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PREFACE

The Conference on the Application of Remote Sensing to the Chesapeake Bay Region was
sponsored by the National Aeronautizs and Space Administration, the University of Mary- ' -
land, and the Environmental Protection Agency. It was held at the Coolfont Conference
Center, Berkeley Springs, West Virginia, April 12-15, 1977. This volume contains copies of
the papers, resource contributions, panel discussions, and reports of the working groups.
Volume 1 will contain a summary of the recommendations and conclusions of the con-
ference.

The editors thank the other University of Maryland members, Patricia Maher (Inland Environ-
mental Laboratory), and Anne Schmidt, for their invaluable aid in coordinating and carrying
out the many facets of work involved in undertaking this Conference and in preparing these
proceedings. The editors are also indebted to the Steering Committee members who reviewed
material, offered advice, and provided invaluable Conference assistance.

Editorial Board:

Wayne T. Chen
George W. Freas, Jr.
Goddard Space Flight Center

G. Daniel Hickman
Dixie A. Pemberton
Isidore Adler

Thomas D. Wilkerson
University of Maryland

Vernon J. Laurie
Environmental Protection Agency
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INTRODUCTION

“The Chesapeake Bay, our nation’s largest estuary, could, within our
lifetime, become a dead sea. There is no time left to grope for solutions.
With every year that passes, the Bay is diminished. Some day, unless we
intercede, the wear and tear will become terminal. We must join to-
gether to ensure the health of the Chesapeake Bay as our legacy to the
future,”

Hon. Charles McC. Mathizs, Jr.
United States Senator—Maryland

This call for urgent, compassionate, and cooperative effort sounded the keynote of the Con-
ference. The Bay region faces many and diversified problems. It strﬁggles daily to survive
man-made and natural impacts—nutrient loading and eutrophication, chemical and industrial
pollution, thermal discharging, coastal erosion and silting, and a host of other maladies.

The federal government, state governments, and private organizations have established pro-
grams to address theése problems. But too often the opportunities for the administrative and
technical expert; from these programs to interact and share information and new vechnologi-
cal tools do not arise or are infrequent.

Remote sensing technology is a relatively new tool being used by a growing number of re-
source managers for monitoring and gathering information on the status of the Bay’s health.
Numerous research and applications projects have shown that Landsat and aircraft remote
sensing technologies have important applications in land-use planning, water-quality and
eutrophication monitoring, and a variety of other environmental conditions., Acceptance of
the technology, however, has been slow. Again, the problem continues to be a lack of under-
standing and opportunities for communications between the groups that develop remote sens-
ing techniques and those that require such techniques for solving environmental problems and
for making policy decisions.

Thus, the Conference was planned and structured to encourage new working relationships
and communication links between the organizations and individuals involved with managing
the Bay. It was for these'reasons that individuals invited to participate in the Conference
represented federal, state, and private organizations and programs. The goals of the Confer-
ence were:

® To encourage future cooperative efforts amongst the Conference participants

® To focus attention on the value of remote sensing techniques in solvmg Bay
problems associated with land-use, resources management, and pollutlon
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® To identify and suggest new ways for improving services, research, and education

in the field of remote sensing

The Proceedings contains papers prepared by the speakers and other conferees but net de-
livered. These provided material for discussion and working groups. Transcripts of the
dialogue following two of the structured sessions; reports from the working groups; and a
final address are also included. In addition, a paper describing the multicommunications

structure of the Conference appears in Appendix A, and a list of the participants is contained

at the end of the document.

Conference Coordinators:

Dixie A. Pemberton, Chairperson

Center for Environmental and
Estaurine Studies

University of Maryland

Cambridge, Maryland

“Prrsiwr D) WhylRersr—_

Thomas D. Wilkerson

Institute for Physical Science
and Technology

* University of Maryland

College Park, Maryland

G il Wbt

G. Daniel Hickman, Cochairperson
Applied Science and Technology, Inc.
Arlington, Virginia ‘

‘ ' oy
Locdsia Al
Isidore Adler
Department of Chemistry

University of Maryland
College Park, Maryland
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INTRODUCTION

Dixie A. Pemberton
Inland Environmental Laboratory
University of Maryland
College Park, Maryland

Session 1 was planned to set the tone for the overall Conference. Speakers were needed who
could effectively survsy salient problems of land use, pollution, and resources in the Chesa-
peake Bay region on which remote sensing operations might best focus. Balance in presenta-
tions was provided by selecting three speakers with different perspectives: a public policy
decision-maker, Maryland’s U.S. Senator Charles McC. Mathias, Jr.; a technical program
manager, Leonard Mangiaracina, Director of the Chesapeake Bay Program, Region III, U.S.
Environmental Protection Agency; and an environmental educator and artist, Tom Wisner,
agent of the Chesapeake Biological Laboratory. Because of technical difficulties, Mr. Wisner’s
program of original Bay songs and prize-winning slides are not contained here, but copies of
his drawings are included in Appendix B.

' 3T
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THE CHESAPEAKE BAY:
OUR REGIONAL RESOGURCE

Hon. Charles Mc¢C. Mathias, Jr.
United States Senate
Washington, D.C,

It is a form of madness when someone like me presumes to talk to experts about the very

area of their expertise. In my case, the madness is love-induced. My sole credential for discus-
sing the Chesapeake Bay with the likes of you is that, for as long as I can remember, that Queen
of Estuaries has been the object of my deepest affections. Therefore, I ask that you judge me
--with the tolerance reserved for lovers and not as you would each other.

I feel very much like the little girl, rummaging frantically through her closet early Sunday
mormning, who was overheard asking herself: “What can I wear today that Jesus hasn’t seen?”
I’'m asking myself: “What can I say that you don’t already know?”

For instance, I wonder if you know that, when I was young, oysters the size of a horse’s hoof
were commonplace at the very mouth of the Susquehanna River? Or, going back further, did
you know that there once were sturgeon in our watgrs? Captain Gabriel Archer, who explored
the James River in June 1607 with Christopher Newport, provides this catalogue of early
marine life:

“The mayne River abounds with sturgeon very large and excellent good:
having also at the mouth of every brook and in every creek . . . exceeding
good fish of divers kindes, and in ye large soundes neere the sea are multi-
tudes of fish, bankes of oysters, and many great crabbs rather better in
tast than outrs, one able to suffice four men....”

It’s been a long time since we’ve seen crabs “‘able to suffice four men’ on the Chesapeake.
Today, the James River is better known for Kepone than for sturgeon. And those flats near
the mouth of the Susquehanna that once boasted oysters the size of a horse’s hoof are now
dirty and barren.

Consider this: the oyster crop in 1880 comprised 56 million kg (123 million pounds) of s
meat; by 1968, according to a National Marine Fisheries survey, it had dropped to 11 million
kg (25 million pounds). : , s

These changes are the crux of our problem. At the rate things are going, fhe Chesapeake
Bay—this nation’s largest, richest estuary—could become a dead sea within our lifetime.

Although I am far from an expert on remote sensing, I do know enough about the results
produced so far to forecast with confidence that this new technology can play a crucial role

5
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6 APPLICATION OF REMOTE SENSIMG TO CHESAPEAKE BAY REGION

in helping us save the Bay. Landsat’s enormous potential is still largely untapped. It must be
fully explored—then fully exploited.

I welcome this conference as a major step in that direction. I am proud to have first suggested
such a symposium in the summer of 1974, and I wish you great success.

1t is appropriate, I think, that the space-age technology of remote sensing be brought to bear
on the Bay’s problems because some of these problems were created by other forms of space-
age technology.

Already, billions of tons of heated water are pouring into the Bay, and our growing appetite
for energy brings new menace. Today’s power plants are larger, often by a hundred times,
than the plants that used to be built on free-flowing rivers. They consume more water than
any river can provide, and utility companies look greedily at estuaries. At the present rate
of energy consumption, the Middle Atlantic States will soon need at least 30 new nuclear
plants on the Chesapeake Bay.

But, there is little reason to hope that consumption can be held at past levels. Escalating
energy demands, combined with oil and natural gas shortages, could tax the Chesapeake Bay
to death.

There are also other problems. In January, the Bay Grasses Oversight Committee asked
Governor Mandel to fund a study to determine “unequivocally the effect of present and
future pesticides on Bay grasses.” This much is already known: the level of glasses in 1976
was half of what it had been in 1970 and nowhere near the 1960 level.

Recently, Maryland has had a shortage of crabs. Many believe the crab population is declirﬁng
because of the destruction of the Bay grasses, Where shedding crabs once found safe haven
from predators.

Everywhere in the Norfolk-Washington-Balthnore corridor growing industrial, conimercial,
recreational, and urban activity threatens the environmental quality we have loved so much,
but understood so little.

The Bay endures, f]ghtmg each new threat with its own prodigious regener ative powers. But
the danger signs multiply:

® Kepone has shown up in bluefish and rockfish in the Bay.
® Poorly treated sewage is flushed in increasing amounts into Bav waters.
® Wetlands are disappearing.

® Deadly chemicals are discharged daily into Bay waters.
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® During 1976, there were two major spills of dangerous liquids, and, considering Bay
traffic, it is amazing there weren’t more. Traversing the Bay annually are: 476,800
commercial vessel trips, 125 Navy ships, 81 Coast Guard ships, 14,350 fishing boats,
110,750 licensed pleasure craft, and an untold number of other pleasure boats.

® The upper Bay is losing salinity,

These are just a few of the ways in which man abuses the Bay. Year-by-year, they take their
toll. The Bay is finite and, although the effect is not terminal, it is plainly measurable. The
watermen see it daily, and they express their outrage: ‘“We have to make a living out there
and half the stuff we pull out is dead,” said one Calvert County waterman. Another spoke
freely of the impact chemical pollytion has on even the smallest water creature: “We’re all
related to that creature. When we destroy him, we destroy parf of ourselves. . . .” Other
watermen have told me of catching fish full of worms.

We are only beginning to see the effect of our tampering with the Bay’s ecostructure. But
the Bay is still surprisingly healthy, considering the punishment it has taken. Most wetlands
are unfilled. Fisheries have been reduced but not wiped out. Wildlife in all its forms, from
the Canada goose to the tiniest organism in Bay shallows, flourishes*stubbornly. The beauty
and grandeur of the Chesapeake remain.

Recent events even hold out some encouragement. Maryland has enacted tough laws to en-
sure clean air and water and to protect wetlands and wildlife. Hundreds of environmental
cases are brought to court each year. Local governments have slowed development with
zoning laws. National air and water-quality laws were strengthened in 1970 and again in 1972.

Not only has the regulatory framework been shored up by new laws and by the dedication

of those who administer these laws, but Maryland’s research facilities have improved tremen-
dously. This is something you know far more about than I do, and it’s something to be proud
of. '

Another very significant development is the growing citizen concern about the future of the
Bay. Last month, T spoke at the Annual Meeting of the Chesapeake Environmental Protection
Association (CEPA). This group has been fighting increases in the temperature of the water
effluent at Calvert Cliffs.

Its effectiveness was recognized in a recent wrap-up story in the Washington Post about area
utility companies putting the brakes, at least temporarily, on nuclear power plant construction.
The Post reporter wrote:

“All parties agree that CEPA’s years-long tenaciousness has been at least
partially responsible for changes in state and national government stand-
ards and regulations for nuclear power plants and even landmark court
rulings requiring that environmental considerations be part of the official
licensing process.” ' '



8 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

That is a pretty powerful accomplishment, and it points to the enormous contribution that
such citizens’ groups are making and can make to the preservation of the Bay. ‘

One of the things I talked about at that meeting was Landsat because I think it’s important
that each group working to preserve the Bay know the strengths and capabilities of other
groups. Thanks to NASA, I was able to show the dramatic Landsat pictures of ice conditions
on the Bay this winter. With reperts akout the ice’s destruction of Bay life still fresh in
everyone’s mind, they made a pretty impressive demonstration of Land§at"s unique potential.

There have been some accomplishments at the Federal level, too. After Congress passed my
proposal for a study of the Bay, Russell Train, then Administrator of the Environmental
Protection Agency (EPA), acted on this Congressional mandate. Last May, he announced

a 3- to S-year program, with an annual budget of 5 million dollars, devoted to studying and
preserving the Chesapeake Bay.

This victory for the good guys has been dimmed somewhat by the failure of the Office of
Management and Budget (OMB) to authorize to EPA the additional positions required for
the Chesapeake Bay Study. OMB apparently has told EPA to reprogram 10 positions for
this project instead of providing it with additional positions as specified in the legislation.
Although I have protested OMB’s action, or rather lack of action, the matter has not yet
been resolyed.

On the more positive side, there is the spirited and imaginative work being carried on by the
Chesapeake Bay Center for Environmental Studies of the Smithsonian Institution. The Center,
as many of you know, occupies some 10.5 million km? (2600 acre:} on the Rhode River, a
subestuary on the western shore, 16 km (10 miles) south of Annapolis. It grew around the
site of an old dairy farm bequeathed to the Smithsonian by the late Robert Lee Forest.
Smithsonian Secretary S. Dillon Ripley accepted the bequest and organized a series of land
L;}_cquisitions, funded by private foundations, until the Center covered a showcase_ estuarine/
watershed ecosystem.

It began work in 1971 with a study of the Rhode River and its watershed. The Rhode River
Program was jointly funded by the Smithsonian Institution, Johns Hopkins University, and
the University of Maryland. Marshland, nutrient cycles, land runoff, and water fowl were

all studied: tlie full panoply of Bay ecology. The research has already ‘provided crucial in-
sights. It determined that the bacteria that have poisoned Rhode River shellfish came almost
entirely from land runoff. It discovered that Rhode River nitrogen nutrients are brought by
the rain. And it suggested that marshes are more vital spawning and nhrsery grounds than

had been supposed. This is the kind of research that will yield the insights we must have to
save the Bay. ;

Because of the nature of the Smithsonian operation, the Chesapeake Bay Center for Environ-
mental Studies could become the cornerstone of a national movement to save the Bay. It
has already stimulated wide appreciation, as well as scientific interest, in this precious natural
resource. I hope that, as we move forward in our campaign to save the Chesapeake, the

- Smithsonian will throw its weight behind us nationwide.
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Obviously, many fine people are doing many fine things about the Bay. Why, then, do we
seem to be taking two steps backward for each step forward? The single great flaw in our s
array of programs, laws, research projects, citizens’ lobbies, and space-age technology is that
federal, state, local, and private agencies have no workable way to coordinate their steward-
ship of the Bay.

The Bay is an organic whole. If one part is damaged, all parts are affected. It is of little use
to study one link in an environmental chain without relating it to the whole. The conclusion
is obvious: If the Chesapeake Bay is to survive, it must be addressed as an entity—as a total
system—without duplication and without omission.

In the summer of 1973, I made a 5-day inspection tour of the Maryland shore and subestuaries
of the Bay. In'my report on that trip, I proposed a method for coordinating and unifying

the massive conservation effort that the Chesapeake so badly needs. I have revived that pro-
posal regularly ever since, and I am about to revive it again here tonight.

But first, let me read you a short passage from Swépson Earle’s The Chesapeake Bay Country,
published in 1923. He writes specifically of oystering and of the Bay in general:

‘“Maryland has established no really constructive policy to maintain this
great natural wealth . ... The State of Virginia through oyster culture
and planting on a large scale, has been able within the past decade to
stem depletion within its waters. The citizens of Maryland, if they pro-
pose to maintain this great natural resource, must get together on a
broad and constructive plan, or it will be only a matter of years before
the watermen with their picturesque craft will be forced to find other
means of livelihcod, while the state’s loss will be many millions of
dollars.”

Today the Horn Point Branch of the University of Maryland’s Center for Environmental and
Estuarine Studies is now doing something about the oyster depletion in Maryland. They are
trying to develop a production-size oyster hatchery in which scientists will be able to spawn
and grow oysters to plant on oyster bars around the Bay. Drawing on findings from the
University’s Chesapeake Biological Laboratory at Solomons Island, which has been in the
oyster business for years, the hatchery at Horn Point hopes to be able to replace one-tenth
of the Bay’s natural harvest. This year, when we must expect a much smaller harvest than
usnal, this is no small thing.

So, we are at last beginning to do something about oyster culture over half-a<entury after
Swepson Earle first mentioned the problem. Perhaps it is time to consider his other suggestion
as well: that “the citizens of Maryland gei together on a broad and constructive plan ... . .” to
maintain this great natural resource.
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All of which brings us back again to my proposal. It is simply this: that s, commission be
set up to oversee and coordinate conservation of the Bay. The procedure would be simple.
The Water Resources Planning Act of 1965 contains, in Title II, authourity to fund such
commissions at up to $750,000 a year. There are seven Title II cormmissions across the
country today. Membership is drawn from state and federal agercies, with a chairman
appointed by the President of the United States.

Such a commission would join Maryland and Virginia ina partnership. The two states, as
well as state and federal governments, must combine in managing the Bay. Most of the fresh
water for the Chesapeake runs in from Maryland rivers; saltwater flows off the Virginia
Capes. The two states are common sharers, common contributors, and common stewards;
they have an equal interest and an equal responsibility.

But they would act on behalf of the country as a whole. The Chesapeake—our largest and
most fertile estuary—is a natural resource of national dimension. One look at any Landsat
picture of America will confirm this. The Chesapeake stands out boldly on our national
landscape.

I believe that a Title IT Commission that would coordinate and integrate all our interests
could preserve the Bay. I am fighting for it. I ask you to join me.

There is no time left to grope for solutions. With every year that passes, the Chesapeake Bay
is diminished. Unless we can get together and intercede, some day the wear and tear will
prove too much.

There is no way to turn back the clock. We cannot return to those simpler times when my
romance with the Bay began. We cannot banish our technology or its effects. But we can
tame it. We can restrain its deadly abuses. And we must. The Chesapeake Bay is our legacy—
more precious to us than anything man has made. Today, we hold its life in our hands.

e e A e e g A o T T




THE CHESAPEAKE BAY PROGRAM: AN OPPORTUNITY TO USE AN
- INNOVATIV. E MONITORING TECHNIQUE

Leonard Mangiaracina
Env{ronmenml Protection Agency
Philadelphia, Pennsylvania

INTRODUCTION

Congress has directed the Environmental Protection Agency (EPA) to conduct an indepth
study of the Chesapeake Bay, with potential applicability to other estuarine zones. On the
basis of guidance contained in the Senate Committee Report on the 1976 Appropriation
Bill for EPA; the Chesapeake Bay Program has been established under the responsibility of
the Philadglfphia Regional Office, The goal of this program is to develop a management ‘
system that will protect and preserve the water quality of the Chesapeake Bay by effectively
managing its uses and resources. To achieve this goal, three major objectives must be accom-
plished:

® Determine what units of government have management responsibility for the environ-
mental quality of the Chesapeake Bay. Define how such management responsibility |
can best be structured so that communications and coordination can be improved
between the respective units of government, research, educational institutions, con-
cerned groups, and individuals. In addition to examining the Chesapeake Bay manage-
ment mechanisms and institutions, review new alternatives for improving these mecha-
nisms if they appear promising.

® Assess the principal factors having an adverse impact on the environmental quality of
the Chesapeake Bay. Following this assessment and review of ongoing research, direct
and coordinate research and abatement programs that will most effectively address
these factors.

® Analyze all environmental sampling data now being collected on the Chesapeake Bay
and suggest and undertake methods for improving this data collection. Establish a
continuing capability for collecting, storing, analyzing, and disseminating these data.
When deficiencies are found in the present sampling programs, institute a sampling
program.,

OBJECTIVE 1

Objective 1 of the program will be of a phased or modular nature. This approach will permit
the Chesapeake Bay Program to modify and redirect the study as institutional/regulatory/
management problems and issues become better defined, The first phase will be an institutional
analysis focusing on water quality and related resource problems of the Bay~-their relationship

11



12 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

to existing agencies, programs, laws, and regulations and the management issues they raise.
Descriptive information on legal responsibilities, regulatory processes, dezision-making pro-
cesses, and institutional arrangements for specific existing problems of water quality will be
developed. This will provide the basic identification of the existing institutional structure,
the types of problems encountered, and the effectiveness of existing management tools, and
will serve to identify deficiencies.

As the study progresses, the analyses will focus on the intergovernmental system as it relates
to conflicting uses of the Chesapeake Bay. 'With an undezstanding of the “system” in relation
to the use of the resources of the Chesapeake Bay, it should be possible to determine how
new conflicts can be resolved. It should also be possible to demonstrate how changes in
statutqry authority or governmental management systems will affect specific uses. The
capability to predict the consequences of modifying the management system is essential for
identifying and evaluating alterpgtives to improve that system.

As alternatives are identified and evaluated, increasing interaction with new technical informa-
tion generated by our program will permit the refinement of alternatives because a recom-
mended management structure must relate substantially to specific technical/environmental
problems being addressed.

OBJECTIVE 2

The Appropriations Bill directs EPA to * .. . assess the principal factors having an adverse
impact on the environmental quality of the Chesapeake Bay, as perceived by both scientists
and users and to direct and coordinate, subsequert to a review of presently ongoing research,
research and abatement programs that will most efficiently address those factors.”

To determine what is perceived to be the principal factors that adversely affect the Chesapeake
Bay, citizens, scientists, and government agencies will be canvassed. A valuable source of
information that will be used to determine the concerns of the Bay community will be the
forthcoming Bi-State Conference on the Chesapeake Bay.

To maintain a continuous dialogue with the users of the Bay, a Citizens Committee will be
formed, and a strong public participation program will be developed. When the course of
the research program has been determined, both past and ongoing research activities will be
reviewed to determine what programs must be initiated to satisfy the identified needs of
the Chesapeake Bay Program, ‘

OBJECTIVE 3

In the Appropriations Bill, Congress recognized the fact that an extensive amount of data
have and are being collected on the Chesapeake Bay. Congress therefore directed EPA to
“. . analyze all environmental sampling data presently being collected on tre Chesapeake
Bay and to suggest and undertake methods for improving such data collection. The Agency

PO g i
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is also directed to establish a continuing capability for collecting, storing, analyzing and dis-
seminating such data. A sampling program should be instituted where deficiencies are found
to exist in present sampling programs.” :

To establish a capability as directed by Congress, the Chesapeake Bay Program will determine
the data system needs of the Bay managers and the requirements of the scientific community.
On the basis of the needs identified, the Chesapeake Bay Program will then determine the
data-management system requirements. This data system will be designed to act as a manage-
ment tool for government agencies and the Baywide data bank for the Chesapeake Bay com-
munity.

Existing data systems will be reviewed to determine if any of these systems, either in whole
or in part, could be used to fulfiil the ident@fied needs. Subsequent to this review, a data
system would be developed.

To determine what type of data are necessary for assisting management in making decisions
regarding the water quality of the Chesapeake Bay and what data are necessary for providing
information about the identified principal factors, the Chesapeake Bay Program will analyze
all data now being collected. A data-collection program will then be initiated that will use
relevant existihg programs and that will begin new data-collection efforts in areas found to
be deficient./

In the initiaf directive to the Environmental Protection Agency to carry out a Chesapeake

Bay Program, EPA was directed to internally reprogram 5 million dollars to fund the program,
and the Office of Management and Budget was directed to release 50 positions for program
staffing.

The Office of Management and Budget did not release the 50 positions, and, because of
budgetary restrictions, EPA was unable to reprogram 5 million dollars.

The regional office was then directed to develop program alternatives based on decreased
resource levels. The region was allocated 10 positions and a budget of $500,000 to initiate
the planning phase of the program. v o

i

To operate the program in FY 1977, Congress had requested a budget of 5 million doflars =~
and a resource level of 50 positions. Alpresent, the Office of Management and Budget has-
approved a funding level of 5 million dollars, but has not authorized any positions for FY
1977. We are operating at a staff level of 10 positions.

For FY 1978, the program has recived 10 positions from the Office of Management and
Budget. Unfortunately, this does not amount to any net gain of positions, but simply
“covers” the current positions allocated to the program by EPA. As you are aware, it is
difficult to effectively administer a 5-million-dollar program with a limited staff. We are
optimistic that a number of additional positions will be allocated to the program, but, at™
this time, we do not know the exact number.
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14 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

Since the announcement of the Chesapeake Bay Program last May, the Agency has made
progress in developing this program. During this period, the Chesapeake Bay Program has
made its presence felt in the Bay Community. Although the program is essentially a planning
program, it has become actively involved in some of the immediate problems of the Bay,
such as the Kepone situation.

Preliminary studies indicate that potentially detrimental environmental factors affect the
Bay’s ecosystem. In-our study of rooted aquatics, the presence of herbicides has been found.
In our study of rock-fish eggs, concentrations of polychlorinated biphenyls have been found.
Although neither of these findings are any cause for alarm, they do represent trend indicators.
The environmental factors that have been surfaced, the concerns of the citizens, the academic
community, and the states, will form the basis for the indepth technical programs that the
Chesapeake Bay Program will sponsor.

The Chesapeake Bay Program will continue to coordinate with ongoing programs that are
being undertaken by other federal and state agencies. Interagency agreements have been
executed between EPA and the Department of Interior’s Fish and Wildlife Sérvice, the

Corps of Engineers, and the National Science Foundation. Contracts have been given to the
State of Maryland, the Virginia Institute of Marine Science, the Smithsonian Institution, and
the Chesapeake Research Conscrlium. A wealth of expertise exists, and the Chesapeake Bay
Program intends to utilize the existing experience whenever possible. With the states of
Maryland and Virginia and the Baltimozz Corps of Engineers, the Chesapeake Bay Program
will co-sponsor the Second Bi-state Conference on the Chesapeake Bay. Coordinated by the
Chesapeake Research Consortium, the conference will be a valuable source of information

for the program and will provide additional material that will assist EPA in determining the
direction of the technical programs. The program will be implemented in a manner that will
complement and reinforce other ongoing Baywide pollution-abatement efforts at the federal,
state, and local level. During this initial period, we have established -coordination mechanisms
both within EPA in related program areas and externally with federal, state, and local agencies.
We belive that programs for protecting the environment are most effective when a cooperative
spirit exists. Hopefully, these coordination efforts will lead to a comprehensive program
where resource utilization will be maximized.

The major pollution problems of the Chesapeake Bay originate from point and nonpoint
sources. The National Pollution Discharge Elimination System permit program under Section
402 will be used to determine what point-source discharges are entering the Chesapeake Bay
basin. A preliminary inventory of 402 major discharges has been completed. Priority has
been placed on tracking the compliance/noncompliance status of these dischargers, as well

as of the toxic substances reported in the permit,

The program staff has also been working with the EPA project officers of the designated
208 areas in the Chesapeake Bay basin to use their plans, when possible, as an intregal part
of the Chesapeake Bay water-quality management system. The 208 nonpoint source program,
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as well as the Coastal Zone Management Program, may be used to identify control measures
from nonpoint waste loads. Informahon from these programs will provide the major thrust
toward accomplishing Objectlve 3, the data collection and data management portion of the
program, It is in this last program objectnrg that we find the potential opportunity to use
remote sensing techniques in the Chesapeake Bay Program.

Thae Chesapeake Bay is 311 km (193 mi) long and is divided between two states. Three other
states contain tributaries of the Bay that can affect its quality. The Bay’s great size and the
jurisdictions that have control over it make comprehensive monitoring programs difficult,
Remote sensing techniques can help to transcend these difficulties and permit us to view the
Bay as a unified sysiem.

Remote sensing may be of particular help with nonpoint source pollution. Runoff from
urban and agrxcultural areas is considered to be a major factor relating to the water-quality
conditions of the Bay However, nonpoint source pollution is both difficult to monitor and
to analyze. The greater range of area covered by remote sensing techniques could help io
determine the extent and locatlog ‘of the Bay’s nonpoint source related problems.

Wethope this workshop will help to familiarize all of us with the capabilities and the potentials
of remote sensing and allow EPA to better assess its pctential use in meeting the objectives
of the Chesapeake Bay Program.

C
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ROLE OF REMOTE SENSING IN LAND-USE
PLANNING IN THE ‘CHESAPEAKE BAY
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INTRODUCTION

Robert M. Ragan and Dixie A. Pemberton
University of Maryland
College Park, Maryland

The planning and management of the land and water resources of the Chesapeake Pay system
must reconcile a complex array oficonflicting demands. Thus, decision-makers working in
this field must use every aid available to them as they anticipate the consequences of their
actions. A very important phase of this decision-making process involves the determination
of the land-use distributions surrounding the Chesapeake Bay and its tributary watersheds.
Without this land-use information, a thorough understanding of the Chesapeake Bay system
is not possible.

Models developed for simulatinz population dynamics, water quaiity, economics, or hydrology
have become important tools t» the decision-maker. The most flexible models require land-
use distributions as one of the. primary inputs. For example, a number of land-use based
hydrologic models have beey; developed for simulating the behavior of the stream flows or
water-quality parameters in terms of land cover. The advantage of such a model to the
decision-maker is that the model can bz calibrated to reflect the present hydrologic or water-
quality consequences of the existing iind-cover pattern. Once the decision-maker is satisfied
that the model adequateiy represents his system, he then has a tool that permits him to ex-
periment and to evaluate the impact of changes that he may consider. In this context, he

can also use the model to locate areas that may be disproportionately impacting a particular
problem. Unfortunitely, estimating model parameters in terms of land cover is a very difficult
and time-consuming task when areas larger than sevezal square kilometers are inyolved. Param-
eters estimating problems frequently lead decision-makers to adopt simpler models that
require less detailed input data or t inadequately define the data required by the model.
Without remote sensing, definitior of land cover in an area as vast as the Chesapeake Bay
region would be next to impossible.

Session 2, Role of Remote Sensing in Land-Use Planning in the Chesapeake Bdy Watershed,
presents several papers angd discussions dealing witl problems of using remote sensing tech-
nology in the Chesapeake Bay area. Dr. Cressy explains that the evolution of a system
proceeds through three sieps: a research and development phase, a transitional phase, and
an operational phase. Dr, Cressy concludes that the use of remote sensing is now in the
transition phase. Actually, the phases cannot be totally isolated. To the frustration of a

number of potential users, considerable research and development continues weil into this

19
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transition phase, Thus, when a decision-maker thinks of remote sensing, he becomes con-
cerned that so much research and development is continuing to be emphasized. On the
positive side, there are cases in which remote sensing has actually become operatiunal even
though we are still in the traditional phase in so many other areas. As an example of tech-
nology in the operational phase, James Manley of the Regional Planning Council in Baltimore,
Maryland, presents a paper that discusses the use of satellite remote sensing as part of their
“208 Study.”

C. E. James of the Environmental Protection Agency explains that the size of the Chesapeake

Bay watershed will require years, or perhaps decades, of surveillance and analysis to adequately:

“assess the hydrological, climatic, and biological cycles invoived. As with so many tools,
C. E. James concludes that the scientific, engineering, and technological expertise of remote
sensing exists for the development of a coherent program. However, the mechanics of coor-
dination, cbmmunication, and administration will require continuing work. Robert W.
Douglass of the Forest Service recognizes this type of gap between technology and organiza-
_tional problems when he explains that i change in technology level must also dictate the
change in the level of decision-making. A major problem in the Bay watershed will be the
management or remote sensing data because of the size of the Bay. John Antenucci of the
Maryland Department of State Planning, who replaced Edwin L. Thomas, explained the
 Maryland Automated Geographic Information (MAGI) System. The MAGI system is a state-
wide geographical data base in which variables neede&:fgr broad-scale planning are stored in
cells representing 0.36 km? (90-acres) sach. James Wray and James Manley also discuss the
problems of data management that will be so important to the successful application of
remote sensing in the bay region. Kenneth N, Weaver of the Maryland Geological Survey
presents a paper that illustrates the importance of being able to interface data from numera-
ble sources in any data-management system. Dr. Weaver explains that satellite and other
remote sensing methodologies have an important application in the Bay. Af the same time,
some of the older techniques, such as seismic-reflection profiling for geophysical expiration,
., must be interfaced if the decision-makers are to have all of the needed information available
to them.

. Following the series of papers is a transcript of a panel discussion that was held immediately
after the small-group work sessions.” The discussion was directed toward answers to a series
of questions that were presented in writing from the working groups of conferees. Although
" these questions were not taken in a specific order, most of those relevant to the mission of

' the panel were discussed. Those that were not discussed are listed at the end of the panel
discussion, along with the names of people who are willing to respond to these. or similar

. queries, If you wish to communicate with them, their addresses and telephone numbers
appear at the end of this document,

— T

D




N78-21529
PRESENT STATUS OF LANDSAT REMOTE SENSING

Phillip J. Cressy
Goddard Space Flight Center
Greenbelt, Maryland

The purpose of this presentation is to examine the state-of-the-practice of satellite remote
sensing. ‘The emphasis will not be on the status of Landsat technology itself—others at this
conference will be thorough in this regard—but rather on the use of remote sensing to im-
prove information gathering practices. Impediments to adopting this technology and oppor-
tunities to overcome these impediments will be addressed.

The present Landsats (-1 and -2) are the most recent and sophisticated in a series of remote
sensing experiments that date back to Gemini and Apollo orbital photography. Considerable
~ research has been conducted to translate the data collected under all of the National Aero-
nautics and Space Administration’s (NASA’s) experimental programs into usable information
forms, as the literature of this technology in the last 15 years attests. Although some organi-
zations have successfully integrated Landsat data into operational procedures, such successes
do not compare with use of, for example, communications and meteorological satellites.

In the “Report to the National Research Council on Practical Applications of Space Systems”
(1974 Summer Study), the Panel on Institutional Arrangements identified three distinct steps
in the evolution of space systems: a research and development (R&D) phase, a transition
phase, and an operational phase. Research and development must continue to support the
growth of any technology, but remote sensing of Earth resources has evolved out of a basi-
cally R&D activity into a transition phase, with some instances of operational acceptance.

What are the characteristics of the transition phase? For one thing, one should note a shift

in emphasis from technology development to application. NASA has made a considerable
investment in remote sensing technology development, largely through universities and govern-
ment and private research institutions. Although some of this type of support must be main-
tained, a noticeable shift to applications is now underway. The Landsat-1 Principal Investi-
gator Program concentrated on determining what information could be extracted from Landsat
data. The Landsat-2 Program required the involvement of operational organizations, thus
emphasizing the practical aspects of such information. Other federal agencies—Corps of
‘Engineers, Environmental Protection Agency, and Departments of Interior, Agriculture, and
Commerce, to name just a few—are also beginning to examine the practical uses of remote
sensing technology for their program needs.

This focus on practical applications brings with it new responsibilities. JTechnologists have a
tendency to concentrate on technologically interesting problems. The technologist must
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resist the urge to take his solution and go looking for the right problem. He must instead
develop working relationships with the user to better understand the user’s information needs
and to help the user come to grips with a new technology.

The potential users of remote sensing must also work at these relationships. They must be

patient with the awkward efforts of scientists who are unfamiliar with their worlds and must

not be deterred by technologists who become part of their problem, if only temporarily,

rather than its Solution. The users must be prepared to look beneath the sometimes “glib”

‘magic of remote sensing technology and to deal with this technology as they have dealt with
-other technical innovations on their own practical level.

Another aspect of the transition phase is the degree to which the potential user has access to
remote sensing technology. Here “technology’ means both the data and the ability to extract
information from these data. The data handling process, from NASA through the U.S. Geo-
logical Survey’s Earth Resources Observation System (EROS) Data Center to the public, was
never intended to support operational requirements for turnaround time. The frequency of

~ satellite overpass is inadequate for monitoring some dynamic phenomena. But perhaps the
most important aspect of data availability impeding progress toward operational use is the
lack of along-term commitment to an operational Earth observation program. It is a classic
chicken-and-egg problem. Governmental agencies and private industry are reluctant to become
dependent on satellite data as an information source—to make a large investment in this
technology—until they are assured that these data will continue to be available. Yet, just
such a dependency seems to be needed to substantiate a large federal investment in an opera-
tional Earth observation satellite system, "

A similar situation exists between users and pn’véte industry. The service and equipment
industries liave been developed in support of the R&D effort. Thus, at least two recent exami-
nations of the opportunities for low cost digital processing systems were unable to find sys-
tems that cost less than $100,000—not a frightening figure to some R&D institutions, perhaps,
but probably out of reach of, for example, a regional planning commission or state geological
survey. As S. S. Vigtione (McDonnell-Douglas) put it, “the business community is faced with
the problem of attempting to provide an ill-defined product to an uninformed consumer to
satisfy some real and some yet to be determined needs and requirements,” Some vendors
claim that the user market is not aggregated. The vendor industry, with a market in the re-
search and development world, is not prepared to take significant institutional risks to address -
such a scattered and relatively impoverished market.

Therefore, the status of remote sensing today is clearly transitional.- Assuming this new tech-
nology warrants such development, how do we move toward an operational phase? We—
technologists and managers--must concentrate our efforts on the institutional mechanisms

by which remote sensing technology can be adapted and adopted for operational use. Suc-
cess in applications must be measured in terms of processes that satisfy user information needs,
that are consistent with user resources, and that offer the least disruption to the institutional
environment in which these resources are to be applied.
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Recent NASA initiatives are aimed at addressing these issues in regional facilities at Ames Re-
search Center (California), Earth Resources Laboratory (Louisiana), and, particularly appro-
priate to the Chesapeake Bay Region, Goddard’s Information Transfer Laboratory (Intralab).
In a variety of settings, potential users are being given the opportunity, working with remote
sensing experts, to test the application of remote sensing technology against their information
needs. The purpose of these programs is to enable potential users to discover for themselves
the value of remote sensing and the processes by which they can use such data routinely. The
programs are successful to the extent that customers’ experiences lead them to become inde-
pendent users of the technology. Remote sensing will make great progress toward operational
status as these “adopters” themselves become ‘‘change agents,” influencing and assisting other
potential users to integrate remote sensing technology into their operations.

Forums such as this workshop are needed as a mechanism to review where our applications
efforts are today and where they might well be tested in the future. The interactions of tech-
nologists, potentiai users, and change agents provide the opportunity to match technology

with issues and to explore options for the transfer of remote sensing applications to operational
use.
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ACTIVITIES OF THE U.S. GEOLOGICAL SURVEY IN APPLICATIONS
OF REMOTE SENSING IN THE CHESAPEAKE BAY REGION

James R. Wray
U.S. Geological Survey
‘Reston, Virginia

The application of remote sensing in the Chesapeake Bay region has been a central concern
of three project activities of the U.S. Geological Survey (USGS): two are developmental,
and one is operational. ‘

Jointly sponsored by the National Aeronautics and Space Administration (NASA) and the
Department of the Interior Earth Resources Observation System (EROS) Program, the two

_developmental activities were experiments in land-use and land-cover inventory and change
detection using remotely sensed data from aircraft and from the Landsat and Skylab satellites.
One of these is CARETS (Central Atlantic Regional Ecological Test Site), headed by Robert H.
Alexander. The other developmental task is the Census Cities Experiment in Urban Change
Detection headed by James R. Wlay Elements of such research continue under full USGS
auspices to serve specific agency ob'ectues

The present major concern is an operatmnal land-use and land-cover data—analysm program,
including a supporting geographical information system. It depends heavily on remotely
sensed data, but also on much that is not. Now in its third year, this program is nationwide
in'scope and will therefore provide coverage of the Chesapeake Bay region. With the partici-
pation of cooperating state agencies, it will take another 5 years to compilete first-time national
coverage. Update of selected areas mapped earlier is expected to begin in 1979.

For this (April 1977) remote sensing conference for representatives of Chesapeake Bay region
agencies,'the USGS has provided materials that describe features of the national land-use

and land-cover data-analysis program. We are also providing a full description of reports and
maps resulting to date from the CARETS and Census Cities research projects. Informal
exhibits, and knowledgeable geographers to discuss them, are also available.

The main thrust of the formal workshop presentation is a comparison of experimental tech-
niques and products, primarily for the Washington, D.C., urban area. These include some
promismg recent developments in machine interpretation of multispectral digital data from
Landsat An integrated sequence of five steps in a semlautomated regional information
system is illustrated:

® Initial land-cover inventory

® Intermediate map-like product generation

25
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‘® Area analysis by jurisdictional statistical areas
® Preparation of separation plates for publishing a thematic land-cover map
® Detection of land-cover change and update

Products and applications (and related user experiences) from demonstrations in the San
Francisco Bay and Puget Sound regions are also offered. These provide perspectives on:

® The problems and requirements of user agencies in the Chesapeake Bay region
® To what extent evolving tools and techniques promise help |

In study group sessions during this Conference, USGS personnel prowded additional mforma-
tion on details of activities, products, and user applications.
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OTERATIONAL PROGRAMS IN FOREST MANAGEMENT ANDj
PRIORITY IN THE UTILIZATION OF REMOTE SENSING

Robert W. Douglass
Forest Service, U.S. Department of Agriculture
Washington, D.C.

The Forest Service of the U.S. Department of Agriculture has the Federal responsibility for
national leadership in forestry, including participation in setting national priorities, formulat-
ing programs, and establishing Federal policies that relate to man and his natural environment.
In addition to managing the lands in the National Forest System, which comprise an area
larger than France, Switzerland, and Belgium combined, the Forest Service performs research
at 80 stations throughout the United States and assists state governments and private industry
in managing 2554 million km? (631 million acres) of nonfederal forest and rangeland.

- Two recent pieces of legislation, the Forest and Range Resources Planning Act of 1974 and
the National Forest Practices Act of 1976, provided an expanded mission for the Forest Ser-
vice. Under the Resources Planning Act and its amendment, the Forest Service is charged
with producing an assessment of all forest and rangeland resources on a 10-year interval.

The magnitude of the problem faced by the Forest Service in assessing renewable resources
for 6.5 billion km? (1.6 billion acres) of land, for making management decisions, or for giving
technical assistance dictates some application of remote sensing.

The planning processes that Forest Service personnel follow requires a great deal of informa-
tion about the resources. Therefore, the data base that serves in the decision-making process
must be as complete as possible. This means more than just collecting inventory data. Data
processing, manipulating, and storage, along with end product and display capability, are
more important right now than an increase in the data collection. '

Since T was asked to talk about operational remote sensing programs in forest management
and the priority in the use of remote sensing, I shall discuss the general application in forestry,
not just the Chesapeake Region, and I shall concentrate on Forest Service priotities in using
remote sensing. : '

- I recognize remote sensing as the collection of data about a scene from a distant place—
generally considered to be airborne or orbital platforms—using cameras, microwave, or multi-
spectral scanner systems and the interpretation of these data by manual or machine processes.
Aerial photography, its use, and its applications are considered to be part of remote sensing.

All of the operational uses of remote sensing in forestry presently employ aerial photography.
None are dependent on Landsat data. -Although aerial-photograph interpretation has been
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used in forestry since 1927 and is widely accepted as an operational tool, it is still not fully
utilized in some cases. It should be understandable that an experimental system such as
Landsat is not considered to be operational to forest-land managers when no reliable, regular
use can be made of the data that Landsat now provides. Data characteristics, Landsat phi-
losophy, and foresters’ way of doing business have dictated that Landsat-1 and -2 are not
operational systems.

The U.S. Department of Agriculture has completed a study of remote sensing user require-
ments, The initial findings indicate that approximately 1200 user requirements can be met
by remote sensing. However, Landsat-1, -2, or -C, with its 80-meter resolution, can satisfy 8
percent of the requirements, and Landsat follow-ons theoretically should satisfy 12 percent
more requirements. It is not surprising to note that almost one-half of the user requirements
identified in this study can be met with 1-meter resolution in a camera system.

In forestry, the increased quality of film emulsions and camera systems have led to some
changes in the use of photointerpretation. True color negative and color infrared transpar-
encies are becoming routine resource photography. More significant than the increased use
of true color and color infrared is the application of small-scale photography in place of large-
scale imagery. As previously stated, air photointerpretation has been part of forestry since
the 1920’s. After World War II, most of the professional forestry programs in the major
universities offered forest photointerpretation or photogrammetry courses. Today, many -
universities have combined computer technology with image interpretation to provide

remote sensing courses.

Remote sensing has become such an integrated tool in forestry that there is difficulty in
splitting its costs and benefits. My most recent estimates of Forest Service remote sensing
expenditures were 1.7 million dollars in FY 1976, climbing to more than 2.1 million dollars
by FY 1978. These figures do not include all of the money spent by the National Aero-
nautics and Space Administration (NASA) in the Forestry and Range Applications Develop-
ment Programs,

What does the Forest Service get for this kind of dollar expenditure? It gets a major contri-
bution to its data base from photogrammetry and photointerpretation. Routinely, we require
multiple resource photography at an approximate scale of 1:24,000 and mapping photo-
graphy at a scale of 1:80,000. Although true color and black and white dominate the choice
of film types, color infrared and infrared black and white films are also used. S

A scheduling routine has put acquisition of new resource and mapping photogrti}iﬁ& on an
approximate 5-year schedule. All resource and mapping photography is flown at Agriculture
Stabilization and Conservation Service specifications. Our cartographic workshop in Salt Lake
City is responsible for producing base maps of 1:24,000 and 1:31,680 scales from the quad-
rangle centered 1:80,000-scale black and white photography. The 1:80,000 scale is used
because one frame covers one 7.5-minute quadrangle sheet. Various spe'éial-mission photo-
graphy is flown as required for research or for special purposes such as fire appraisal or insect
infestation appraisals.
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In addition to the operational use of air photos for resource management and for mapping
purposes, the Forest Service uses remote sensing technology in several ways to work out
special problems. The Southeastern Region in Atlanta is now evaluating a Soil Resources
Inventory System based on stepwise interpretation of 1:60,000 color infrared photography
supplied by NASA that was developed at the Johnson Space Center. Afier this system of
performing the Soils Resource Inventory is transferred to the Forest Service, it is expected
to be used in areas of the National Forest System such as the wilderness areas where suffi-
cient time or funds are not available to perform a detailed soil survey.

Nonphotographic forms of remote sensing are used operationally. Perhaps the most famous
application is ithe Fire Scan Project that employs an aircraft-mounted therﬁ;al scanner to

map the location of fire through the forest-fire smoke. The Forest Service developed the
thermal detection and mapping system as a front-line aid to the fire boss. An offshoot of

the aircraft detection system has been the tower-mounted radiometers to supplement manned
fire towers.

Although Landsat data are not collected in picturé form, the digital data can be exhibited in
a picture format, thereby making it available for manual interpretation.

For one forest, the Tahoe National Forest, the scil scientist has incorporated manual inter- Ei
pretation of Landsat imagery into the Soils Resource Inventory to make the procedure more
efficient.

The Forest Service has a cooperative Forestry Applications Program with NASA at the John-
son Space Center. The Forestry Applications Program (FAP) is responsible for developing
remote sensing applications of satellite and other space platform data that will assist in accom-
plishing the Forest Service mission. It has been charged with developing the remote sensing
methodology for:

¢ Jarge-area forest and rangeland inventory
® Insect and disease impacts on forests
® Monitoring environmental effects of management activities

FAP, the major large remote sensing developmental effort of the Forest Service, employs ‘
approximately 18 man-years of effort. Much of the NASA-funded forestry remote sensing
research is in support of the Forestry Applications Program. ’

So far, I have said very little about forestry in the Chesapeake Bay Region or specific forestry
applications of remote sensing there. My earlier comments about resource and mapping photo-
graphy being a integral part of forestry planning and management holds true in this region.
State, federal, and company foresters obtain much of their rescurce data by air photointer-

pretation. Aerial photographs will probably remain the primary source of establishing the
required data base.
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Presently, the U.S. Department of Agriculture has approximat ly 80,000 data-collection
stations gathering data on a variety of subjects, such as snowpack depth, wind velocity,
stream flow, and wilderness visitors. We are beginning to considey alternatives to the field
readouts of these stations by utilizing satellite-oriented telemetry and relay. The Forest
Service has purchased seven data-collection platforms (DCP’s) for use in an Alaska state-
wide water-resources study. The DCP’s will be the Forest Service’s first application of the
satellite communications capability for collecting data in remote locations. :

‘Although Landsat has been used for several studies concerning forest 2\1 d range resources,

it has not yet produced the accuracies needed to perform many operatxonal tasks. Our studies
at the Johnson Space Center indicate that the 40- to 80-percent levels of. correct classification
achieved with the 80-meter resolution of the present satellites should improve significantly
with the 30-meter data from the Landsat follow-on in 1981. However, the remote sensing
data-collection parameters will not increase the quality of data until then. ‘ '

We have reached a plateau in the clim} _‘towards better data that will last for several more
years. We can expect thai most of the ‘developments will be in computer-aided automatic
data processing, in data handling and management, and in incorporating Landsat data intc
multiple source data. Although the multiple sampling statistical approach is not new, we

are interested in adding in the satellite data to reduce the error factors in multistage sampling.

‘The most significant change, also a major roadblock, associated with Landsat-based remote
sensing technology is its impact on the *“‘way-things-are-done.” For the new technology to

be effective, the level of decision-making must be changed from small field units to large regions
because of the nature of the information obtained from remote sensing. That change in the
decision-making policy is hard to accept; but until it is, remote sensing will not become the
effective tool that it can be. ’

I see this change béing made in several subtle ways. For instance, the Forest Service is making
a study of the dead-timber reserve in the Rocky Mountains as an alternative source of timber.
These dead but usable trees constitute a large portion of all the available timber in the North-
ern Rockies, but they are spread out over several states. Individuals have always known that
there were a lot of dead trees around in the forest; however, at the local decision-making level,
the total potential of this situation was not acted upon. Now, by using optical bar panoramic
cameras flown by a U-2 aircraft at 18.30 km (60,000 feet) altitude, large areas of the Rockies
are being studied to determine the true potential of the scattered dead timber. The methodo-
logy for the Western Dead Timber Study that was developed at the Forestry Applications
Program in Houston is now being evaluated by regional personnel in the Forest Service.

The Spruce Budworm Control Project in the Northeastern Unitéd States has turned to an -
application of computer-aided digital processing of Landsat data for asswtanc ,xpenence
has shown that the flight crews of the large spray aircraft cannot turn the insect cide spraying
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devices on and off while opérating under the flight conditions required for low-level spraying.
An inertial guidance system is being develoj}ed by the University of Maine to automatically
meter the insecticide. This system needs tc now which areas require spray application. To
achieve this, Forest Service personnel are pruparing a computer-aided vegetation map of Maine.
Even with its inherent ifaccuracies, the Landsat-based map will be better than what now

exists. By knowing whien not to spray, the Spruce Budworm Control Project will save $280,00(
in spray this summer./Also, the program will be able to comply with environmental constraints
by not spraying acro/ s water bodies.

I could go on with numerous examples of operational, developmental, or experimental uses
of remote sensing,ih forest and range management. However, I want to conclude by stating
that even though*femote sensing has been operational in forestry since 1927, it will be per-
forming its greatest service in the future when it begins to assist in a global program for moni-
toring food and fiber. We expect to use the capabilities of remote sensing techniology to
analyze and manage data through computer-aided systems for some of the work now being
done in other ways; however, th.e real benefits will come in the applications to meet new,
broader-based inventory needs.
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LANDSAT AND OTHER SENSOR DATA FOR LAND-USE PLANNING
IN THE BALTIMORE AREA

James Manley
Regional Planning Council
Baltimore, Maryland

AIRCRAFT SENSOR USE

In the last 4 years, the Regional Planning Council (RPC) has been making wider use of the
potential data from sensor activities. During 1973-1974, a detailed inventory was prepared
of the existing 1973 urban land use in the 3578 km? (2250 mi?), six-county region that the
Council represents. Using 1:24,000 scale transparencies from a high-altitude flight of March
1973, nonprofessional photo interpreters identified 12 land uses for developed land. Color-
coded land uses were placed on mylar base maps prepared by the Maryland State Highway
Administration. These areas were planimetered and aggregated by watershed and Regional
Planning District. In spite of the map scale, the lack of professional photo interpreters, and
the varying degrees of verification of the actual land uses, the maps and the summaries have
been an invaluable tool fo planners in the region.* An accompanying report was prepared for
the remaining undeveloped land by zoning type. In late 1974, a second project was started
to produce data on changes in land use for the period 1964-1973, using additional air photos
obtained for 1974 and 1970. The 1973 inventory was checked to determine development
changes.T By a similar technique, airphotos for October 1975 were checked against the 1973
inventory to update the development land data.

LANDSAT SENSOR USE

In early 1976, it was realized that the RPC's 208 Water Quality Planning Grant required a de-
tailed, up-to-date knowledge of the land cover and use for the nonpoint source runoff models,
in addition to knowledge of soil type, slope, etc. It was hoped that the National Aeronautics
M»Spmdministration (NASA) Landsat Program would be able to _provide the land-cover.
AWK Tovere, csPOEY I i ssdenivwsloper Tresccetthadigikis. "Investigations of the cur-

rent uses of the Landsat sensor data revealed that there still were no successful uses of Landsat
data in identifying specific urban uses (other than densitigs of residential use, paved areas, and

~ roof tops). Eherefers; it -was deeibed t5 mesge the informatioh on aeveroped land uses from

" the air photo interpretation and the land cover from the Landsat sensors. It wes expected that.
this would give the most accurate results by taking results from each technique when they

.....

werebest. - _ ..

*1973 Landuse and Zoning Patterns in the Baltimore Region,” RPC Technicil Memo 17 and 17- Appendixes, April 1975,
1“Land Development Changes 1964-1973,” RPC Technical Memo 19, January 1976.
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A goal of the 208 Project is to raise the level of local government expertise in data collection
procedures, modeling, etc., when practical. A number of systems are available for processing
Landsat and other sensor data, and an evaluation was made to determine how well they could
meet the needs and goals of the 208 Project. The Intralab Division at NASA/Goddard Space
Flight Center* uses the ORSER (Office of Remote Sensing and Environmental Research)
System from Penn State University to process a variety of sensor data and offered to train
the 208 staff in its use. The cost advantages of the “remote-batch’ system over those of a
number of commercial “on-line” systems are very apparent. This approach gave the 208 staff
the “hands-on’ ability to process future dates as they became available with fewer contractual
problems and significant cost savings. Although the questions of level of detail and reliability
have yet to be compared, it is anticipated that there will be more detail and higher reliability
with the off-line systems. Preliminary results confirm that, without considerably greater
effort, urban land-use breakdowns will be limited to two residential densities, tree cover, .
asphalt, concrete, grass, vacant, water, and buildings. Outside of urban areas, the preliminary
results indicate that there will be information on coniferous and deciduous tree éovef, corn
fields, other agricultural field types, pastures, scrub brush, sand and gravel, two more residen-
tial densities, and disturbed ground. (See table 1.) The data cell size is approximately 60 by
70 meters (1 acre).

The preliminary output of the Landsat Project at RPC has already spurred investigations into
other types of studies that might be helped by using Landsat sensor data via the ORSER
" system:

@ Change detection (surburbanization, farm conversions, tree cuts, andiland filling)
® Pollution monitoring (air, water)
@ Weather effects (Hurricane Agnes, etc.)

® Tree cover by species

ERYE TN

*Intralab Brochure, NASA/Gdddard Space Flight Center, 1975,
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Table 1
Regional Planning Council
Landsat Cover Types*

35

Cover

Categories

Short Tall

Bare

Name Symbol Urban | Paving | Tree Coniferous Deciduous Grass Grasses Vegetation Ground Water
Deep water W 95
Shallow T 95

water
“Water” g 35 10 50
“Water"” %@ 50 20~ 25
Gravel- ]
quarry 8 95
Disturbed
ground D 95
“Bare” V*Z+ 10 10 75
“Bare” KL 5 5 85
“Bare™ J 10 35 50
“Urban” 20 5 70
“Urban” # 20 65 10
“Urban™ A 10 5 70 10
“Urban” 10 5 70 10
“Urban” F 75 20
“Urban™ X 50 15 20 10
“Urban Y 50 25 10 10
Paved E 95
“Paved” = 20 40 5 30
Grass /- 95
“Grass” I 20 80
“Tall .
grasses” 9 20 75
“Tall -
“grasses” $ 10 . 85
“Tall
grasses” 6 5 90
Gum/poplar G 95
White oak (0] 95
Maple/gum/
oak M 95
Sycamore/
ash H 95
Pine P 95
“Pine” R 75 20
Corn C 95
Field 2 2 95
Field 3 3 95
Field 4 4 95
Field 5 5 95
Field 7 7 95

*Cell numbers represent percentages in each category (95-percent maximum),
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REMOTE SENSING, GEOLOGY, AND LAND USE

Kenneth N. Weaver
Maryland Geological Survey
Baltimore, Maryland

INTRODUCTION

Perhaps, I would not be overstating my case too much by postulating that geology is the
cornerstone on which land use is or can be determined. Illustrations abound. The character-
istics of the underlying bedrock determines, to a large extent, the topography of the land-
scape, the thickness and fertility of the soils, the availability of ground water, the suitability
for disposal of solid and liquid wastes, the location of mineral and mineral fuel deposits, the
availability of construction materials, the location of rivers and streams, the potential for
geologic hazards, and a host of other primary and secondary interrelationships between man
and his environment. Geology has played a role in the location of the major cities along the
eastern seapoard because most major cities, from New York City to Raleigh, North Carolina,
were sited on the Fall Line, a geomorphic feature that marks the contact between the un-
consolidated sediments of the Coastal Plain and the crystalline rocks of the Piedmont. This
feature determines the head of navigation of the coastal rivers and estuaries and also determines
the locations of falls that furnished water power for the early colonial industries.

The geologic map is one of the most useful products of geologic research. It depicts in a two-
dimensional picture the distribution and three-dimensional relationships of geologic formations.
Geologic mapping, however, is not a one-time operation; rather, it goes through an evolutionary
development in periodic pulses based on the state of the art, availability of new tools and
instruments, and new geologic insights. Let me illustrate by reference to the evolution of the
geologic map of Maryland. The first geologic map of Maryland was published in 1859 at a

scale of approximately 1 inch = 10 miles (1 cm = 6.3 km). Although, by present standards,
this appears to be a rather primitive effort at depicting the geology of the state, it nevertheless
represents a tremendous achievement of geological insight. The next two geologic maps of

the state appeared in rather rapid succession: one in 1898 and the next in 1906. These maps
represented a great advance over the 1859 map in that they more accurately depicted the
distribution of the formations, and, for the first time, geological formations were named for
their type area of exposure. The scale was enlarged to 1 inch =8 miles (1 cm = 5 km). It 'was
not until 1933 that the next geologic map of Maryland appeared at a scale of 1 inch = 6 miles
(1 cm = 3.8 km). This map also represented a more detailed map but did not represent a large
departure from the previous maps. The latest geologic map of the state was published in

1968 at a scale of 1:250,000 (1 inch =4 miles; 1 cm = 2.5 km). Although this is also an ad-
vance over the previous maps in terms of scale and in terms of geologic interpretations, it

37

PRECEDING PAGE BLANK NOT‘FILMED
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hardly represents the ultimate in terms of representing the geology of the state. Indeed, it is
one characteristic of a geologic map (and the nature of research) that it is almost out of date

at the time it is published. About the best we can say is that it represents the state of know-
ledge at the time of mapping and compilation. While these statewide geologic maps were being
prepared, even more detailed geologic ‘mapping was accomplished. For a time, 1 inch = 1 mile
(1 cm = 0.6 km) county geologic maps were considered to be detailed enough for most pur-
poses. Now the Maryland Geological Survey is mapping on a scale of 1:24,000 (1 inch =

2000 feet; 1 cm = 240 m) because that detail is necessary to depict resources and certain
environmental constraints based on the geology of an area.

What are the basic tools of a field geologist who manufactures these multicolored geologic
maps? They are (and have been for many decades) a good pair of field boots, a Brunton com-
pass, a geologic pick, a hand lens, notebook and pencil, and a keen and fertile geologic imagi-
nation. No adequate substitute has yet been developed for examining rock exposures in the

field. This is not to say that new tools and new methods have not been developed over the
years that supplement and complement the basic tools described previously. The advent of
exploratory drilling techniques has greatly expanded the geologist’s knowledge of the sub-
surface and has provided a test for his models of subsurface structure inferred from surface
mapping, In like manner, the petrographic microscope, various X-ray techniques, and geo-
chemical tests have provided new insights into the mineralogic and chemical composition of
the Earth’s crust. Another category of techniques and tools that T will lump under the broad
category of remote sensing has also been invaluable to the geologist in gaining new insights
into the nature of the history of the Earth and its mineral weaith.

GEOLQGICALLY RELATED REMOTE SENSING TECHNIQUES

Remote sensing is a term that has found its way into the technical literature relatively recently.
Most people associate the term with aircraft or satellites using highly sophisticated scanning
devices to map certain features of the Earth, Moon, and planets. Use of these devices has
grc/:watly accelerated our knowledge of the physical features of remote areas and has added
important new information about those areas that have been mapped in some detail using
more conventional methods.

On the other hand, remote sensing in the Earth-science disciplines is not a new concept.
Seismometers of varying degrees of sophistication have been used for centuries to measure
earthquakes. Seismic methods using explosives or other acoustic sources have been used for
about 5 decades. Similarly, measurements of radioactive properties, magnetic properties,
electrical properties, and gravity of the Earth have been carried out for many years, both
from on-ground measurement and from aircraft and water-borne platforms. Aerial photo-

- graphy has also been an invaluable tool to the Earth scientist for a number of decades.

All of these remote sensing methods are perceived by the geologist as tools that provide
some additicnal clues on the structure, composition, and spatial relationships of the Earth’s
subsurface. '
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These techniques should not be viewed as a substitute for the traditional methods of geologic
mapping. The term “ground truth” has been introduced into the literature surrounding remote
sensing. Field geologists have been engaged in obtaining “ground truth’ for over a century,
but all the while they thought they were mapping geology!

The following remote sensing techniques have been used to supplement our knowledge of the
geology of Maryland:

® Aerial photography (black and white, color, false color, infrared)

Seismic (3.5- and 7.0-kHz {ransducers, 700-joule minisparker, Vibroseis (TM))

Magnetic (statewide coverage by airborne magnetometer)

Gravity (selected areas of gravity mapping)

® Radioactivity (selected areas of airborne radiometric surveying)

Down-hole geophysical logging (predominantly electrical resistivity and gamma ray)

Landsat-1 and -2 and Skylab supplemented by aircraft imagery

The remote sensing'methods that have the most immediate application to the Earth-science
aspects of the Chesapeake Bay region are seismic, magnetic, down-hole geophysical logging
methods, and aircraft and satellite imagery. Gravity and radioactivity measurements are help-
ful as supplementary methods.

APPLICATION OF REMOTE SENSING TECHNIQUES
Chesapeake Bay

As an aid to geological interpretations, remote sensing becomes more critically needed where
the geology is obscured by a covering medium such as vegetation or water. For example, it

is impossible to map the bottom of the Chesapeake Bay by direct observation. This is one

of the reasons why this large area of the state is more or less unexplored even today. The
Maryland Geological Survey is embarked on a program to map the Bay bottom, usiny a variety
of direct observational and remote sensing techniques (Chesapeake Bay Earth Science Study).
Grab samples of sediment will be taken on a 1-km grid; gravity cores and vibratory cores will
be taken on a broader grid spacing. Bottom sediments will be mapped on the basis of their
size classification and their rlnineralogiéal,'ohemical, and biological composition. To supple-
ment these direct observations, séveral shallow seismic reflection profiling techniques will be
used, including 3.5- and 7.0-kHz transducers and a 700<joule minisparker. Over 900 km of
subbottom profiling have been done to date. These methods give'valuable data on the loca-
tion, depth, and orientation of paleochannels (sediment-filled ancient river channels) beneath
the Bay bottom and will give important new insights into the geologic history of the Bay.
From a more practical standpoint, delineation of paleochannels beneath the Bay may point
to their continuation beneath the land areas of the Eastern Shore. Because one of these
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sediment-filled channels has already been identified in the Salisbury area as a prolific ground-
water source, additional paleochannel discoveries may add significantly to the ground-water
resources of the Eastern Shore.

Side-scan sonar and deep seismic profiling are two other remote sensing techniques that could
add significantly to the geologic baseline data of the Chesapeake Bay. As demonstrated in
~several pilot areas, side-scan sonar seems to be capable of delineating oyster bars and current

- features in the bottom sediment, and, to some extent, discriminating between sediment types
(mud versus sand). Deep seismic profiling is important in correlating geologic formations on
the Western Shore with the same formations on the Eastern Shore. Although our present
project does not include the latter two techniques, we are hopeful that we may obtain this
capability in the future.

Airborne and satellite remote sensors have been and will be used to identify near-shore bottom-
current features. They are-also valuable in monitoring long-term erosion along the Bay and
ocean shorelines and in identifying short-term sediment migration patterns.

Continental Shelf

In the past deca&e, many thousands of kilometers of common depth-point (CDP) seismic
reflection lines have been shot on the continental shelf off the United States. Whereas most
of these surveys were done under contract to segments of the oil industry and are thus confi-
dential, some lines have been surveyed by the U.S. Geological Survey (USGS) and are in the
public domain (USGS, 1975). Seismic reflection profiling is capable of depicting seismic re-
flection properties and configurations 10,000 meters or more beneath the surface. Inter-
pretation of these profiles gives an insight into the structure of the subsurface rocks, their
composition, and degree of consolidation or cementation, and inferences can be drawn con-
cerning the depositional history of the basin being surveyed. Ground-truth data obtained
by drilling and subsurface sampling are necessary to refine and quantlfy more accurately
the interpretations made from the seismic profiles.

A consortium of oil companies drilled a stratigraphic test well (COST B-2 Well) in Baltimore
Canyon trough in early 1976. The well, located 126 km (78 miles) east of Atlantic City, New
Jersey, was drilled in 58 m (190 feet) of water to a total depth of 4890 m (16,043 feet).
Samples of the sedimentary rocks encountered in the hole were retrieved and studied, and
numerous types of down-hole geophysical logs were run. This well represenied the first “hard”
data on the characteristics of the deep subsurface of the Atlantic continental shelf off the
U.S. shoreline. Moreover, it provided the ground-truth data for calibrating the many kilo-
meters of seismic reflection profiles that were surveyed on the mid-Atlantic outer continental
shelf. In this connection, it is interesting to note that very good correlation was noted be-
tween the time-depth curves derived from a seismic reflection line run in 1973 and the down-
hole sonic log in the COST B-2 Well (USGS, 1976). This kind of agreement between remotely
sensed data and “ground truth” gives the exploration geologist and geophysicist added

ot e
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confidence in his interpretation of remotely sensed data. Without the benefit of seismic re-
flection and refraction, it is almost a certainty that we would not have large production of
oil and natural gas in the Gulf of Mexico, and the success ratio of finding il and gas on land
would be severely reduced.

Land-Based Remote Sensing

In addition to assisting in the exploration for oil and gas, remotely sensed geophysical prop-
erties have many other applications. Scme applications were illustrated in the previous dis-
cussion on the Chesapeake Bay Earth Scierice Study. The Maryland Geological Survey has
. conducted land-based continuous seismic reflection profiling using the Vibroseis (TM) techni-
que. The purpose of this profiling was to establish better data on the thickness of Coastal-
_ Plain sediments and to determine the presence or absence of faulting in basement rocks and
the overlying sediments (Jacobeen, 1972). These data are important in determining the geo-
logic framework for identifying potential ground-water aquifers and in establishing the loca-
tion and relative age of faults in proximity to potential power plant sites.

Various down-hole geophysical logging techniquesare used on a routine basis to support the
hydrogeological investigations conducted by the Maryland Geological Survey in cooperation

- with the U.S. Geological Survey. These techniques are invaluable in determining the sub-
surface geologic framework and the hydrologic properties of aquifers (Hansen, 1967). It may
_ be stretching the point somewhat to include down-hole geophysical logging in the general
category of remote sensing, but these techniques, although they require a sensor in close
proximity to the environment that is being measured, record various physical properties at

a remote location. Electric logging is perhaps the down-hole method most often used in
ground-water exploration. Electric logs record both electrical resistivity and potential charac-
teristics of the surrounding'geological strata. Interpretation of the electric log gives data on
not only the type of strata encountered but also the nature of the contained fluids (e.g.,

fresh water, brackish water, and saltwater). With experience, the logs can be interpreted to
distinguish between a potentially good or poor aquifer. Thus, the electric log and other down-
hole geophysical techniques represent valuable tools for use in the exploration for ground
water. However, it should be emphasized that it is a tool, not a panacea. Properly used,
down-hole logging must be used as a supplement to other geological methods of information
retrieval (e.g., geological mapping, sampling of subsurface sediments, and pumping tests).

Airborne Remote Sensing

Aeromagnetic surveys have been completed for the entire state of Maryland. Maps resulting
from these surveys are useful in interpreting geological relationships between rock units and
give some insight into the characteristics of basement rocks that are deeply buried beneath

the Coastal-Plain sediments. Aeromagnetic maps depict the total intensity magnetic field of
the Earth in gammas. The data are contoured along lines of equal magnetic intensity. Because
different rock types have different magnetic susceptibilities based on their mineralogic.!
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composition, geological formations can usually be differentiated on the basis of their aero-
magnetic “signature.” The magnetic properties of rocks can therefore be used as an aid in ‘
geologic mapping, particularly in areas where the rocks are obscured by a thick cover of over-
lying sediment or regolith. For example, Coastal-Plain sediments increase in thickness from

1 m at the Fall Line to more than 24.40 m (8000 feet) at Ocean City; yet, &is possible by

. Judicious use of aeromagnetic maps to speculate on the composition of the deeply buried -
bwsement rocks beneath the:sediments. Aeromagnetic surveying has also been successfully
used to find ore bodies (mainly magnetite) and as an aid in oit-and gas exploration. ‘

' Geologic ramifications of remote sensing frem aircraft and satellite platforms have been ad-
dressed in Maryland. The Maryland Geological Survey participated as a principal investigator
in the ERTS-1 (Earth Resources Technology Satellite) and Skylab Programs. The purpose of
our project was to relate remotely sensed images to various types of geological problems

using visual observations of the imagery (Weaver, 1974 and 1975). Features such as fold
culminations, linear belts of geologic units, and contacts between geologic units in local areas’
could be discriminated. Shoreline and near-shore features such as beaches, beach rldges,
marshland, and turbidity patterns were recogmzeﬂ‘

Digital data processing of Landsat computer-compatible tapes has been used to map mining
activities in Maryland (Anderson and Schubert, 1976). Although the method was used for
mapping disturbed areas related to coal mining, the method may also have application to the
mapping of other activities, such as sand and gravel extraction in the Chesapeake Bay region.
Digital data processing represents a poteniially powerful and economic technique for monitor-
ing relatively large-scaie changes in land-use patterns.

It should be pointed out that geologic features that can be recognized on satellite and air-
craft imagery can be either accentuated or obscured by land-use patterns. For example, the
Frederick Valley shows up very clearly on the Landsat images because of intense agricultural
land use in this area. This signature in turn permits one to approximate the area underlain by
limestone because the bedrock lithology has largely determined the soil types in this area.

On the other hand, although the Middletown Valley has a Landsat signature similar to the
one for the Frederick Valley, it is not underlain by limestone. It illustrates the point that
can be made about all remotely sensed data: namely, that erroneous con¢*-:zions can be
drawn from the data if one does not have sufficient onsite physical data (g#sund truth). More-
over, the interpreter of remotely sensed data is responsible for clearly differentiating between
purely speculative conclusions based largely on remotely sensed data and those conclusions
that are based on site-specific data supported or corroborated by remotely sensed data.

CONCLUSIONS

Geologic maps provide one of the primary inputs into land-use planning. ‘The geology of an
area determines to a large degree slope and topography, ground-water availability, suitability
for waste disposal, mineral resources, thickness of soils, geologic hazards, and other primary
and secondary relations between man and his environment.
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The geologist uses a variety of tools in mapping the geology of an area. Remote sensing is
one of those tools. But, the geologist has perhaps a broader concept of remote sensing than
some other disciplines because he has used aerial photography and seismic, magnetic, gravity,
and radioactivity techniques for many years as aids in geologic mapping and in exploration
for minerals and mineral fuels. He looks upon the relatively new technique of aircraft and
satellite remote sensing as an additional and welcomed tool that can help lum better under-
stand the three-dlmensmnal nature of the Earth’s crust.
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MARYLAND AUTOMATED GEOGRAPHIC INFORMATION SYSTEM

Edwin L. Thomas
Maryland Department of State Planning
. -Baltimore, Maryland

The Maryland Department of State Planning established the Maryland Automated Geographic
Information (MAGI) System in April 1974. The MAGTI is a computer-based system designed
for storing geographic data in a consistent and coorc}inafted manner. The data are stored,
retrieved, and analyzed using a 400 km? (91.8-acre cell, 2000 by 2000 ft). The information
stored in this system can be displayed on computer maps in a manner similar to standard map
graphics. However, unlike a normal mapping system, the structure of the MAGI system pro-
vides many advantages for complex information studies that involve massive amounts of data.
Through access to the Univac 1108 computer system at the University of Maryland, the data ~
bank contains the following useful inforination for performing land-use analyses:

Natural soil groups

Geology ‘

Slope

Mineral resources

Aquifers

Surface-water quality

Bay bathymetry

Natural features

Vegetation

Water and sewer service areas
Highway networks
Transportation facilities
Public properties

Historic sites

Existing land use
Watersheds

Electoral districts
County-comprehensive plans

These data were compiled from a variety of existing source material. In almost every case,
several sources were referenced, and the data were compiléd and mapped on a standardized
county base. In the example of natural soil groups, an extensive data aggregation (from
county soil maps) and remapping program was accomplished with technical assistance and -
supervision from the State U.S. Department of Agriculture Soil Conservation Service Office.
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In another example, high-altitude aircraft photography was interpreted to establish the first
statewide land-use inventory. Data-use manuals were prepared for: natural soil groups,
geology, minerals and aquifers, slope, forest vegetation, public-owned land, land-use, and
natural areas. These manuals have been circulated, together with the data maps, in support
of other planning efforts and in a manner that augments MAGL

The capability of the MAGI system to provide a quantitative framework for rapid data
retrieval, combination, comparison, and analysis permits it to serve many of the informa-
tional needs of local, regional, and state agencies. According to the U.S. Department of
Interior, Office of Land Use and Water Planning, the MAGI system has the most compre-
hensive capability for the storage, retrieval, manipulation, and display of geographic data
‘of any system currently existing on a statewide Jevel.

During 1976, the MAGI system was used by the Department of State Plannihg in the

State Land-Use Planning Program. Specifically, the MAGI system was used to prepare
maps reflecting proposed policies for the conservation of the State’s natural resources,

and for the allocation of orderly patterns of future settlement and growth. In conjunction
with this effort, the Department of State Planning became a “principal investigator” in

the Earth Resources Technology Satellite (ERTS) Prograin 'sponsored by the National
Aeronautics and Space Administration (NASA). In 1975, it published a document, entitled,
“Investigation of Application of ERTS-1 Data to Integrated State Planning in Maryland,”
that discusses the potential for interfacing remotely sensed data with the MAGI System.

This report to NASA also documents hardware improvements necessary for making them
more useful for State planning purposes. For example, the Department tested the use of
Landsat computer-compatible tapes in monitoring bare ground as an indicator of develop-
ment and a host of related physical und environmental factors. Higher resolution capablhtles
would greatly improve the accuracies of such a routine.

Other significant uses of the MAGI system during 1976 included:

® Preparation of maps identifying the habitat potential for Wild-turkey introductions
for the Maryland Wildlife Administration

® Preparation of maps showing potential soil and commercial species productlvxty
“for the Maryland Forest Service"

® Preparation of maps and summary listings of septic-system capability and liquid-
waste disposal capability for the Maryland ‘Environmental Servic,‘eu ‘

® Preparation of maps identifying present and probable uses of the State’s pnme
agricultural soils for the Maryland Department of Agriculture '

@ Preparation of maps used in evaluating the env1ronmental impact of proposed
highway realignments for the State Highway Administration.
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While providing technical assistance to the State Highway Administration, the Department
projected the software that permits the development and integration of smaller cell sizes
with the current MAGI data base. In several instances (for State Highway, Baltimore
County, and Department of Natural Resources), small area—20 km? (4.5-acre) cells—data
bases are being constructed. ‘ '

Effort is being contributed to a new study being conducted for the Energy and Coastal
Zone Administration. This study will involve a regional screening for selecting potential
sites for major public and industrial facilities in the Coastal Zone. '

Although the complete capability of the MAGI System is yet to be realized, its use during
1976 demonstrated that the MAGI system is a dynamic tool with the capability of ser-
vicing the information requirements of planners and decision-makers.
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THE CHESAPEAKE BAY: A CHALLENGE TO
THE REMOTE SENSING COMMUNITY

C. Eugene James
Environmental Protection Agency
Washington, D.C.

BACKGROUND

We are drawn together here by a common bond and under the banner, “Application of Re-
mote Sensing to the Chesapeake Bay Region.” I hold that within this assembly there is a
body of knowledge that can be used to identify problems and recommend solutions that not
only will have impact on the Chesapeake Bay Basin but could also have significant recognition
beyond the shores of this nation.

I contend that within the grasp of this group is an opportunity to participate in a major break-
through in the art of remote sensing. Note that the term “art” differs from science—science
being the product of predictable occurrences and art being the product of value judgment,

Time and space permit neither the enumeration of the achievements of remote sensing nor of
its failures, 1 ask only that you recall that they are many. Iintend to simply highlight the
potential of the technology that brings us into conference, to reflect on the beauty and the
importance of the basin upon which we intend to focus our efforts, to acknowledge the capa-
bilities of the participants, and to propose a synergistic course of action.

The Tools

As a common point of departure, I assume that we all appreciate the high potential of sensing
from satellite and aircraft as being the most expedient and cost-effective technigue available
for monitoring many geographical areas of significant size. It provides-not only a synoptic
view from vantage points that are unique, but also an unequaled record for change detection
when used with repetitive cover. Combined with responses available throughout the electro-
magnetic spectrum, these viewing characteristics provide a record unequaled by visual observa-
tion.

We now have access to data from several existing satellite systems that periodically cover the
Bay, and other satellites are under development. In addition to satellites, a wide variety of
aircraft operate in the Bay area. The National Aeronautics and Space Administration (NASA)
has U-2’s that occasionally operate in the area. The Department of Defense has aircraft that
range from the high-altitude SR-71, Navy F-8’s, and Army low-level observation types. This
family of aircraft systems is augmented by aircraft of other government agencies and civil
contractors. These systems provide a full range of remote sensing technology.
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THE CHALLENGLE OF THE BAY

The importance of the Bay as an entity of environmental interest is beyond reproach. In the
early 1600’s, a small fleet entered the Chesapeake Bay, and its Captain, John Smith, declared
that “heaven and earth scemed never to have agreed better to frame a place for man’s com-
modious and delightful habitation.” History is replete with subsequent praise of the beauty
and bountifulness of the Bay.

I personally have enjoyed the grace of the Bay for more than a half century, and I am in com-
plete agreement with one who described the Bay as a “place beautified by God with all of the
ornaments of nature and enriched by his earthly treasures.”

Aside from its beauty and economic importance as a commercial and recreational asset, its
size and character make any meaningful monitoring program a task of considerable magnitude.
To understand the Bay as a system, it will be essential that a remote sensing program include
all of the land mass in the basin and all of the rivers, streams, and estuaries that serve the
basin.

Although as a body of water, the Bay is only 269 km (167 mi) long (less than the coverage

of a couple of Landsat images), its surface covers 11,137 km? (4300 mi?). Whereas some
parts of the Bay are more than 30 meters (100 feet), many square kilometers of tidelands

are shallow enough to be ideal for the shellfish industry. Thus, its average depth is only about
6 meters (20 feet), but, within its 8045 km (5000 mi) of shoreline, it contains 70,041 billion
liters (18,500 billion gallons) of water.

The interest of many students of the Bay is confined to small segments of the total system.
However, it is only within the framework of understanding how the 48 principal rivers drain
more than 181,300 km? (70,000 mi?) to feed and interact with the total Bay system can a
real appreciation of the problems be addressed.

THE PROBLEM

We meet here with the purpose of promoting the use of remote sensing in studying, monitor-
ing, and understanding the Chesapeake Bay. Although it can be expected that these delibera-
tions will contribute to many of the individual projects now being conducted, without some
effort to join forces and coordinate our activities, the contribution to understanding the Bay -
as a total system will be wanting.

There is little doubt that the technology exists to survey, model, analyze, and predict many

of the perturbations and vacillations of this magnificant basin. The primary constraint is

that we must understand and appreciate the limits of our capabilities. Singly, they are mini-
scule; collectively, they are less than adequate. We must also keep in mind that a meaningful
program to monitor the Bay is not an overnight endeavor; and, without a comprehensive

plan, it cannot start tomorrow, and it cannot be completed in a short span of months or even
years. A mieaningful monitoring and remote sensing program for the Bay will probably require
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adecade. Even then, success will require that the remote sensing cmhmuﬁity join forces and
support others who are responsible for making decisions regarding environmental quality.

Let us not forget that remote sensing is not an end in itself, but only one facet of the many
disciplines—all of which must be brought into focus to plan and conduct a successful program.

Even if all agencies who have expressed profound and provincial interest in the Bay could,
by some miracle, work collectively and at near 100-percent efficiency, the size of the effort,
compared to the magnitude of the task, would leave much to be desired. The critical issue
here is how do we make maximum use of the limited resources that are available.

REMOTE SENSING LIMITATIONS !

The purpose of this paper is to en couragff'and promote the legitimate use of remote sensing
systems. It must be recognized that reinote sensing is not a panacea. Furthermore, remote
sensing severely suffers from being oversold. Although the technical literature abounds with
research data, theoretical applications, and feasibility demonstrations, the full p‘btential of
remote sensing technology in actual operational programs is not evident, Moreover, much
of the data are of questionable validity, and all too frequently are accepted with reluctance
and skepticism. This is not without cause. I recall an instance in which one scientist pro-
cured two instruments that were developed by another government agency, conducted some
superficial tests, found some random correlation, and then proceeded to present papers on
the new-found technology. He even traveled as far as Japan spreading misinformation. The
subject was then dropped, the equipment was scrapped, but the papers remain to mislead
some trusting environmentalist.

As proponents, we must ask ourselves: Where is a reliable source of information by which the
scientist, engineer, or technician not experienced in remote sensing systems can seek direction?

® How does one quantify the movements of cooling waters being emitted from a power
plant through use of a thermal scanner?

® What is accepted as a standard rveference for studying current moyements usmg the
~ combination of dye tracking and remote sensing recording? ¢

We know that the feasibility of conducting many of these operations has been demonstrated.
Yet, even the most elementary remote sensing techniques are not being used in many pfog'rams
‘that need support. I believe that the majority of the environmentalists have not benefited
from the developments in remote sensing technology. Is there any community endorsement
of our methods or procedures? Where are performance standards? What are maximums and
minimums for acceptable data? For example, is there agreement on a position reference

- system? Should we use latitude and longitude, Geo-Ref., ot Universal Transverse Mercato'r‘
(UTM)? After that is settled, we should agree on a vertical reference. Should we use feet in
reference to sea level, or should we go ‘““Mod” and use meters? Without standards, how can
data collected by different agencies on different parts of the Bay be integrated into a mean-
ingful study of the Bay as a total system?



52 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

AN APPROACH TO THE PROBLEM

The literature abounds with <-ferences to multispectréﬂ scanning, laser techniques, infrared,
microwave, and radar. These are analyzed with multidimensional models, digital analysis,
and holographic projections. Although feasibility has been proven, only a minimum of effort
has been devoted to reducing these sophisticated technologies to operating practice for en-
vironmental applications.

In the environmental movement, most scientists are engaged in solving specific problems re-
lated to specific locales. Little effort is being devoted to the more general problems that are
often amenable to solutions identified through use of remote sensing technology.

How do we encourage the limnologist, the forester, the urban planner, and a host of others
_ to make frequent and regular use of remote sensing technology? Is standardization the name
of the game?

Why not take a page from the book of the scientists and engineers who are engaged in making
military weapons? The military pioneered most of the remote sensing technology we now
apply to environmental science. Hardly a single facet of remote sensing technology has not ‘.
been investigated by the weapon makers. Multispectral, false color, laser, microwave, infrared,
and radar; low-altitude, high-altitude, and space systems are all tested, evaluated, and calibrated
for the purpose of recording the environment of a selected target or area of interest. To gain
confidence in the capabilities of these tools and to train others in the use and value of these
tools, the military scientist establishes operating maxima and minima. To develop these
parameters of confidence, the military uses a rarige with a multiplicity of targets designed for
the specific purpose of evaluating and demonstrating specific capabilities of the tools of their
trade.

Where in the framework of remote sensing do we find criteria or standards accepted for opera-'
tional applications? Is this a void in our efforts to apply remote sensing tools?

We have the tools but we do not have a remote sensing range that is calibrated for the specific
purpose of demonstrating operational capabilities or developing standard operating procedures
that will produce data that have an acceptable degree of confidence.

For instance, let us look at a concept of an environmental range with dynamic targets specifi-
cally selected for’ evaluatmg and demomtratmg remote sensing technology asit apphes to
environmental problems. What type of targets would be required in this range" A few are
water, land, air, agriculture, industry, and urban areas.

‘Where within the 9 million km? (3.5 million miz) of the continental United States is the most
suitable geographic location to establish a remote sensing range with the following desired
characteristics:

® Long enough to include a wide range of climatic contrasts
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® Oriented in general North-South direction to make maximum use of satellite systems
in polar orbit

® Small enough that a total drainage basin can be studied as a system

® Near enough to major remote sensihg activities to encourage wide participation
(Langley Research Center, Goddard Space Flight Center, Environmental Photographic
Interpretation Center (Environmental Protection Agency), and the Corps of Engineers)

® Has enough in-situ monitoring activity to provide ground truth
® Ias ;@ﬁworking scale model to support hydrolic studies
® Has political importance and support?

The answer is, of course,y the Chesapeake Bay Basin.

PARTICIPANTS

To some degree, most agencies now participating in Bay programs have specialized capabilities
in environmental studies. On the other hand, it is doubtful if any agency has a complete
complement of capabilities. Some agencies (such as NASA and the Environmental Protection
Agency (EPA)) have special capabilities in remote sensing; others (such as the Smithsonian
Institution and the Virginia Institute of Marine Sciences) are more oriented toward surface
sampling and analysis. These and many other agencies that are active in studying the Chesa-
peake Bay have similar objectives, but most often their facilities, capabilities, and areas of
interest are distinctly different. How do we marshal these assets? Should not a first step be
an inventory of the capabilities that are available?

The EPA Remote Sensing Laboratory has the potential of making a significant contribution
to the Chesapeake Bay Program. Its monitoring systems include multispectral and thermal
scanners, lidar, airbore air and water sampling instruments, and many of the more conven-
tional devices. The primary objective of this laboratory is to test, evaluate, and demonstrate
the effectiveness of remote sensing systems with the end objective of providing the-tools that
EPA regions, states, and local communities can use to monitor and protect the quality of the
environment. Itis within the scope of this objective that the concept of creating a remote
sensing range in the Chesapeake Bay area has been addressed. After all, if the capabilities

of a system camnot be proven under known conditions, should it be endorsed or encouraged
for general use? '

Some of the EPA Remote Sensing Laboratory capabilities are located at the EPA Environ-
mental Photographic Interpretation Center (EPIC) at Warrenton, Virginia. This laboratory
is responsible for supporting much of the EPA activity in the eastern part of the country.
It also functions as the EPA interface with other federal agencies that are active in remote
sensing programs. Many of these activities are related to programs in the Chesapeake Bay
basin.. Some of the programs could probably be modified to meet the requirements of
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agencies that specialize in in-situ sampling. This kind of interaction would probably improve
the effectiveness and validity of both program areas.

EPIC has a full complement of photographic processing and production equipment and the
support of highly trained analysts with sophisticated viewing and mensuration devices. These
facilities and experience could probably be made available to agencies and organizations that
participate in Bay programs. EPIC also has a broad selection of cameras and scanners of
various characteristics that could probably be loaned to agencies for specific programs. In
addition, EPIC maintains a library of remote sensing coverage for EPA and has access to the
remote sensing records of other government agencies. By some mutual agroement, this ser-
vice could be made available to agencies that participate in Bay programs.

For the purpose of iltustration, I have only highlighted some of the capabilities that EPA
could contribute to a cooperative program. The unique capabilities of other organizations
(such as NASA, U.S. Geological Survey, etc.) are known to many of the participants in this
conference. Would it not be to our mutual interest to undertake a pilot program to demon-
strate the capabilities of our combined efforts?

SUMMARY

The size-of the Chesapeake Bay basin alone presents a formidable problemn. The period of the
hydrological, climatic, and biological cycles dictates that years, if 110t decades, of surveillance
and analysis will be required to obtain validated data. To enter into a Chesapeake Bay en-
vironmental monitoring program without clearly understanding the dimensions of the problem
in both the geographical area and the span of time, the data obtained will be of marginal
value, Furthermore, an understanding of the problem without full recognition of the limita-
tions in regard to resources and technology available can only l‘ead to failure.

Neither the magnitude of the task nor the limits of our resources is reason for reluctance. We
have within our grasp the potential, the experience, the knowledge, and the equipment to
make a major contribution to the Bay area, and possibly a major contribution to the art of
remote sensing, by demonstrating the application of standard operating procedures and how
such technology could support a comprehensive plan for monitoring the Chesapeake Bay
basin.

The scientific, engineering, and technical expertise of personnel in the agencies now partici-
pating in Bay activities have the technical competence to direct a coherent program. However,
the mechanics of coordination, communications, and administration will require considerable
study and effort.

Hew do we put these forces to work? I propose that an output of this conference be a re-
commendation that a task force—a planning group or some other forum—be convened, en-
dorsed, and supported for the specific purpose of developing a plan of attack to resolve these
problems that inhibit the acceptance of the technology we are here to promote.

AN ¢
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MISSION OF A REMOTE SENSING CENTER

Robert M. Ragan, Dixie A. Pemberton, and Thomas D. Wilkerson
University of Maryland
College Park, Maryland

PROPOSAL

Faculty members interested in remote sensing propose that a Center for Remote Sensing
be established. Provision for such a Center is inciuded in the University of Maryland Long-
Range Planning. This Center would: i

® Provide service, research, ana ¢ducation in the developing d1$01p11ne of remote
sensing.

~

® Effect multidisciplinary linkages between scientists and other users of remote
sensing and those who develop remote sensing techniques.

e Strengthen and extend existing University of Maryland remote sensing capabilities .
into a cohesive program.

DESCRIPTION

An informal faculty group is interested in fostering education, research, and service in remote
sensing of the environment. Through a questionnaire to departments and laboratories of

the University of Maryland, the group has gathered information that helped to define Uni-
versity of Maryland interests and capabilities in remote sensing. Our goal is to facilitate the
flow of information between groups that generate remote sensing techniques or need such
techniques for environmental problems. This includes, as an important part, the exposure

of students to the possibilities and limitations of remote sensing.

- L

Experience shows that a given technique, such as aerial/orbital photography, is appiicable

to many problems, such as crop coverage, diseased or stressed vegetation, urban land use,
shoreline erosion, water turbidity, and extent of strip mining. Many examples exist of
instrumentation systems that can be applied to a variety of environmental problems. Thus,
remote sensing emerges as a quasi-discipline that, to some degree, calls for education and
training on its own merits. The methods of remote sensing are now quite diverse and include, .

as well as passive photography, ‘““active’ sensing by means of lasers and remotely operated
nuclear excitation devices.

One of the prime objectives of this group is to provide visibility on remote sensing to the
students regarding opportunities existing both on the campus and in the local vicinity.
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Students interested in pursuing various aspects of this “field”> would derive tremendous bene-
fit from inforrhation that would be made available. Students can be‘made more aware of
new and current techniques for detection and identification and their application in many
environmental problems and potential solutions. In addition, this material can be used by
students and faculty to generate new and advanced research programs,"‘many of which may
be difficult, if not impossible, to solve by more conventionai techniques.

%

In addition, the Center would provide training and services related to state and local govern-
mental units.

The service function would emphasize the maintenance of current data bases and assistance
on the application of remote sensing technology to problem solution. The Center would
maintain current high-altitude and conventional aerial photography files for the state. In
the rapidly changing urban areas, the information on these photographs would be digitized
annually and made available to users in the form of computer maps, statistical files, cards, or
magnetic tapes. The Center would also maintain a set of current, geometrically corrected
Landsat tapes that would provide seasonal coverage of the state or region. From this base
of operations, the Center would be in a position to respond to special-request projects from
local governments or state agencies needing remote sensing technology for environmental,
water-resource, land-use, transportation, or general planning problems.

Although numerous research projects have proven that Landsat and other remote sensing
platforms have important applications to problems facing state and local governmental units,
acceptance of the technology has been slow. A major problem has been, and continues to
be, a lack of understanding and opportunities for training in the user community. Thus, a
viable Center would provide short courses at the University of Maryland designed for a com-
munity of users. These courses would be offered frequently, using facilities of both the
Center and the established Center for Adult Education on the College Park Campus. Staff
members would also develop workshops that would be given in the offices of the agencies.
There would also be academic courses at both the undergraduate and graduate levels. The
undergraduate course would be designed to introduce students in resource-related fields

to the potential offered by the remote sensing technology. The graduate level courses would
be offered in the evening t.- . - courage practitioners in the field to attend.

In meeting this service and tréining responsibility, it would be anticipated that the state would
assign and support a professional from each of several agencies to the University Center. For
example, this might include the Office of State Planning, the Water Resource Administration,
the Department of Transportation, and the Department of Natural Resources. These pro-
fessionals would be trained by the staff of the University of Maryland and, in turn, would be
the “extension service’ personnel working with the state and local agencies. Two master’s
degree level assistantships could be supported by the various state agencies participating in
the program. These M. S. students would work with the agency professionals and serve as
technicians to make the services and training responsibilities of the Center a reality.

N
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The Center would also function as an international service and training facility. In this
capacity, the Center would offer academic courses for master’s level personnel that would
be taken by foreign students pursuing degree programs. The Center would develop short
courses of several weeks duration designed especially for foreign personnel. These short
courses would also be formatted to be given by a team at foreign universities or in major
governmental offices. The Center would also aid foreign governments in setting up remote
sensing snterpretation systems and professional teams. ' %

Finally, the Center could function as an international service organization by providing con-
sultation for the solution of specific problems. 1:ese services would be offered on a contract
basis to either the foreign governments or to organizations such as the Agency for Inter-
national Development or the World Bank.
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There is a wide array of questions. Some of them are overlapping; some of them are extremely

broad.

We’ve chosen to begin the session by asking-each panel member to respond to a couple of

specific questions.

I would also like to open the discussion to audience participation,  We’ll try to get through

the questions, but have some audience participation at the same time.

We’ll open with some comments by Bob Douglass—h« has some fascinating ideas that he

raises in his abstract.
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DOUGLASS:

One thing has come to my mind as I've looked over the group. I'know a lot of you from
reputation, and I want to ask a question: how many in thjs group represent management of
land? How many actually make the decisions on managing land?

(A showing of hands)

DOUGLASS:

Okay, there are four of us. [ wanted to point that out because there’s a little skew approach
here that is good in a way, but I wanted to point out the fact that, when the speakers say
““‘managers and researchers in regulatory agencies,” they recognize that in this group there .
are not very many managers (that is, people who actually manage land). I see this reflected

in the type of questions that you’ve asked—quite good questions, but they are questions ;
that reflect the bias of the group. I wanted to point that out at the beginning. Ido represent

-.a land management group, the Forest Service. We directly manage more land than that

comprising France, Belgium, and Switzerland all put together. That’s just one of the five
sections of the Forest Service who have 0.76 million km? (187 million acres) of ownership.

I’'m speaking as the Remote Sensing Coordinator for the Forest Service; therefore, I have to
look at Landsat somewhat differently than someone in a research situation who is going to
use Landsat occasionally, or even operationally. When I make the decision, or recommend
that a decision be made in the Forest Service, to go with a Landsat-type program, I’m talking
about paying for the satellite. You may not have thought of it in those terms. But, if we
start talking in those terms in the Department of Agriculture, we're talking about buying or
renting it, or at least a downlink in computer systems. We’re talking about megabucks, which
is a little bit different. When [ say that Landsat is not operational for us, I mean it in those
terms because I'm not ready to tell my chief that we should buy the computer system and
downlink materials.

A couple of the questions were raised here. Somebody mentioned to me that in my abstract ;

-1 said, “Before remote sensing—satellite remote sensing—can be operational in the Forest

Service, we must change our way of making decisions.” By that, I mean that remote sensing
applications are meant for broad-based decisions, if we’re talking about satellites. The Forest
Service is a land-management agency which makes the decisions at the ranger district level.
It’s a very, very independent group. You know, we’re very much detached from the home
base, and each .anger is keying in his ranger district, Remote sensing, or course, picks up
data—inventories massive areas of land, which gives us a different formula for making deci-
sion's,. When I make that statement in the abstract, that’s what I'm referring to.

Asa kgood case in point, in the Rocky Mountain region of the United States, we have a beetle
kill that’s going into billions of board feed. It reaches to the entire northern section of the
Rocky Mountains. We have a lot of standing dead timber. We’re inventorying that standing

=
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dead timber right now, but we have to do it statistically because of the size of the land we're
talking about. But where do we place the mills to harvest that dead timber? In other words,
we may go from a green cut to a brown cut of standing dead timber. We may shift our entire
way of logging in that part of the country to try to salvage those standing dead trees. Whefe
do we put the roads? What’s the econometric model that we have to work with? Do we put
in highways? Do we put in roads? Do we bring in sawmills? And if so, where do we site
those things?

Well, remote sensing can make a contribution to that, but the decisions of that magnitude

are not made at the ranger district. If we are indeed going to apply remote sensing for the

entire northern Rocky Mountain section of the United States, we’re not going to be making

the district ranger decisions. Rather, we’re probably doing it out of the regional office at

Mazola, Montana, or the Washington office of the Timber Management folks. So, that’s

what I meant when I said we have to change our way of doing things if we are really going
-to apply remote sensing,

The group that I was in raised the question of application--how do we apply remote sensing?
I guess we’d better talk about the definition because people walk around that definition all
the time. We get a group together, and we talk abstractly about remote sensing being
Landsat; but it’s really photo interpretation, So, we say that, at the moment, we have no
operational use for Landsat data, but that doesn’t mean we don’t intend to use it. Because
of some of the legislation thar affects us, we’ve got to find a more efficient way todo
things. We have to make an assessment of the 6500 m? (1.6 billion acres) of the United
States on a 5-year recurring basis--5 to 10 years. We simply can’t handle that kind of data.
We can’t inventory that magnitude of data by any way but remote sensing.

We now are using aerial rhotography so routinely that T don’t count most of that as remote
sensing. We use remote sensing of 1:80,000 on down to about 1:8000 scale. We fly our
forest lands cvery 5 years in color, color infrared; and black-and-white. [ don’t consider
these to be the remote sensing that I’'m concerned with as Coordinator.

With respect to the application of remote sensing, we are investing a tremendous amount
of money in cooperation with the National Aeronautics and Space Administration (NASA).
We have a project at the Johnson Space Center in which we are trying to develop applica-
tions. We’re looking to the Landsat computerized data—digital processing—to help us out.

If you have specific questions, I'd be glad to address them.

RAGAN:

Before we move on, does anyone on the panel have any comments on what Bob has men-
tioned? Two items stood out. One, that purchase of" equipment would be part of the.
feasibility and this idea of a new approach to decision-making, Are there any comments
from right here in this group first? '
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ANTENUCCI: )

Bob pointed out something that state people have used, and that is that traditionally we rely
on high-altitude aircraft photography. For the detailed work we do in many cases, it is more
appropriate at this time than Landsat. Therefore, Landsat is down the road for many of our
applications in which we depend on aircraft photography.

RAGAN:

How about getting that into your files? In other words, this may be a good place to branch
into the MAGI (Maryland Automated Geographic Information) System. In your abstract,
you talk about a data base for the state of Maryland. How do you digitize aircraft data to
get it into your ﬁles"

AN TEN vccr:

We do that manually. In the past, we have prepared more traditional land-use maps at a scale
of 1:63,500 by using high-altitude photography. We prepared that on nylon materials so that
we can make copies readily available to substate jurisdictions and to anybody that actually re-
quires hardcopy material. We then encode that information by hand at this point. We are ex-
ploring digitizing the data. Since our system is grid-based, we would then gnd it from the
polygon file.

RAGAN:

You use a 90-acre cell Is that any transition down to a smaller ce]l" A lot of people have
Cl‘lthlzed it as being not usable because of the 90-acre resolution.

ANTENUCCI:

Well, we use a 90-acre cell. It’s our basic component. Two thousand feet on the side is 91.8
acres; and it’s a division of the State Coordinate Grid System So, we’re tied into that infor-
mation.

Rather than go to the smaller cell size initially—we had a hm1tat10n of funding avallablhty——
for certain critical pieces of information, we chose to encode primary, secondary, and ter-
tiary occurrences within that zell. Therefore, for land-use information and for soil informa-
tion, we’ve encoded three levels of detail and two levels for geology.

We have recently experimented with an approximately 4.5-acre grid cell, which is a one-

twentieth division of the 90-acre cell. We have used this in three test areas, and we now

have a much larger test site in the lower Patuxent area in which we are going to do a cost
analysis—an effectiveness analysis—of the small data cell for use by local jurisdictions.
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We have used both the 90-acre cell and 4.5-acre cell for local governments. There is a ten-
dency to feel more comfortable with the 4.5-acre cell at that level, but we are also constrained
because most available traditional map data is not compatible wiih that scale, except for soil
data. Most of the map material available in Maryland is 1:62,500, which better lends itself

to the accuracyof the 90-acre format. Although we are sympathetic to the need for a larger—
4.5-acre or somewhat smaller—cell, in many cases, the data are not available without a rather
large expenditure of money.

RAGAN:

I'm concerned about the idea of purchasing equipment as part of the feasibility —as part of
the economics of whether or not remote sensing is applicable. In your paper, you talk a
great deal about the Office of Remote Sensing and Environmental Research (ORSER). What
do you think of the purchase of equipment? Does this amount to a large economic invest-
ment based on the experiments with San Jose, efc., that use ORSER?

CRESSY:

A range of investments are required, and there is no single answer. If I were at a transition
phase, the only way to accomplish any real integration of the new technology into someone’s
existing way-of doing business is to cause a minimal disruption to-the way he does business. .
That means that you would attempt to make use of equipment that is commonly found in
the adopter’s offices or laboratory for the way he does business now.

Our experience with San Jose, and with other people, has been. that most of the local planning
offices have an available typewriter computer terminal that-they can use in a dialogue mode
to some computer system. For them, this may represent the cheapest possible way to en-
counter digital data and digital data processing. In many cases, they already have the machin-
ery for the most simple approach. In fact, the most expensive cost to them may be telephone
costs in the hookup to the central compute}r. The availability of national time-share networks
may even minjmize those costs. L -

RAGAN ;
But' hasn’t San J ose kept records of théir telephone bﬂlS etc. between 1n-state and hours
expended” :

CRESSY:

They sure have. Tdon’t have the firial niimbers on that. We have basically finished most of
our intefaction with the planning office there. But for about a 6-month peribd, their use of
the data processing system at Penn State University by telephone hookup amounted to less
than $1000 and much less than $1000 in Central Processing Unit (CPU) time.
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This is for the planning officer in San Jose who has probably exercized every program in the
Penn State library, rather than most of the people in our facility at the Goddard Space Flight
Center. He has spent perhaps 25 percent of his time during that period working on his pro-
grams and on digital data related to the San Jose area. If he had gone commercial, telephone
charges would have been extensive. They do have to pay commercial long-distance rates. How-
ever, telephone charges through a commercial time-share network would mean that he would
be dialing a local call in the San Jose area; in that case, the charges would have been minimal.

That is an almost hypothetical network.‘ The network doesn’t really exist yet. No commercial
time-share remote sensing analysis is nationally available. But, from our experience with sev-
eral universities and private companies, we believe that this kind of service is just around the
corner.

RAGAN:

Jim Wray, have yvou used the Automatic Remote Processmg Antenna (ARPA) network to do
a lot of time-sharing work?

WRAY:

Not counting our use of remote sensing source materials for our national program, but speak-
ing only for our research and development efforts using the Landsat digital data, we are not-
using any U.S. Geological Survey facility. A small exception is about $4000 that we spent
for a remote computer terminal and about $3000 for the silent digitizer. These were the
only equipment investments. In the past year, we have not spent more than $15,000 for
computer services elsewhere. The computers that we use are on the ARPA network—the
Advanced Research Projects network of some major computer facilities across the country
tied together by high-speed telephone lines.

’

In our processing of Landsat data, there are three major computer operations, and we use a
different computer setup for each one, choosing what we want to use from the ARPA net-
work for the preprocessing work—the reformatting of the tape té put it into the form required
by the software we are using. We use a version of the LARS-III system, now called Editor,
developed by the University of Illinois Center for Advanced Computation. In this preprocessing
work, they are apt to use a 360-91 from Southern California that makes prelifninary geometric
corrections and does the reformatting that I referred to and overlaying of scenes if we’re using
data for more than one time. About 2*:sars ago, costs were running about $3000 a frame for
these operations. Now, it is down to about one-tenth of that.

The second operation is the interactive one in which the analyst works interactively with the
data and sets up classes statistically, using a PDP-10 capability at a private firm in Boston. The
PDP-10 has the same software requirement that runs the front end of the Illiac computer—the
parallel processing computer based at NASA Ames Research Center and also on the ARPA
network. The Hlliac is such a formidable number-cruncher that people cannot run it. It takes
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a battery of computers to run the computer. What gets you onto the Illiacis the PDP-10
capability which, for the ARPA network, is based in Boston. From a remote terminal at our
desk—in this case, in California—we made the tapes. We do not transmit large quantities of
data over the telephone line, We mail the tapes or the input data to this facility; uowever it
operates 24 hours a day, 7 days a week, and we can telephone at any time.

As for the telephone, we are able to use a local tip. We use the computer for a communica-
tions device, We do not use the telephone except for local calls to the nearest contact point.
There is one contact point at Fort Belvoir, but we have difficulty getting on that one. There
is aiso one at the National Bureau of Standards in Gaithersburg, Maryland. Most of our work
is done at the Ames Research Center, California, on a tip there That is the second computer
we’re using for the interactive operation.

When our classes have been established, we have another number-crunching path that is done,

not on an interactive computer, but in batch mode. For this, we turn to a different computer '

facility that i§ also on the ARPA network.

RAGAN:

But all operate from one terminal?

WRAY:

All operate from one terminal. It can be a suitcase on your desk. For this, we have been
using mostly the Illiac4 located at Ames Research Center. But, from a computer terminal

in my office, we might be doing the classification for, say a 7.5-minute quad in Idaho. We
have previously sent the tapes and done the preprocessing. The data can be called up from
this remote terminal in our office, and the analyst may spend 2 hours setting up the statis-
tical classes for this 7.5-minute quad. The Illiac works so fast that it can only work in batch
mode. Therefore, the job is turned over to the Illiac. We may get the answer in 20 minutes
or 2 hours or certainly overnight. In the particular case I have in mind, the llliac assigned the
classes to each of about 34,000 pixels for a 7.5-minute quad in less than 2 seconds for $1.40.

RAGAN:

So, this would be something, say, that’s down the line for accessibility when Phil Cressy’s
“hypothetical network is set up. That will be integral to this hypothetical.

Jim Manley has used the Penn State network that you will be seeing this afternoon as a
regional tool.

WRAY:

It is not necessary to use a parallel processing computer for this work. I thipk the question
of what is the best hardware or software to use often comes up, and 1 think there is no answer

PEATYE ¥ ity
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to that EfuestiOQ. Many people are working at this‘in different ways, and the best way to go
is with whateverf particular combination of help you have, hard ware and software. In this
case, we just lucked out and happened to have access to this. But a CDC-7600 will do the
same job about ten times faster.

CRESSY:

I want to add one thought to this, and I noticed a question that'appeared on several different
charts that I want to respond to as well but just to add to this,

You mentioned a hypothetical system; it isn’t quite as hypothetical as you have made it

- sound. We know, for example, that, with their ORSER system, Penn State has a dialogue
environment that is to some modest degree commercially available. They are now in the
process of establishing some sort of an arrangement for commercial accounts. The Labora-
tory for the Application of Remote Sensing (LARS) in Purdue has some kind of commercial
availability. They are now tied to a fairly expensive terminal system and card-entry system
but are testing and evolving a more easxly accessible dlalogue approach, the way the Penn
State ORSER evolved.

We know that Dlames and Moore has purchased the ORSER package and put it on a time-
share network for their in-house use, not really realizing that there was an outside user
community that would be interested in access and in paying them for the privilege and for
their support of that process. We have talked with Dames and Moore and are encouraging
them to test the commercial feasibility of supporting that process.” We have talked to, and
encouraged people from, General Electric Company (GE) and Computer Sciences Corpora-
tion (CSC). CSC has put a version on LARS and is havmg some trouble, or LARS has been
having some trouble making it operational.

But there are several approaches to this, and several people have expressed interest in
approaching this issue, Perhaps it needs a fair amount of encouragement not only from
NASA or the U.S. Geological Survey (USGS) but also from a potential user community.
They can begin knocking at doors and say, “We’re interested in this possibility. We would
like to discuss with you further the potential costs for this capability and the uses for it.”

RAGAN: Do

- We are alluding to the questxon of how and where does one begm in makmg use of remote
sensing data. It is one of the processes in which we emphasize the digital aspects of it.

JAMES:

I‘ha‘ve a question that maybe I could clarify a little bit." T felt that we were coming here as -
a group to study the applications-of remote sensing to the Chesapeake Bay. This morning,
we have talked about a lot of high technology. We’ve talked about many of the other places
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in this 3.5 million square miles we call the United States. We have not spentI a fraction of
our time worrying about or even considering the 7000 square miles that make up the Bay.
If we want to help solve the Bay problems in the time that we have available to us in this
conference and come out with anything productive, I think we should talk about the Bay
problems—real Bay problems.

There have been many other conferences addressed to the high technology of satellite systems,
computer programs, digital anziysis, etc., but all of these do not apply directly to the Chesa-
peake Bay. Ithink that some of our time should be devoted to more mundane approaches
that we really meant to address here—the Chesapeake Bay.

ANON:

I had a question along that line. In looking through the abstracts, I noticed that when we
talked about remote sensing, most of the people wrote about Landsat’s contribution of
digital data. But you are dealing with the Bay and raw material, pollution, salinity, etc. 1
have not heard any mention of data-collection platforms and satellite telemetry, which I
think is a major facet of remote sensing. It isn’t scanner data, *t it is reflecting data
remotely. I'm on the Agriculture Remote Sensing User Task Pbrce, and that is one of the
areas that we are looking at. We found that the Forest Service collects data from 8000
data-collection stations. Many of these data could be telemetered to the satellite and trans-
‘mitted to wherever you wanted to bring it back. That is the meteor burst type of things.

It seems to me that, monitoring the ‘Water, pollution, etc., of the Chesapeake Bay would lend
itself to a solution by the use of data-collection platforms, and I wonder if anyone here h‘as‘
done any work with that. '

RAGAN: B ~ e

Dah, do you want to comment very briefly on that?

ANDERSON:

Well, that technology is Iere, and we are moving ahead as fast as we can with our experimen-
tation. We have used t'.s Landsat system. Landsat-C will have the data-relay capability, but
Landsat-D will not. Therefore, that will be essentially the end of data-relay systems as far as
‘Landsat is concerned. But the main viable system at the moment is the computer stationary
operational environmental satellite operated by the National Oceanic and Atmospheric
Administration (NOAA). At the present time, we—the USGS Water Resource Division—have
a contract with COMSAT General Corporation, and they are using one of their commercial

- satellites. -Actually, it’s a Canadian satellite; they have a frequency on the Canadian satellite,
They are in the very beginning of experimenting with this satellite. Depending un how you

¥
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classify the systems, we collect data of some type from nearly 50,000 stations. There are
probably about 18,000 various kinds of actual recording stations. But it’s a very viable system,
and we believe that, as time goes along, we will be able to collect better data quicker. In

other words, a lot of users really want near real-time data. '

ANON:

Is anyone familiar with what can be collected from his data-collection platforms?

ANON:

Commercially, Environmental Research and Technology, Inc. (ERT), started about 10 years
ago, and its primary business has been collecting data, primarily research in the Boston area
and throughout the United States now.

Bob Bartlett, the chief engineer, has been working with the same satellite contact. One of
the things we have looked at is a midstep—a dependency on the real time versus long term
data. In other words, do you take an action, or do you take a study observation? Hopefuily,
we’ll get a chance to talk with those who are interested in it this afternoon at 3:30.

The regionalized systems, one of which has gone into two states now, give you the ability to
have a hands-on real-time action analysis, and then go off into what I call a batch collection—
a satellite collection—trade-off. Of course, it is going directly from the sensors into the satel-
lite and back with the attendant time delays. It is part of the systems design. Generally, it’s
a mixed bag. The kind of data you can collect would make the two distinctions between
hydrology and quality, and there are good sensors in both of those areas. Sometimes you
mix the two; sometimes it’s one or the other:

RAGAN:

Jim Manley has faced a similar problem in merging an array of data dealing with land use and
water quality. He islocated on the edge of the Bay. Could you comment on this interface
of data, your U-2, your satellite, your photographs, and your water-quality information.

MANLEY:

- Unitl last September, we have been working with U-2 photography to develop land use for
the Baltimore area. It has been pretty good. We have then gone into planimetering the areas
and have gotten totals by regional planning districts that are aggregations of census tracks,
watersheds, etc. We have since gone into a polygon storage systém in hope that, when other
types of statistical areas come along, we will be able to more easily summarize those.
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However, this did not get into the kinds of questions being asked here. They were interested
in nonpoint pollution. We turned to Intralab to help us get on Landsat and to give us infor-
mation on undeveloped areas in the Baltimore region.

We do have a problem, however, in interfacing the grid system from Landsat (approximately
1 acre) to a polygon system. We haven’t really gotten all the bugs worked out. We hope to
use some computer packages that are available.

RAGAN:

Are you actually taking any water-quality data? Are you actually in the streams or in the
Bay for water-quality data?

MANLEY:

Yes, through the two-way program. I’m not directly involved in that, however. As an aside,
GE is working with the city of Baltimore in the Lochraven Reservoir on the data-collection
platform. We are getting some information from that. I’m not involved in that either. I did
notice in some of the questions that people were very much concerned in operationalizing the
use of Landsat data—how to get on and how to get output back from it. I come from a
geography discipline with basically no remote sensing background whatsoever. As of last
September, I began working with Intralab using the Penn State ORSER system, and we have
developed a pretty g‘gsd' working knowledge. I haven’t really run into any language barriers,
There have been soms minor problems, such as pixels. Documentation certainly is not really
available, I've worked some of it myself, and I would certainly hope that we will work on
more in the future.

We are definitely in favor of getting a local system at the University of Maryland or someplace
else for applications that users have in the Baltimore Washington metropolitan area.

ANON:

The variables that we have been transmitting by data processing systems (DPS) are temperature,
pH, dissolved oxygen, and specific conductants. There was a time when we evaluated an entire
array of variables, and I’m sure there are other variables that could be interfaced into the sys-
tem for transmission. But, this is what we have transmitted at this point.

RAGAN:

We keep coming to the question: how does one get into it? We have talked about the ARPA
network; we have talked about ORSER, etc. Frequently there are, I’'m sure, organizations

- that a lot of us represent that are really using remote sensing as a one-shot-only type of thing.
Weneed an answer for one thing, and then we may not need it again for a couple of years or
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perhaps 6 months. Consequently, for continuity and completeness, there is still another
vehicle for extracting remote sensing information, be it satellite or aircraft. This vehicle is
the commercial operation such as that of Bendix, International Imaging System, and the one
that Arch Park mentioned very briefly on this mode that General Electric has with their
Image-100 system. Therefore, we have ORSER, ARPA, and the Image-100 system, which
offer still another input for people like Baltimore County, who just did a study of one of the
watersheds that empties into the Bay.

PARK:

I think Bob articulated the situation. It is suchan expensive machine that the only logical
thing is for most of the users to use it as a service. We do offer that service, and there are
other companies who do. There is little to choose between them, except for levels of sophis-
tication, usually related to the software associated with the machines. It is characterized by
being interactive in its design, and the design will not change in the respect that the user
employs his own spatial pattern recognition skills against a scene in an interactive mode.

It is therefore an interface between the man and his data in a very special environment. It is
not designed to be competitive with any other kind of analytical mode. . It serves only that
one role—the interactive analytical situation.

CRESSY:

For those who are interested, without endorsing GE or anybody else, in the back room where
the ORSER demonstration is set up for the afternoon, you will find a display board from GE
that gives you an idea of what that system will look like and a couple of other display boards
that indicate how that kind of interactive system has been used on various analysis projects.

RAGAN:

Could we open this up to the rest of the room because we are getting very specialized on one
or two questions. There may be someone back there who has a question that we haven’t seen
on your board and who wants an answer before he leaves here.

BOHN:

I just vt ) mention, without endorsing the system you use, that several videotapes will be
shown tonight that actually show how it operates.

PARK:

i should meke myk own position clear. Iam a user of Image-100. The GE Space Division
does not build them, it does not sell them, and I am sometimes its most vocal critic. The




PANEL DISCUSSION 71

Ground Systems Dmsnon builds and sells them. We badmouth it occasmnally ourselves
So, feel free. '

RAGAN:

I mentioned it because of the way t_hat‘VI came into it, knowing nothing about remote
sensing other than that I needed some parameters defined. It’s.a mode by which there is a
trained operator on the system, and you work with him rather than trying to know every-
thing yourself, because I didn’t go back for another 6 months. It wasn’t because I was mad
at the machine. Ihad my data, and I didn’t need any more data. And so, that’s an aspect.

Does anyone else have a question that we haven’t got to and that is important-to you?.

HILL:

I have a question. Landsat could be used for several different things, but, with the Governor’s
Conference coming up, NASA is getting to the point, I believe, at which they are asking

people to pay for this kind of thing. When the Governor’s Conference decides on the problems,
we have a list for workma-group topics—boat’ densmes oil SplﬂS pomt sources of pollutxon
water quality, chlorophyll; turbidity, etc.

Landsat is designed for land. All we’ve talked about is land use. Who are the suppliers? Where
do you go to get historical imagery? From talking around, I believe that NASA cannot pro-
vide U-2 imagery all the time. Where is this higher resolution? I'm not crossing off Landsat,
but, from our topics, perhaps Landsat could be used for 30 or 40 percent of our work. Cer-
tainly, there is a large percentage that we cannot use it for, and I haven’t seen that brought
out. ; v R : : .

RAGAN:

Source of data—anybody care to comment on that?

BROWN:

oL

NOAA has done excellent U-2 photoéraphy for configuration of shore lines, harbor, etc.
HILL: _
1 understand the U-2‘is a;n extrémely hard thing to get hold of. ‘ e
CRESSY:
Can [ address that for just a second? There is existing U-2 data that NASA has acquired that
is available from the USGS Earth Resources Observation System (EROS) Data Center in
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Sioux Falls. This is the commercial source of this information, along with various other kinds
of NASA-flown aircraft data. It is certainly true that, in the foreseeable future, NASA’s collec-
tion of aircraft data will dwindle away. Idon’t want to say to the vanishing point. I'm sure
that NASA will still be flying aircraft in support of experimental sensors, etc. But NASA is
trying to get itself out of even dny appearance of competition with commercial sources of
aircraft imagery. The commercial capabilities in the area of aircraft imagery have been
increasing greatly in recent years. "There are now commercial sources fos very high altitude
and 50,000-foot type of aerial imagery, Therefore, you will find that, for up-to-date U-2-
type aircraft imagery, you will have fewer and fewer opportunities to find that kind of data
because less and less data of that sort is actually being acquired.

RAGAN:

Well, your question was repository and historical data—historical imagery. John, in your
agency, is there a repository of historical imagery?

ANTENUCCI:

We’ve made an attempt to keep on hand all the high altitude data that has been flown by
NASA since 1969. Now, we also try to keep up to date, although not very successfully, the
holdings of low-altitude aircraft photography by other state agencies. We have a listing that
is probably up to date as of 1975 or 1976.

ANDERSON:

I was going to say something about the National Cartographic Information Center (NCIC)
that operated under the USGS. They have acquired aircraft data from all other agencies,
including the Forest Service. The United States is divided into the five parts, and there will
be still another one for Alaska and Hawaii. These data are related to 7.5-minute quadrangles,
and are identified by the symbol of the agency that has collected that data. But those data
are available. Perhaps you know more about it than I do, Jim. There are the types of data,
‘and, if you take a look at them, you will see how the data are divided and how the symbols
are installed. That would be one part. That is No. 5 there, isn’t it?

WRAY:

Region 5. There are publications like this matched with the United States—a machine print-

out by 7.5-minute quad—and printed in each quad is the numerical symbol giving some jafor-
mation about who holds the information, its date, and percentage of cloud cover. This is the
latest one out, and these indexes are for any part of the country. Five sets of them are avail-
able from the NCIC. There is a sale price on these. I have one example here. You are all
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invited to look at it and then go to NCIC for answers to your questions. It’s cataloged—the
photography holdings at EDC and many other agencies. There is a brochure on the back
table that described NCIC and a few other paris of the survey and federal agencies where you
can get this kind of information. ’

RAGAN: ,

You can type out coordinates to obtain the listing of everytii‘ipg, and you can order things
like 1947 flights, 1950 flights, etc. You get a little mosaic ab¢ut 18 inches square, and you
can pick the plates you want out of it. Ii’s not very expensive.

CRESSY:

1 think that Wallops Flight Center on the Eastern Shore also has some historical data of the
Chesapeake Bay region frem various aircraft support missions that they have flown in this
area over the last decade.

ANDERSON:

1 hada couple of questions. ‘One involved accuracy of resolution requirements for users. 1
think some of us arc a little uncomfortable about discussing Landsat and some of its applica-
bility specifically for this reason. We seem to be talking about some of these rather scphisti-
cated systems such as those of General Electric and Ben4ix as if they were operational. |
think we have to understand that much of this is still in the research mode as far as applying
it to specific problems. For instarice, I’'m not sure that anyone has addressed accuracy for -
much of the land-use work that has been done and applicability to specific kinds of problems
that we have in the Chesapeake Bay area.

The other question that I think we had in our group was the problem of interface (that is, the
ultimate problem of educating and passing on sensing technology to the user. We’ve been
asking this question since 1968. 1t is a question we ask every time we get together—how do
we do it? They’re doing a little better now than in the past, but it still continues to be a
probler”&. ‘Che of the things that I think has occurred over the last few years has been the
rise of consulting firms to fill a gap between what has been basically a research effort in the
federal government and an applied effort that really wasn’t available to the user. Some of
us are really concerned that, in- some areas at least, there is competition between federal -
agencies and private corporations for funding projects. How much and how far should the
federal government be involved in some of these projects, and at what point in time should
they be turned over to corporations that are in the business to pass on this technology and
to actually provide a usable product for the individual or for the user or they go out of
business. Should the government be involved to a certain level only? I think a lot of us are
concerned with that. Where one ends, where the other begins, and where the funds go in
this type of thing? '
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RAGAN:

John Sfewart?

STEWART:

The Park and Planning Commission of Montgomery County has a cofnputer mapping system,
and we have applied it to a lot of things in our work, particularly with the location of sanitary -
landfills and different types of urbanization and optimization for different types of land use.

Our cell is 4.5 acres, and we’ve encoded a number of factors for Montgomery County; we
found it quite useful as a practical tool. .

RAGAN:

Ken, you were getting into another phase of remote sensing that we haven’t touched on,
because we tend to get to talking about exotic-approaches and things and we think only of -
satellites. But that isn’t going to answer all the problems. And Ken has another problem in-
remote sensing—the remote sensing of underground structures. Would you comment on |
some of your views on the problems of the Bay and how this thing is tending to start out at
the end of this first session. '

WEAVER.

Before I do that, I'd like to brihg up one general thing. One of the questions I see is, “Are
we finding too many answers to questions that we really haven’t asked yet?”

1 think that’s part of our problem with the entire Landsat program There are a lot of answers

there, but what are the questions?

Also, there is another point I’d like to bring out on a philosophical level, and that is, “Are
we really overselling the capability?” Idon’t mean among ourselves. 1 mean to people that
don’t really understdand the types of thmgs that remote sensing can do for you—leglslators
for mstance

I’m sure that there are some 1eg131ators who think that Landsat has a mappmg capab1hty .
and therefore you don’t have to go out and do geologic mapping or we don’t have soil.

mapping, etc.. I think that is a communications problem that we have-to consider.: As:Bob : ;i

said, geologists have been interested in remote sensing for many yeats. We didn’t call it that,
but that’s what it is—seismic information, for instance. There have been literally hundreds
of thousands, if not millions, of miles of seismic lines run-on the Continental Shelyes off the
United States for very specific economic application—oil and gas.  As.an analogy between
that and Landsat, there wasn’t a push to run 50,0C0 seismic lines across the United States

to get subsurface geologic information. That would have been nice for us geologists, but 1
don’t think it could have been sold. But I think that would be an analogy, between that
particular type of remote sensing capability and Landsat.

e iy e
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There are other types of remote sensing, such as acromagnetics—the State of Maryland is now
covered with aeromagnetics—that are very helpful tools for interpreting subsurface geology. 1
think we look at Landsat in the profession as a tool and only as a tool. It will do some things
for us. Some real junk has been published in the literature, for instance, about lineaments on
Landsat images. That is great to see a line on a Landsat image and say, “Yes, by definition, that’s
a lineament,” but what does it mean? Is it actually a natural feature? Is it a geologic feature, etc?

There are also some “gee whiz” type of things. We have been a principal investigator in
Landsat-1, and you can look at the image of the Bay area, and, sure enough, you can see the -
South Mountain anticlynorium in the upper left-hand corner, showing up very beautifully
because of the land-use patterns, geology dictating what the land-use pattern has been. How-
ever, we have known that for years. That was mapped in the early 1900’ as a geologic
structure,

But I think the more practical thing was what we entered into with NASA in mapping the
strip-mining area and using computer-compatible tapes. There is a very loglcal apphcatlon
for those data and Ithmk Anderson d1d a fine _]Ob on that.

RAGAN: -

This is probably a good place to finish up this session. We have gone full circle. I guess I
started out at first trying to hammer that we must be able to interface with multifaceted
remote sensing devices. There’s no single sensor that will give us our answer. We’ve gone
through a lot of discussion that was centered heavily on Landsat, and probably correctly so.
But we also have to consider Ken’s urging that we are talking about more than one sensor.
So, let’s not et our conference center only on one sensor.

e i B R S B O i b s s N Tt o i gty

MILLER: | - SR | | -

I’'m from the State Of Maryland Energy and Coastal Zone Administration. I have two
immediate needs that have direct-landing implications, and I'm looking forward to my fund-
ing for next year, setting aside monies to do some of these tests the conventional way. One
of them has to do with prevention of significant airshed degradation. One of the pollutants
targeted there is SO, —a very heavy effort funded by the Environmental Protection Agency
 (EPA) to'look for sulphur emissions in the midwest and how the transport and transforma- -
tion of sulphur affects things in the flight path. From some of the earlier calculations that
were done, Maryland looks like it’s directly in that flight pat‘h, and it’s a synoptic type of
study. A,We are not talking about resolutions of a meter; we are talking about resolutions of
a kilometer.- I believe that remote sensing is ideally suited to this.- The implications of this
type of work are vast. It could mean that you have to take things like major power sources,
put the'min-ai plum pudding type of model, and spread them out uniformly, or you might
want to concentrate them in some way—give them some kind of regulatory mandate to do it. -

ORIGINAL PAGE IS
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These are immediate questions; they are before Congress. There are things on the books
within EPA and within the state that are going to have far-reaching expensive consequences
in the state. '

Another point that pertains to the Bay is to look at pH and long-term pH trends as seen in the
Scandinavian countries. Maybe we don’t have quite that kind of problem.

The other one is the photochemical oxidant problem., The whole northeastern corridor looks
like it’s shaping up to be a noncompliance area in EPA parlance. And that means, since you
are not meeting the regulations, pecople have to get tough with the emitters to put the lid on
emissions, One proposalis to draw a circle, an 80-mile radius, around major cities like Balti-
more and Washington and say, ‘“No major emitters.” The major emitters aren’t awfully

large in some cases (for example, the major emitters of hydorcarbons). We’re talking about
ozone; we're talking about hydrocarbons. Put these two packages together and it means

that we have to be very careful about putting any sort of major development near a city; and
the converse of that, which is one significant airshed degradation, means that we have to keep.
the clean air even cleaner. :

Now, this is for real, and we have to get information on this. I’d like to be arproached
either privately or in any other way by people that have ongoing programs that might help
in this way. .

PEMBERTON:

Perhaps you’d want to draw up an open session for Thursday or Friday. We are a little latc,
Let’s continue the discussion over lunch. Thank you all.

Addendum

The following questions were listed on hewsprint by the working groups after the opening
three 20-minute presentations. The asterisked questions were not considered by the Session
2 panel. This is not to say that all other questions were “answered,” but that they were
considered during the discussion.
CRESSY: 1.* Intralab

®  Relationship to subcenters (e.g., ARC)

®  Willingness to establish technical and financial support

* Questions not discussed by Session 2 Panel.
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HICKMAN 5.%

CRESSY 8.*
WRAY

10.
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Clearinghouse
®  Data sets
° Physical models
®  Techniques/applications?

Intralab--Who should/is/will be the focus for an integrated study
of the Bay?

Remote sensing techniques for water quality —~Where can the
technician get the answers?

‘Alternate R/S data when Landsat is out of phase with a “real

life situation™?
®  Qil spill
®  Algae bioom

USGS Advancements in mapping with Landsat—What is the
comparative accuracy versus traditional sources?

Resolution Level-Does it pose problems to the users?
Accuracy of classifications

Where are we going in remote sensing?
®  Courses/seminars

e  Technology improvements—resolution/new sensors
(thermal)

®  Demonstration projects

How to get into the action phase (out of the R&D phase)?
Should “Government” be a part of the action phase?

* Questions not discussed by Session 2 Panel.
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11. Where are costs paid for?
® Direct to user
®  General funds
®  (Can we make a profit making venture for commercial

firms?

12, Are we finding too many answers for questions that haven’t
be asked?
13. Missing Users—Why?
®  National Marine Fisheries
®  Interior—Parks and Recreation
®  Congressional Aides (Policy Formulators)

®  Commercial Users (Weyerhaeuser/Rochester and
Pittsburgh Coal Co.)

14.* What new regulations might be developed in the future?
WRAY 15.*% Is “Agriculture” the same in USGS/EPA?
KOUTSANDREAS '

16. Clarify statement on economics of R/S.

17. N Change in technology level will dictate change in decision making?
(Clarify.)

-18.  User’s Guide—How do you iransfer technology to the field?
Clarify training mechanism,

CRESSY 19.* Why not combine Great Lakes and Chesapeake Bay?

20. Identify potential users and users’ needs.

* Questions not discussed by Session 2 Panel.



CRESSY 21.%
MOON
22.
23.

ANTENNUCCI 24.

26.

MANLEY 27 .*

WEAVER 28.*

30.

31.
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Court litigation—Acceptance of Landsat data?
L Interchange of expertise between NASA labs.

®  Are all NASA capabilities to be included?

How to get the right kind of material to user—Negative
reaction to poorly selccted example

Can costs be reduced to expand user applications?

Surface water quality information—what kind?
® . Water aquifiers?*
‘®  Detail of land use—cell size?
®  Who is in charge of historical data on Bay?
®  Compilation of remote sensing information on

Chesapeake Bay region?

What have we learned from experience about the technology
transfer problem?

What can be done to overcome “language” barriers? To improve
understanding of remote sensing as a tool?

Should we consider as “user community” those who act on
information only, or include those affected by such actions?

Is the 100- by 100-mile Landsat scene restrictive?

How can remote sensing data be presented effectively
persuasively visually? -

What are the Jmphcatlons of the approved Landsat-C, -D, and
D' systems?

Is there a consistency or fragmenting of direction of technology
use among NASA, USGS, private firms, etc.?

* Questions not discussed by Session 2 Panel.
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WEAVER

JAMES

ANTENNUCCI

WILKERSON
MANLEY

BRUN
CRESSY
JAMES
WRAY

32.*

33.

34.

35.%

36.

37.%*

38.

39.

40.*

41.

42.

43.*

If a detailed map is prepared using a statistically acceptable
sampling technique (i.e., Landsat = community level A/C =
species composition) will it stand up in court?

How does one establish a hierarchy of driving mechanisms for
developments in remote sensing? Do we not need to look at
specific problems and look towards analyzation techniques and
deal with problems? '

Regional application transfer—Maryland first state: Who (what
professions) will be involved in planning R. A. T.?

How does EPA interface with NASA to provide for coherent
global monitoring?

Are we putting all the eggs in one basket with Landsat?

What is appropriate cell sj.ze for statewide planning level?
County feedback on Maryland size?

Applications of remote sensing

Interface between government and industry for remote sensing

“applications?

How/where does one start making use of R/S data, such as by a
Citizens’ Group?

Who is working on the process of converting R/S data to informa-
tion usable at the local level?

How do we evaluate who the potential users of R/S data really
are? e

How much “ground truth” is needed to exploit R/S data?

* Questions not discussed by Session 2 Panel.
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WINSTEAD 44.* How do we justify expenditures for research and development
as to use of R/S data for prospective program application?

BRUN 45.* What would be the role and authority of a proposed Chesapeake
WINSTEAD Bay Commission versus, say, Coastal Zone Commission, EPA, etc.?

46. To what extent do local agencies want to process R/S data for
their own use, or to receive help from other groups?

* Questions not discussed by Session 2 Panel.
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INTRODUCTION

G. Daniel Hickman
= _Inland Environmenial Laboratory
University of Maryland
College Park, Maryiland

The main theme of this session was the necessity to treat the Chesapeake Bay as a “‘complete”
system. Only by so doing will people be able to realize the full resource potential of the Bay.
Remcte sensing provides us with the necessary tools that make it possible to obtain extensive
synoptic coverage of the Bay. Such coverage provides us with time-history, which, without
remote sensing, is not possible.

This section includes excellent reviews on state-of-the-art remote sensors that are operated
from boats, aircraft, and satellites. It is obvious that emphasis should be placed on how to
optimally use the data from the sensors that are currently operational and those that are
scheduled for flight on the new line of sateilites (Seasat, Landsat-C and -D, and Nimbus-G),
which are to be placed in operation during the next few years. The most importar{t single
area of concern is the Bay eutrophication. The general consensus is that, in this area, remote
sensing can be extremely valuable. Some of the sensors to be flown on the new satellites
have been especially designed to have spectral bands that are optimized for water penetration
studies.

A new “remote sensing’’ tool that is now available to the Bay community is the physical
hydraulic model of the Chesapeake Bay located at Kent Island. A real challenge exists for
Bay scientists and managers to ‘““tie-<in”’ the capability of this facility for understanding Bay
problems with remote sensing techniques using boats, aircraft, and satellites. In other words,
how can the physical model guide remote sensing experiments, the results of which, when
fed back into the physical model, vield a better understanding of the total Bay system.
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ON MEASURING THE STATE OF THE BAY

Peter E. Wagner
University of Maryland
Center for Environmental and Estuarine Studies
Cambridge, Maryland

INTRODUCTION

One way to ascertain the state of the Chesapeake Bay is to ask others how they think it is
doing. The answers might be as follows.*

State resource management officials

® The Bay is essentially healthy. There has been no illness since the 1930’s that is
traceable to contaminated shellfish. In 4 years, the acreage closed by sanitary
, ?Qﬂution for shellfish harvesting has fallen from 134 to 24 km? (33,000 to 6000
acres). What problems we see today are probably an aftermath of Hurricane
Agnes, which dumped an enormous velume of pollutants and freshwater into the
Bay. The Bay is resilient and will recover.

®  The average Bay oyster contains 20 parts per billion (ppb) of chlordane, 2 ppb
dieldrin, 20 ppb of polychlorinated biphenyls (PCB’s)—levels that are almost
nonexistent for people who eat these shellfish.

Some political figures
® The Bay is much cleaner today than it was 20 years ago.

®  No seafood product has had pollution preblems, and I haven’t heard of anyone
who went swimming in the Bay getting sick.

®  The Bay is reasonably clean,

An author

®  “Thewatermen ... think the real problem is something harder to pinpoint. As
they go out year after year the water seems to be changing. It may be, they think,
that it is everywhere getting a little tired. Each summer there are more fish kills
and in winter you can sometimes see strange little red dots suspended in the water.
Old, tired and a little messy, you could even say. Age is coming to the Bay, too
perhaps. Simple as that.” (Warner, 1976).

* Some of these responses are essentially verbatim; others are paraphrased. Several are taken from a recent series of
newspaper articles (Franklin and Burton, 1977).
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An editorial cartoonist

®  One cartoonist (Flannery, 1976) depicted the state of the Bay in the drawing
shown in figure 1. '

Two watermen

® ] can remember when the water was clear, when the Bay actually sparkled. Today
the waters are littered with the filth being thrown out.

®  Everything will c¢me back. The fish, oysters, crabs, and clams. They always have
and will continue to do so. .

A charter-boat operator -

®  The Bay is in pretty good shape, and so are its fishes. OQut-of-state parties can’t
believe how good our bluefishing is. (But his sportsfishing was off by one-third
not because of kepone, he feels, but because of a kepone scare.)

A biological photographer

®  Like the cartoonist, his opinion is stated in images. Figures 2 through 4 are
essentially aesthetic and moralistic statements about the beauty of the Bay, its
productivity, and the adverse effects of some human activities.

A State fisheries biologist

®  Every species that spawns in the Bay is experiencing recruitment failure—oysters,
striped bass, shad, white perch, and others.

Twro university biologists

®  The Bay oyster you eat is not being replaced by nature. Something is killing the
young, and every year there will be fewer adults to harvest unless something is
done.

®  The Bay is overfertilized. We see chlorophyll blooms in winter as dense as the
blooms we used to see in midsummer.

And so it goes—contradiction and confusion. However, the statements share certain common
characteristics: All of them are intensely subjective, none can be fully separated from the
speaker, and all are expressed with deep conviction.

Clearly, there should be a way to characterize the state of the Bay that does not depend on
the individual and the particular measure he chooses. What is needed is a general measure
of the Bay ecosystem—one that will define its status and reveal the effects of changing uses
and demands. As Ellerman (1968) put it, “The Bay is more than a body of water. Itisa
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Kepone Bay

Figure 1. Editorial cartoon Baltimore Sun, September 30,1976
(printed with permission of tfe Baltimore Sun).

Figure 2. Typical Bay scene, photographed by M. J. Reber,

Chesapeake Biologiral Laboratory, Center fo: Environmental and

Estuarine Studies.
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Figure 3. Plankton sample from 1/2 M Net. oblique tow, 5
minutes, surface to 4.6-meter (15-foot) depth. Includes larval fish
and barnacle nauplii, zoea of blue crabs and mud crabs, and

various copepod species, photographed by M. J. Reber.

Figure 4. Baltimore Harbor outfall, photographed by M.J. Reber
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source of food and livelihood, a biological dwelling place, and a road to the sea. It is a place
of constant change, and it has so many faces and such a variety of moods that it develops its
own distinct personality. Clearly, the Chesapeake Bay is a complex thing, and if we proposed

to improve it, we should understand it as completely as we can.” v
3

- The Bay is a unified system. A system is defined as any methodical arrangement of parts

which has collective characteristics distinct from those of its constituents byjvirtue of inter-
actions among them. A painting, for example, is a system; so is an orchestras-

The human being is a system and is sometimes used as an analogy. Although all of his
elements (cells) are replaced during a lifetime, the identity of the individual human is
preserved. His most highly integrated collective property is his subjective consciousness, or
perhaps his soul. This property is virtually impossible to measure. If our task were to charac-
terize the collective phiysical state of a human being, however, the answer would be easy:
periodic physical checkups with more elaborate diagnostic tests if something unusual turned
up. Routine data would consist of mea°urements such as body weight, heartbeat, blood
pressure, and temperature.*

Determining the collective properties of the Bay is much harder, partly because the Bay is
so mtuch larger and in some ways more complex, and partly because no one reaily agrees
what the collective properties are. In other words, we are proposmg to measure without
knowing exactly what it is we want to measure.

EXAMPLES OF BAY BATA

Let us examine some examples of the kind of data that have'been recorded in the past.
Figure 5 shows 30 years of data on the Maryland oyster harvest. Although the graph has
its ups and downs, it shows no particularly disturbing trends. However, figure 6 shows a
sobering downtrend in the production of new oysters that, if unchecked, must inexorabl
reduce the harvest. A downtrend that has run its full course is shown in figure 7, which
portrays a 9-year decline in Maryland shadfish recruitment that is mirrored later by a
virtual disappearance in the aduilt population. Figure 8 shows similar data for striped bass,
which show a less conspicuous trend or perhaps none at all. ’

Data come in many forms. The foregoing examples are measures of populatlons of Bay
animals, and they can be taken to consitute one definition of the status of the Bay. A different
kind of data record was compiled recently in an effort to systematize hlstorlcgl Bay data re-
trieved from fourteen sources. A total of 358,000 observations at 4381 sites was tabulated

for the years 1939 through 1974. Eight water-quality variables were included: temperature,
salinity, dissolved oxygen, pH, alkalinity, opacity, suspended solids, and chlorophyll &@. Still

* Note that the doctor does not cover your entire body with thermometers and transducers to measure body temperature
and blood pressure; these are obtained at one point only and are inferred elsewhers. This is not the case for the corres-
" ponding measurements of the Bay.

GE IS
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HARVEST

QOYSTER HARVEST (millions of bushels)

Figure 5. Harvest of oysters frem the Maryland por-
tion of the Chesapeake Bay'in millions of bushels per
year; 1945-1975 (Meritt, 1977).

another kind of data record is a survey of the presence or absence of submerged aguatic
grasses compiled throughout the Maryland Bay for the past 6 years.

If these examples seem to lack a common theme, I have made my point. Although Bay data
have been gathered at great cost over many years, there is no coherence to the totality of the
measurements. Undoubtedly, this situation resulis from the fact that measurements have
been associated with specific purposes—biological experiments, hydrographic studies, or
species surveys--rather than with the system as a whole.

VITAL STATISTICS OF THE BAY

T have heard Maryland described as two land masses separated by a large body of water and
connected both spiritually and physically by Cecil County only. Some essential geographic
features of the Bay estuary, including its tributaries, are its length (about 320 km—200 mi),
width (8 to 48 km—35 5 30 mi), arez (11,400 km? —4400 mi?), mean depth (6.4 m~21 feet),
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Figure 6. Spat production on natural cultch for Maryland
portion of Chesapeake Bay, 1939-1976 (Meritt, 1977).
Point for 1977 was obtained from unpublished data.

perimeter (13,000 km—8100 mi), and volume at low tide (76 trillion Jiters—20 trillion gallons
or 12 mi®). It drains a region encompassing 191,600 km? (Lippson, 1973).

The Bay sustains an enormous economic enterprise, In 1973, the Maryland commercial
fishery, predominantly the Bay system, produced 31.8 million kilograms (70 million pounds)
with a direct dockside value of 24 million dollars (Maryland Statistical Abstract, 1975). The
total economic impact of water-based recreation in Maryland, primarily Bay related, was
estimated at 221 million dollars for 1970. In 1974, 37 million metric tons (41 million tons)
 of cargo valued at 7.1 billion dollars* were shipped into and out of the Port of Baltimore.
The direct impact of the Port on Maryland’s economy has been quoted at 600 million dollars,
with a total (direct plus indirect) impact of 1.56 billion dollars, providing more than 62,000
jobs (Maryland Department of State Planning, 1972). The Bay is indeed a major factor in the
lives of citizens who live around it.

* To sustain shipping channéls, the U.S. Army Corps of Enginecrs annually dredges more than one million cubic meters :
of material in 120 projects,
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AMERICAN SHAD, UPPER BAY
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Figure 7. Shadfish recruitment and harvest for Maryland
{from Maryland Fisheries Administration),

REQUIREMENTS FOR A BAY INFORMATION SYSTEM
For the balance of this paper, I would like to address three questions:
° What entltles should be measured in a comprehenswe data base?
® How close together should measurements be made in space and time?
. ® . What should be done with the data?

Although I am not knowledgeable enough to answer these questions (neither is anyone else),
I feel that the followmg charactenstlcs are essent1al to a proper information system:

®  To be useful w1th ex1st1ng scientific knowledge, the entities to be chronicled must
include at least those items that have been measured and computed.in the past—

| ‘simply because they are the basis of an entire scientific literature, as well as regula-

‘ tions, standards, and laws. Thus some items that will surely be included are: tem-

‘ perature, salinity, dissolved oxygen, pH, turbidity, chlorophyll, alkalinity, suspended

| solids, current-vector field, ambient light; #bundance of aduilt and juvenile stages of

various species, trace toxins, nutrients, oxygen demand, and indicator bacteria.*

- . it - .

* In attempting to.impart structure to this liét, the reader might find it helpful to classify items according to the dogma of
systems ecology as.either “‘state variables” or “parameters.” The latter are identified as those factors (like light level,
temperature, or salinity) whose values are independent of the state of the system. Almost everything else is a state vari-

able.  This is not exactly the same as distinguishing cause from effect because some state variables (say, turbidity) cas be
both an effect and a cause.
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STRIPED BASS, MARYLAND
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Figure 8. Striped-bass recruitment and harvest in Maryland (from
Maryland Fisheries Administration, National Marine Fisheries Ser-
vice, and Maryland Power Plant Siting Program).

The data must be compatible with an index or set of indexes that gives a'running
numerical record of the overall condition of the Bay. The notion of collective
numerical measures used to describe the state of a system is familiar in meteorology;
it is the weather report. The National Wildlife Federation compiles an index of
natural resources (National Wildlife Magazine, 1977). The Overseas Development
Council has devised a physical quality-of-life index (Sewell, 1977). However, the
Canadian environmental quality index (Inhaber, 1974) is perhaps the closest analog.
Although there is no guarantee that an environmental quality index—perhaps to be
called a “‘Bay condition index”—will ever be developed, such a construction is not
unlikely, and it does impose requirements on the Bay data base that make sense on
their own merit. The requirements are:

= ‘Data should be numerical rather than descriptivé.

~—.. Data should be normalizable to a standard value set by aregulatory
stanidard, a health standard, or some other measure of a threshold
between acceptable and unacceptable (normal versus abnormal) levels.

— Data should be as universally understandable and applicable as possible.

—  Different items of data should cover the same time periods so as to reveal
- any correlations between measured values of variables that may be inter-
related. v
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Data should be capable of expansion or revision as dictated by improve-
ment in data gathering technology or understanding of the ecosystem
without loss of prior information. -

Data should be credible. This 1mp{ €s two conditions: both the measure-
ment techniques, including validation and calibration procedures, and
the error limits or uncertainties in data values should be entered as part
of the data record.

®  The spatial scale and temporal frequency must sétisfy several criteria.

Both “‘global” and local spatial grids are necessary. Baywide scales are
needed to discern Baywide trends and patterns; and fine-grained spatial
arrays are needed to reveal specific imprints of manmade or natural
singularities, such as a sewage-plant effluent pipe or a river mouth.

Any spatial array of measurement points should be tailored to the spatial
gradients in the quantity being measured. With salinity or temperature,
for example, horizontal sampling points can be as far apart as a cizcula-
tion model or an established empirical intersite correlation permits
interpolation; but vertical sample points must be spaced closely enough
to profile the thermocline or halocline that occurs with two-layer flow.

Similarly, time sequences should be fitted to the characteristic times for
changes in the variables of interest. By definition, an annual recruitment
survey is done once a year (preferably at the same time every year), but
a turbidity measurement protocol might employ a variable time scale in
which the sampling rate is stepped up when the turbidity starts to change
suddenly, as after a lieavy rain, and is slowed the rest of the time.

Although these considerations seem self-evident, they do not appear to
have been put into action as a practical matter. An illustrative example

is the simple measurement of temperature. A thermometer can be dropped

overboard, and the tempcrature recorded daily or even continuously

The data display is then a very long list of numbers or an analog recordmg
of temperature, T, versus time. We keep such a recond at two of our lab-
oratories. A more compact data ‘base’ mlght gwe the mean tempel ature

at noon each day or of the daily high and low, averaged over a historical
period of many years and perhaﬁs augmented by mean square deviation
in T. But an even more efficient representation is possible when only

the average temperature is needed. Ritchie and Genys (1975) have
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shown that the average daily temperature at one point in the Bay can
be modeled with uncanny accuracy by a fourth-degree polynominal:

4
Z a, d®
n=o

where d is the day of the year. A plot is given in figure 9. Thus if it is
sufficient to know only the average temperature, an entire table of data
can be reduced to five numbers. To my knowledge, however, no one is
keeping such a set of numbers for the entire Bay.

Another illustrative example involves sampling a living population of,
for example, a fish species, If the fish are known to distribute them-
selves more or less at random, then a uniformly spaced sampling grid
may be appropriate., But, if the fish are known to school, paired or
multiple sampling, in which the decision to take successive samples is
conditional on a “hit’’ with the first sample, should clearly be more
efficient. The situation is not unlike a game of “‘battleship.”

Data gathering methods should exploit improvements in technology. Although
most living populations are sampled by dropping nets or other gear overboard,
acoustic sampling should be superior in principle. Active optical devices should be
entirely feasible for plankton sampling in situ and for size discrimination. Remote
sensing should offer a tremendous advantage with any quantity for which an opti-
cal signature exists and a two-dimensional representation is adequate.

Although I am not very familiar with the methods used in aquatic sampling, what
I have seen appears superficially to be primitive. Techniques used in routine prac-
tice appear to lag far behind what is technologically feasible. The underlying
reason may be the unwillingness of any economic sector to subsidize the cost of
developing new devices and measurement techniques.

Costs must be held down. Time in the field is expensive. Anyone who is not
familiar with aquatic field wock may not appreciate just how expensive it is. The
cost of data acquisition is the dominant factor in the design of most of our field
studies. Thus, every efiort must be expended to establish minimal data needs.
The cost of overspecification is great if it results-in excessive boat time or related
costs. Furthermore, time and money should not be spent on recording variables
known to be closely and predictably correlated.

After a data base has been designed and created, it must be used. There is a tend-
ency for newcomers to the Bay (like me) to assume the existence of a rich untapped
heritage of data just waiting for the resource manager or ecologist to exploit. This
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Figure 9. Temperature at 1.2-meter (4-foot) depth at Sol-
omons, Maryland, 1938-1967. Bars show highest and lowest
values over 30 years (Ritchie and Genys, 1975).

is not the case. Although the water quality data base mentioned earlier is a most
useful compilation, I heard two scientists complain about its inadequacy within
the last month. Bay scientists and managers are not used to having a centralized
collection of data available to them because there never has been one. When the
Chesapeake Bay data base is brought into existence, strong coercive measures,
such as requiring its use as a condition of awardmg grants or approving new regula-
tions, should be invoked. ' :

The data program must contain built-in provisions to register extreme values. The '
importance of “alarm systems” has been eloquently stated elsewhere (Lee, in Kelly,
1976): “Water quality is often determined by extreme values, not averages. Itis
generally related to the effect of certain constituents in the water on one or more
beneficial uses. For many beneficial uses, especially those related to a healthy eco-
system, there may be just one or two.short-term events each year which determine
overall water quality for the entire period. For example, it is not average trace-metal
concentration which is toxic to benthic organisms, but extremes. A pulse during
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the course of one evening can completely devastate a population. Under these
circumstances there would be no relationship between parameters measured for
a trace metal over an annual cycle and the presence or absence of a particular
group of organisms. Similarly, with respect to eutrophication, it is not generally
average numbers of algae to which the public responds. It is the extreme events
associated with a bloom, such as piling up of Cladophora on the shore, or tastes
and odors in drinking water, that register.”

I have heard it conjectured that the Bay is governed less by the average behavior
of the driving parameters than by extreme events—hurricanes, high rainfall, dry
spells, and cold winters. Although this speculation may or may not be correct, it
should be taken into account.

DESIGN OF A MONITORING PROGRAM

Having laid out the foregoing requirements, I would like to conclude by suggesting a plan for
the actual design of a comprehensive data system.

One way would be to be guided entirely by that blend of intuition and experience we call
insight or “enlightened common sense.’” This approach does not appear promising because
the task is too complicated and too demanding of thorough analysis. Nor do I feel that the
existing Bay scientific community can do the job alone because this segment is relatively
ignorant of the data requirements of user groups.

Another approach might be to construct a theoretical model of the ecosystem and let its data
requirements be accepted as the right prescription. Such a model has been developed for the
Delaware Bay (Kelly, 1976), and the data required for input and model verification are clearly
indicated by the descriptive article.* But ecological systems theory is a young and largely
untested science; it does not seem prudent to guide one underdeveloped methodology with
another.

To me, a sensible approach is the one followed by the Canadian government (Inhaber, 1974)
in developing its environmental quality index. A working group would be assembled from
the two principal factions involved with Chesapeake Bay information: (1) those who gather -
and study information, primarily scientists and agency field personnel, and (2),those who
need information, chiefly governmental officials but also personnel in industry, recreation,
and commerce. ’

f

*Input quantities include physical characteristics of the estuary (dimensions and water flow from all sources), influx of
'BOD, N, P,and O (by treatment-plant outfalls, industry, tributaries, and storm-water runoff), input lof heat, suspended
solids and toxic materials, and light intensity. Calculated variables include the N, P, and C in algae, ﬁsh, and zooplankton,
which should be measured to verify the model.
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This group would megt in a series of intensive planning sessions with the specific goal of
answering the foregoing questions: What should be measured? How close together should
the measurements be in space and time? How should the data be handled?

I would®suggest that the group proceed by analyzing several actual Chesapeake Bay phenomena
on a case-by-case basis to learn what kind of historical data would have been desirable for a
working understanding of each phenomenon if these data had been on hand when the event
occurred.

I nominate the following case studies for consideration:
®  The steep decline and partial recovery in abundance of submerged aquatic grasses
@  The recruitment failure of Bay-spawning species /
®  The effect of the unusually cold winter of 1976-1977 on fish, shellfish, and crabs /
®  The peculiar mortality patterns of benthic species in the Chester River
® The apparent eutrophication of the Bay
® Keponeinthel am‘es River

®  The effects of very high pulsed freshwater flow from the Susquehanna River, such
that caused by Hurricane Agnes and spring “freshets.” '

If these are not enough, past occurrences or hypothetical events of a plausible nature can be
invoked. Eventually, the exercise will end when the data requirements for any new case are
found to be already listed. Isuspect this closure will occur rather quickly.
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USE OF REMOTE SENSING TECHNOLOGY PROVIDED BY THE
NASA/WFC CHESAPEAKE BAY ECOLOGICAL PROGRAM

Dan M. Harman, Kent B. Fuller, and Dale B. Fuller ;
University of Maryland,
. Center for Environmental and Estuarine Studies,
Appalachian Environmental Laboratory,
Frostburg, Maryland

ABSTRACT

Use of remote sensing technology provided through the NASA/Wallops

Chesapeake Bay Ecological Program was investigated by means of extensive
interviews with users. Since the inception of the Program 4 years ago, the -
technology has been used in 136 different managerial projects. Sixty-five |
regional managerial agencies took part in projects that the authors cate-
gorized as socioeconomic, political/managerial, monetary, legal, and other.
Remote sensing technology was considered successful in 88.6 percent of 3
the completed projects and unsuccessful in 2.8 percent.

INTRODUCTION . | ;

The National Aeronautics and Space Administration (NASA) is enfranchised to conduct re-
search and development programs in aeronautics, space exploration, and related disciplines.
Its policy and obligation is to apply the fruits of its work to the benefit of the public (Park,
1972), Under NASA auspices, remote sensing has matured into a tool of practical applica-
tion. NASA’s role in the maturation process imposes upon the agency the responsibility for
transferring the technology and methodology into the civilian domain. With outside advise-
ment, NASA has undertaken to accomplish the transferral by cooperative projects with major
civilian management agencies and academic and research institutions (Remote Sensing Hand-
book, 1975).

In 1971, a remote sensing program—the NASA/Wallops Flight Center (WFC) Chesapeaké*ﬁéiy

Ecological Program—directed by Paul Alfonsi was initiated to further implement the process

of transferring remote sensing technology into the public sector. The Program is intended to = -

serve as a pilot study in the use of practical applications of remote sensing for problems of

concern to regional managers. To achieve its goals, the Program acts as a catalyst in bringing

resources managers and scientists together and in supplying aerospace tools to solve ecologi-
cally oriented problems. '
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The present study evolved sut of an investigation of the previous year that was designed to
identify ecological problem areas and to compile an inventory of interested and potentiai
users of remote sensing data (Ulanowicz, 1974). The objectives of the present study, con-
ducted 5 years after initiation of the Chesapeake Bay Ecological Program, are: (1) to provide
a solid overall assessment of the Program; (2) to determine all management agencies and parti-

cipants who utilized the data; and (3) to determine uses and implications of the data.

PROCEDURE

The method employed in the present study was to conduct personal interviews with all agencies
and persons using remote sensing technology provided through the Chesapeake Bay Ecologi-
cal Program. Interviews were prearranged and preceded by a written questionnaire, were nor-
maily restricted to 1 hour’s duration, and were conducted with the aim of obtaining any and
all information from the users that would reveal the character, extent, and success of the use
of the NASA material.

RESULTS

Sixty-five user groups used imagery from the NASA/WFC from 1971 to 1975. Of these, 24
users initially contacted WFC and requested the information ; these users are designated
“primary users” in the study. An additional 41 user groups that cooperated with the primary
users in projects are designated “cooperative users.” Cooperative use of the imagery was
common, with a number of agencies interacting repeatedly in using the imagery in various
projects. The primary users were:

U.S. Geological Survey

National Park Service

U.S. Fish and Wildlife Service

U.S. Army Corps Engineers

Maryland Department of State Planning

Maryland Water Resources Administration

Maryland Geological Survey

Maryland Forest Service

Maryland Bureau of Mines

Maryland Department of Chesapeake Bay Affairs

Virginia Division of Forestry —Insect Disease Invest1gat10ns

Virginia Institute of Marine Science

Accomack/Northampton (Virginia) Planning District Commission
R Chester County (Pennsylvania) Board of Health
" The Nature Conservancy

Pennsylvania State University

University of Delaware—College of Marine Studies

University of Washington—-Department of Anthropology
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Virginia Polytechnic Institute and State University

University of Massachusetts--Cooperative Park Studies Unit and Coastal Research
University of Virginia—Department for Environmental Science

University of Maryland-—-Center for Environmental and Estuarine Studies
Rudolph Baliko—Forestry Consultant
Ecology and Environment, Inc.

7

Table 1 shows the relationship of primary to cooperative users.

Table 1
Primary Versus Cooperative User Status
I :
Agency * Primary . Cooperative
Category Only Cooperative Only Both
Federal 0 17 13 4
State 4 13 8 5
University and College 3 10 6 4
County 2 3 0
Private 2 12 11 1
Total 11 55 41 14

Utilization by the various users was found to involve a wide range of applications {categorized
in table 2), including environmental, socioeconomic, political/managerial, monetary, legal, and
other subdivisions. Primary users among federal, state, and county agencies exhibited emphasis
on planning for public use of natural resources, defining environmental boundaries, and regu-
lating and monitoring activities that affect the environment.

Table 2
Major Emphasis of Users and Projects

Category of Emphasis

Socie- . itical
Environmental =0¢ . P Ohtmfl Monetary | Legal | Other
V economic | Managerial , ,
Primary users! 22 16 | 2 9 7 8
Projects? 23 14 63 | 6 131 15

anmary users totaled 25. Because the above tubulation includes each aren in which users were intensively involved,
a given user may be listed in more than one of the categones

2Pr01ects totaled 136. Becausc the above tabulation lists each proyect according to its major emphasis, cach project
- appears only once. Two projects that were inconclusive were not rated.
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A full listing of projects that involve the MASA/WFC imagery is too lengthy for inclusion here.

At the time of the report, 70 of the 134 projects had been complefed, 51 were in progress,
and 13 were in the planning stage. Projects included regional managerial efforts such as the
preparation of a land-use plan for Maryland, conducted by the Maryland Department of State
Planning; environmental assessment such as the preparation of wetlands maps, conducted by
the Maryland Water Resotirces Administration; law enforcement efforts such as the prosecu-
tion of dredging and filling permits violators, conducted by the U.S. Fish and Wildlife Service;
and studies of circulation patterns in the Delaware Bay, conducted by the College of Marine
Studies, University of Delaware. For a full listing of projects and a discussion of regional and
management-oriented projects, see Fuller et al. (1976 and 1977).

To facilitate analysis and to identify the character, the area of interest of each project was
identified. The highest percentage of projects (47 percent) emphasized political/managerial
aspects, followed in descending order by environmental (17 percent), other (11.9 percent),
socioeconomic (10.4 percent), legal (8.4 percent), and monetary (4.5 percent). Many projects
had one or more areas of emphasis in addition to the primary area of interest. The environ-
mental category was involved in the largest number of projects (122), followed in descending
order by political/managerial (114), socioeconomic (95), other (71), monetary (54), and

legal (37). The major emphasis of projects is shown in table 2.

The emphasis categories listed in table 2 are defined as follows:

® Environmental—pertaining to the condition, protection, and improvement of man’s
terrestrial, aquatic, and atmospheric surroundings.

® Socioeconomic—affecting the cultural activities, health,rband general welfare of the
citizenry. :

® Politicalmanagerial—referring to the managerial and administrative responsibilities
of public officials and agencies.

® Monetary—pertaining to the financial effects on government, private enterprise, and
individual citizens.

® Legal—pertaining to the formulation of laws and regulations and the detection and
priosecution of violators.

- @ Other—the dissemination of NASA remote sensing data in the form of publ1cat10ns
maps, graphics, etc.

To underscore major management categories, the projects were also classified from a regional
managerial viewpoint. Eight managerial categories were defined in the analysis: land uvse,
public health and pollution, fisheries and wildlife, agricuiture and forestry, wetlands and
coastal plains, geomorphic studies, archeological or miscellaneous, and resource inventories.
Percentages of projects in each managerial category and representative sample projects for
each category are shown in table 3. The high percentage of projects in the wetlands and
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Table 3
Managerial Classification of Projects
Percent Major Project Representa?ive Sample
Projects
15.4 Land use Inventory and review of Maryland
surplus land
12.5 Public health and Mosquito ditching projects
pollution , ‘
1.5 Fisheries and wild- Malaise in wild waterfowl atfributable
life to water pollution
12.5 Agriculture and Agricultural land inventory
forestry
42.6 Wetlands and coastal Migration of Tangier Island -
: plains ‘
3.7 Geomorphic studies Investigations of the geomorphic forms
' known as Carolina Bays
3.7 Archeological or Location and evaluation of archeological
miscellaneous  sites in Maryland Coastal Zone
8.1 Resource inventories Evaluation and inventory of Maryland
) mineral, soil, and water resources

coastal category (42.6 percent) is noteworthy. Three additional categories, land use, public
health and pollutlon, and agriculture and forestry constituted an additional %0.4 percent of
the projects. i

Assessments of the success of remote sensing technelogy in achieving the desired goals of
given projects were made only on the 70 projects that were completed. Sixty-two projects
(88.6 percent) were rated fully successful, six (8.5 percent) were rated moderately successful,
and two (2.8 percent) were rated unsuccessful.,

Sixteen projects that exhibited obvious dollar values were included in preliminary analysis
to determine the monetary impact of the Chesapeake Bay Ecological Program on the region.
In the present study, the authors sought only to derive an influence rating for remote sensing
- as applied to various industries affected by remote sensing. The influence of NASA/WFC re-
mote sensing technology was considered heavy in six projects, intermediate in seven projects,
-and light in three projects. The monetary value of the influenced industries exceeded 15

billion dollars. The authors recommended further studles to assess the monetary role of
NASA/WFC remote sensing,
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The aspect of remote sensing cost-effectiveness was examined for 20 projects that exhibited
clear monetary implications. The costs and effectiveness of alternzce methods and remote
sensing were compared in each of the projects. The users were guestioned about alternate
methods as follows:

® What would the comparative costs be?
@ What would the comparative effectiveness be?

In more than 50 percent of the projects, alternate methods were rated less than equally effec-
tive. and, in 30 percent of the projects. alternate methods were considered ineffective. In

20 percent of the projects, the alternate methods were assessed as prohibitive cost-wise, as
well as ineffective in results. In none of the projects was the alternate method assessed as

less costly, and in only one was it considered more eifective. In 20 percent of the projects,
the alternate method was assessed as equal in effectiveness, but at a “much greater’ cost.

In an additional 20 percent, the alternate method was assessed as “‘equal in effectiveness™

at “greater” cost, and in one project (5 percent). the alternate method was assessed as equal
in cost and in effectiveness. The analysis was therefore tavorable to the use of remote sensing
in the projects examined.

User testimony was evaluated to determine the degree to which users did or did not favor

the use of remote sensing technology in condueting projects for which its use was feasible,
User comments solicited in interviews were recorded anonymously in the study’s report,
Testimony was highly favorable to the use of remote sensing. Thirty-six comments were rated
favorable, sixteen comments were rated neutral, and seven were rated unfavorable,

SUMMARY AND CONCLUSIONS

In the course of the study, the authors conversed with dozens of persons representing a wide
range of regional agencies involved in affairs relating to the environment. As an outgrowth

of user interviews and subsequent analysis of the information obtained, the authors developed
the following conclusions:

® That the NASA/WFC remote sensing program has reached a substantial portion of

the regional management agencies and is involved in the region’s most important
management projects

® That the management of the region has been enhanced by the NASA/WFEC program
® That remote sensing technology is cost-effective

That NASA/WFC has made wise and effective use of the remote sensing resource in
its charge in the selection of primary cooperators
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The authors recommended:
® That the Chesapeake Bay Ecological Program be given additional support and emphasis

® That a better interface be established to coordinate user needs with the NASA/WFC
-emote sensing activities

e That an instructional program in remote sensing be created as part of the Chesapeake
Bay Ecological Program

e That research and development of new remote sensing technology proceed vigorously
and be accompanied by the stimulation of utilization of existing knowledge

® That all equipment and facilities of the Chesapeake Bay Ecological Program be updated
to bring the Program’s capabilities closer to the state of the art,
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HYDRAULIC MODEL OF THE CHESAPEAKE BAY

Alfred E. Robinscn, Jr.
U.S. Army Corps of Engineers
Baltimore, Mayryland

The Chesapeake Bay, like nearly all estuaries, is a complex hydrodynamic system. It is acted
upon by a variety of meteorological, hydrological, and physical forces in a way that is not
completely understood. Because of this, both the solutions to present problems and the
planning for future use involve rather complicated analyses—analyses that are beyond our
capability to achieve unless we have available to us sophisticated analytical tools that reduce
the Bay to an understandable and manageable scale. Such a tool is the hydraulic model of
Chesapeake Bay.

The use of models in studying hydraulic problems is by no means a new concept. 1t is an
evolutionary outgrowth of over three centuries of applied and theoretical engineering studies.
It is known that some early hydraulic investigators assembied rudimentary models that simu-
lated natural phenomena. Then, as now, many of the flow conditions encountered in estuarine
areas were not subject to rigorous mathematical analyses. It was not until 1875, however,
that the French engineer, Farque, applied hydraulic modeling techniques to solve a problem
from actual engineering practice. The second attempt to use a hydraulic model for an opera-
ting problem took place in England in 1875 when Professor Osborne Reynolds built a model
to study the interaction between shoaling and the construction of controversial training works
on the Mersey River Estuary near Liverpool, England. Because of Reynolds’ study, the pro-
posed works on the Mersey Estuary were extensively revised. Reynolds also called attention
to the fact that hydraulic models had potential for use in pollution studies.

Since the time of Reynolds, the types of studies performed with estuarine models have been
continuously expanding. In the past 40 years, many important techniques have been developed
that have made these tools more versatile and reliable. Of primary value has been the realiza-
tion that the density phenomenon plays an important role in estuarine processes. This led

to the introduction of saltwater into the models and the use of thin metal strips cast into

the concrete bottom as a means of providing artificial resistance to the flow of water. The
refinement of these techniques by the Corps of Engineers Waterways Experiment Station at
Vicksburg, Mississippi, eventually fulfilled Reynolds’ prediction regarding the use of hydraulic
models for pollution studies.

Today, hydraulic models are larger and more sophisticated than those used by the early pio-
neers. Their use requires complete integration of many scientific and engineering skills,
including those of the hydraulic engineer, hydrologist, oceanographer, and field surveyor.
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This is particularly true of the 36-km? (9-acre) Chesapeake Bay model—the largest estuarine
model in the world. As shown in figure 1, this model encompasses the Bay pr., «r, all of

its tributaries up to the head of tidal effects, and the adjacent overbank areas i:. .. 1 elevation
of 6.1 meters (20 feet) above mean sea level,

Figure 1. Approximate limits of the hydraulic model of
Chesapeake Bay.

A hydraulic model is a precise instrument and, as such, must be protected from all potential
sources of disturbance such as wind and debris. To accomplish this, the bay model is housed
in a 57-km? (14-acre) pre-engineered steel-truss building (figure 2).
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Figure 2. Aerial view of the shelter for the hydraulic model of
Chesapcake Bay, approximately 57 km? (14 acres) under roof.

Figure 3 is a diagram of the interior of the shelter, showing its relationship to the hydraulic
model and to its appurtenances. The facilities shown comprise an interdependent integrated
system in which all components must function properly in order to achieve successful model
operation. This system includes:

Two wells that tap a deep ground-water aquifer to furnish water to the model.

A water-treatment plant to reduce iron and other minerals contained in the ground
water to acceptable levels. The treatment plant is large enough to serve a community
of 10,000 persons.

An elevated reservoir to store treated water for model, domestic, and fire fighting
purposes.

Freshwater inflow devices 1o simulate the discharge of riverine tributaries into
Chesapeake Bay.

A lixator—a tank in which clear water is mixed with salt and stored until needed.

An elevated water-supply sump that stores and provides the saltwater required foi
generating a model flood tide in the headbay and, consequently, the model ocean.
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Figure 3. Schematic diagram of the layout of the hydraulic model
and its appurtenances in the shelter.
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® A degraded saltwater return sump to which saltwater is returned as the model tide
ebbs. In this sump, the salinity level of the returned water is adjusted. The saltwater
is then pumped into the elevated water-supply sump for reuse.

® A digital control unit that monitors and adjusts the tidal elevations in the model to
ensure an accurate reproduction of the prototype. This device also operates the valves
that control the flow of freshwater into the model throxlgll its tributaries.

The Chesapeake Bay is a typical coastal-plain estuary and is considered by many to be the
drowned river valley of the Susquehanna River. The general consensus is that it was formed
about 10,000 years ago when the last great glaciers melted, raising the ocean levels to a point
at which they covered the river up to about the fall line. The result was a large 322-km (200-
mi) long saucer-shaped water body averaging about 76 to 85 meters (25 to 28 feet) in depth.
To model such a body of water at an undistorted (natural) scale would be a very expensive
undertaking. Through many years of experience, it has been determined that a vertical scale
of 1 to 100 is the minimum that provides sufficient depths for meaningful data measurements
and that is free of surface tension effects. On the other hand, a model built to a horizontal
scale of 1 to 100 would cover an area of over 3642 km? (900 acres). To overcome these prob-
lems, the Chesapeake Bay model, like almost all estuary models, is geometrically distorted—
constructed disproportionally with a larger vertical scale than horizontal scale.

The selected scales for the hydraulic model of the Chesapeake Bay are 1 to 1000 horizontally
and 1 to 100 vertically. This combination of scales is known as a distortion ratio of 10 and
is considered to be the minimum that will permit an accurate reproduction of the vertical and
lateral distribution of current velocity, salinity, temperature, and tidal elevation.

The geometric scales of the model determine the relationship of the model to the prototype
in terms of other important parameters. For instance, a velocity of 3 meters per second (10
feet per second) in the prototype would be reproduced at 0.3 meter per second (1 foot per
second) in the model, and salinity would be in a 1 to 1 relationship. Most important is the
time scale, which is 1 to 100. This means that a 12-hour and 25-minute tidal cycle can be
reproduced on the model in approximately 7 5 mmutes or.1 year m 3.65 days.

Like all models, the hydrauhc model of the Chesapeake Bay must. be adjusted and cahbrated
to ensure that it accurately reproduces the prototype (Chesapeake Bay). To assist in this, .

an intensive 4-year prototype data-collection program was accomplished. Figure 4is a map
showing the location of stations at which prototype tidal elevations, current-velocity, and
salinity data were collected. Tidal elevations were measured for a period of at least 1 year
at 72 strategic locations established by the National Ocean Survey. Twelve of these stations
were monitored continuously over the entiré 4- -year period. The National Ocean Survey also
conducted a 1609-km (1000-mile) first-order survey to establish a common reference datum
for the tidal stations.
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A total of 105 ranges were established at various locations throughout the Bay for collecting
current-velocity and salinity data. The number of points on each range varied from 1 to 11,
meaning that there were a total of 192 locations in the horizontal plane. The number of

. vertical positions at each location varied from 1 to 12, depending on the water depth, making
a total of over 700 observatiorn points at which salinity levels and current velocity were mea-
sured for periods of approximately 3 to 5 days. This work was done by the Johns Hopkins
University, the University of Maryland, and the Virginia Institute of Marine Science.

Collecting data from a vast body of water such as the Chesapeake Bay is a major undertaking
that is complicated by factors related to both the estuary and financial constraints. One of
the most perplexing problems of data collection is a function of an estuary’s intense biological
productivity. An instrument left unattended for even short periods can become encrusted
with marine life to such an extent that it may become inoperable. Also, wind, waves, ice,

and sometimes even a passing ship can dislodge an instrumeni’ from its moorings, causing either
lost or erroneous data, In fact, an aircraft carrier did carry a string of instruments over 8 km
(5 miles) while work was being done in the Lower Bay. Obviously, an instrument cannot be
leff:unattended for very long periods under these conditions.

The manner in which data are collected also has an influence on the need to have men and
boats out in the water.  The instruments:used for current-velocity and tidal-elevation data in
the Chesapeake Bay Hydraulic Model Program had self-contained devices that recorded the
data on either film or tape. Salinity data were gathered by various methods, and each method
required the presence of a person to either collect or monitor the collection of a sample. Of
course, this job could have been easier if sufficient monies had been available for developing
and installing automatic nonfouling instruments and telemetry equipment to transmit data

to a central monitoring point. '

But, the real problem in data collection is associated with the sheer magnitude and complexity
of the Chesapeaize Bay. Under optimum conditions, data should be collected simuitaneously
throughout the system at numerous, closely spaced stations. However, this cannot be accom-
plished with presently available data-collection techniques. There just isn’t enough money
available to purchase or rent the many boats that would be needed, to purchase the hundreds
of meters that would be required, and to pay the salaries of the army of people who would
be involved. Rather, data must bz collected sequentially consistent with the realistic availa-
bility of people, boats, and equipment. In effect, data are collected *“piecemeal,” and, in

the case of the data program asscciated with the Bay model, over 3 years elapsed between the
time the first and last data were taken. One of the real challenges to thase involved in re-
search associated with remote sensing techiniques is the development of an accurate, inex-
pensive method of collecting tidal-elevation, current-velocity, and salinity data that would
provide for simultaneous data recordings over an extended period of time at many stations
spread over large areas. ' '
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As previously mentioned, the prototype data are being used in the adjustment, calibration,
and verification of the hydraulic model of Chesapeake Bay. This process is both time-
consuming and tedious. Tt is also of great importance because the validity of a hydraulic
model investigation is totally dependent on the ability of the model to reproduce prototype
hydraulic phenomena ‘within reasonable limits of accuracy,

Because of the previously mentioned scale distortion, slopes in the model are 10 times those

in the Bay, making the model hydraulically more efficient than the prototype. To compen-
sate for this, additional roughness is being installed in the form of metal strips that extend
from the surface of the model through the water mass. Without this additional flow resistance,
the hydraulic model could not reproduce the lateral and vertical distribution of cuuent velo-
city and sqlnuty\

Briefly, admstxw:nt and verification work is accomplished in two phases—a hydraulic verifi-
cation that estaplishes that tidal elevations and current velocities are in reasonable agreement
with the prototype and a salinity verification that ensures that salinity conditions in the model
reflect those of the plototype

Imtmlly, using freshwater, a spemfled tide is generated in the model ocean. At the same time,
appropriately scaled freshwater inflows are reproduced in all model tributaries. Model rough-
ness strips are progressively adjusted by hand until prototype tidal elevations and discharges
are acceptably reproduced throughout the model within the time phases in which they occur.
The next step in the process consists of operating the model with saltwater and further refining
the model roughness distribution to achieve an accurate reproduction of lateral and vertical
current distribution. The final step involves proper adjustment of both ocean salinity and

the location and quantity of freshwater inflows to establish the longitudinal, lateral, and
vertical distribution of salinity in all parts of the model.

Tln, foregoing dLSLI‘lpt]Oll of model verification procedures for the hydraulic model of Chesa-
veake Bay is necessarily brief and represents the basic hydraulic and salinity verification.

Depeuding on the studies to be done, further verifications may be necessary. These include

a shoaling verification that ensures acceptable reproduction of prototype shoaling character-

istics, dyesdispersion verification for waste-water dispersion studies, and storm-surge verifi-

cation for storm-surge type tests.

Figure 5 shows the hydraulic model of Cheéapeake Bay. Models like this have been used

« for many years in the study of physical processes in the marine environment. They are ex-

: tremely useful tools in studies leading to a better understanding of the complex estuarine
phenomena as well as providing a technique for predicting the effects on a specific water
body of both structural and geometric change. As such, they are an important tool for both
; planning and designing works in the estuary. Through their use, it-is possible to evaluate a
4 number of-alternative problem solutions rapidly and economically. To obtain maximurm

" benefits from these studies, however, it is necessary to employ skilled hydraulic engineers
who are thoroughly familiar with both the uses and the limitations of the models involved. .
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Figure 5. View of the completed model.

The six basic parameters measured on estuarine models are water-surface elevation, salinity,
current-velocity, dye concentration from dye-dispersion studies, temperature, and sediment
distribution (considered a qualitative measure). These parameters can describe the physical
effect of the works of man on an estuarine water body. In turn, biological stress can often
be predicted from the knowledge of changing physical parameters. A partial listing of the
tvpes of problems addressed during studies on other models at the U.S. Army Engineers
Waterways Experiment Station include:

® [nvestigations of the changes in water-surface elevations, current velocities, salinity
distribution, flushing rates, and waste-dispersion characteristics caused by the geo-
metrical modification of an estuarine water body resulting from the construction
of facilities such as navigation channels and port facilities

® Studies of the distribution of sediment as it affects the alignment and maintenance
costs of navigation channels
® [nvestigation of the hydraulics of storm surges and the planning and design of pro-

tective works

® Dispersion characteristics and the area of influence of waste-water discharges, including
heated discharges of power-plant cooling water
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® Studies conceming the feasibility of using the upper portions of estuaries as sources
of municipal and industrial water supplies

® Investigations of the effect on estuarine salinity regimes caused by upstream modifica-
tion of freshwater inflows resulting from the construction of reservoirs or increased
consumptive losses because of intensive industrial development

@ Provision of basic data for the adjustment and verification of other models, both
physical and analytical

Preliminary planning for the formulation of the first year of hydraulic studies on the Chesa-
peake Bay model has recently been completed. The primary purpose of this inital effort is

to develop a study program that is both responsive to problems of immediate importance

and at the same time ensure that from the very beginning of operation maximum economical
use is made of the model. The formulation of this preliminary study plan involved an exten-
sive analysis of the environmental, economic, and social aspects of a series of current problems
in order to establish a priority listing of their importance. The study program that evolved

is oriented towards the analysis of the effects of some of the works of man on the Chesapeake
Bay estuarine environment. Included in the first year’s work will be:

® The Low Freshwater Inflow Study. This investigation is designed to study the effects
on the salinity regime of the Chesapeake Bay System of significantly decreased fresh-
water inflows because of drought conditions combined with increased consumptive
losses resulting from out-of-basin diversions and additional municipal, industrial, and
agricultural water uses,

® The Baltimore Harbor Study. This work will be undertaken to define the effects on
the estuarine system of increasing the depth of Baltimore Harbor navigation channels
to 15 meters (50 feet). Parameters to be investigated include rates of harbor flushing,
waste-dispersion patterns, salinity distribution, and disposal of dredged material.

@ The Potomac River Estuary Water Supply and Waste-Water Dispersion Study. This
study will explore the ramifications of using the Potomac River Estuary as a supple-
mental source of water supply for Washington, D.C. One of the concerns generated
by using the estuary as a source of water supply is the possibility of recycling waste
water into the public water supply during periods of iow freshwater inflow and the
possibility of changing the salinity levels and current patterns in the estuary.

The hydraulic study program is scheduled to begin in the fall of 1977 and will be completed
within 1 year. Although the presently authorized Chesapeake Bay study has funding suffi-
cient for only a 1-year program of hydraulic investigations, it is anticipated that, with both
future funding and expanded use, the Chesapeake Bay Model will have a long productive life
and will play an increasingly important role in future investigations concerning the formula-
tion of rational plans of development for the Bay system.
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LANDSAT SENSORS

Stanley C. Freden and Robert D. Price
Goddard Space Flight Center
Greenbelt, Maryland

LANDSAT-1 AND -2 SENSORS

Landsat-1, launched in July 1972, and Landsat-2, launched in January 1975, are equipped
with a similar complement of sensors. Each spacecraft has both a return-beam vidicon (RBV)
camera system and a multispectral scanner (MSS) for acquiring high-resolution multispectral
data of the Earth’s surface on a global basis. These imaging systems, the primary sensors

on the Landsat-1 and -2 spacecraft, are described in the following paragraphs.

RBV SYSTEM

On Landsat-1 and -2, three cameras are used to take pictures of Earth scenes simultaneously
in three different spectral bands. The measured spectral responses of the three cameras are
shown in figure 1, ‘
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Figure 1. Spectral responses of the three-camera RBV system.

Each camera contains an optical lens, a shutter, the RBV sensor, a thermoelectric cooler,
deflection and focus coils, erase lamps, and the sensor electronics. The cameras are similar,
except for the spectral filters contained in the lens assemblies to provide spectrally separate
viewing regions. The sensor electronics contain the logic circuits for programming and »
coordinating the operations of the three cameras as a complete integrated system and pro-
vide the interface with the other spacecraft subsystems, Table 1 shows the major camera
parameters and their performance requirements. '
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Table 1

RBV Camera Paranieters

Performance Requirements

Parameter Camera 1 Camera 2 Camera 3
Spectral bandpass (nm) 475 to 575 580 to 680 690 to 830
blue-green orange-red red-near IR
Video bandwidth (MHz) 3.2 3.2 3.2
Peak signal/rms noise (dB) 33 33 31
Relative aperture £/2.66 /2,66 £/2.66
Full field angle (deg) 16.2 16.2 16,2
Effective focal length (mm) 125.98 +0.27 125.98 +0.27 125.98 +0.27
- 0.98 - 0.98 - 0.98
Highlight brightness (MJ/cm?) 0,78 0.78 1.2
Shading - inside 1-in. circle <15% <15% $15%
Shading - outside 1-in. circle <25% <25% <25%
Edge resolution (% of center) 80% 80% 80%
Image distortion <1% <1% <1%
Skew <+0,5% <+0.5% <+0.5%
Size and centering <£2% <£2% <+2%
Read horizontal rate (lines/s) 1,250 1,250 1,250
Active horizontal lines 4,125 4,125 4,125
Readout frame time (s) 3.5 (3.3 active) 3.5 (3.3 active) 3.5 (3.3 active)
Readout sequence 3 2 1
Three-camera cycle rate (s) 25 25 25
Exposure time matrix (ms)
 Expose 1 4.0 4.8 6.4
Expose 2 . 5.6 6.4 7.2
Expose 3 8.0 8.8 8.8
Expose 4 12.0 12.0 12.0
Expose 5 16.0 16.0 16.0
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The three RBV cameras are aligned in the spacecraft to view the same nominal 185-km
(100-nmi) square ground scerie as depicted in figure 2. When the cameras are shuttered,
the images are stored on the RBV photosensitive surfaces, and are then scanned to produce
video outputs. To produce images with overlap of about 10 percent along the direction of
spacecraft motion, the cameras are reshuttered every 25 seconds. The three cameras are
scanned in sequence during the last 10.5 seconds of the basic 25-second picture time cycle.
The video from each camera is serially combined with injected horizontal and vertical sync.
The readout sequence progresses from camera 3, to camera 2, and finally to camera 1. The
video bandwidth during readout is 3,5 MHz. o

THREE RBV CAMERAS
MOUNTED IN SPACECRAFT

185 X 185 km

(106 X 100 nmi)
Y/
\
§

.

DIRECTION OF
FLIGHT

Figure 2; RBV scanning pattern,

To provide the geometric correction for each RBV scene, a reseau pattern is inscribed on
the photoconductive surface of each RBV tube. The orientation of the camera with respect
to the projection of the reseau pattern into the scene is provided by *“camera feet,” as indi-
cated in figure 3. The camera lens reverses and inverts the scene so that the actual orientation
of the reseau pattern on the vidicon in the camera is also inverted and reversed. Figure 3
also shows the orbit-track direction and shutter-motion direction. The shutter mechanism
in each RBV camera consists of two adjacent blades with offset cutouts that sweep across
the vidicon aperture to provide the precommanded exposure time to each portion of the

ORIGINAL PAGE IS
OF POOR QUALITY]




126 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

photoconductor. The shutter provides uniform exposure over the photoconductor within
a maximum variation of £5 percent. Five shutter exposure fimes from 4 to 16 ms can be
selected by command.

ELECTRON BEAM

T
+

W\ CAMERA FEET

DOUBLE
BLADED

SHUTTER {:-4

~ 185 X 185 km
{100 X 100 nimi} —~
SCENE

Figure 3. Camera-scene orientation.

The quality of the imagery produced by the RBV and transmitted to ground stations is
influenced by several factors in the RBV system itself, These include resolution, geometric
fidelity, exposure capabilities, and radiometric fidelity. These factors and their effects on
imagery were measured for each camera during testing before launch and are compensated
for during processing of the video data on the ground. Depending on scene contrast, the
resolution of objects in each scene for the Landsat-1 and -2 RBV systems is nominally 80
meters. '
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MSS SYSTEM

The MSS (figure 4) gathers data by scanning the surface of the Earth in four spectral bands
simultaneously through the same optical system. The Landsat-1 and -2 MSS operates in the
soluir-reflected spectral region from 0.5 to 1.1 um wavelength as follows:

Band Spectral Response (Micrometers)
4 0.5 to 0.6
5 0.6 to 0.7
6 0.7 to 0.8
7 0.8to 1.1
- \\\

F“ :

!

{ SCAN MIRROR

N rd
6 DETECTORS
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(24 TOTAL) \
+2 FOR BAND 8 iy
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)" il e\ (100 ami)
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Figure 4. MSS scanning arrangement.

It scans crosstrack swaths of 185-km (100-nmi) width, imaging six scan lines simultaneously
across the Earth in each of the four spectral bands. The object plane is scanned by means
of an oscillating flat mirror between the scene and the double-reflector, telescope-type of
optical chain. The 11.56-degree crosstrack field-of-view (FOV) is scanned as the mirror
oscillates +2.89 degrees about its nominal position as shown in figure 4. -

The instantaneous FOV (IFOV) of each detector subtends an Earth-area square of 79 meters
on a side from the nominal orbital altitude. Field stops are formed for each line imaged
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during a scan and for each spectral band by the square input end of an optical fiber. Six
of these fibers in each of four bands are arranged in a 4-by-6 matrix in the focused area of
the telescope (figure 5).

Each time the mirror scans, an image of the scan line is swept across the fiber. Light impinging
on each glass fiber is conducted to an individual detector through an optical filter that is
unique to the spectral band served, producing a video signal at the scanner electronics output
for each of 24 channels. These signals are then sampled, digitized, and formatted into a

serial digital data stream by a multiplexer. The sampling interval is 9.95 us, corresponding

to a 56-m crosstrack motion of the IFOV.

The along-track scan is produced by the orbital motion of the spacecraft. The nominal
orhital velocity causes an along-track motion of the subsatellite point of 6.46 km/s, neglecting
spacecraft perturbation and Earth-rotation effects. By oscillating the mirror at a rate of

13.62 Hz, the subsatellite point will have moved 474 meters along-track during the 73.42

ms active Scan-and-retrace cycle. The width of the along-track FOV of six detectors is also
474 meters. Thus, complete coverage of the total 185 km wide swath is obtained. The line
scanned by the first detector in one cycle of the active mirror scan lies adjacent to the line
scanned by the sixth detector of the previous mirror scan. Figure 6 shows this composite

scan pattern.

The outputs from the detectors are sampled, encoded to six bits, and formatted into a con-
tinuous data stream of 15 megabits per second. During image data processing on the ground,
the continuous strip imagery is converted to framed images with a 10-percent overlap of
consecutive frames. This is accomplished by using RBV shutter activation times, giving the
MSS images approximately the same area coverages as the RBV images.

On board the spacecraft, both the RBV and the MSS data are inputted to either a wideband
video tape recorder for storage and delayed transmission to ground stations or a wideband
modulator/transmitter for direct real-time transmission.

LANDSAT-C CHANGES

For Landsat-C, to be launched in February 1978, both the RBV and the MSS sensors have
been improved, as well as the National Aeronautics and Space Administration (NASA) Image
Processing Facility (IPF).

RBV CHANGES

- The new RBV uses two panchromatic cameras that produce two side-by-side images rather
than three spectral superposed images of the same -scene. The ground scene will be viewed
through the two RBV camera sensors as they are sequentiaily exposed, and the scene radiance
is integrated on the photosensitive surface of the vidicon during the exposure period. During
the readout period that immediately follows the exposure, the photosensitive surface is
scanned, and the scene radiance is converted into a video signal. PAGE s
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Figure 5. Landsat-1 and -2 light-pipe array and detector sampling sequence.
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Each RBV camera sensor is being designed to cover a 98-km? (53-nmi?) area. Landsat-1 and
-2 cover a 185-km (100-nmi) square per frame as described previously. This change is being
made to provide increased ground resolut*nn for area mapping. To increase the ground resolu-
tion, a focai length of 25 cm (10 in.), tw:ce that of Landsat-1 and -2, is required. Effective
ground resolution will therefore be increased by a factor of two~—from 80 to 40 meters. The
two RBV cameras will be used to provide side-by-side pictures, each approximately 98 km
(53 nmi) on a side, covering a total swath width of approximately 183 km (99 nmi). Camera
shutter frequency will also be doubled to provide along-track overlap of adjacent frames
(figure 7).

TWO RBV CAMERAS
MOUNTED IN SPACECRAFT

Figure 7. Landsat-C RBV scanning pattern.

Each camera can be operated independently of the other for either single-frame or continuous
coverage. The two cameras will each have the same broadband spectral response (green into
the near-infrared) of 0.505 to 0.75 um. The parameters that are of primary importance to
users are: '

Parameter g Performance Objective
Spectral bandpass ; 505 to 750 nm*
Video bandwidth 3.2 MHz
Peak signal/rms noise 33dB

*Denotes change from Landsat-1 and -2,
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Parameter ‘ Performance Objective
Lens, effective focal lerth 236 mm (nominal)*
Highlight irradiance 2.013 mW/cm?2-sr
Shading <15 percent within 2.5-cm (1-in.) circle
<25 percent elsewhere
Image distortion <! percent
Skew <40.5
Size and centering <+2 percent
Read horizontal rate ‘ 1250 lines/s
Active horizontal lines 4125 per frame
Readout frame time 3.5s(3.3 active)
Two-camera cycle rate 12.5 s#*

The major parameter changes from Landsat-1 and -2 are the spectral band, timing, camera
focal length, and improved shading corrections,

MSS CHANGES

The MSS has been modified to include a fifth spectral band operating in the thermal infrared
region from 10.4 to 12.6 um. Designated band 8, this additional band was added to the
Landsat-C MSS by including two additional detectors as shown in figure 8. As illustrated, the
two band 8 detectors are larger, providing a larger IFOV of 237 m?, as opposed to the 79 m?
IFOV of bands 4, 5, 6, and 7. The band 8 detectors are also sampled at a lower rate. Bands
4 through 7 theoretically contain 3314 samples per detector per scan. . That is, there are
3314 periods of 9.95-us duration in the 33-ms acquisition time (active portion of the mirror
scan). Because of the reduced sampling rate, the band 8 detectors produce a maximum of
1104 samples each in the same 33-ms period.

In addition to enabling the sensor to collect data during the nighttime portions of the space-
craft’s orbit, the thermal channel will be used for urban land-use identification (measuring
temperature differences between ntanmade and natural objects), for monitoring temperature
gradients in power-plant outfalls, for detecting urban ““heat islands,” and for other applications

that are not possible with the present MSS sensor.
‘ i

"NASA'INFORMATION PROCESSING FACILITY CHANGES et

Major changes have also been made to the NASA IPF at the Goddard Space Flight Center

in preparation for handling Landsat-C data. High-density digitai tapes (HHDT) will replace
70-mm film as the archival medium for both RBV and MSS data. Radiometric and geometric
corrections will be calculated for all data before recording on the HDT, and all film and

*Denotes change from Landsat-1 and -2.
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Figure 8. Landsat-C light-pipe array configuration.

computer-compatible tape (CCT) products for users will then be made from the HDT. Thus,
the quality of the sensor data will be fully preserved, and full geometric corrections can be
applied to all products. For the first time, both RBV and MSS data will be available to users
in the highly useful CCT format. Steps are also being taken to drastically reduce the data
delivery IPF turnaround time for all data products to 1 to 2 days. The digital processing
approach will significantly contribute to this goal.

Figure 9 illustrates the payload data flow for processing Landsat-1 and -2 data in the present
IPF. Figure 10 provides a flow diagram for Landsat-C data in the new IPF system. Landsat-C
system performance characteristics are:

Radiometric calibration Two quantum levels over full range
accuracy )

Geometric correction

accuracy . ,
Nominal conditions One pixel (without terrain-elevation
with ground control correction), (99 percent of the time)

points (GCP)
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Without GCP Commensurate with spacecraft and sensor
performance data ’
Temporal registration 0.5 pixel (For RBV data, <0.5 MSS pixel
accuracy) ‘
Map projéctions Space oblique mercator, universal transverse

mercator, polar stereo

Resampling Cubic convolution, nearest neighbor

The major hardware changes include revisions to the MSS preprocessor, the addition of an
RBV preprocessor and master data processor, and the acldmon ofa qu1cl\ -look processing
system (QLPS).

The QLPS, a major addition to the IPF, consists of a general-purpose capability to edit, for-
mat, and produce copies of selected HDT scenes in high-density tape, CCT, 241-mm black-
and-white and color film, or paper formats. The QLPS contains a quick-look processor, a
high-resolution film recorder, and a photoprocessing laboratory. Figure 11 shows flow dia-
grams of these three functional elements.

HAFR - HIGH RESOLUTION FILM-RECORDER

QUICKLOOK PROCESSOR i HURFR | DHOTOGRAPHICLAB
HoT P - ’ l f /
R (. |
HOT A | | D
HIGH-OENSITY SERIAL GENERAL - | | moHDENSITY b D
TAPE  f~—ae COMPUTER j—wel PURPOSE o TAPE | TEamen
RECORDER INTERFACE COMPYTER { | necongEn | LATENT FiLm
T TOSPECIAL | | |
TASKS
HIGH-DENSITY HIGH PHOTO
TAPE l nesowurion | | | processing
RECORDER } {FILM RECORDED | LAB
l 9.5 INCH POSITIVE
| TRANSPARENCIES
HOT P\ TO DATA DISTRIBUTION DISK | - | BLACK AND WHITE
\ OR * | CENTERS STORAGE | : AND COLOR
DT A : : 9.5 INCH PAPER
LEGEND , 1 | PRINTS- BLACK
HDT - HIGH DENSITY TAPE ‘ AND WHITE AND
LT - COMPUTER COMPATIBLE TAPE - i~ ‘, § ] COLOR -
A ~ UNGORRECTED 95 INCH T0 specm TASKS
P CORRECTED FOR GEOMETAIL AND RADIOMETRIC ERRORS | LATENT FiLm }

SPEC]AL USERS
Figure 11, Quick-look processing system.
The quick-look processor inputs an HDT produced on the master data processor and gener-

ates edited/reformatted copies of userselected scenes in HDT or CCT format. Band sequential
HDT’s and/or CCT’s in pixel-interleaved or line-interleaved form can be generated for special
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tasks, Computer tapes will be supplied in nine-track 800- or 1600-bpi densities only. The
high-resolution film recorder (HRFR) inputs a fully corrected HDT and converts selected
user-requested scenes to 24 1-mm latent imagery, The photographic laboratory inputs
241-mm latent imagery generated on the HRFR, processes the imagery, and produces black-
and-white or color products in support of a limited number of special tasks.

User agencies, such as the Earth Resources Observation System Data Center, have taken steps
to accept data from the IPF in high-density tape form. Equipment is available to produce
CCT’s and early generation film products from archival high-density tapes.

LANDSAT DATA COLLECTION SYSTEM

In addition to the RBV and MSS, Landsat-1, -2, and -C are equipped with a data-collection
system (DCS) that relays data from remote, automatic data-collection platforms to ground
stations when a Landsat spacecraft can mutually view a platform and any one of the three
U.S. ground stations (Greenbelt, Maryland ; Goldstone, California; and Fairbanks, Alaska).
The DCS flown on Landsat was the first prototype Earth-applications relay system to pro-
vide users with near real-time data collected from remote locations.

As shown in figure 12, the system includes remote data-collection platforms (DCP’), satel-
lite relay equipment, ground receiving site equipment, and « ground data handling system.
The DCP (figure 13) is connected to individual environmental sensors that are selected and
provided by the investigator or user agency to satisfy their own particular needs. DCP’s are
being used to monitor local environmental conditions such as temperature, stream flow,
snow depth, and soil moisture. Up to eight individual sensors may be connected to a single
DCP, providing either digital or analog inputs. The DCP transmits the sensor data to the
satellite, which, in turn, relays the data to the ground receiving site through an onboard
receiver/transmitter. '

The ground receiving site equipment accepts the data and decodes and formats it for trans-
mission to the ground data handling system at Greenbelt, Maryland. The data are received

in the Operations Control Center (OCC), where they are reformatted and written on magne-
tic tape and are then either transmitted direct to the user or passed on to the IPF for the
further processing and cataloging required for dissemination to the user ageﬁcies. Data from
any platform are available to the investigator within 24 hours of the time the sensor measure-
ments are relayed by the spacecraft to the ground station. ‘

Figure 14 shows the geometry involved in relaying DCS data. The satellite is at a nominal
altitude of 920 km (497 nmi). The transmitting antenna of the DCP subtends an angle of
+70 degrees from the vertical, and the ground receiving site visibility is nominally £85 degrees
from the vertical. When the satellite is in mutual view of a transmitting DCP and one or
more of the ground receiving sites, the message from the DCP is relayed to the receiving site
and is transmitted over land lines to the OCC. The DCP’s operate continuously, sampling

the sensors periodically and transmitting a 38-ms burst of data containing all sensor channels
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Figure 12, Data-collection system block diagram.
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at intervals of either 90 or 180 seconds. ‘Note that the satellite acts as a simple real-time
relay with no onboard storage. The DCP transmissions are received at the ground receiving
site immediately, except for small propagation and fixed system time delays.

The orbit parameters and the receiving site locations cause the spacecraft to be in mutual
view of a platform located almost anywhere in North America and at least one of the three
ground receiving sites during at least two orbits per day—one about 9:30 in the morning

and the other about 9:30 in the evening. At least one message is relayed from each platform
every 12 hours.

The DCS is designed to ensure that the probability of receiving at least one valid message

from any DCP every 12 hours is at least 0.95 for as many as 1000 DCP’s located throughout
the United States.

Interference of signals from two or more DCP’s transmitting simultaneously may cause
incorrect or partial messages to be received. To minimize this possibility, the system uses
error coding and other schemes to correct or identify messages that contain errors and to
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identify incomplete messages. The probability of erroneously indicating that a given message
is valid (i.e., stating that a message that contains an error does not) is less than 0.001.

The experimental Landsat DCS has proven to be both reliable and highly useful. It has been
so successful that an operational system, similar to the Landsat DCS, has been flown on board
the National Oceanic and Atmospheric Administration’s Geostationary Operational Environ-
mental Satellite.

THE NEXT STEP: LANDSAT-D

Now in the design and planning stage, Landsat-D will extend the availability of orbital Earth
resources data beyond the lifetime of Landsat-C into the 1980’s.

The principal sensor of the Landsat-D satellite is an advanced MSS called the thematic mapper.
The design specifications for the thematic mapper call for the extension of the capability of
the present MSS in virtually every significant aspect—the range of spectral coverage, number
and sensitivity of individual spectral bands, ground resolution, quantization, and geometric
accuracy. The primary objective of the thematic mapper is to observe land-cover characteris-
tics, particularly vegetation. Such observations form an essential part of surveys of Earth
resources and can be used in many applications.

Therefore, the bands tentatively selected for the thematic mapper have been chosen primarily
on the basis of their ability to discriminate vegetation. Furthermore, they have been selected
to avoid, as much as possible, the absorption bands of atmospheric water vapor. Because

this factor is an important clement in limiting signature extension (both temporally and
spatially), avoidance of atmospheric water-vapor effects results in a significant improvement
in Earth resources remote sensing capability. The bands selected and their particular value

to various applications are:

® 0.45 10 0.52 um—Water depth measurements; soil/vegetation differences; deciduous/
coniferous differentiation; land-use mapping

® (.52 to 0.60 um—Vegetation density; growth-stage determination; vegetation vigor
(disease detection); suspended sedimentsin water bodies; waste-disposal plume de-
tection in water

® (.63 to 0.69 um—Species differentiation for crop classification (chlorophyll absorption
band); range land biomass estimation

® (.76 to 0.90 um—Water-body delineation ; ratioed with 0.63- to 0.69-um band for
vegetation and biomass studies

. ® 1.55t0 1.75 um—Vegetation moisture conditions (indicator of vegetation vigor);
snow/cloud differentiation; surface water mapping; soil moisture measurement (after
" rainfall or irrigation)
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o 10.4 to 12.5 um~Crop classification and disease detection; vegetation density and
cover-type identification; urban land-use identification (temperature differences
between manmade and natural objects); monitoring temperature gradients in power-
plant outfalls, urban “‘heat islands,” river/lake/estuary current, etc.

In addition to better multispectral sensing capabilities, the thematic mapper will have a
greatly improved IFOV—from 80 meters for the present MSS to 30 meters for the thematic
mapper. Because this improvement will permit analysis of smaller areas on the ground, it
will result in substantiat gains in all applications areas. "

An MSS essentially identical to that flown on Landsat-C méy also be included on Landsat-D,
differing only in some minor modifications necessitated by the planned reduction in altitude
of Landsat-D to 705 km (380 nmi). Including an MSS in Landsat-D would provide:

® A reliable, space-proven backup sensor to the new thematic mapper

® A continuation of current Landsat/MSS data for use by those who either do not
need the improved thematic-mapper data or do not have the necessary facilities to
receive or analyze that data

® Precursor data to assist the user in selecting only good coverage before processing
thematic-mapper data

® Transitional data to aid users in converting to the improved thematic-mapper data

In addition to its improved sensor, Landsat-D will also feature faster data handling and dis-
tribution, Forremotely sensed multispectral data to be truly practical for many potential
operational users (agricultural analysts, hydrologists, etc.), it must be received oy them in
usable form within 48 to 96 hours after overpass. Promptness in receiving data products is
one of the most critical aspects of the Landsat system. Landsat-D will be thoroughly inte-
grated with the needs of operational users. It will include: improved preprocessing of all
data, central data processing, and archiving and retrieval; low-cost receiving and data centers
for large volume users (such as the U.S, Department of Agriculture);and will provide maxi-
mum efficiency and economy in utilization by state, regional, and foreign users. Féaturing
the rapid electronic transmission of all dzita,, Landsa¢-D is being designed to reduce the time
between satellite imaging and user reception of data to the required 48.t0 96 hours.

The system will provide two data links o the ground. For both MSS and thematic-mapper
data, the first link is directly from the satellite to domestic and foreign ground stations as
the satellite passes over their reception areas. The second link, for thematic-mapper data
only, is via the Tracking and Data Relay Satellite System (TDRSS). The data are transmitted

to a TDRSS satellite that is in stationary orbit and are relayed to the TDRSS receiving station.

The TDRSS receiving station then transmits the data via a domestic communications satellite
to a central data processing facility that, in turn, relays the data to any local data~distribution
center equipped to receive it. This link, via TDRSS and the communications satellite, will
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therefore permit global acquisition and relay capabilities, providing rapid access to thematic-
mapper data for users throughout the world. It will also eliminate the need for an onboard
video tape recorder, a weak link in the present Landsat system.

SOURCES

“Earth Resources Technology Satellite (Landsat)-2 Reference Manual,” 1975, General
Electric Company, January 1975,

Harnage, J., and D. Landgrebe, eds., 1975, “Landsat-D Thematic Mapper Technical Working
Group—Final Report,” NASA/JSC-09797, June 1975.

“Landsat Data Users Handbook,” 1976, NASA/GSFC No. 76SD4258, September 1976.

Painter, J. E., 1973, “Data Collection Platforms for Environmental Monitoring,” (Proceed-
ings of the Second Conference on Environmental Quality Sensors, Las Vegas, Nevada,
October 1973).

“Resource and Environmental Surveys from Space with the Thematic Mapper in the 1980’s,”
1976, a report prepared by the Committee on Remote Sensing Programs for Earth Resource
Surveys, National Research Council, September 1976.



N78-21541

REMOTE SENSING OF WATER QUALITY

Warren A. Hovis
National Environmental Satellite Service,
National Oceanic and Atmospheric Administration
Washington, D.C.

ABSTRACT

Remote sensing from aircraft has been used to determine water content
in areas such as the New York Bight. Extension of the techniques devel-
oped to satellite sensing of the Chesapeake Bay will begin in 1978 with
the launch of Nimbus-G.

Remote sensing offers a number of interesting possibilities for investigating a reasonably
large body of water, such as the Chesapeake Bay, coupled with some disadvantages, The
chief advantage of remote sensing is that it offers the opportunity to cover large areas in
relatively short periods of time. Low-altitude satel}ites traveling at about 7 km/s.can cover
the Chesapeake Bay in about 1 minute so that the entire Bay can be studied under almost
identical conditions of solar illumination.

Aircraft take longer to cover an area because of speed difference and narrower swath width
from a sensor. Swaths of 1600 km are quite normal from satellites at near 1000-km altitudes,
whereas aircraft swath widths, even from U-2 altitudes near 20 km, are only approximately
37 km. Aircraft sensors offer an advantage in that they can achieve much higher spatial
resolutions than spacecraft sensors with considerably lower cost instrumentation.

Reasonably high-resolution sensing (80 by 80 meters) is accomplished from the Landsat
series of satellites using the multispectral scanner, but such resolution is achieved at a con-
siderable cost in sensor swath width (186 km) and infrequent coverage (once every 18 days),
cloud cover permitting, In addition, the dynamic range of the Landsat sensor is optimized

for land targets that reflect much more than water, so that subtie changes in water color are
difficult to detect. '

Although new systems specifically devoted to oceanographic measurements are being devel-
oped, for the foreseeable future, such spacecraft systems will not have Landsat-type spatial
resolution, and aircraft sensing will be needed as a supplement. Both spacecraft and high-
altitude aircraft sensors suffer from a common problem--atmospheric interference in the
form of backscattered sunlight in the visible and near infrared and water-vapor absorption
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- in the thermal infrared, in which water temperatures are sensed. Figure ! illustrates the
backscattered sunlight problem by comparing two spectra taken over the same area of the
ocean within 23 minutes of each other at 14.9 and 0,91 km altitudes.
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Figure 1. Upwelling radiance over Catalina Channel
at high and low altitudes.

The skylight not only adds to the total signal to be sensed, but sunlight reflected from the
ocean is scattered out of the column viewed by the sensor so that the total signal reaching
a high-altitude sensor may consist of 80 percent or more skylight, and, 20 percent or less
will therefore contain information about the water below.

The result of atmospheric interference in photographic sensing from high-altitude aircraft
is that pictures taken with.film se;ﬁsitive in the visible are dominated by skylight. Although
infrared film provides better atmospheric penetration, water penetration is poor in the
infrared, and little informaticn about water content is obtained. Photography can provide
an excellent source of information about shoreline activities and vegetation, but is of very
limited value in sensing water content from reasonably high altitudes. However, it can pro-
vide ancillary information about faétors that influence water quality, such as location of

marinas, number of vessels berthed in selected areas, and location of factories and tank farms
néar shorelines. ’ ”
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Water quality and content can best be remotely sensed by multichannel scanning radiometers.
These sensors can have much higher signal-to-noise ratios than photography, they are more a
accurate quantitatively, and they can operate in spectral regions not covered by film, such

as the thermal infrared. The electrical signal generated by these sensors can be more readily
processed for redustion of atmospheric effects and can be used for multispectral qualitative
analysis, The disadvantages of scanner systems are that the scanners are expensive and data
recording and processing equipment are more expensive and complex than those needed for
photography. For satelfite and high-altitude aircraft sensing, however, the advantages far
outweigh the disadvartages and scanner systems predominate.

A multichannel ocean-color scanner was built for use on a National Aeronautics and Space
Administration U-2 aircraft as a predecessor to a similar sensor to be flown on Nimbus-G.
The aircraft sensor has ten spectral bands 4s shown in table :.

Table 1
Parameters of the U-2 Ocean-Color Scanner
Center . Radiance -
Channel Wavelength Bandwidth (Gain X 1)
(nm) (nm) mW/cm?um
1 433 22.5 40.1
2 471 21.5 26.0
3 509 27.5 23.6
4 547 24.5 14.7
5 583 25.0 - 11.8
6 620 26.0 10.0
7 662 22.0 7.55
8 698 20.5 5.0
9 733 22.5 11.9
10 772 23.0 3.47

The radiance column shows the input to the sensor in mW/cm? um that will produce satura-
tion. All channels, except channel 9, are optimized for water and will saturate over most lands,
targets, or clouds. '

This particular sensor has rarely been used over the Chesapeake Bay. It is normally used
only in conjunction with surface truth expeditions that cover large areas of the ocean out to
100 nmi. On two occasions, it was operated over the Chesapeake Bay in conjunction with
photographic missions for studying shorelines. Although surface truth was not available,
considerable apparent change in water mass can be seen in the false color image in figure 2.
Made with enhanced data from channels 2, 5, and 7, this image covers the Bay from slightly
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Figure 2. False-color image of
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north of the Susquehanna to the mouth of the South River. Spatial resolution is about 70
meters at nadir.

At the time the imagery was acquired (July 22, 1974), it was assumed that the bright color-
ation in the Bay was attributable to scattering by suspended materials (sediments and organic)
and that the darker the image, the lower the concentration of suspensoids. During the same
flight, the New York Bight off Sandy Hook was covered as shown in figure 3, with all sensor
parameters the same as in the coverage of the Bay. The New York Bight image shows the
plume from the Hudson River, a Ushaped acid waste dump, and some relatively clean ocean
water.

In a case such as the Hudson River Plume, in which the water is deep and there is surrounding
water with small amounts of suspended materials, quantitative estimates of suspensoids have
been fairly successful. Measurements made from a National Oceanic and Atmospheric Admin-
istration (NOAA) ship at 35 locations in the New York Bight were compared with simultaneous
measurements made by the scanner on the U-2. Upwelling radiance showed a general increase
with sediment concentration as shown in figure 4. Analysis was performed using the charac-
teristic signature technique shown in figure 5. This technique requires that a mean be calcu-
lated for each water-picture element in the image and that deviations from the mean be deter-
mined for each truth site for uich spectral band. The sediment signature that best agreed

with surface truth resulted izs ¢ne computed sediment as shown in figure 6 compared with
truth measurements.

Although the New York Bight results indicate that sensing of total suspended material is a
promising area for remote sensing, it also showed that it will be very difficult to identify and
quantify suspensoids in a system as complex as the Chesapeake Bay. An opportunity will be
available in 1978 to carry out such investigations with reasonable frequency when Nimbus-G
is launched carrying the coastal-zone color scanner (CZCS). This sensor will provide color
scanning in five spectral bands and thermal scanning in one band with 800-m resolution and
1500-km swath width for frequent coverage. Data from this scanner will be available at
nominal cost from the Environmental Data Service of NOAA in Suitland, Maryland. Some
characteristics of the CZCS are:

® Spectral bands

443 + 10 nm

520 £10 nm

550 £ 10 nm

670 £ 10 nm

750 = 50 nm
10.5t0 12.5 um

@ Spatial resolution—0.865 milliradians, 825 m at nadir
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Figure 3. False-color image of
New York Bight.
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Figure 6. Computed sediment versus measured
sediment of the Hudson River Plume, April 13,
1975.
® Operation—Day, all channels; night, 10.5 to 12.5 um only
® Glint avoidance—Tilt of scan mirror £10° along track for +20° pointing
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ACOUSTIC REMOTE PROBING OF THE ENVIRONMENT

John Pijanowski
Engineering Development Laboratory,
National Oceanic and Atmospheric Administration
Rockville, Maryland

INTRODUCTION

This paper is an introduction to the spectrum of applications of acoustics as a truly remote
probe for use in profiling the physical parameters of our environment. Classical application
of acoustics under the term “sonar” has been used in bathymetry and detection of point
targets such as ships or fish. In the field of geophysics, it was the geologist who first used
acoustics to profile physical parameters of the Earth with seismic sounders. In oceano-
graphy, acoustics have been used for more than a decade as a remote probe for profiling
the stratification of the oceans and the structure of bottom sediment. Within the last
decade, acoustics, as well as numerous RF techniques, have been applied for vertically
profiling physical parameters of ‘the atmosphere. T will discuss what the meteorologist

and oceanographer can soon expect to routinely achieve with instrumentation that uses
acoustic probes to remotely obtain physical parameter profiles in both the atmosphere and
underwater.

But first, as an aside, one of the problems that periodically troubles the technologist is
that commonly used terms with broad definitions begin to lose their usefulness in the
growth toward precise communications. As a technology grows and its domain broadens,
new terms are needed and, in some cases, existing terms require revised and perhaps more
restrictive definitions. A case in point seems to be that of “remote sensing.”” Because I
am sensitive to definitions and because this is a remote sensing conference, 1 would like
to point out that T consciously distinguish between ‘“‘remote sensing” as a strictly passive
concept and “remote probing” as an active one. I use the word “sensing’’ restrictively to
imply that the source of field energy being detected was not originally the hardware
associated with the sensor but rather a source over which control is not directly imposed.
On the other hand, “probing” implies that active control exists (usually in hardware) over
the source of the ““probe” (usually an electromagnetic or an acoustic field). This distinc-
tion and an identification of the term ‘““probe’ to the emitted field have helped me to
organize thoughts and communications. Value of the distinction lies in the fact that con-
trol ‘over the probe blanketly provides an added dimension to the extraction of informa-
tion from energy scattered by interaction of the probe with physical manifestations of
environmental parameters. I also tend to use the word “tool” when speaking about either
an electromagnetic or an acoustic field. I suppose that this is simply because 1 view the
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field as the “means” of obtaining the ‘““end” product of information about environmental
parameters.

The ability to scan large volumes at distances remote from hardware for three-dimensional
distributions of a host of environmental parameter data is the ultimate payoff of both
remote sensing and probing systems. Although no remote system can claim to have attained
such a goal, the increase in information obtainable through present techniques represents
a quantum increase in collected data that then must be processed. The words “collected”
and “processed” are more naturally used instead of talking about “measuring” the param-
eter of interest because it appears that the farther away you get from the physical mani-
festation ‘of the parameter, the more indirect and error-prone the measurement; then more
processing is required to extract from the data only the information needed for estimating
the parameter.. The processing can be viewed as the second edge of a double-edged sword,
-and it behooves the user to make careful selection of his sensing and probing techniques
in-order to minimize the self-inflicted costs caused by the processing edge facing him.

The general problem reduces to one of comparing the payoffs to the costs of using remote

" tools: Is the reduction in precision and accuracy inherent in the indirect measurement
worth the increase in resolution and amount of data that can be collected in a remote
fashion? It appears that the question can be answered in the affirmative for many satellite-

-borne sensing systems, but not yet for oceanic and atmospheric acoustic probe systems.

ACOUSTIC PROBES OF THE ATMOSPHERE

Techniques are being developed for probing the atmosphere using acoustic fields as tools

in much the same manner as techniques using electromagnetic (EM) fields. The EM fields
are launched from satellite, aircraft, and ground-based stations, but acoustic fields cannot

be launched from satellites and are now being used only from ground-based stations.

B Also, it is not unreasonable to expect that remote acoustic sensing could serve as a meteoro-
logical tool in the future. One indicator of this possibility is that storm-generated infra-
sound can be observed over distances of 1500 km.

Much effort has been expended by the Wave Propagation Laboratory (WPL), the Environ-

mental Research Laboratories (ERL), and the National Oceanic and Atmospheric Adminis- -

tration (NOAA), to develop remote techniques for probing the atmosphere from both the

- ground and the decks of ships at sea. Although much of this effort includes techniques that
use EM probes in the high-frequency, microwave, and optical portions of the spectrum, this
paper is restricted to remote acoustic probes. Only these probes offer a wide range of
potential application for monitoring and studying our ecosphere. However, I will touch

" on the case in which the close relationship in wavelength of EM and acoustic frequerncies
in the atmosphere enable these tools to play supportive roles in providing a hybrid remote
probing system. : ’
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Systems that employ acoustic probes in the atmosphere are called “acoustic echo sounders™
or “echosounders.” These terms have Licen applied, most naturally, by the meteorologist.
Acoustic energy, usually in the form of a finite and rectangular burst, containing many
wavelengths in the emitted field undergoes modification because of propagation effects and
scattering caused by scattering centers whose refractive index differs appreciably from

that of the surrounding medium. Some characteristics of the medium along the propaga-
tion path can be determined by detecting the forward scattering (propagation) field.
Characteristics of the medium can also be determined by detecting the scattered field in
directions other than the forward direction.

A wide range of studies of atmospheric phenomena, as well as practical atmospheric moni-
toring applications, have used remote acoustic probes. I will mention only a few of these
simply to convey the realm of applicability of the various techniques. Measurements of
changes in both amplitude and phase of acoustic waves propagating through various tur-
bulent structures in the atmosphere have provided useful data for estimating the probable
limits of acoustic probing in the atmosphere. Although systems based on propagation
phenomena of the acoustic field will probably not be as useful in environmental monitor-
ing applications as systems that rely on scattering phenomena, they are needed to character-
ize the expected deformation of the probe along the path from source to scattering center
to detector.

Systems that use scattering phenomena have been impiemented with an assortment of geo-
metries. There have been monostatic, bistatic, and cornpound bistatic configurations.
Probably the most practical use of acoustic remote probing has been a WPL test installa-
tion of a wind-shear detector at the Stapleton Airport in Denver. The system has a com-
pound bistatic geometry that permits vertical profiling of the horizontal components of
the wind vector from 30 meters to 1 kilometer. When probing the atmosphere from the
ground, the choice of system configuration can be allowed to be governed by factors other
than constraints of location of hardware. But, when probing above the sea surface, multi-
static configurations are impractical because of the added deployment difficulties.

A large number of mechanisms that result in density gradients or discontinuities in the
atmosphere occur on a broad spectrum of spatial scales. Among these mechanisms, those
that produce gradients are thermal and humidity stratification and velocity fields. Among
the discontinuities are rain, snow, fog, and cloud hydrometeors, dust and pollen particu-
lates, and thermal plumes and inversions. Many meteorological and environmental param-
eters and phenomena can be detected or monitored directly or indirectly using these
scattering mechanisms. The basic parameter observable indirectly through the Doppler
*shift in scattering from the small discontinuities is the wind velocity that can be obtained
in profile. Gravity waves and other wave-like motions in the atmosphere can be detected
indirectly by observing motion of spatially large discontinuities, such as temperature
inversion layers. Depending on spatial scale, turbulence can be observed either by Doppler
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spectral broadening of the field scattered by entrained discontinuities or by refractivity
fluctuations,

Methods of profiling temperature by strictly acoustic probing that make use of multiple
acoustic frequencies are neither reliable nor accurate. But, a hybrid technique has been
developed that uses both acoustics and electromagnetics. After transmitting a low-frequency
sinusoidal acoustic pulse vertically, continuous wave (CW) radar is used to track the pulse
as it propagates. If the wavelengths are chosen so that the acoustic wavelength is one-
half the electromagnetic wavelength, the RF energy is Bragg-scattered by the acoustic
wavefronts. 'Enough energy is backscattered by the entire. acoustic pulse for it to be
detected and analyzed for Doppler frequency shift. Continuous tracking of the Doppler
frequency produces a sensitive measure of the speed of the acoustic pulse that can be
related to the temperature profile. Spatial resolution is proportional to the acoustic beam
width and pulse length that is the exact size of the acoustic probe in the atmosphere.

For those interested in further pursuing the topic of remote probing in the atmosphere,
two NOAA publications will serve ideally as the next step. A collection of reprints bound
under the title of ““Remote Sensing of the Troposphere™ edited by V. E. Derr, and “Col-
lected Reprints: 1974-75, Wave Propagation Laboratory,” together serve as repositories
for most of the applications-oriented papers produced by WPL on both remote probing
and remote sensing of atmospheric parameters by both acoustic and electromagnetic
techniques.

UNDERWATER ACOWMSTIC PROBES

Development of acoustic techniques of remote acoustic probing in water was initiated a
few years ago by the Engineering Development Laboratory (EDL) of the National Ocean
Survey (NOS). The feasibility of using crude hardware for remote probing of water cur-
rents has been demonstrated to distances of about 20 meters with current velocity reso-
Iution of 16 cm/s and spatial resolution of about 3 meters. This was done with a peak
acoustic power of only 2 watts focused in a narrow beam at about 280 kHz. Extrapolating
these resuits, along with a theoretical study performed by WPL to determine the feasibility
of this concept and assumptions on physical limitations associated with future operational
‘deployment, produces conceptual devices with strong growth potential in both operational
environmen‘calI monitoring and environmental research.

Although the initial goal of this effort was to provide a possible backup to measuring tidal
current flow in very high peak current regimes (12 knots was expected at one time in
Cook Inlet, Alaska), the concept has evolved much wider applicability not only in the
lower current, high-resolution regimes, but also for probing for other physical parameters
as well. Two development projects are underway at EDL for producing probes to profile
water currents from different platforms. One platform is a submerged low cross-section
body that would either rest on the bottom in moderate depths (to about 100 meters) or. ,
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be deployed on conventional moored systems in multiple units at much greater depths.
The second platform is a ship that, while underway, would provide the water-current pro-
file below the ship. The fixed platform would be used to obtain extended-time water-
current profile data at one geodetic point as is needed in tidal-current prediction models.
Although a single underway platform would provide higher resolution in the spatial dimen-
sion, it would not provide the synoptic view of a region that can be obtained from a
distribution of many fixed stations in the region. A fundamental use of high-spatial
resolution water-current profile data in tidal-current survey operations would be to ensure
that the spatial sampling that must be performed minimizes the effect of spatial aliasing
of tidal energy in the parameters of the tide prediction models. Also, because an under-
way current probe profiles currents along its path of travel, the resultant data on water-
mass flux distributed over a known area would be valuable in models of water-pollutant
mobility. Another application of the underway system would be to study the effects of
density fronts in the water. Because these fronts play such an important role in atmos-
pheric weather, one would expect them to play a comparable role in the seas.

As with atmospheric probing of winds, the probing of water currents can be done with
various configurations in geometry. Nevertheless, a monostatic system appears to have the
best chance of passing the critical test of ease of deployment at sea. As with atmospheric
probing from a ship, bistatic geometries could be implemented by spanning as much of the
overall ship as possible with transducer locations. The resulting small baseline would provide
little advantage at ranges of kilometers. Even though the true multistatic configuration appears
to be impractical, it zan be approached by translating the probe axes of a multiaxis monostatic
system so that they intersect not in a common probed volume, but in a common observation
point. Each axis would still function as an independent probing channel in a monostatic
manner. The data obtained in each channel at a common point of intersection would elimi-
nate the error in resolving a resultant vector from components obtained from physically dis-
jointed spatial volumes. In this configuration, the advantage of detecting other than back-
scattered energy with a true multistatic gecometry would be lost. With the configuration in
which the channel axes intersect at the location of the transducers, estimates of profiles of
any vector parameter can be madé:qnly when it can be justified to assume that the macro-
volume spanned by the entire set of probing channels contains surfaces on which the vector
parameter is constant.

The ideal geometry from which to operationally profile water currents with a stationary plat-
form appears to be one with three probe axes oriented either orthogonally or along another
set of basis vectors designed to minimize parameter measurement error in a preferred direction.
In the case of a platform resting on the bottom with a probe system designed to primarily
‘measure horizontal currents, a horizontally uniform distribution of probe axes all inclined

at 45 degrees.to the vertical is ideal. In most applications, it would be reasonable to assume
that horizontal planes are surfaces of constant current velocity (at least in the macrovolume
spanned by the probe axes) even at the water surface. The profile of axial components
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produced by each probe channel could then be easily resolved into the profile of vertical and
horizontal components of current velocity.

When the probing platform is a ship, the two most significant problems encountered are
caused by ship motion. One problem is caused by the wave-induced dynamics of the ship,
and the other is the definition of the inertial reference against which the current velocity

is to be measured. The present approach to solving the dynamics problem is to use pairs of
probes whose axes are in the same plane to obtain only a single horizontal component of cur-
rent velocity.. This transducer-head configuration has been used for years and is known as
“janus,” Averaging the Doppler shifted data from these two probes cancels the contribution
that is attributable to angular motion in the plane about their point of intersection. This
point can be translated to the center of pitch or roll of the ship. The inertial reference prob-
lem is solved simply by using the backscattered returns from the bottom or known layers of
no motion with which the horizontal velocity of the ship can be deduced. Horizontal water
currents are thereby referenced to the Earth.

Among the goals in the development of a remote current probe for use in operational tidal-
current surveys by NOS is the desire for a reduction in the high costs of deployment and
retrieval. A self-contained unit that is small and light enough to be either dropped froma
helicopter or simply kicked off the side of a ship without a tether would undoubtedly simp-
lify the deployment process. With the advantages of emerging low power and cost in digital
processing and high-density data storage, after sinking to the bottom, the unit could be left
unattended for months to acquire the long-time history required by tidal-current prediction
models. Retrieval of individual units after acoustically triggering floatation mechanisms
would be much easier than recovering extended strings of current meters.

It does not require much imagination to take a step backwards and observe that a set of
strong backscattered returns will be obtained from either the surface or the bottom, or
both, depending on the configuration and the location of the platform. In a three-axis
system resting on the bottom, the two most obvious and immediate uses for the surface
retums are, ‘first', vertical orientation and, second, tide levels. With the simple deployment
techniques mentioned above, the need to dynamically establish a vertical is fundamental.
Although subsequent alignment with respect to the vertical can be done mechanically; it
is most efficiently acce-i:.; ished in the processing algorithms. Using the same hardware to
determine the tide level§ proyides additional operational cost reduction.

A simple but interesting example of an environmental parameter measurement that relates
the domains of the oceanographer to those of the meteorologist is barometric pressure. A
recent system produced by EDL for tide measurement, called the Offshore Tide Telemetry
System (OTTS), incorporates an extremely sensitive and stable absolute pressure sensor. One
of these sensors is mounted on a structure resting on the bottom, and the otheris mounted
in a tethered surface buoy. These sensors measure absolute pressure at their respective loca-
tions. With an estimate of the average water density, the measurements of total pressure
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both at the surface and on the bottom are used to estimate the tide height. OTTS deploy-

ments in the New York Bight telemeter local tide levels within an error bound of 3 centimeters.

Alternatively, by directly measuring the tide level with a remote acoustic probing system
resting on the bottom, by sensing absolute pressure at the same location, and by estimating
average water density between this location and the surface, we can estimate the barometric
pressure above the surface. Atmospheric pressure could be measured to within 1-percent
error. An important aspect of this system is that a surface buoy is not necessary for obtain-
ing both tide-level and barometric pressure eftimates. This eliminates a potential navigation
hazard and reduces deployment costs.

In addition to the time of return of the surface scattering to determine the tide level and
vertical, much more information about the surface is contained in both the amplitude and
frequency spectra of the surface return. Because the axes of the acoustic probe channels are
inclined with respect to the surface, the acoustic probe scans the surface in time, The effect
of this scanning is to transform spatial parameters of the surface into temporal parameters

of the scattered acoustic energy. The amplitude spectrum of the backscattered return contains
information on wave height and spatial spectrum, and the frequency spectrum of the return
contains information on the velocity and height of the surface waves, The problem of extract-
ing this information from the return and estimating the surface wave parameters needs yet to
be pursued. :

To produce an in\strument that uses acoustic probes whose performance can be specified so
that a physical scientist can be confident of the data it produces, a system of verified analyt-
ical models of this performance is required. Only in this way can performance bounds be

tied to the physics of interaction of the acoustic probe and the environment and be differ-
entiated from the physical parameters of the environment. To this end, a program of research
in high-frequency underwater backscattering from volume scatterers is being pursued by the
Acoustics Group at the Institute for Applied Research, Catholic University. This research is
directed to supporting the system design objective of EDL. Although many models of acoustic
backscattering from individual scattering mechanisms have been developed, the real world in-
volves weighed sums and convolutions of these mechanisms. The heart of the analytical prob-
lem that will cause acoustic probe technology to “come of age’® is the ability to infer the
environmental parameters of the individual scattering mechanisms from the combined effect
of all of them on the acoustic probe. Again, for the scientist to be comfortable with this
inference, it must be performed ina disciplined, analytical manner.

CONCLUSIONS

The Chesapeake Bay, and the recent serious interest to preserve the ecological life of the
region, offers a rich proving ground for recently developed remote sensing and probing tech-

- niques. Observitions from sensors on satellite piatforms can be combined with measurements
and profiles of environmental parameters obtained with in-situ sensors and remote probes.
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This type of network can combine the best of two worlds of technology in the solution of a
pressing problem of environmental concern. With their large fields of view but questionable
precision and atmospheric-induced instability in estimating environmental parameters, satellite
observations can be continually calibrated in real time by ground-based sensors and probes.
This ground truth can be obtained from observation platforms on the land around the Chesa-
peake Bay and on the surface and bottom of the Bay and its estuaries. The ground platforms
could provide the necessary precision, stability, and resolution for the parameter estimates.

In addition, the temporal and spatial frequencies of observations from the ground platforms
need only be large enough to provide fiduciary data to complement satellite observations.
High-resolution local profiles could also supplement the data obtained by satellite.

Integrated observation networks consisting of both satellite sensors and sensors and probes
mounted on platforms at the surface of the Earth have application not only in the Chesapeake
Bay region but also in other regions that may be ecologically threatened, such as the Delaware
Bay or even the Gulf of Mexico. In the latter case, the physical expanse of the Gulf indicates
that real-time acquisition of data from Earth-surface platforms could be performed most
effectively through satellite coimnmunications links. These links would facilitate and motivate
the use of a truely integrated data set from the observation network. Satellite communications
networks would then provide the data base for real-time monitoring and predictive alarm to
the sometimes distant centers of concern for environmental quality. The Chesapeake Bay
could be used as the prototype for acquisition of such an integrated data set.

Atmospheric acou=i:2 probes could be located either at shore stations near the Bay or on
large surface buoys. At their respective locations, they could obtain vertical profiles of wind
velocity and turbulence and the temperature and humidity of the atmosphere. At or near the
buoy locations, underwater acoustic probes located on the bottom could be used to profile
current velocity, density, and turbulence and also to determine tide level, wave height, spec-
trum, and direction. The physical parameter profiles at these Earth~surface stations could

be used with surface observations by satellite. The most obvious use for data from this net-
work is to verify and calibrate models of energy exchange between the water of the Bay and
the atmosphere. Other applications of the data are extensive.
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ABSTRACT

It is recognized that human and natural systems are coupled and can be
interpreted, using a common base of energy-flow analysis. This analysis
can be used to evaluate past, present, and future states of regional inte-
grated systems in the coastal zone and to provide the capability for
rational selection of alternative patterns of resource use. Energy flows
(or flows of dollars or materials converted to energy equivalents) are
believed to be the basic factor in the organizations of all types of systems.
Therefore, if the energy basis of a system (Chesapeake Bay region) can
be estimated quantitatively, alternatives can be selected that will tend

to enhance the full value of that system (quality of life), as well as to
permit comparisons with other systems of interest. An analysis example
is provided of an estuarine subsystem of the Chesapeake Bay, and tabular
listings of regional data needs are given. Current remote sensing capa-
bilities are providing some of the necessary information. It is suggested
that the energetic concept described here may provide remote sensing
specialists with challenges for employment or development of new
sensing devices.

INTRODUCTION

One major objective of this paper is to emphasize a way of perceiving regional environmental
systems. - In effect, these ecosystems can be regarded as natural free-energy machines. We
suggest that an energy analysis methodology can serve as a rational basis for evaluating alter-
native regional management/use schemes. A second major objective is to provide remote
sensing specialists with a new conceptual framework for using available sensing capabilities

*Contribution No. 745, Center for Environmental and Estuarine Studiés, University of Maryland.
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or indeed, for them to recommend the development of new sensing tools that will make
regional energetic analyses easier.

It is generally recognized that man’s interaction with his environment has undergone con-
siderable scaling changes in this century. Single decisions may have far greater environmental
consequences than ever before. A fundamental task is to determine which of the many alter-
native patterns of resource use or interaction is the most rational or best alfernative. Our
past societal operating procedures have tended to use traditional economic benefit/cost
analysis or a political/social solution to select an alternative. Critics of these two procedures
have complained that benefit/cost analyses usually do not have a proper methodology for
costing resource values. Similarly, the political/social solutions are vulnerable to so-called
special-interest pressure or lobbying. Thus, how.can a proper basis be determined for select-
ing alternatives to serve society’s interest best and to enhance a “quality-of-life” concept for
the Chesapeake Bay region?

It is becoming increasingly apparent that the quality of human systems is highly dependent
on the resources and functioning of natural systems through various feedback loops. The
need to account for the value of nature to man in planning and designing human systems is
one of society’s major tasks (Krutilla and Fischer, 1975;and Odum, 1971). Indeed one has
only to contemplate engineering and construction costs of building a new Chesapeake Bay to
begin to grasp the scale of cost/value of this natural-free energy system. One possible manage-
ment solution is to base an analysis approach upon “brute fact” or natural laws. Such an
approach would greatly enhance the ability of those in the political/social arena to make
viable decisions! It is possible to use an energy-flow analysis that permits coupling of man
and nature as stggested by Odum (1971). We are looking in the long-run for an Einsteinian
general theory to guide us. Odum (1971, pages 32 through 33) referred to the Darwin-Lotka
Energy Law that may serve as the rationale for coupling man and nature on an energetic
basis, a portion of which follows:

“Thus, whenever it is necessary to transform and restore the greatest amount of
energy at the fastest possible rate, 50 percent of it must go into the drain (Odum
and Pinkerten, 1955). Nature and man both have energy stores as part of their
operations and when power storage is important, it is maximized by adjusting
loads, . . .. Inthe last century, Darwin popularized the concept of natural selec-
tion, and early in this century Lotka (1922) indicated that the maximization of
power for useful purposes was the criterion for natural selection. Darwin’s evo-
lutionary law thus developed into a general energy law.”

An increased awareness of an energy- and material-flow* concept in ecosystems by an
increasingly larger segment of the biological research community is causing a new dimension
to be added to research data needs. Before this decade, many quantitative measurements on

*Material = stored energy.
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natural populations and communities dealt with standing stock values—that is, the amount

of material present in a unit area at any given time. Concerning pollution ecology studies

or evaluation of environmental change problems, decisions were often based on changes in
standing stocks of a target species or community over time. Many past remote sensing efforts
have been aimed at measuring these standing stocks. However, we must not only be able to
measure and compare stock changes, but also be able to answer questions on how the system
is functioning under these changed-stock conditions. Thatis: 1) Is energy ahd material flow
blocked?, or 2) If flow is not blocked, is it still moving in this altered state into a like quan-
tity of useful biological material? Condition 1 is obviously biologically and socially unaccept-
able. Condition 2 may be both biologically and socially acceptable.

The area under consideration in this conference is the Chesapeake Bay region. We are there-
fore provided with a natural and defined ecosystem—one that has an identifiable phase bound-
ary (watershed). Although this boundary might be considered artificial, it provides an enclosed
area through which we can consider the import and export of energy and material. Similarly,
within the Bay region, we can define subsystems such as the Patuxent Estuary, whereby we
can describe energy and material flow within that system, as well as the flow in and out of
that subsystem’s boundaries.

METHODOLOGIES USED FOR ENERGETIC ANALYSIS

The general methodologies employed are those developed by Odum and his colleagues at the
University of Florida (Odum, 1971;and Odum and Brown, 1975). Four major calculations
will be discussed: energy value, energy-investment ratio, energy-cost/benefit ratio, and energy
quality.

Energy-Value Calculations

Energy-value calculations are made to quantify total work contributions from all major com-
ponents of urban and natural ecosystems in the study area. Energy flows (or flows of dollars
or materials converted to energy equivalents) are believed to be a basic factor in the organi-
zation of all types of systems. Therefore, if the energy basis of a system is estimated quanti-
tatively, alternatives can then be selected that tend to enhance the full value of that system,
as well as to permit comparisons with other systems of interest.

In developing an energy-value calculation, the first step is to construct a model diagram for
organizing data, Systems can be viewed at several scales for study. The hierarchical nature

of a power-plant system in Florida is indicated in figure 1, with several subsystems within
larger systems. Additional diagramming seeks to summarize all the work processes that con-
tribute to the overall functioning of a region, including those of both man and nature. Energy-
circuit language symbols such as those given in figures 2 and 3 may be used in constructing
these diagrams. Symbol definitions (adapted from Younget al., 1974) are;
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direction of travel.
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pable of adding.

Pathway of money flow.

Rate sensor—Monitors flow rate of carrier and controls
the input of a quantity in proportion to the flow of the
carrier. Sensor can also be used for similar purposes
with a storage.

Economic transaction—Flow of money is opposite to
the flow of energy as in sales at a grocery store.

Passive storage—A storage of energy or materials within
the system of interest.

Heat sink—Indicates a loss of potential energy as a con-
sequence of the second law of thermodynamics.

Green plant—Normally used to illustrate photosyn-
thesis, but used in regional diagrams to represent an
entire ecosystem.
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Self-Maintaining consumer—Combination of storage
Input Output 354 workgate symbols whose response is autocatalytic
(e.g., an animal, city, or industry).
Control Factor

J
Input_ 2 Workgate—Intersection at which one flow (J,,) makes
) ossible a second flow (J, ).
1 Output P I,

Driving | Force Two-way workgate—The direction of flow is determined
' by a gradient, hydrostatic head, etc. and the rate is in
proportion to the gradient times the driving force.

—
Driving | Force ‘
: Two-way workgate—As in above, except that driving
force inhibits the flow.
: Workgate—Special case of the above in which the inter-
Input section has a retarding effect on the process.

All major pathways on the diagram are then evaluated in units of work/time (joules/area/
time). Natural ecosystem work is evaluated using gross metabolism or productivity and
respiration as an estimate of total work. Work done by physical activities, such as tidal and
wind action, is evaluated using standard formulas. Work done in urban activities is often

most easily available in dollars and can be converted to energy units using the method given

in Odum and Brown (1975). When the energy diagram js fully evaluated a table is constructed
with each pathway in the diagram becoming an entry in the table. Next, each entry is con-
verted to a common type of energy flow using an energy quality ratio. Energy quality is dis-
cussed later in this section. When all entries are converted, they may be summed, giving a
quantitative index of value generated in the study region per year.

Energy-Investment Ratio

Information generated in the energy-value calculation can be used to calculate an energy-
investment ratio. The energy-investinent ratio is the ratio of energies purchased from out-
side the system to the natural energies operating in the study area. The purchased energies
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Figure 1. Energy diagrams and maps of the Crystal River power region showing the three
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are generally goods, fuels, and services and are usually of higher quality than resident natural
energies. In 1973, this ratio (figure 4) was estimated to be 2.5 to 1 for the United States
(Odum and Brown, 1975). Systems that have a relatively low investment ratio can match
‘high-quality external energies with more low-quality natural energies and can therefore com-
pete well with the products offered for exchange. This concept suggests that, as the local

investment ratio exceeds the ratio of surrounding systems, the local system generates less
value per unit of high-quality energy used. This decline in value per unit could be reflected
in higher prices required for exports and would therefore be a disadvantage in competing
with other less-developed systems for high-quality energies. Tiie ultimate contribution of
energy flows depends on both high-quality purchased.flows of fossil fuels and resident
natural engeries with which the high-quality flows interact.

Good52'5

Fuels and

Services -Price Transactor

|
ILS. Economy :
| including ;:@:.E;ome
I both Man and | Sales

Nature

:

Figure 4. Simplified energy mode! showing estimated balance of input
energies to the U.S. economy (from Odum, 1973}. The 1973 invest-
ment ratio from the figure is 2.5 (2.5:1).

1.0

Natural
Energies

From Odum (1973).

In this analysis, the energy-value calculation of the present regional pattern is done to char-
acterize the balance of purchased and natural energies in the study area. These data are used
to generate the investment ratio that indicates the desirability of adding more development

to a region or in soirie other way altering the pattern or extent of natural resource use by man.

Energy Cost/Benefit Calculation

This calculation is similar to the energy-value calculation in that a diagrammatic model is
constructed and evaludted, and pathways on the model ar¢ entered into a table for energy-
quality adjustment and tabulation. The main difference is that this calculation is focused on
changes in energy-flow pathways that could result if a proposed alternative is developed. The
criteria for selection of an alternative requires that the alternative generate as much vatue as
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is required for its own development and maintenance. This calculation is somewhat similar
to traditional cost/benefit calculations in that changes are considered. However, it differs
in that environmental as well as financial changes are explicitly evaluated. It also differs

in that all changes are first adjusted to the same energy~quality level before comparisons are
made.

Energy Quality

The value of a system process is defined as the contribution of the process to the useful work
of the system. However, raw energy flows, as measured in joules (kcal) of heat, do not repre-
sent the ability to do work but rather show only the heat content of that particular flow.
Whereas any energy flow can be degraded to heat with 100-percent efficiency, the ability of
an energy flow to do useful work depends on the packaging or concentration of that flow.
For instance, the joules (J) associated with wood production in photosynthesis represent the
concentration to wood joules of the dilute of unprocessed sunlight. In the same way, electri-

cal energy is at higher concentration than the energy contained in coal; its generation requires

approximately 16.7 kJ (4 kcal) of coal-type energy to obtain one unit of electrical-type
energy. The coal contributes 12.6 kJ (3 kcal) of coal energy to operate steam engines and
one kilocalorie is expended to perform the work of constructing and maintaining the power-
plant structure. Several other examples of conversion calculations were given by Odum et al.
(1974) for relating kilocalories (joules) of wind, wood, and electricity. Energy-quality factors
relating producers and many consumers in a shallow marine ecosystem were given by McKellar
(1975). Thus, the foregoing considerations suggest ways to compare varying types of energy
flows in macroscopic systems of man and nature. Before comparisons are made, each flow
must be converted to a common baseline energy quality. In this paper, all energy flows have
been converted to the fossil-fuel quality level (expressed as kcalgpp).* A list of conversion
factors was given by Boynton (1975).

Kemp and Boynton (1976) recently described examples of the kinds of data required for an
energetic analysis. These data, reproduced in table 1, were used in evaluating the conceptual
model illustrated in figure 3 for the Apalachicola River Basin in Florida. The values shown
in table 1 represent the final outcome of collected scientific data. Examples of the types of
calculations used in developing the data are given in the footnotes to table 1.-

'DISCUSSION

- Aopik it study using the foregoing energy-analysis approach was conducted in the Patuxent
Watershed of the Chesapeake Bay system in 1976.1 The purpose of the study was to develop
a preliminary assessment of the feasibility and utility of using a portion of the Chesapeake
system for analyzing energy flow and to gain an understanding of the natural and purchased

*Calorie = 4,142 Joule.

tGeri Unger, “A Regional Fingerprint, Patuxent Watershed, Maryland,” University of Marylind, Chesapeake Biological
Laboratory, 1976, unpublished manuscript.
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Table 1
Energy-Value Calculations for Six-County Region?
, . Annual Work in
Pathway on Name of SArea of Axgluaz Work Totz;lv Axlznual Enerl%y-Quahty Fossil-Fuel
Figure 2 Energy Flow Y sten; 7 er Acte 12 or d actor Equivalents
’ (acres) (10" kcalfacrefyr)€ | 10 kcal/yr (Boynton, 1975) 1012k al Iyi®
:w Contributing Natural Energy Flows
1 Total sunlight 3,256,742 591 of 19,300.0 2,000 9.63
¥ 2 Heat gradient 3,256,742 4.10% 134.0 10,000 0.01
3 Estuary tides 127,020 0.15{’ 0.19 2.5 0.08
4 Shoreline waves - 0.96* 0.068 5.0 0.01
% % 5 Mixing energy (AF) - - 0.25¢' .3 0.85
o = 6 Hydrostatic head - - 0.23' 0.63 0.37
8 E 7 Wind 3,256,742 - 8.213 7.7 1.06
5 8 Rain ; «
o Mixing energy (AF) 2,643,000 O 0.3 0.0
d
S GB; Metabolic Energy Flows in Natural Systems
= 9 Coastal plankton system 406,400 1.33k 5.41 20 0.27
= 10 Estuarine systems 149,853 4.90% 7.34 26 0.37
11 Freshwater systems 56,600 11.20! » 6.34 20 0.32
12 Terrestrial systems 1,873,000 4.83™ 90.5 20 453
5.49
Metabolic Energy Flows in Managed Ecosystems
13 Agriculture 630,000 4.9™ 30.9 20 1.55
14 Urban vegetation 33,600 1.2° 04 20 0.02
1.57
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Table 1 (Continued)

Acres X-4.047 = km?
CCalorie = 4.142 Joule
dCalorie = 4.142 Joule
CCaiorie = 4.142 Joule -

P ) Area of Annual Work Total Annual Erergy-Quality Annual W ork in
athway on Name of ; Per A Work Fossil-Fuel
Figure 2 Energy Flow Systen%) 7 er Acre 12 Or d Factor - Equivalents
(acres) (10" kcalfacre/yr)® | 10** kcal/yr (Boynton, 1975) 12 e
(10" kealppp/yr
Energy Flows in Urban Systems :
15 Expenditures for dredging - 0.02? 10 0.02
16 Goods and services - 5.164 1.0 5.16
17 Fuels '
Gasoline - 1.74% 1.0 1.74
Kerosene 0.03 1.0 0.03
Bottled gas 0.07 1.0 0.07
Electricity 0.73 0.28 2.61
9.63
Notes:
*Total energy flow = 19.05 X 1012 kel /yr
Purchased-goods, f i 12
Investment ratio = ased-goods, fuels, and services _ 9.63x 10 . kaalppn/yr - 1.02
Natural energy flows 9.42 x 1012 kealppp/yr
b

fTotal sunlight was estimated by multiplying average yearly sunlight by total area. Average sunlight input was estimated to 4 X 103 kml/mzlda‘y
(Odum, 1971). Total area included all Iand and water areas in-the six-county region plus estuarine and coastal areas.

(4.0 X 107 keal/m?/day) (3.26 X 105 acres) (4.047 x 103 m2/acre) X (365 days/yr) = 1.93 X 1016 keal/yr

BLocal heat gradient work was estimated by multiplying

study area (Odnm et al.,
(4000 keal/m?/day)

1974).

2
(365 days/yr) (4047 m2facre) (326 X 108 acres) = 1.34 x 101% kealyr
5

verage sunlight input per arca per year times a Carnot ratio (AT = 2 K) times the total

891
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Table 1 (Continued)

Notes (continued):

hArmual work done by rain was divided into three categories. The work done in photosynthesis was accounted for in terrestrial and freshwater system
metnbolism measurements and was not recounted here, The potential energy of water (from rain) because of its position relative to sea level was
induded in the calculation of hxdrostatic hcad of river water and was not recounted here although some head water is lost as local land areas drain into
the river. The potential energy of rain water relative to river water attributable to the concentration differences (mixing energy) was calculated using
runoff. Concentration changes were from 1.2 ppm (rain) to 120 ppm (river water). Mixing energy per gram of solute was calculated to be 326 joules
(78 cal). The toizl runoff flow was estimated to be 43 cm/yr.

Total flew/yr = (43 cmfyn) (1.07 % 1014 cm?) = 4.6 X 10° m>fareafyr

(78 calfg solute) (1.29 g/m>) (4.6 X 10° m>/areafyr) (10~ keal/cal) = 4.31 X 108 kealfyr

iEst:imat&s of the work done by tides in the estuary—waves on the shoreline, mixing energy, and hydrostatic head—were defined and calculated as given
in Boyntgr_g (1975). The hydrostatic head calculation was adjusted to reflect the elevation change between Apalachicola Bay and Jim Woodruff dam
(A134 m).

jThe yearly work done by winds was based-on the kinetic energy of the wind. An eddy diffusion coefficient of 1 X 104 cm2/s was used: Average wind

velocity was estimated to be 14 kmph (8,7 mph) (University of Florida, 1973). This wind speed was assumed to occur 10 m above the ground.
Total area for the six-county region was 1.32 X 1014 cm2 (3.26 X 106 acres).

(1.2 x 1073 g/em®) (371 cmfe)2-1 x 10* cm¥/9) (2.39 x 10 kealferg) X (3,15 107 sfyp) (132 x 1014 em?) =
@ @ x 10* em) 8.21 x 1012 kealyr
kMe:tabolism of the coastal plankton system and estuarine systems was estimated as given in Boynton (1975).

1'I'he area of freshwater systems included all lakes and rivers in six-county study area (University of Florida, 1973). Metaboiisin was estimated
to beabout 11 X 107 kealfacte/yr (Odum, 1971).

(11 % 107 kealfacie/yr) (5.66 X 10% acres) = 6.34 x 1012 kealfyr

MMetabolism of terrestrial systems was estimated ac giveit in Boynton (1975). The area of terrestrial systems was adjusted to cover the six-county
area (Florida Statistical Abstract, 1973).

(5.68 X 10 keal/acre/yr) (2.64'X 10° acres) = 150.0 X 1017 keal/yr

Pwork done by metabolism of agricultural crops. Agricultural area was 2.55 X 109 m2 (University of Florida, 1973). Agricultural crop
metabolism was estimated to be 4,9 X 107 kcal/acre/yr (Odum and Brown, 1975).

(6.3 X 10° acres) (4.9 X 107 kealfacrefyr) = 30.3 X 1012 keal/yr
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Table 1 (Concluded)

Notes (Concluded):

OWork done by urban vegetation was estimated by using a metabolism of 1.2 X 107 kcal/acre/yr (Bayley and Odum, 1973) and an area of 135,979 km
(33,600 acres) {University of Florida, 1973).

2

(1.2 x 107 kealfacre/yr) (33,600 acres) = 4.0 X 10 keal/yr

PCurrent dredging expenditures were estimated to be $8000,000/yr (Department of the Army, 1974).

qEnergy equivalent of goods and services was estimated to be 5.16 X 1012 kcal/yr (University of Florida, 1973).

T
Total fuel use obtained from Energy Data Center, Florida Dept. of Administration (1974):

i Gasoline  =17.41 X 10™ keal/yr
.

: ‘ Kerosene = 3.21X lO‘lOkcal/yr
B Bottled gas = 6.54 X 100 keal/yz

]

Electricity = 7.30X 10 keal/yr
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energy ratios in the Patuxent basin. Table 2 lists the calculated values of internal energy
flows for the watershed. Watershed characteristics used for calculations are as follows:

Description

Area of basin

Area of cropland ‘

Area of pastureland/bare fields

Area of marshes

Area of forests

Area of water systems

Area of urban systems

Area of residential systems

Areas of highly reflected surfaces
(asphait, cement)

Average sunlight in basin area

Length of the watershed

Tidal length of river

Width of river

Average discharge of river at mouth

Average discharge of river above tidal influence

Average yearly rainfall

Volume of reservoirs

Yield of reservoirs

Area of reservoirs

Number of people serviced Sy reservoirs

Total volume ¢£ sewage discharge

Average wind velocity
Average tidal amplizude
Highest elevation of river

Number of sewage treatment plants
Population lower watershed, 1975
(St. Mary’s, Charles, and Calvert Counties)
Population upper watershed, 1975
(Prince George’s, Montgomery, Anne Arundel,
and Howard Counties)
Total population in watershed
Total births/yr (lower watershed)
- Total births/yr (upper watershed)
Total births/yr (watershed)

Numerical value

2330 km?
363.2 km?
465.9 km?
24.9 km?
925.7 km?
126.4 km?
14.3 km?
335.7 km?
9.2 km?2

1.25 X 106 kJ/yr (3.01 X 10'% kcal/yr)

175 km (110 miles)

80 km ‘

~ 0 to 3.2 km (0 to 2 niiles)

26.7 m3 /s (943 ft3/s)

7.02 m3 /s (248 ft3/s)

111.25 ¢cm (43.8 in.)

50.7 billion liters (13.4 billion gal) -

40 to 50 mgd (151 to 189 ml per day)

6475 km? (1600 acres)

1.3 million

151.4 million liters (40 million gal)
daily (62 cfs)

14.64 kmph (9.1 mph)

1.3 meters

Approximately 79.2 meters
(above sea level)

54"

34,005

589,537

623,542
629
55,054
56,736
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Description

Total deaths/yr (lower watershed)

Total deaths/yr (upper watershed)

Total deaths/yr (watershed)

Bushels of oysters caught (1975)

Fish caught (1974)

Lumber harvested in watershed

Lumber harvested in lower watershed
(all species)

Lumber harvested in upper watershed
(all species)

Stump price of lumber in watershed

Mill price of lumber in watershed

Economic value of crops in watershed (1975)

Tobacco
Hay
Wheat
Barley
Corn
Soybeans

Total

Fertilizer use in basin
Costs of applied fertilizer
Estimated total runoff for urban areas

Estimated total runoff for pasturelands

Estimated total runoff for cultivated
croplands

Total phosphorus from treatment plants

Total nitrogen from treatment plants

Total phosphorus from marshes

Total nitrogen from marshes

APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

Numerical value

250

9,662

9,912

3439 m® (97,591 bushels)

12.5 mg (276,347 1b)

50,476 m® (21,388 X 103 bd ft)
25,309 m? (10,724 X 103 bd ft)

25,167 m3 (10,664 X 103 bd ft)

1,069,000 doliars
3,208,200 dollars -

16,264,000
1,989,000
676,000
281,000
5,688,000
669,000

25,567,000 dollars

21,370 metric tons (23,556 tons)
2,708,940 dollars
2242 metric tons N/yr
1201 metric tons P/yr
1008 metric tons N/yr
312 metric tons Plyr
972 metric tons N/yr
186 metric tons P/yr
571.5 metric tons/yr
458 metric tons/yr
4,9 metric tons/yr
31.8 metric tons/yr

In summary, the pilot study was modestly successful in using a wide variety of data for
describing the energetics of the Patuxent Watershed machine. Table 3 lists the results of

an assessment of current conditions within the system. The macroscopic perception provided
revealed an upper basin dominated by an urban purchased-energy system and a lower basin
dominated by a natural-energy system of agriculture and water-related resources. Continued
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Table 2
Values of Natural Internal Energy Flows (Gross Primary Production)
of the Patuxent Watershed Study Area

Name A;a An Tolt 2:, K Energy Total
of nua’ or Quality Annual Work
Flow System Per Unit Area Factor 10t keal, . fyr*
km? 1011 kcalfyr* FFE
River ecosystem 31.4 km? 1.10 20 0.050
Reseryoir system 6.5 km? 0.19 20 0.009
Forest ecosystem 926 km? 74.00 20 3.70
Urban system 359 km? 9.20 20 0.46
Agricultural system 829 km? 55.00 20 2.80
Marsh ecosystem 25 km? 1.10 20 0.05
Estuarine ecosystem 88.5 km? 4,60 20 0.23
*Caloric =4.142 Joule,
Table 3

Comparison of Upper Patuxent Watershed to
Lower Patuxent Watershed (1973)

Upper Patuxent Lower Patuxent
(Howard, Anne Arundel, R
Parameter (Calvert, St. Mary’s, and
Montgomery, and Charles)

Prince George’s)
Populaiion (1973) 551,580 people 32,040 people
Area in basin 1736 km® 592 km?
Income into basin , : »
from manufactured goods 559.9 X 108 dollars/yr 13.4 X 108 dollars/yr
(1973) .
Income in dollars/km?2 [yr 32 X 104 dollars/km?/yr 2.3 X 10* dollars/km?2/yr
Export of doilars from € e 6 :
basin (1973) 1737.8 X 10° dollars/yr 60.0 X 10° dollars/yr
Kcalpp: . * entering the . 12 12 oo
basin (1973) 43.4 X 10" kealppp/yr 1.5 X 1012 kealppp/yr

) *Calorie = 1,142 Joule,
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174 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

urban de‘velopment of the upper basin may threaten the lower natural-energy system because
of the transport of waste residuals from the upper basin to the lower system by the Patuxent
River/Estuary.

We believe that the previously discussed Patuxent Study demonstrates the possibility of per-
ceiving an ecosystem as an energy machine. What is still required is an evaluation of various
future use strategies. This evaluation can be made for this subbasin and for the entire
Chesapeake region. Remote sensing techniques can provide quick regional information to
assist in rapid assessment of current and future alternatives.
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RELATIONSHIP OF LAND USE TO WATER QUALITY
IN THE CHESAPEAKE BAY REGION

David L. Correll
Chesapeake Bay Center for Environmental Studies,
Smithsonian Institution
FEdgewater, Maryland

ABSTRACT

Land use on the drainage basins of the Chesapeake Bay strongly affects
the composition of runoff waters and, thereby, the water quality of the
Chesapeake Bay. Both the proportions of the various land-use categories
present on each watershed and the specific management practices in use
on each category affect the quality of runoff waters. This phenomenon
is usually categorized as nonpoint or diffuse-source pollution. In 1973,
the Smithsonian Institution initiated a research program designed to
quantitate and to better understand diffuse source pollution in the
Chesapeake region. Grants from the National Science Foundation/
Research Applied to National Needs Program and the Environmental
Protection Agency to the Chesapeake Research Consortium and the
Smithsonian Institution have supported this program. A series of small
watersheds on the Rhode River (an arm of the Chesapeake Bay just south
of Annapolis, Maryland) have been permanently instrumented to mea-
sure water discharge rates and to take volume-integrated water samples.
Several portable stations are also operating on the Patuxent River. They
will be moved frequently from basin to basin to collect data on seasonal
discharges. Several permanent stations are being constructed on subbasins
of the Choptank River at the Horn Point research center of the Center
for Estuarine and Environmental Studies. These stations are operated
by a team of scientists under the local direction of Dr. John Stevenson.
All stations are designed to collect volume-integrated samples. All
samples are analyzed for a series of nutrient, particulate, bacterial, herbi-
cide, and heavy metal parameters. Each basin is mapped in detail with
respect to land use by the analysis of low-elevation aerial photos. These
analyses are verified and adjusted by direct ground-truth surveys. All
data are processed and stored in the Smithsonian Institution computer
data bank. Average seasonal area-yield loadings from each land-use cate-
gory for each parameter are then calculated. Land-use categories being

177
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investigated include forest/old fields, pastureland, row crops, residential
areas, upland swamps, and tidal marshes. These data are useful in deter-
mining year-to-year variations in diffuse source loading because of weather
variations and area-to-area differences attributable to topographic and
geological differences and in predicting long-term changes in diffuse-source
loading caused by urbanization or other land-use shifts in a given area.
Other studies are directed toward mechanistic watershed model develop-
ment and the determination of the effects of altered land-use practices
(e.g., the use of minimum-till or no-till practices in corn production).

In these studies, intensive data are collected concerning land-use practices,
weather, soil chemistry and physics, and vegetation.

INTRODUCTION

The way we use our lands strongly affects the quality of runoff waters and, thereby, the

water quality of the receiving waters. Thus, well-vegetated areas will have lower erosion rates
than those with bare soils, areas with a great deal of impervious surface will discharge rainfall
much more rapidly and completely, and swamps will trap large amounts of particulates in
runoff waters as they move through the swamps. In general, we can describe land use in terms
of categories such as row crops, residential, and forest or in terms of land-use practices that
prevail on a given land-use category. For example, contour plowing, strip cropping, or no-

till practices on the row-crops category. The water quality effects of most common concern
are flooding, erosion and siltation, nutrient eutrophication, contamination with pathogens,
and contamination with toxic substances such as heavy metals and pesticides. These effects
on water quality are usually called nonpoint or diffuse-source pollution. In order to study
these effects of land use, the natural spatial unit is the watershed, and it is very important

to be able to accurately analyze and map the land use of each watershed. This land-use anal-
ysis can be done by direct ground survey of each land parcel for very small areas, but, for
studies of larger areas, remote sensing methods are necessary.. This paper deals with a non-
point source research program on the Chesapeake Bay and some of the results and problems
that have been encountered in analyzing the land use on the various basins studied.

METHODS
Description of Watershed

Figure 1 shows the geography of the Rhode River watershed and the various subwatersheds
that are under study, as well as the location of the weather station (W) and rain gages (R).
The monitored watersheds vary in size froni a few to about 1200 hectares (ha). Land use

* varies from all or nearly all one type to complex mixtures of all land-use categories. The
larger basins include some (102,108) with relatively high proportions of row crops, one (121)

b2
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Figure 1. Rhode River drainage basins.

with more upland wet areas, one (122) with more tidal wet areas, many (103, 105, 107, and
122) with high proportions of forest and old fields, some (101 and 106) with more pasture,
and two (123 and 124) with more residential area. Small single-use watersheds (109, 110,
and 111) have been selected for intensive study of areas that best typify row crops, forest,
and pasture land uses. The slopes of the larger watersheds average between 3 and 9 percent,
with an overall average slope for the entire study area of about 5 percent.

Design and Instrumentation of Monitoring Stations

All V-notch weirs (stations 101, 102, 103, 105, 106, 107, 108, 109, 110, and 111 in figure 1
and the portable stations on the Patuxent River) are now 1207 sharp, crested V-notch weirs.
Correll, Pierce, and Faust (1975) described the instrumentation of these weirs. It has now
been improved to include two parallel sampling pumps, one of which pumps to a glass sample
bottle, the other to a plastic sample bottle that initially contains a small volume of 18 N
sulfuric acid. In some cases on very small watersheds, the normal 25-lobe sampling cam in
the Leupold and Stevens Model 61 R flowmeter has been replaced by a 50-lobe cam. Custom
fraction collectors have been built for use on some weirs, especially on small, single-use
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watersheds. These fraction collectors are designed to trigger automatically &t a predetermined
water stage. They then collect a fixed aliquot of water each time the flowmeter sampling
switch is triggered (giving a pulse) by a given volume of flow. A pulse counter triggers the
fraction collector to move from one bottle to the next when the preset number of pulses have
been received. An event marker on the flowmeter stripchart records the times of fraction-
collector movement. Twelve bottles of 12 liters volume each can be collected. Because the
fractions are collected at identical times to the volume-integrated composite samples, the
composition of flows, both before and after storm event flows, can be calculated.

The instrumentation of the completed flux-section monitoring stations (121 and 122 in
figure 1) is complicated by the movement of tidal currents at these locations. These tides
would submerge and, at times, reverse the flow i any conventional weirs or flumes, There-
fore, these stations were instrumented with electromagnetic current meters (Marsh-McBirney
Model 711) and tide gages (Leupold and Stevens Model F), interfaced electronically to volume-
integrating water samplers. Although the sampler pumps through a solenoid valve that is
normally connected to one sample bottle, when current reverses because of tides, it is acti-
vated and shunts the water to another bottle. The water-current sensor is kept positioned

at the midpoint of the flux-section water column by a mechanical linkage to the tide gage.
The analog voltage output from the current meter passes through a linear 10-kohm slide-pot
potentiometer that is controlled by a custom-designed cam on the tide gage to correct current
velocity for cross-sectional area. This modulated signal is “integrated’ for 30-minute intervals
by reading into a coulometer. The accumulated charge is read out every 0.5 hour at a con-
stant wattage, and the sampling pump runs while it reads out. Two coulometer circuits alter-
nate each time period. Thus, this system pumps for a variable time every 0.5 hour, in contrast
to the V-notch weirs, which pump for a constant time each flow interval. The voltage from
the flowmeter is positive for downstream currents and negative for upstream currents. A
voltage sensor controls the sampling solenoid valve. A variable resistance on the cculometer
readout circuit provides variable sampling sensitivity, and a standard calibration read in voltage
permits standardization. The sensor for the current meters is located at a different lateral
position in these flux sections. At station 121, a 4.8-meter wide concrete tidal flume was
constructed, and the probe was centered. Fluorescent-dye dilution tests indicated that this
point (that of maximum velocity) was nearly two times the average cuircnt velocity under

a series of different tidal and flow conditions. The other station (122) is a neck at the down-
stream end of the sediment trap in the estuary before the dropoff into deeper water. This

is 165 meters wide, and the point of average current velocity laterally was determined by
calculating manual tidal current and tidal cross-section measurements under various tidal
conditions. All stations are entirely battery operated and are usually serviced twice a week.
Volume-integrated samples are collected weekly.

The monitoring stations on the Choptank River include three Parshall flumes instrumented
in a manner similar to the weirs at Rhode River. However, these are expected to collect only
surface runoff. Because of the very flat topography in that area, ground-water percolation
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emerges directly into the estuary. A network of ground-water wells has therefore been
established to monitor ground-water quality and the slope of the water table. A tidal flux
section identical in design to station 121 at Rhode River is also being instrumented.

Parameters Measured ‘on Runoff Waters

Rainwater and stream water samples are now analyzed for: pH, turbidity, temperate, total
and orthophosphate phosphorus in filtered and whole water, total Kjeldahl nitrogen, nitrate,
nitrite, ammonia, organic matter, alkalinity, total and mineral suspended particulates, sus-
pended particle mineralogy, eleven cations {Ca, Mg, K, Fe, Ni, Cu, Zn, Pb, Cr, ('d, and Mn),
total viable bacterial cells, total and fecal coliform bacteria, fecal streptococci, atid six
herbicides (alachlor, atrazine, simazine, linuron, trifluralin, and paraquat).

" Land-Use Analysis

Aerial photography was taken with a 70-min Hasselblad space camera with a wide-angle lens
from a Cesna 180 flying at an elevation of 1800 m. One set of photos was taken on March 20,
1976, with infrared aerochrome 2443 film, and one set was taken on May 28, 1976, with
ngsitive color aerochrome 2448 film. These photos were projected over a base map with
60-cm (2-ft) topographic contours and a scale of 60 m = 2.54 c¢m (200 ft = 1 in.) with a
Bausch and Lomb model ZT4 zoom-transfer scope. This permitted us to correct for distor-
tion. A land-use overlay was then prepared. Areas of land-use parcels were then determined
with a Hewlett-Packard model 9864 A digitizer and a Hewlett-Packard model 9810A program-
mable calculator. Digitized map data (base map, stream channels, roads, shorelines, and
topographic information) were also stored on magnetic tape for further analysis and graphics.
This digitizing was done on a Calmagraphic III system that incorporates a Data General

Nova 1200 data processor. This equipment is owned by the U.S. Coast Guard Oceanographic
Unit at the Washington, D.C. Navy Yard,

RESULTS AND DISCUSSION
Study Areas

The locations of the three study arezs now being investigated in the Chesapeake Bay nonpoint
sources of pollution program are shown in figure 2. The main study site on the Rhode River
is marked by an arrow and a ring. The eastern-shore Horn Point site on the Cheptank River
is circled, and the general area of the Patuxent River in which temporary studies are underway
is also circled. Figure 2 shows the various basins under study at the Rhode River study area.
Data have been gathered on basins 101, 102, 103, 107, and 108 since early 1974, Basins

105, 106, and 121 were instrumented in 1975, Basins 109, 110, and 122 were instrumented
in 1976. Basins 111, 123, and 124 are being instrumented this year. This map also shows

the location of rain gages and the weather station. Figure 3 shows an example of a basin
land-use map. The main point I wish to convey is the pattern of land use. It is a mosaic with
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Figure 2. Chesapeake Bay region.
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Figure 3. Basin 108 (150 ha) land-use map.

irregularly shaped and variously sized parcels of land blended together in a complex pattern.
Some generalizations about land use are possible. Stream banks and wet lowlands or flood
plains are forested, whereas uplands of moderate-to-low slope are usually cropland and resi-
dential. Also, the average parcel is less than 2 ha. The topography at the Rhode River and
Patuxent River sites is similar with slopes averaging about 5 percent, whereas that of the
Choptank River site is extremely flat, averaging about 0.1 percent. Overall, average land
use of the Rhode River basin is 15.8 percent row crops, 2.2 percent swamps, 1.9 percent
tidal marshes, 58.6 percent forest, 10.2 percent pasture, and 11.2 percent residential plus
roads.

Relationst.: - i Nonpoint Pollution to Land Use

A series of seven Rhode River watersheds that have been monitored for 2 to 3 years have
discharged sediment, nutrient, and heavy metal arca-yield loadings (wt/ha/year) that varied
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from basin to basin by a factor of 3 or 4 on a yearly basis or by up to an order of magnitude
on a seasonal basis. The pattern of area-yield loadings between basins has been the same -
over the period of study, indicating a significant relationship to basin characteristics. The
basins are similar with respect to slopes, soils, and weather, and no relationship between
basin size and magnitude of discharge was found. However, it appears that differencesin -
land use can be related to area-yield loadings (Correll, Pierce, and Faust, 1975; Correll (in
press); Correll et al. (in press); Miklas et al. (in press); Pierce and Dulong (in press); and

Wu et al., 1977). It appears that certain basins discharge much higher loads of pollutants than
others because of qualitative differences in their storm runoff behavior. Therefore, some
with a high proportion of disturbed area discharge storm waters with pollutant concentra-
tions that increase exponentially with storm size; whereas other basins, with land uses that
disturb the ecology of the area to a lesser degree, discharge storm waters with relatively

low and uniform concentrations of pollutants. Land uses such as feed lots; which load the
watershed with high concentrations of materials that are not readily recycled by the system,
cause very high runoff concentrations. Even a few feed lots on Rhode River watersheds over-
whelmed other lan:-use effects on those basins. Freshwater swamps affect land runoff by
trapping sediments, heavy metals, pesticides, and some nutrients from runoff as it passes
through the system. In general, these results tend to point out the close relationship between
loading of watersheds and runoff-area yields at least for conservative parameters. Land-use
practices that reduce erosion, remove loading as harvested crops, or favor the recycling of
materials applied to watersheds reduce runoff-area yields.

Several methods of relating the area-yield loadings of a series of basins to land use with statis-
tical or linear matrix models have been developed (Correll, Pierce, and Fgui.i:t (1575); and
Chirlin and Correll (in press)). These methods calculate average seasonai or yearly area-yield
loadings for each land-use category (e.g., 10 kg N/ha year for row crops). These analyses
permit comparison of land-use effects on large basins with complex land-use mosaics.

Problems Encountered in Land-Use Mapping

Land use is often analyzed from multispectral images taken from sateilites or from photos
taken from U-2 airplanes at an elevation of 21,000 meters. In this study, photos taken from
an elevation of 1800 meters were used, permitting more resolution of detail. False-color
infrared photos were taken in March, and true-color photos were taken in May. A summary
of the data obtained for seven Rhode River basins is given in table 1. This table gives the
final result of the land-use analysis, including both the analysis of the aerial photos and
c{irect ground-truth survey work. Some categories of land use, such as forest, residential,
and roads, are rather easily identified and quantified by this method. Others, such as swamps,
row crops, and pastures, are more difficult, even when the winter infrared photos are avail-
able for detecting swamps and spring true color for detecting row crops. Table 2 shows the
percent error for row crops, swamps, and pasture categories on these seven basins. Error is
defined here as percent of area that was assigned a given category on the basis of photo
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Table 1
Land Use on Seven Rhode River Watershed Basins (1976)

Basin Row Crops Swamps Forest Pasture Residential ’ Basin Area
(%) (%) (%) (%) & Others (%) (ha)
101 9.9 1.1 56.1 26.9 6.0 226
102 21.6 0.5 54.0 18.1° 5.6 192
103 6.1 0.3 76.9 12.4 4.6 253
105 13.7 0.0 80.3 0.3 0.1 37.5
106 28.1 0.0 49.9 20.7 1.3 95.3
107 3.5 0.7 76.2 9.0 5.5 28.2
108 33.0 0.9 52.4 10.8 3.2 150
Table 2
Percent Error in Land-Use Analysis of Aerial Photos of
Rhode River Watershed Basins (1976)
Basin Row Crops Swamps Pasture
101 +183 -21 -28
102 + 33 -30 -16
103 + 7 -34 +22
105 + 43 0 + 9
106 + 37 0 -65
107 0 ~-11 -16
108 + 25 -18 -39
Arithmetic
Mean
101-108 + 47 -16 -19

interpretation but was later found to fall into another category on the basis of ground truth.
There was a strong tendency to overestimate row crops. The average was 47 percent, and
six basins were overestimated. Pasture was underestimated in five basins, and the aveiage
was an underestimate of 19 percent. Swamps were underestimated in all five basins that con-
tained swamps, and the average underestimation was 16 percent. Therefore, although the
photos were very useful in determining the boundaries of land-use plots and were reliable for
the identification of several categories of land use, they were quite inaccurate for identifying

three land-use categories.

ORIGINAL PAGE IS .
OF POOR QUALITYi

"




186 APPLICATION OF REMOTE SENSING TO CHESAPEAKE BAY REGION

Future Needs for Land-Use Mapping

For land-use mz{pping of larger areas, it will be necessary to use remote sensing methods. These
methods must be refined and tested rigorously against extensive ground truth. The land-use
categories must also be selected for sound ecological reasons, such as impact on hydrology or
differences in loading or recycling inherent in the category. Therefore, bus}ness districts and
single-dwelling residential neighborhoods must be separated. Sewered and nonsewered resi-
dential areas must also be separated. In rural areas, pasture must be separated from hayfields.
Forested swamps must be separated from upland forest.

The need to better define partial contributing areas on watersheds is another type of land-use
mapping requirement. These arc areas that drain more efficiently into drainage systems and
thereby contribute disproportionately to land runoff. These areas may be mapped by infrared
photography or multispectral scanning during storm events. Such areas may require special
consideration in land-use planning,
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PROCEEDINGS
HICKMAN:

Il direct the initial question to Pete Wagner. In general, when you think about remote

v fre

sensing, you are willing to give up something for the speed in taking the data for synoptic
coverage. My question is: can you afford to give up the sensitivity that you’re now getting
in the Bay (for instance, on salinity, temperature, or pH) for some type of remote sensing.
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WAGNER:

I think there are other people who can answer that better than I can because they sample
salinity and temperature in the Bay. But I would say, with that caveat, the measurements
you make aren’t all that sensitive.

MIHURSKY:

It depends on your objective. If you're looking at a target species (for example, some impor-
tant commercial shellfish species), there are two kinds of information that are useful in terms
of determining whether an environmental change is going to kill or not. One is the amplitude
of the change, and the other is the duration of the change, so that there may only be a single
major event in the entire annual period that may be the key limiting event for survival of the
species. Therefore, you wouldn’t want to miss that.

But, if it’s a more stable system without those odd spikes or troughs, there may be some time
history in which an averaging might be of some utility. If you’re not pushing a limit that
might cause a fatality but rather something that would influenice growth, you could use an
average,

WAGNER:
The ground-truth methods aren’t all that sensitive now. 1don’t think you’re going to do
better than one part per thousand on, for instance, a standard salinity measurement.

MIHURSKY:

Well, okay. For alot of these things, though, you could get more resolution in terms of
physical measurements than what the biologist can tell you what it means. You’re going to
measure temperature to three decimal places, and I can’t tell you what it means to a whole
number,

HICKMAN:

Do we have a question here? John, do you see where some of your acoustic sensors—either
in the atmosphere or the underwater acoustic sensors—can fit into the measurement program
on the Bay?

PIJANOWSKI:

First, I'd like ‘to say that one of the things I like about the large hydraulic model that is being
built by the Corps of Engineers is the fact that it’s really the first massive model of the entire
Bay system. By treating the physical parameters, this model can simulate large influxes like
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a large dump of a toxic material and determine time constants over which these things propa-
gate through the Bay. To answer your question, I think that acoustic technology might be
applied in the Bay to help maintain the calibration of such z model in order to ensure that
natural changes occurring in the Bay are being kept up to date in the physical model. I doubt
that the conditions that were in 