|AD_—_—_ I

ETL-CR-72-1

A STUDY OF ENVIRONMENTAL MONITORING
AND INFORMATION SYSTEMS

FINAL TECHNICAL REPORT

By

James S. Gardner
Principal Investigator

JANUARY 1972

Prapared for

U.S. Army Engineering Topographic Laboratories
Research Institute
Fort Belvoir, Virginia

Prepared by

Institute of Urban and Regional Research
University of lowa
lowa City, lowa 52240

Contract No. DAAKO2-71-C-0035

Approved for public release;
distribution unlimited.






AD

ETL—-CR~72-1
A STUDY OF ENVIRONMENTAL MONITORING

AND INFORMATION SYSTEMS

FINAL TECHNICAL REPORT

By

James S. Gardner
Principal Investigator

January 1972

Prepared for

U.S. Army Engineering Topographic Laboratories
Research Institute

Fort Belvoir, Virginia

Prepared by

Institute of Urban and Regional Research
University of Iowa
ITowa City, Iowa 52240

Contract No., DAAKQ0Z2-71-C-0035

Project No. 4A061102B52D

Approved for public release;
distribution unlimited.

S-TA]:E L!B::Plr:j‘:r FP'F :h 'l"\N OF IOWA
Hism‘erm:. Building
DES MOINES. IOWA 50210

STATE LIBRARY OF I1OWA

1? USBZUH 2EE1

TRy

sdoc

of environment






















vii

Page

CHAPTER VII - CONCLUSIONS AND RECOMMENDATIONS ; . : 267
Conclusions . : ; . - : 267
Recommendations ; . G . . : 271

APPENDIX A - SELECTED BIBLIOGRAPHY 274

























_8....

are outlined along with recommendations for further research and implementation.
References are provided at the end of each chapter. In themselves,
they provide a basis for further examination of the issue being discussed.

A general bibliography, addressed to environmental information collection and

utilization is appended at the end.
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into indices will aid in planning and environmental management. Indices
will be of use in chaﬁlracterizing man's impact on the environment as well
as forecasting the environment's impact on man. It is in the latter

area, specifically the forecasting of air pollution levels, that indices
are presently of the most use.

Of course, the development and usefulness of environmental
indices is dependent on knowing what are the most pertinent variables
and on the quality of the original data. The technology of environmental
data collection has been a growth area and promises to be in the future,
especially as the potential uses of various remote sensors become arti-
culated. Because of the attention directed toward it and because of its
potential for use environmental data collection, the next chapter reviews

the status of remote sensing.
















_28_

32 s R. Margalef, 1957, "Information Theory in Ecology", General
Systems Yearbook, 3: 37-71.

445 M. Dickman, 1968, "Some Indices of Diversity", Ecology, 49:
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areas of stress or areas deserving more detailed analysis. This is a role
similar to that played in the multistage sampling procedures described earlier;
a role of collecting of information on which to base further action. But the
question of what to measure remains and the next chapter reviews what
environmental variables have been measured by any means and what variables

are thought to be important.
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CHAPTER IV

ENVIRONMENTAL DESCRIPTION -~ THE VARIABLES
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14 Is it possible or proper to describe and classify topography
without reference to its genesis?

2 What variables of the topography should be described in order
to give a complete and accurate representation of reality ?

35 How can these variables be most efficiently measured ?

4, Is it realistic and appropriate to describe continuous
variables on the basis of data from discrete points ?

O Over what kind of an areal unit, natural or arbitrary,
should this generalization be made ?

6. How should descriptive areal units be delimited ?

7' If arbitrary units are used, how large should they be and
should they be of uniform size and shape?

8. By what design and at what intensity should data be
collected within the areal unit?

2 How should the data be presented and analyzed once

it is collected ?

Many of the terrain descriptors that have been discussed in the
literature are suited to a narrow range of landform types such as: fluvial,

glacial or karst. In the context of environmental monitoring and "initial
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The second is important because ozone is toxic in small amounts and
provides a hazard in the lower atmosphere.

Upper atmospheric conditions will become more important as our
understanding of the influence they exert on conditions at the earth's
surface becomes more complete, The importance of the upper atmosphere
has become more apparent as the technology for making meaningful
observations there has developed. With increasing use of high altitude
aircraft and earth satellites as observational platforms, the trend will

continue.

(@ The Hydrosphere

A vast number of variables have been used to describe the state of
the hydrosphere. This study addresses itself only to that part of the hydro-
sphere associated with the continental land masses. In so doing, we ignore
the major part, by volume, of the hydrosphere: the oceans. This is an-
arbitrary decision based on the availability of time and resources. It is not
meant to imply that the oceans are not important, indeed there is increasing
concern about the status of the oceans. P

Two major aspects of the hydrosphere are discussed in this section.
First, is a concern with the physical characteristics of water in a variety of
contexts and states. The contexts include channels, lakes and overland

flow, while the states include liquid and solid in the form of snow, glacier

ice, lake ice, river ice and ground ice. Secondly, a review of the most
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The chapter is meant to present the basic framework in which to
organize environmental information. The information organized in this fashion
and systematically up-dated and stored will perform two functions. First, it
will allow one to gain a comprehensive description of the physical-natural
environment for a given time and place. Secondly, it will allow one to trace
or monitor changes in this environment at a given place over a period of time.
These two functions relate directly to the environment as viewed, controlled

and used by man. Therefore, it is appropriate that the next chapter discusses

the characterization of human activities, land use.


































=21l
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h-3 Unimproved, gravel,

town roads
h-4 Two-three land highway
h-5 Four-line highway
h-6 Divided highway
h-7 Limited access highway
h-8 Limited access interchange

Tr Railway facilities: type present
r-1 Abandoned right-of-way

r-2 Active track

r-3 Switching yards

r-4 Stations and structures

r-5 Spur

Ta Airport facilities: type present
a-1 Personal

a-2 Non-commercial
a-3 Commercial

a-4 Airline

a-5 Military

a-6 Heliport

a-7 Seaplane base

=00

Tb Barge canal facilities: types
present

b-1 Channel

b-2 Lock

b-3 Abandoned channel

Tt Communications & utilities:
types present

t-1 TV-radio tower

t-2 Microwave station

t-3 Gas & oil-long distance
transmission

t-4 Electric power-long distance
transmission




Page 7

t-5 Water- long-distance
transmission

t-6 Telephone - long-distance
transmission
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Regardless, careful attention to land use as a surrogate for aggregated

human activity is of dj.rect relevance to the monitoring of environmental
change. Moreover, land use information may be used as a valuable
indicator of environmental conditions, assuming the land use is not
totally anomalous in its environmental context.

Closely associated with the development of various land use
classification schemes has been the development of automated systems
for storing the land use information., The Canadian Land Use Inventory
would be a good example of this. Such automated information storage
systems must be a major component of any environmental monitoring
system. It is appropriate then, that we outline the structure of an

environmental information system in the following chapter.
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Possible Encodings

1. Areas encoded as polygons made up as a sequence of points
E(a): A(6,5,11,10,7,6)*
E(b): A(1,2,6,7,8,1)

2. Areas encoded as being contiguous to other areas (where #
is the area outside the area system)
E(): Alc,a,d,?)
E(a): A(c,d,b)

3. Line segments encoded in relationship to their end-points and
their contiguity to areas

E(l ,2): A(b;ﬁ)

E(l :8): AWrb)

E(2,3): Alc,P)

E(2,6): A(b,c)

E(6,2): A(c,b)

4., Points encoded as being connected to other points
E(2): A(1,3,6)

j reverse encoding for redundancy edit

5. Points encoded as being related to areas
E(1): A(g,Db)
E(2): A(@,c,Db)

Figure 3 Alternative Methods of Encoding Geographic Data

*Read as the entity is area a and attributes are a sequence of point
numbers 6,5,11,10,7, and 6.
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Point Connectivity Matrix
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Figure 4: Alternative Methods of Encoding Geographic Dat»
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of the methods that encodes each line segment twice (because it is part of
two polygons). The separately encoded line segments are compared and
if they fall within a given tolerance are accepted; if not the records are
rejected and a correction must be made. The resultant record for storage
and retrieval is the same as the resultant records from point digitizing.

A flying spot scanner as used by the Canadian Land Inventory, E
creates machine-readable records for each resolution cell of the image,
consisting of whether a line is present or absent for that cell:

E(x,Y): A(presence or absence of a line segment for x,y)

An algorithm is necessary to connect contiguous cells having lines
present to form line segments in order to proceed as above. For edit,

a separately encoded polygon number and coordinate value falling within
the polygon region must be digitized separately:

E(approximate polygon centroid): A(x,y).

Again the resultant data for storage and retrieval consists of a
polygon description and/or line segment description with coordinates for
the vertices of the polygon regions,

The choice of encoding method for imagery data is dependent
upon a variety of factors. These are largely related to the magnitude of the
data being encoded which is measured by the size of the area and the
number of subareas into which it is divided. However, considering the

scale of the image the density of lines or points becomes extremely

important and the choice of whether to use a digitizer or a scanner is largely

|
i
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a function of the density of the points on each image and the number of
images to be processed. An index of magnitude and density would be useful
to jointly consider the size of the area and the density of line segments to
be digitized.

Operating in the point digitizing mode the following costs are

incurred:

Image Preparation c 11

Point Digitizing l::12

Polygon Encoding c1 3

Line Segment Encoding c’.l 4

Computer Processing c 15

In the point line follower mode the costs are:

Image Preparation 021

Polygon Digitizing c 29

Computer Processing C, 3

In the scanning mode the costs are:

Image Preparation 031

Scanning 03 5

Point Digitizing 033

Computer Processing 034

Operating in the point digitizing mode the costs for digitizing and

polygon encoding, 9 and Cyq respectively, are high whereas costs for

computer processing are low because the encoded data are directed to










A

would investigate. Preliminary response would be to substantiate the
findings of the SDS, and if appropriate, an in depth, on site surveillance
would be initiated. Phenomena recorded and spatial detail could be much
greater with the reduced scale of operation. The second role served by
the PDS would be similar to the first in that local, in depth, studies would
be undertaken. Initiation of such studies would not result from an
indicated change in the "monitoring" variables. Rather, these studies
might be undertaken as a result of a forecasted or predicted change, the
field testing of new techniques and methodologies, or the anticipation
of new operations in an area, This aspect of the Priority Data System
would be the research and development segment of the total system.

A project team, having completed a research study, would institute
new procedures both in CRS and SDS, not by report, but in person. A
new data series would become available as standard procedure through
the cooperative interaction of those that developed it, those that must
maintain the system and those that must coordinate its utilization.
Another example illustrates the integrated nature of the total system, suppose
the CRS determined a critical needs for a data series as percei\fed by
researchers requesting service. A project team might be organized from
personnel of each section to evaluate this demand, determine the feasi. ..y

of meeting it, and finally collecting, processing, and making it available

in standard format.
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1
of returning 10 C'bits of information every few hours. k8 This would quickly

overload most automated information systems and the hardware on which they
are based. Storage capacity (except remote storage) is not keeping pace
with information gathering technology. There is some evidence that the
latter surpasses the significance of the data being collected. Thus,
careful attention must be directed to the data being collected and its
meaning,

The information system development must take place in a phased
program. The first phase should involve the development of a Co=-ordination

and Resource Data System that continually monitors the general status of

environmental data collection.
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development would provide access to this type of information and its

utilization.

Priorities are implied in the recommendations but it is pertinent to
repeat that a Co-ordination and Resource Data System be considered as a
top priority item. This system and its development would have definite and
immediate applications. Second priority might be given to the basic
research areas of geocoding, remote sensing and land use classification.
Third priority should be given to the development and testing of a Standard

Data System on a small scale.




APPENDIX A

SELECTED BIBLIOGRAPHY

The following is not meant to be an exhaustive bibliography
on environmental problems. The literature is replete with such
things already. Included here are a number of general works
that, in the course of our research, have appeared to be of primary
importance to environmental monitoring and information systems.

Some have appeared in the reference lists at the ends of the
chapters.
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