two classes, one for each training set. 	 Any pixel or picture

element not falling into either of these two classes was made

black.	 The result of the classification using channels MSS 5

and 7 appears in Figure 5B., Figures 4B and SA show the best

efforts using a density slicing technique on the separate

channels MSS 5 and 7, respectively to separate out the 14kes

into these two classes.	 From the colored image s it is fax

more obvious that the density slicing on the separate channel s +4:=

alone is inadequate to bring about the same classification

using MAXLIK.

The classification scheme MAXLIK presently takes a

prohibitively long time (9 minutes for the above classification)

because the Datacraft computer does not have floating point

hardware.	 At the termination of this project work was under

gray to use a table look-up approach for MAXLIK as suggested

by Eppler (1974). 	 This program was tested on a set of BRTS

^,., data which took less than 1/20 of the time than the LARSYS
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FIGURE 4A - SHEBOYGAN MARSH - AREA STATISTICS
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RSTICS, a routine to calculate enclosed areas (see text), is
demonstrated in Figure 4A for RB-S7 imagery. The boundaries -
B and area numbers (enclosed by circles) are computer generated
after tracing the enclosed areas and superimposed on the image.
Calculated areas are displayed on the CRT (not shown).
Figure 4B represents the best red ERTS channel (,MSS-5) color-
enhancement attempt to separate Lakes Aiendota (Aid) and Monona (M)
into one class and Lakes Wingra (W), Waubesa (Wb) and Keg cjnsa (K)
into a second brightness class. The squares shoe the subsequent
"training sets" used in MAXLIK to effect the separation (see
text and Figures SA and SB).
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FIGURE SA - MADISON - MSS-7

FIGURE 5B - MADISON LADES SEPARATED INTO TWO CLASSES

Figure SA represents the best IR F.RTS channel (b1SS-7) color-
enhancement attempt to separate Lakes Mendota (Md) and
Monona (M) into Class 1 and Lakes Wingra (IV), Waubesa (Kb)
and Kegonsa (K) into Class 2. Figure 5B shows the result
of the maximum likelihood routine MAXLIK in effecting the
separation into the two classes (the threshold class is
black) where the training set locations are shown in Figure 4B.
Class 2 lakes tend to be shallower lakes.

.t

'I



prograM bff Purdue took on the same computer with identical
classification results . It is felt that 'thi .s approach would
make MAXLIK ;,a successful interactive routine' on McIDAS far
a small number of classes and channels.

Oph

^--•tea ,.w._... __



299	 >a
5.0 USER APPLICATIONS

11he outstanding effect that the NSF/RANN support for

this work had was to bring an awareness to a large number of
potential users, who are presently engaged in resource data

extraction efforts, of an innovative and unique system which

has the capabilities or will have the.capabilities to offer
them a great deal of assistance in helping them to extract
information from data in a far more efficient manner. Without

the support of this grant there would have been no seminars,

lectures, papers delivered and demonstrations given on the..

capabilities of the McIDAS system to extract resource infor-
mation from multispectral data such as ERTS and the digitized
RB-57 data. Nor would there presently exist in the McIDAS
system the basic routines to analyze multispectral data upon
which more sophisticated routines may be developed. In short,

this support made it possible to lay the foundation upon which

further work for potential users can be based. Potential

users outside of SSEC who are seriously considering using

McIDAS for future work are discussed below.

LAND USE

The State of Wisconsin has embarked on a Critical Resources
Information Program (CRIP) aimed at defining, establishing the

units of measure, inventorying, and monitoring natural and

cultural resource elements which are of statewide or regional
significance. The CRIP project has been using both RB-S7 and

ERTS data to inventor si nificant natural resources PresentlY	 g 	 Y	 a.

the CRIP program is a pilot study. Should it blossom into a

full-scale project where the entire state will be inventoried

and monitored, the capabilities of McIDAS to classify natural.

•	 fround covers and reference it to a local coordinate system

will be of inestimable value.

WISCONSIN DEPARTMENT OF NATURAL RESOURCES (DNR) STUDY

OF LAKE EUTROPHICATION

Currently there is a cooperative effort between the
Institute for Environmental Studies (IES) of the University s.

r

ii
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of Wisconsin ' and the DNR to undertake lake eutroph cation
studies using ERTS data. Commercial organizations involved

in-this work, such as Bendix, analyze the FRTS data directly

from the data tapes but the costs involved. are prohibitive.

it appears one reason may be that the entire data from each

ERTS scene (2 X 10 8 bits) must be fed through the computer .

to extract information for the lakes only. It appears very

likely that the data associated with the lakes could easily.

be' separated from the rest of the lakes by viewing the imagery

on McIDAS and using the RSTICS routine discussed above to

extract only the data associated with the lakes, and annotate

and store it on a separate tape which could then be analyzed

on a larger computer at the investigators' convenience.

CLIMATE/FOOD PROGRAM

Presently IBS is involved in a preliminary study to model

annual wheat yields worldwide, based on a variety of input

parameters, many of them collectively falling under the term

"climate." To test the accuracy of the Climate/Food model

requires an accurate assessment of wheat yields and wheat

acreage. These statistics from Russia, China and many of the

South American countries are not always forthcoming and when

available are often questionable as to their accuracy. As a

long range goal, consideration is presently being given to

determine the degree and extent the acreages of the wheat

belt regions of the world can be determined by the remote

sensing capabilities of a suitably designed satellite. Such

a satellite would by necessity generate enormous volumes of

data. It appears very likely that such a digital interactive

system as McIDAS would be highly suited to access and analyze

such resulting data. It is felt that the McIDAS system has

evolved and has been tested to the extent by the investigators

of this grant that serious efforts can begin to prepare a

proposal for a program designed as a support function to the

Climate/ Food program.

A
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6.0 CONCLUSIONS AND COMMENTS

With the increasing need to monitor _resources . -sand the

increasing flow of data, interactive systems such as Mc.I:DAS

are an essential tool.. Technological breakthroughs in the
computer industries and other related areas are occurring:

at such a rate that the capabilities of such systems w-111

increase by orders of magnitude over the next few years.
The strength of this interactive system is that the

human user is constantly selecting portions of the relevant

data based on such cues as texture and context, something
which is very difficult to program in ail automated form,
i.e. the advantages are that the system is such that human

assistance is given to the system in precisely those areas

in which computers are weakest.

Finally, concluding on a very specific level, it is

recommended that should additional funding become available

that the following two tasks be carried out: (1) completion

of the table look-up approach discussed above and testing of

MAXLIK to determine the practical number of classes and multi-

spectral dimensions to be used in an interactive sense on

McIDAS; and (2) development of routines to navigate ERTS data.

The estimated time for developing and testing the first

is approximately 3-4 months. The second task can be accom-

plished in less than one month. This last estimate is based

on a preliminary study of ERTS data by D. Phillips of SSEC

who has ample experience in the navigation of satellite data

and was instrumental in developing the navigation routines
presently on McIDAS (Smith and Phillips, 1972).
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