| #L
'L" - PRI IR G et cnter -

NASA TM X-68168
PROCEEDINGS OF THE Jsc-00930

£R NASA Earth Resources

Survey Symposnum

.

] HOUSTON, TEXAS
§ S JUNE 1975
E 2 2. .
RTRE-T: | ,
I 2E2ES FIRST COMPREHENSIVE SYMPOSIUM
ON THE PRACTICAL APPLICATION
g g OF EARTH RESOURCES SURVEY DATA
®
. § ..:'3 QRANNL CORTAIRS
_Agnd S20R FLLBSTRATIONS
EES .
S3°8, VOLUME 11-B
. §TgEl
. TEEE, SPECIAL SESSION PRESENTATIONS ,
P
ghE=g COASTAL ZONE MANAGEMENT
S hmb STATE AND LOCAL USERS
A4k USER SERVICES
t L ol
T ank
(O] a0
w o B
LEREE
nowux®™
HHEE

e, -
-,

o National Aeronautics and Space Administration
LYNDON B. JOHNSON SPACE CENTER




b
§, i
k
Y
e

1

- -

4 iy

»aew

IR Sy

T™ X-58168

F S T

e

MASA ER
7

Earth Resources Survey Symposium

VOLUME II-B \
SPECIAL SESSION PRESENTATIONS
!
Coasstal Zone Management i
State and Local Users ‘
User Services




PREFACE

The first comprehensive symposium or the practical application of Earth resources survey data was sponsored by
the NASA Headquarters Office of Applications from June 9 to 12, 1975, in Houston, Texas. The Lyndon B.
Johnson Space Center acted as host.

This symposium combined the utilizaticn and results of data from NASA programs involving Landsat, The Skylab
Earth resources experiment package, and aircraft, as well as from other data acquisition programs.

The primary emphais was on the practical applications of Earth resources survey technology of interest to a large
number of potential users. Also featured werc “scientific and technological exploration and research investigations
with potential promising applications.

The opening day plenary session wis devoted to papers of general interest and an overview. The following 2%
days were devoted to concurrent discipline-oriented technical sessions and to three special sessions covering State
and Local Users, Coastal Zone Management, and Uscr Services. These special sessions were structured 10 provide
governmental and private organizations with a comprehensive picture of various applications in the management and
implementation of remote-sensing data use in their own programs. The concluding day was 4 summary with selected
state, international, and technical session papers, sammaries of significant results from special and technical sesslons,
and an overview of Federal agency and international activities and planning.

Volumes I-A, I-B, 1-C, and 1-D contain the technical papers presented during the concurrent sessions. Volume I1-A
coatains the opening day plenary session and the concluding day summary sessions. Volume 11-B contains the special
sessions. Volume I contains a summary of each session by the chairman and session personnel and provides an
overview of the sign® 1t applications that have been developed from the use of remote-sensing data. Volume 1t
also includes the conclusions and needs identified during the individual sessions and workshops.

This book consists primarily of edited transcripts of verbal presentations and audienze interaction. As much as
possible, all contributors were given an opportunity to teview their transcripts: however, some final editing was
necessary to achieve clarity and a uniform format. Editing guidelines also included preservation of each author's
terminology und individual style. rensidered by the coordinator to be an integral part of the reports. Care was taken
to retain the meaning and emphasis; however, where any inadvertent alteration may have occurred, the coordinator
assumnes full responsibility.

Opinions and reconuncndations expressed in these reports are those of the session members and do not
necessarily reflect the official position of NASA.

Otav Smistad
Symposiim Coordinator
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This document is **made available under NASA sponsorship in the interest of
early end wide dissemination of Earth Resources Survey information and
without liability for any use made thereof.” (NPD 8000.2A March 16, 1973)
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MANAGEMENT

C-1. Status of Coastal Zone

Management

Techniques

E. Lee Ttiton, Il®

1 shall try to describe some technical aspects of
marine resources and coastal zones, and | hope we will
begin a dialog that starts relating some of our technical
capabilities to some of our needs. Let me begin with a
definition. The entire area that we are discussing is
included in a discipline called marine resc \roes. Matine
resources really means everything in the oceans and
coastal zones thai pertains to water having any
detectable sslinity. or salty water. It includes physical,
chemical, and biological processes: both dead and living
organisms; and just about everything off the coast and as
far in from the cosst as that saltwater might affect
occurrences on land. That is the coastal zone, which we
are going to work up to. My purpose here is to present a
very nontechnical description of the techniques that are
in development, the potential techniques that we have
coming along to help sok:¢ some of the problemws. We
hope that a number of you in the management business
or the political business will think along with us to try to
start relating to each other because, as technologists. we
have lcarned that we really must communicate with the
people who need the information while we are
developing the techniques.

What do we really want to know in marine resotrees?
We want to know witat makes the Earth tick  the fluid
part of the Larth  not the hot part in the venter. but
the cold part on the surface. We need information. not
just data, in a form that people who are trying to make
decisions can use. Some of the technigues for obtaining
such information are not very well developed: they are
just in their infancy. Others are ready to he. at least,
tested or very nearly so. 1l try to point that out.

r—— 8

SNASA Farth Resoutces § aboratory. Hay St 1 ouix, Missistippi.

-

We will proceed from a technique devclopment
situation into an application situation, which is the
coastal zone business. 1 would like o suggest an
approuch to provide sowe continuity. Some of you have
read the book by Desmond Morris called “The Naked
Ape.” 1 believe he had an interesting approach in trying
to look at the behavior of the human being. That is
really what we want to do: to luok at the behavior of
the Earth. Morris suggested that if you walked into a
room and saw 2 human corpse on a dissecting table, and
that was the first time you had ever seen a human heing,
analysis would be difficult. How would you decide what
made him look like he does and so on?

I suggest that we do the same thing here. Let's hack
off fvom the Earth and approuch it much as a space
traveler would and see where we get. 1 gucss the first
thing we would look at is the shape. it is round
obviously, but is it really round or is it not yuite so
round? We have some mcasuring technigues that are
important right now scientifically, but as these
techniques are developed and applied. they will become
very important with regard to navigation. We are talking
about measuring the very minute chunges in the shape of
the Earth. We would like to do that to an agewracy of
about 10 centimeters. That is pretty fine. but that is
what we need to do to improve our present day
navigation systems, which witl help ow transpurtation
and our prediction of tides. | think we all have a pretty
goud feel for the importance of all that.

i we now descend it our spaceship to a lower
altitude. we heeome mose aware of the true shape of the
Farth. What does it loo' like right at the suefuce? s it
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rmugh or smooth? Dees it have waves? dlus it an
atmuosphere? Dues the wind biow? Which way is it
blowing? We wouli certainly like to know ghout the
wind. Again, the applications are in the aren of weather
prediction and  tronsportation 10 make our
trunsporiation routes more efiiclent. We have something
that is stesting to fook promisitg for measwring wind
direction. We have estublished a 1elationship between
windspeed  and  somie  parameters  called  apparent
temperature and scuttering cocflicients. The more we
learn about such puremeters, the more we are going to
be able to remotely measure things like windspeed.
which we can ther use as information to solve other
kinds of problems. We can also start to determine wind
direction, and that is ulsc very important, even to you
people who like to go sailing on the lake.

We are on the surface now, and we see that it we had
some techniques, we could fearn a little more about
what is happening on the surface of this Earth we are
trying to understund. We might note, if we have the right
sensors, that some parts of the ocean are covler than
others. We have techniques for actually taking a picture
of the temperature of the oceans. Why do we want this
information? Well, we can start talking about thermal
cffluents from powerplants and the relationship of
temperature in the ocean to the management and
assessmient of our commercial fish resources. We can
start talking  oout current boundaries and which way
the ocear are circulating. Those are important data.
What is tne status of the technigue? it is we 'l developed.
3 We can measure temperature from pircrait or satellites
E probably to within 1° C. Thus, we have learned » little
bit more about the surface.

Another parameter of interest for which we have
limited knowledge iy circulaiion. Water circulation is of
vbvious importance because of its relationship to
transportation. to distribution of nutrients around the
Earth. to commercial fisheries. to sediment transport,
and so on. Those are ail important Factors in making
decisions. We are trying to develop remote-sensing
techniques to mcasure cireudation, but we don’t want to
oversel! these technigques. Although we can infer some
facts about circulation, we cannot measire it direetly.
Why is circulation importamt? Again, we cain go bark to
the effluents. Where is an acid dump going to end up?
How is sand transported along the shores?

Another important parameter for getting to know
this Earth a fittle bit better is colur. While we e sitting
on this big ocean and moving around the ovean, we
might also notice that sometimes the color varies when
we go from one plce to another, Colors are wther
strange. Frankly, color is our et puzsing problem
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right now. Such factors as the physics, the chemistry,
and the biology of the aceun sl influence the color.
Unfortunately. we cannot see volor thyough <louds, We
must pessevere with this problem. We st try and try
again; and we are muking progress, slowly but surcly.
There are sore qualitative things we can de rght now
with color. We can relate it 1o the distribution of fishes
In some cases: and sometimes, we cun sce through the
water to determine what is under it.

That leads ne to my next step here in this tour of the
Larth. We might even took below the water and find that
there arc little things down there. There are
phytoplanktou, zooplankton, and  fish s dipinyg
around. In our survey of what makes the Eanh tich, we
would certainly like to remotely measure some of these
things that are under the watce. The things that nwke?
wuter so enigmatic, as opposed to lund. are that st is
dynamic and three dimensional. Whey 2 Yook at the
water, we sce the effets of wis fhwec-dimensional
cnvironment: and we wauld like to have information
wbout the third dimensior from the depth. We even
have some techniques under development that wirght
help us to do that. This area is very important to the
commercial fisheries people. Cold water commig up from
the depths of the occan tends to provide the right
environmmuent for phytoplankton to grow and bloom, to
feed small fish that feed lorger fish. If we can measure
things like phytoplankton by looking at waier color,
then we might be able to prediet productivity and
availobility of some of the commercial and sports fishing
resources. We might even move closer to the coast and
take a look at what the sportsmen do and what they
worry about. We also worry about the spurtsmen: we are
concernied about how quickly they can find tish and
where they can find them. | am sure that, scieatificatly,
the nature of the game-fish distribution will reveal other
facts about living marine resources. 1 we do envugh
experiments,  then we can start to underséand  the
relationships between the fish and the enviropmentad
parameters that we can measure. We are mot going (o
tind fish from satellites, bhut we can measure the other
parameters. It we Kknow  enouglh about  those
relationships, we can tell what the fish are doing. That is
an inference techmique.

Let e digress and talk about something that s
important when we collect any hind of data on the
oceans. We stated that the ocean is dynatnic and thal it
varies three dimensionally and with time. The timeliness
of data is Important. Peaple are going to muke decisions
based on information that we give thens, and they swust
have the information in a timely fashion. Conditions can
change overpight: thesetore, it s important that we pet
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the data quickly. We arc working on those probloms
also.

Let us go a bit neater the coast and talk about
bathymnetry. That is important also because of the
transportation problems, the presence of shoals, and the
relationship of water depth to some living marine
resources. We can start with some accuracy meusuring
the depths of the water.

We will continue on our joumey a little closer to
shore and find that as we near the coastline and prepare
to enter a river, the water we see s different from ocean
water. It is muddier. Another parameter that we are
interested in is sediment: we want to know how it is
transpoited, how it fills the harbors we build, how it is
eroded from the shores. Such knowledge certainly has a
lot to do with how we might zone our coastal areas,
whether or nct we want to build houses there, and so
on. Some techniques for measuring sedimen! are being
developed. Using some new digital techniques, we can
now start measuring quantitative levels of scdiment.
Right now, we san do it on a given day, usually, but to
extend that to the next day is somewhat difficult.

As we move inland, stili inspecting the Earth, If we
put a finger in the water and taste it, we find that tne
water is not quite as salty as it was out on the occan. A
technique for remotely measuring salinity in the coastal
areas is available. We can measure salinity levels from 10
to 35 parts per thousend in water having temperatures
higher than 2C" to 30° C. Theic are some problems with
the technigue. We have to fly low, we have to avoid land
masses, and the water must be warm. The technique
docs represent a beginning, however, and is being used
currently in some cooperatise evaluation programs in the
State of Louisiana. The shrimp season and the
relationship of shrimp productivity to teniperature and
salinity distributions along the Louisiana coast are being
studicd. By this mcans, the optimum time to open the
season can be choser. Even though the technique is
unsophisticated, it 13 ulrcady a useful tool in the coastal
zone,

We have o digital quantitative technigue for
measuring laad ares and wates area and for measuring

shaicline length. We are fairly confident in the accuracy
of the measurcments now. Some actual evaluations are
being performed in application areas. We arc rather
excited about that technique because it is working, it is
developed, it is these to be used, and it is incapensive.

Moving again a bit farthc, inland, we go into the
marsh. The marsh has a lot of different clements that
make it alien; we cannot go in and look at it too casily.
We arc concerned about marshland because it controls,
to a farge extent, the productivity along the coast. We
worry about erosion and other factors changing shape
and form. We worry about salinity intruding into the
marsh because, with such an intrusion, the vcgetation
changes from fresh to salt. And while the vegetation is
dying, the mudflats erode and ali kinds of bad things
happen. The vegetation is a useful indicator of the status
of a marsh. By observing the vegetation in a marsh and
using some digital techniques to classify vegetation
types, we can learn something about it. We are finding
that, in some ways, plants are probably just like people.
They prefer a certain kind of environment; some plants
like saltwater and/or salt mud and other plants do not. If
we lcarn to distinguish the plants that do have an
affinity for sait and those that do not, and if we can
classify the plants, we can say “That is a freshwater
marsh” or “That is a saltwater marsh.” How does such
knowledge help? Now, we can start not only delineating
the boundaries in the coastal zone (what are the
wetlands, which is a big concern right now), but we can
also tell the salinity on the boundaries. Furthermore, if
we arc adent at analyzing the geometry of these pictures,
we can lay next year’s picture on top of this year's
picture and determine the changes. We can see if the
marsh is becoming more saline or fresher, and that tells
us a lot about when we should dig canals and when we
should not. Levecing has brought about great changes.

These are all remote-sensing technigues that can help
us understund the environment. These and other
technigues that are being used and evalusted right now
will be discussed in the coustal zone management
presentations.
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C-2. Panel: information Needs —
Perceived and Real — for State Decisionmakers

A. R. (Bube) Schwartz,2 Chris Spirou,® William Kier.6 and Michele Tetleyd

SCHWARTZ: As a state senator, I represent
Galveston County and that part of Harris County in
which the NASA Lyndon B. Johnson Space Cent.r
(JSC) is located. My district also runs down the coastline
from High Island on the Bolivar Peninsula to the middle
of the Corpus Christi ship channel. That is about half the
linear distance of the Texas coast. | probably represent
more coastline generally than any other state senator in
the United States. In addition to that, it seems like most
of the problems in Texas are located in my senstorial
district, which is the kind of place where a politiclan
never can get very ¢. wtortable because the voters move
in and out so fast tl.2t one really cannot get that well
acquainted.

Politicians dealing with scientists are not reallv very
well accepted. That is part of what we are talking about
when a person like me comes to you to describe the
overview of what we are doing in coastal zone
management and why indeed we need the scientists, why
an elected public official from a state senatorial district
concerns himselfl with scientists as a practical matter. We
are indeed interested in what scientists do, if we can
learn what scientists do. And if we arc able to leam what
scientists do  if they are willing to tell us — then we are
interested, if we can understand it. We have an old
saying in the Texas Senaie that we apply when one
person rides another intc the ground trying to get him to
explain his bill on the floo:. The exasperated senator will
finally say, “Senator, I can explain it to you, but i
cannot understand it for yuu.”

It might do well for scientists to understand that too.
Politicians  sometimes requirc mure explanation than
other people in terms of translation. The NASA is in
business that does require communications,

in 1972, the Congress passed a Coastai Zone
Management Act, which shows great concern for the

Lrexas State Senator, Gatveston, Texas.

states of thcse United States. That act was passed and
implemented by Congress before there was an outcry
against land use management. Land use management is
the anathema of chambers ¢ commerce, because
chambers of commerce believe thac if one has land, he
must sell it to somebody. If it i3 under water, then he
must dry it out before he sells it, but he still must sell it.
And if it is going to be under water tomorrow, like some
Houston land, that is all right; he can promise that
somebody will build a levee around it. And then he can
g0 to the government and ask to have a levee built.

The coastal zone management program is a functional
program that has been funded, d1 30 coastal states,
including the Great Lakes states, have now qualified in
that program and each is functioning. Texas is in its
second year of the program and attempting to usc the
benefits. .

I happen to be the elected national chairman of the
Coastal States Organization, which represents every
coastal state in the United States. And we are designees
by the governors of our states for the purpose of
translating the coastal zone goals and needs of those
states to the Congress and to the Federal establishment,
which is no small job for state people.

Here in Texas, I am amazed at the complexity of
coastal zone manageinent and our needs over the years.
How does a Texas legislator learn what there is about the
coastal zone that one might want to manage? The fact is
that we grope around and fall in and out of state
agencies and hope that we can come up with some things
that somebody has done that tells us what needs to he
done. | became interested in the coastal zone ubhout 6
years ago, and | was surprised to learn that there is ap
organization at the University of Texas (UT) called the
Burcau of Economic Geology. The burcau has done an
outstanding  job. beginning with some mapping and

b New Hampshire Hlouse of Representatives, Concord, New Hampshire.

Senate Office of Reseaeeh, Sacramento, Californla,

dNatiuual Oceaniv and Atmospheric Administtation, Washington, D.C,
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geologica! surveys on the Texas coast. (1 had always
believed that geologists were principally in the business
of finding oil and gas.) 1 fearned that the Bureau of
Economic Geology, as a practical matter, was 10 yearsin
advance of the Texas Legislature (and, for that matter,
of national bodies) in terms of determining the coastal
zone needs of Texas and tracking the transformations
that were taking place. What they lacked most were
money and scientific data, which they had to assemble
in large part with money they had obtained from the
educational facility they represented. Some of the things
simply had to be done, if Texas indeed were going to
have :ltimately a decent coastal zone prograin.

When | first came in contact with the satellite
remote-sensing program, it became very obvious that this
program ought to be related to all our needs in Texas
and that, if there was a state that needed any kind of a
scientific exchange, Texas was that state. We developed
and finally Texus A. & M. University became a Sea Grant
institution; the Bureau of Economic Geology was
fundeu properly through the legislature to continue
much of its good work: the UT Marine Science Institutes
began to develop; the UT Biomedical Institute developed
at the UT Medical Branch in Galveston; and so on.

So we have a scientific community that does relate to
*egislative process to a limited extent. My plea to you is
thzt, whatever you are doing and whatever vou ae
about to do, relate it to us in some way. It is nice ¥ you
to let some of us come to you. By and large, scientists
think that legislators and politicians are difficult to reach
and to inform. If you have ever tried to teach us
anything, you understand how difficult it is for us to
translate the facts to other politicians so that the
necessary projects that you conceive, that you think are
important, can be funded. So that is where we are and
¢hat is the framework in which we have to operate. You
can do nothing unless you are funded to doit.

With that general view of our relationship and why
we are here, 1 give you the minority leader of the New
Hampshire Legislature, Chris Spirw.

SPIROU: | am glad to be with you, to share my
experience with you. How do we relate to one another,
whether in coastal zone management or sclling pictures,
or whatever? | had had very little contact with the
scientific werld, and very little contact with coustal zone
management until one day 2 years ago, when Atlstotle
Onassis announced that he was hopmg to build o
500 000-barrel/day refinery at Durham, New Hampshire.
The people around Durham were upset., And all at once,
the legislature's attention was shiifted from how many
deer we are goiag to have and how much tish we are

" ORRERNENRNT ! |

going to take to ‘‘save our shores.” And the battle began,
Those of us who were decisionmakass had very little
knowliedge.

Did we have any planning? Did anybody know how
we were going to put that in? Where were the state
industries? What legislative enactments did we need?
What were the processes of siting a refinery? No one
knew anything about it. The legislature had to meke a
decision. The decision was not one of the scientific
world but one of the political world.

As far as 1 am concerned, the Durham, New
Hampshire, experience is the bigyest failure of people
attempting to site a plant of this type in the history of
the world. They spent $500 000 and accomplished
nothing because they did not obtain enough advance
insormation.

Even the gypsies in the old country knew how to do
that. Before they came into o town to nake a few
dollars reading palms, they would send a scout
undercover and check out Chris Spirou. What are his
problems? What is happening in his life? Then, a week
later, the gypsy queen would come by to tead my palm.
And she knew all about me. She said there was a choek
coming from the United States. A few days later, a
check arrived. 1 was fooled, because 1 thought she had
read my palm. 1 didn’t realize she even had scouts
checking the potal service. Onassis failed to have a good
scouting report, so he didn’t find out how to convey his
message to those who had to make the final political
decision.

The final determination was not made on tin: basis of
how many barrels of il were going to be produced, nor
on what plans had aiready becn made. The decision was
made on a very practical political consideration: whether
or not the governor and the political system ! the State
of New Hampshire would want to circunivent the home
rule provision we had in the laws. If someonc wanied to
put a racetrack in any town in the State of New
Hampshire, or If someone wanted to sell beer in any
town in the State of New Hampshire, he first had to get
the consent of the local people by a referenduin, We
asked, “Why can’t we do the same thing about a
refinery?” Then we required it in a law: so the vote on
the floor of the House was not whether or noi there
would be a refinery, but whether or oot a refinery
should be put in the town of Durham without the
consent of the residents. No legistator was going to vote
against that. The night hefore that vote, we held a town
mecting day statewide and we made sure that when the
governor (who heavily supported the relmery) sald,
“This it the uestion before the town meeting: Shoukl
we have a refinery in the State of New iEnupsivire?™,
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somebody would rise and say, “] want to make an
amendment to that.,” That amendment was, “Provided
the people of that town where the refinery is proposed
have an opportunity to vote whether or not they want
it.” In all, 223 towns voted to have a refinery, but 223
people rose with an amendment. The town people could
never vote against an amendment like that.

So the next day, instead of having a refinery for the
State of New Hampshire, we had a referendum saying
that a refinery will be built if the people of the town
where the refinery is being proposed vote on it. When
they did, it was 4 to 1 against and the refinery proposal
failed.

Now back to remote sensing. I understand that NASA
has this unique technology and wants to apply it to the
United States of America and perhaps to other places.
But I am not an expert on remote sensing. [ am only an
expert — in a little way ~ in the political systen we
have, and 1 would like to advise you who are going to be
participants of this application of remote sensing. Here is
how 1 would go about it if 1 werc you. I'irst and
foremost, your expertise and knowledge are not useful
when you are talking to ooliticians. 1t serves the purpose
for you to be prepared, but there is a different
mechanism between your preparation and your sbility
to prepare me. Unless you understand how you can
prepare me to understand what you are trylng to explain
to me, you fail. You can bring the best pictures, the best
experiments, the best enalysis, but if 1 have a different
agenda than you have, if | am nat listening to you, if I
am pressured by another group, I am going to move that
you be indefinitely postponed. And 13 seconds later,
nearly everybody suys “‘aye™ and the rest say nothing
and your plan is gone.

You go back and tell your friends, “It took him 15
seconds to kill a thing | have been trying for § years to
accomplish. They just rejected it outright, didn't even
give me an opportunity to testify. 1 went uli the -vay up
to New Hampshire, sat down before the committee, and
they never listencd to me.” It happens every day at
cvery statchouse from Washington to New Hompshire.
Somctimes, there is no relationship between jour
information and my ability to grasp it, to understand it,
and to apply it.

1 want to know more about the area that is called the
scacoust of New Hampshire, and not in such a teaumatiy
situation as | had last year. 1 want to know what its
value is. what is there, why it is there, and how it is
poing to affect the future of my state. or the future of
the State of Washington or of Colorado. Wheltlicr 1 am in
Washington or in the New Hampshire Legislature, P nced
to have that information.
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You can convince me, my collesgues, or anybody
¢lsc. You can convince me that I know enough about my
s*ate, about my nation, and this is the right thing to do
bssed on data you gave me. You also have to learn that 1
might just vote against that. Even though you are
convinced that yc: liave me convinced, that 1 have
enough knowledge now that | would make no other
decision than what you have conciuded is the just and
right decision, I may vote the other way. You just have
to learn to come back the next day and try all over again
in another way. The considerations that 1 have to take
into account when I vote might be some that you have
never seen, heard, or anticipated. So learn the political
process, both the benefits and the hea.taches, and |
think we can work together in understanding both of
our roles.

1 neced to know as much as |1 can about scicntists,
remote sensing, and expertise and technical papers that
come through my desk every day, which I can only read
by title. Somebody comes up with a bill S0 pages long
ard somebody says, “Mr. Speaker, I move that we read
it by title only.” That is what | do with the messages
you send me. But if somebody follows that up and
seeing me someplace, he can say, “You know, | sent you
a paper concerning remote sensing. Have you been able
to read it? Can 1 talk to you at some point about it?”
Know the policymakers and you will get results. So lcarn
thc subject matter, not only the one that you are
technically expe:t on, but learn the subject matter that
you want to apply to the political system, whether it be
the selectman in Durham, New Hampshire, or the
Prasident at the White House. Then we can apply remute
sensing much beuter.

TETLEY: S -aator Schwartz asked me to discuss the
tvpes of information that the states were requesting of
me ¢ad of our office us they prepare their planning
programs. 1 found, cxamining my past 2 years of
information requests, that not many states had come to
me and requested remote-sensing data. [ think I have
found, through talking to the states using it, that they
are going direetly to NaSA or are going to commercial
groups for their remote sensing. 1 do have a feel,
however, for the types of information the states need
that I think remote sensing could be used for.

We arc both a lund and water use planning
organization. We have one foot in the water and one
foot on the land. That is a very dynamic interface and is
one that is difficult to manage. Lee Tilton was talking
about the wet side of our problem. We also have some
fairly major problems on the dry side. 1 do not really
feel, from what | can sec promulpa’ed through the
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satellite material, that it is very helpful to the states at
this point. They are really involved in looking closely at
the zoning problem. I think that it will take some
iterations on the part of NASA to come up with some
useful material in that area.

I was heartened to hear some of the things Lee was
discussing on the water side about temperature,
turbidity, and these sorts of information. As many of
you probably know, each of the states has to conduct an
assessment of its coast and this includes the living
resources in the water, sediment transport, erosion, and
critical areas. A lot of the new techniques that Lee was
explaining 1 think can be applied towards surveying
these problems. One major problem is erosion. We hear
this most frequently from the Great Lakes, but the
states arc all either suffering from erosion or, in the case
of the Houston area, from subsidence. 1 think this isan
aspect of remote sensing that can be used by +i1e states
fairly well. The scale of the low-flight material, 1 think,
is going to be a lot more useful as the states pull together
their identifications of problems. I think in the long
term, the satellite material will be the most useful, once
the states develop their management plans, in
monitoring water quality and long-term changes.

One of the things states have to igentify before they
can begin their management are the boundaries of their
coastal zone. Several of the things Lee mentioned will be
helpful here. One of them is the vegetation line; this is
oae of the ways a state can draw lts boundary, the
difference betwesn the saltwater and freshwater
vegetation. One of the problems with using this
particular type of boundary is that it .s a changing one.
Once again, Landsat information would be helpful. 1t
would show over time how this was elther receding or
advancing. One of the ather ways that the states are
going to probably be establishing boundaries will be the
political boundaries, which will not show with remote
sensing, but I think it can be applied.

We are working in NOAA to help the states in some
of their mapping problemns, and developing a mapping
handbook. 1t is a joint venture between the National
Ocean Survey and the U.S. Geolugical Survey, with sort
of gentle guidance rom the Office of Coastal Zonc
Maunagement. When they began the handbook, they
surveyed the states and asked what kinds of information
they wanted on these maps that, if the money is there,
will cventually be put together. Right now, we are just
putting together a handbook. The types of things the
states said they necded inctuded information on offshore
structures, so they would have information for siting
pollution; in other wurds, the dumping and the tand
runoff, sewage outfalls, and this sort of thing. Herc.

remote sensing will be very handy. For the living
revources, the land and water inventoricy of commercial
species, Lee mentioned that in ideutifying plankton
blooms and water temperaturs, they could fairly
accurately assess where fish might be. This is valusble for
the states and certairly for the fishermen there. The
states wanted some ideas about the physical changes
over time. Here, the periodicity nf the satellite data will
be very helpful, although it is on a scale that will be
useful probably only on the long term. I think they will
need low-flight remote-sensing data to establish their
base, particularly for such things as crosion and (for
instance, in the Great Lakes) the seasonal lake levels and
the change of the lake levels over time, with the
accompanying either accretion or erosion. A foot here
and there can make a lot of difference, and you cannot
pick that up from the high-flight material, Basically,
they also wanted to be able to establish a fairly good
socioeconomic base on these maps for use in their land
use zoning. I do not know whether or not the remote
sensing will be able to help except on the low-flight
imagery. They also need the flood-plains informnation
and the bathymetry in the nearshore areas. In
establishing their criti:al areas, they will need low-flight
material in the beginning. I think in each one of these
cases, the scales will probably difer. In some cases, the
large scale will be sufficient. We will not be able to have
just the one size and apply it straight across the board.

As NASA moves more deeply into Earth resourc s,
certainly in working with coastal zone managers, it »
first going to have to understand what coastal zone
management. is. It must understand who the users are
and what they necd. | think NASA is not necessarily
going to be able to fit the states into what it now has.
We have 30 states and 4 territories, and each one of
those prugrams is different. They are approaching their
problems differently. They have different types of
coastline and shore problems. 1 really beticve that as the
tutes get further into their ptanning process, they will
begin to know the kinds of data they need.

Although the act was signed in 1972, we did not
receive our funaing and did not hand out our first grants
until carly last spring. So states have really only heen
involved for a little over a year; they are now coming in
for their second-year grants. This first ycar has been, for
the most part, a gearing up for the planning and
management  process. . Some of the states, such us
Louisiana and Floridu, are using remote sensing now.
Other states, | am sure, wili follow as their plans reveal
the types of information that the remote sensing can
provide. 1 think probably that NASA and those of you
in the remote-sensing business are going to have to do a
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bit of individualized door-to-door selling to the states. In
those arcas where you do not have a program, ] would
recommend coming to Washington or going to the states
looking at their programs under section 305, the
planning section of the act. Look at their proposals and
sec what they are, what they propose to do, and identify
those aress in which remote sensing could be used.
Farticularly identify those where remote sensing can do
the job better than any other measurement method.

There is, as you may realize, not that much money in
those grants. States are not necessarily always going to
uctive'y seek out NASA for remote sensing as a panacea
for thew problems. It is probably going to be up to you
people to identily those areas in which you can be of
most help and go sell the states the program.

KIER: This panel deals with informational needs of
decisionmakers, real and perceived. 1 am going to try to
be painfully honest here and deal with some facts, which
I will flag, and some perceptions, which 1 will also
identify as just that and we can discuss those later. 1 am
a staff person with the California State Senate. I was at
one time a fisheries research scientist. However, 1 left
hard science some time ago, about the time remotc
sensing appeared on the scene. In California, the Federal
Government was just beginning to use infrared remote
sensing of ocean surface temperatures toward some
predictive work on commercial fishing. 1 was delighted
to learn that this good work continues. That was, by the
way, a good piece of work. The state and Federal folks
jointly managel to steer the Cualifornia abalone fleet
toward what turned out o be 2 bumgper year. And that
is the kind of remote-sensing payoff that can and should
score with the decisionmakers.

Fact number one: | do not know anything about
remote sensing. [ commandeered a dovble armload of
State of California paperwork on the subject and plowed
through it on the way to Houston and such time as |
have had here. 1 scarched through inches of paper and
could not find a kerned. 1 could not find where all the
coordination and all the committees were  doing
anybody any good. My perceptions, then, me that
remote sensing Is a picce of technology that lias been
developed, for the most purt, by the Feder
Government, which has made it availoble, not to
decisionmakers, but to technicians in California who
have treated this as though it were worth what they paid
for it - nothing: and that, after u decade of talking
chout it, we have made very little application.

The fact is that, after a diligent scarch, I could find
no cvidence that the State of Culifornia had ever
consciously committed dollar one to any remote-sensing
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venture. Some applications have been made in
California, essentially with what we might call laundered
money. The Department of Water Resources of the State
of Califoinia is represented at this conference. 1 have not
met the gentleman who will present this paper, but 1
understand that the remote-sensing data utilization is
represented in the Department of Water Resonrces
budget as though it were photographic support or
graphic arts. So think about that. In the California
Depurtment of Transportation, there is, I discovered
only this morning, an Office of Geomatronics. As best |
can determine, it warehouses 9-by-9 photogiaphs for
purposes yet undetermined. I did manage this morning
to go over and hear a former employee of the University
of California describe how remote-sensing data are used
in predicting the spread rate of wildland fires. And I was
so impressed that I followed Jim to breakfast and met a
couple of his former university colleagues. We talked
about the importunce of turning the decisionmakers on
to remote sensing, which these three young fellows were
so turned on to themselves. 1 found out enough from
them to reinforce the impressions I got in going through
the paperwork. They had had contact with the various
coordinating committees of the executive branch in
Sacramento, but nothing had come of it.

The memo writers and committee formers have
gotten in between the Kind of hands-on technicians ! was
having breakfast with and the people that | work for, the
politicians. So we explored this notion of getting my
employers turned on to the use of this kind of
informatiop for the prublems they deal with. And
miaybe that is what 1 can do for the State Senate as the
inside man for technicians who think they have a
product that the legislature needs.

They identified several things they were doing and 1
said, *“No, I don't think that 1 could get my employers
to sit still long enough to listen to all of that.” But, |
suid, “Here is what is coming down in Sacramento. We
have a brouhaha going just now on forest practices. We
have a governor who is convinced the country is in an
¢conomic decline and he is going to have to have a big
surplus in the state general fund before he turns loose of
buck one, but at the same time, he is determined to
identify new jub opportusities. So let's take all these
factors and put them together.” We came up with the
fact that the information that two of these University of
California  fellows were working with concems the
potential capability of forest land presently on stock.
What § know is that the California State forester would
like just a little bit of money from the legistature to
renovate the Division of Forestey awrseries. Some new
technology for mass producing seedlings at much tower
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unit cost has been developed. So, I say, let’s utilize this
remote-sensing data to identify (at very littie cost,
hopefully) those sites capable of being restocked. Then
we have to get ourselves a politician or two from these
potential forest improvement areas and begin to build up
tarbaby and get the legislature’s paw stuck to it by
getting a very modest appropriation — a very, very
modest appropriation, not to create something, but
really to call up information tii.¢ is already available to
show how we 2re going to get those new seedlings out
there. I forgot to mention the fact that the State
Division oi Forestry has been approached by these
univers..y researchers and has shown very little real
interest in remote-sensing applications in state forest
management. So, here, we have the ingredients of an
application which is of modest cost. I want to make it
perfectly clear that this scenario is one that can be
played out.

1 am dazzled by what I have seen and heard here. But,
despite my semisclence background, ! do not really
comprehend what | see and hear, although I suspect it
cost 1 lot of money and, therefore, it does not make
much sense right now, in terms of Califomia’s lowered
expactations. | am sure 1 have now made the point that
we raust apply remote sensing in exquisitely selective
ways at practically no cost at all and we must solve some
reallife problems for decisionmakers; that is how
decisionmakers are going to understand the application
of remote sensing to real-life problems.

We did not wait for NOAA money to launch our
coastal planning effort. We started carly in 1973 us a
result of a popular voter initiative which came on the
hecls of 4 years of legislative deliberation. That plan has
evolved to the point where it has been subject to 31
public hearings conducted by the California Coastal
Zone Conservation Commission. It is veing shaped up,
spruced up. polished up for presentation to the
legislature. The invalvement of remnote sensing in the
preparation of that California coastal plan was virtually
nil. That is a fact. The only application, to my
knowledge, was in the identification of coastal wetlands,
comparing the existing situntion to the carliest Federal
mipping to get some Kind of trend data. The plan
contains 183 specific recommendations. 1t includes a
recommendation, for example, that the state exercise
control in perpetuity of a band of the coastline that is
generically described as o wet sand vegetation tine. First,
we must have a bascline determination as to what that is.
That control line, or whatever. is going to have to relate
to people’s property and is going to have to give these
decisionmakers the capubility of seeing whose ox is
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deliver some good policy. Kut if people who are
important to them are losing by some change in nublic
policy, look out. We have to be able to deal with this
land use duta in various clinically clear and exquisitely
precise ways. The point here is that it is less important
to decisionmakers to know that only 04 percent
remains of the original whatever-it-is that was once
dominant along the marshes of the California coastline.
They want to know whose backyard the remaining plant
species or whatever js in.

That is where we are In the coastal planning process
in California. The people spoke in 1972 and said they
wanted coastal zone planning and implied that they
wanted coastal zone management. The mission of that
management plan has been evolved; that evolution at
this point unhappily coincides with what the governor,
union leaders, builders, bankers, and so forth in
California perceive as a very dire economic situation.
We’re going to have (1) a terrible time selling that plan
to the legislature and (2) the legislators are probably
going to find comfort in the fact that many of the
Californians who voted for that plan in 1972 are
currently on the shorts, or out of work, or know
somebody who is, and those voters don’t care about the
kind of environmentalism they were espousing in 1972,
The pendulum swings back and forth.

I think all of us should strive for some continuity. We
went environmental in 1972, a little bit too
antienvironmental ir 1975; a little bit fat on remote
sensing perhaps in 1972, and a little bit too slim in 1975.
And the name of the game is finding these reallife
applications of the things that we generate and evolve in
order that these very human decistonmaukers can see how
they relate to solving real problems for real people.

SHERMAN: It kind of scems like it has becn you
versus us. 1 am one of those technocrats. But we are in
this thing together to scek vut solutions. When we go in
and legislation is created, often the people invulved in
technology or in the operational program end up with
the responsibilities, but we don’t have authority. How
do we set up communication? It s you telling us the
gencral problem arcas that you face, so that your
priorities con be established in o meaningful way, so that
agencies can he created to address those problems and
have the responsibitity and authority to do it,

KIER: One of the really tough things for me. in
dealing  with state legislators, is that business of
communicating. Communications typically are passing a
guy in the hallway or giving him counsel in & nanosecond
bHecause ihere just is no time: communication is Jl of
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that fluff and stuff in the padding and the bureaucratic
language that just take up time and lose the tyoicas
legisiator’s interest absolutely. I began to realizd how
condensed my counsel had to be. There was not time for
all those qualifications that scientists are so apt to use to
hedge. My typical communicat'on with decisionmakers
gets down now to, “‘Hey, this is good stuff,” or, “That’s
a turkey,” or, “That’s a way to go.” That is the kind of
information a lot of their decisionmaking is done on:
counsel from people they respect and rely upon. That is
the way it is. Legistators just do not have time to digest
the paper that comes across the desk because the volume
is unbetiavable, just plain unbelievable.

As an agency bureaucrat, you cannot legitimately call
up the chairman of the House Ways and Means
Committee and say, “This is Jack and I think that
NOAA’s budget in this area should be increased by
$3 million.” There may be a way to get around that by
encouraging people outside the agency who have the
interest and the ability to communicate one-on-one with
legislators. There are people in the scientific community
who have those scientific and political skills who are able
because of their positions in society to get one.on-one
with legislators or who are so into their thing that they
don’t bother about the normal niceties. We are having an
experience in California right now with just one such
person who is totally and very productively involved in
aquuculture. Trying to get that man money through
normal budgeting procedures that involve the University
of California is like trying to jam wet yam through o
keyhole. A university just takes that money and scatters
it all over creation. This guy just came to Sacramento
and went around the halls and, because he happened to
have the dual skill, he sold his program. The legislature is
finding u way to give his program the emphasis in
funding that it deserves.

TETLEY: Jack. you asked the decisionmuakers to
articulate their nceds to the suppliers. I think that you
will find in many cases remote seasing is a new aniimal to
the states and until they know what it can do for them,
they ure not going to be able to come and articulate
their necds. It is really going to take a selling job.

SPIROU: | probubly would have ucver heard of
coastal zone munagement if somchow someone hadn’t
heard from me first. We may be able to develop a good
program in New Hampshire in tcrms of coastal 2one
management, using remuote sensing and putting ali those
techniques into application, Somebody championed the
cause in that legislative body: that is what it takes.

TETLEY: Regarding coastal zone management,
communication is the key - involving Federal, Siate,
and local people. Until effective information and
communications networks are set up, we won't go
anywhere.

SPEAKER: 1 want to ask a question directly about
that communications problem. 1 will preface it by
talking about something which happened in New Jersey.
New Jersey had an investigative contract with NASA in
the Department of Environmental Protection. 1t
involved coastal Zone management and inspection of use
of wetlands using Landsat photographs. Out of this
investigation evolved a semioperational use of the
satellite data. The department was able to send
inspectors to specific areas to check land use to make
sure it conformed to the Wetlands Act of New Jersey.
When that investigation contract ended, the state then
had to look to its own sources. The Department of
Environmental Protection put sn a budget of $10 000,
which was a rather small budget, but the New Jersey
Legislature voted it down. Now, this to me is an example
of something which perhaps happens in a ot of states.
The question I have is: Is this not symptomatic of
something which is very much more fundamental? It is
not just the communications problem, but it is the
relationship betweer. the Federal Government and the
states, in term¢ of what the Federal Government should
do and what the states should do. And isn't it true that
this has not been defined?

SPIROU: 1 think there is a general anti-Federal
establishment attitude that state people display,
particularly the exccutive branches, because of the way
the Federal Government has worked in the past, going
directly to citics and towns with Federal funds. The
states don’t have any control on the patronage of the
money.

TILTON: It sounds to me likc the case you describe
in New Jersey was what is known us improper
technology transfer. We need 2 to 3 years of working
with an organization, whether it is a statc or unother
Federal agency, before we understand their problems
and they understand ours. Typically, to take a project
and show people how they can use products and then
walk out the front door is just about useless. You must
carry it al the way through. In some cases, you must
hire their people for them, train themn until that thing is
working in their building with their people for 2 year or
more, and you gradually phase out. But unless you can
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do that, unless you can tell thein what it is going to cost
them, it is just uscless. We found that out the hard way,
but I think there are some examples in the program that
at least tend to show the criteria for success in this
technology transfer.

RICHARD: I'm Dan Richard from NASA
Headquarters and I guess I ought to start by saying that
I'm not a technical person. 1 guess what bothers me is
Michele Tetley saying that we cannot really know what
the state needs are, that the state cannot identify those
needs. In the state and local users session at this
symposium, one of the conclusions was that they had to
identify their problems, because otherwise this
technology is just going to look like so many more toys.
We are trying to develop it for people to use and to tie it
to some identified need at the state level. If the
resolution from Landsat satellitca is not adequate “.:
¢oastal zcne management, we need to know that. We
couid then just go out for high-resolution aircraft data or
something like that, which might better serve those
involved in coastal zone management. So it is very
difficult for technical people to come and say, “We
would like to develop technology to meet your needs,”
when the nontechnical people cannot seem to define
their needs in such a way that we can do that.

TETLEY: I think in the coming months we will see
the states coming up with a much better idea of their
necds. This first year has been spent gearing up; now,
they are really getting their teeth into planning and
looking forward to the implementation of those plans.
The various needs are beginning to surface, setting the
boundary of the coastal zone, for instance, or the
{dentification of critical arcas. These are things that we
know in the national office from the number of
telephone calls and state trips to Washington, We know
that these are going to be real problems. I do not see
that the states ure going to be beating & path to your
door unless they can see that you can do something for
them quickly and cheaply. We have the same problems
trying to Iidentify the needs before they get on the
threshold of needing the information. It is awfully eusy
to have hindsight in something like this. Coastal zone
management is a brand new approach to planning. We
have learned a lot from some of our mistakes and also
from our successes. Just looking at the act and the
guidelines will give you a fairly good idea of the types of
information the states are going to nced. Some of the
states, through other programs, have already identified
or surveyed particular arcas; others have not. So i* is not

going to be clear cut across the country. I think as I tricd
to pull togsther everything I could think of that would
be applicable, 1 realized that relationships between
NASA and the Office of Coastal Zone Management are
practically nll at thc Washington level. If we cstablish
laisons at the national level, the state relationships will
follow more easily.

RICHARD: We are not sitting back walting for the
states to beat a path to our door. We have a program
called the States Visits Program, in which we have been
trying to go out to various statc agencies and talk to
them and have some kind of interchange to see if there
are some possibilities there. Would N“:* A be willing to
encourage states to look at remote sensing as a ool for
management if you were convinced that it had great
potentials?

TETLEY: The word “encourage™ is a little bit sticky.
The states are basically on their own as to how they
approach each of the planning and munagement
elements. When states coms to me with a particular
information problem, I refer them to those individuals in
the government or in privatc organizations who [ think
can help them. Heretofore, we have not pushed the
states in any one direction. That is not the stance that
the office has taken, and probably will not take. If we at
the national level understand your capability and the

types of expertise that you can provide the states, then -

when a state says it nceds to know what the offshore
currents are, 1 would add to my list: *“Check with
NASA; find out what they have in thelr remote-sensing
programs and maybe that will help you.” Tt would be
one of a list of things | would recommend. The more we
prd~ctand what you arc doing, the better we can pass
the information on to the states. Encouraging them and
pushing them is not something to do.

SPIROU: | have a different approach to this. | think
that NOAA should be one to encourage or discuurage,
when it can pass on information, because the capabilitics
you have is a very important question related to how
states are going to make a decision. If I were advising a
governor or planning to deal with coustal zone
management dircetly related to me as a policymaker, 1
would call in NASA and say, “1 got a grant from NOAA
and 1 huve some responsibilities to fulill so I can hustle
that money out. Now, 1 nced svme more information to
know what to do with an application.” I'm going to ask
you and I'm going to recommend to the governor that
we get people up to the statehouse from your office. But
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first, | have to know about you; I have to feel our
relationship to you: I need something about coastal zone
management,

PIERCE: I would like to ask the representatives what
their overall feeling is of the total value of the scientific
input that they nced for the Coastal Zone Management
Act. What arcas arc weak? What areas are strong?

KIER: First, I don't have any feclings at all for the
precise kind of data needed to bolster that coasta plan.
Second, are there realdife problems for which we have
no hard data in California? The answer is definitely yes.
We are currently staring down the gun barrel. The
Federal Government is poised to release 1.5 million acres
of California offshore oil and gas exploration
production. If the drilling program proceeds, we have
not the foggiest notion of what the onshore impact is
going to be. The sale puts the information gathering and
analysis burden on California as it is now, and we are
trying to put that burden back on the Federal
Government. 1 would say the hotspot on the California
coastline today is the Federal offshore drilling progeam.

TETLEY: | would say the major gap in information
right now is the onshore impact of the accelerated
offshore drilling schedules that are proposed. This has
been a very hot issue. We do have information,
particulurly in the Gulf of Mexico, but drilling there was
done over a long period of time. It has become so much
a fabric of the economy in the arca that there is no way
we can compare it to the accelerated buildup. As far as
the other types of technology or information gaps, 1
think for the most part the technology is already there.
It is just finding out which technology to apply where.
And our job at the national level is to identify the
sources of information and pass this information on to
the statzs so that they do not have to reinvent the wheel.
Each state has a differcnt personality regarding its
particular nceds.

MILLER: 1’'m John Miller from the University of
Aluska. Mr. Spirou, I number myself among those who
are hoping to leam from some of your comments about
being able to communicate and undeistand political
realities. Mutling over some of your comments, 1 have
one politically orlented question. 1 appreciate your
comments about the importance of the referendum
regarding the Durham refinery proposal. How far in your
view do you think the local referendum concept can be
wiscly tuken? For cxample, clearly, a city the size of
Durhath makes a strong case. Suppose we are talking
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about a powerplant (nuclear or otherwise) and three
farmers would like to scll their property to the
developer. Naturally, it is going to impact maybe 10 or
15 farmers in the arca. In this instance, thelr rights
surely are as vested os those of the Dushamite, but they
carry far less political clout. How, in your view, should
something like this be handied?

SPIROU: I am a regionalist, you know. Originally, 1
believed in a concept of planning for energy resources. If
everything was normal and we started talking about
America being self-sustaining and everybody fulfilling
their responsibilities to produce encrgy, I would have sat
down willingly with Massachusetts, Vermont, Mainc, and
everybody else, laying out the agenda as to how we go
about it. But I was not given an opportunity to do that.
What side do 1 choose® I had to make some very fast
decisions. So we all changed around, and those who were
regionalists became local-referendum oriented, and the
governor, who ran as a local-referendum-oriented person,
changed the other way and said this has regional and
statewide ramifications. In this particular case, a
referendum was okay. If it had been allowed to cvolve
logically, I would have never taken that position. It was
a reaction position in the absence of anything othier than
reaction. It was the only way we could have stopped the
nonsense of just putting in a refinery with no studies. no
discussions, simply because there was an energy crisis.
That doesn’t mean it was the logical thing to do or the
right thing to do. And it was not the thing 1 would have
done given the opportunity to sit down with those who
iad the technical expertise to corvince me that, “Yes.
we can have it there.” and tell me, “This is going to be
the impact it is going to have,” and “No, we don’t nced
a 500 000-barrel refinery; a 200 000-barrel would be
equally effective.” Or there are other alternatives. it was
a seactionary thing, and it happeaed that way.

SWETNICK: There was a recent meeting of the OQuter
Continental Shelf Resource Advisory Board. which is
composed of Guvernment representatives and state
representatives. There was some concern on the part of
scveral states as to their lack of involvement in planniag
the offshorc program. And at the same meeting.
Assistant Sccretary of the Interior Hughes reported to
this board that there was golng to be a meeting ol the
coastal zone governors to resolve this. What are the
political implications when the governors then have to
relate to the state legislatures?

SPIROU: In my opinion, the responsibility of the
Department of the interior or of the Department of
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Commesce or anybody else is understanding the ultimate
responsibility that rests with the levislative body. We
have gone too far in keeping legistative lcaders
uninfonined about what is happening In the exccutive
branch. Until the executive leaders understand that
legislative leadership needs to be & coequal partner in
this process of decisionmaking, we are going to find
agreements between gavernors going down the drain.
Those people had better talk to the legislative leuders
before they make an agreement because they are going
to have another conflict afterwarde between the two
branches if they don't. We are a check and balance on
one another. If the governor is going to be informed, I
have to be informed also.

PIRIE: | am Doug Pirie, Corps of Engineers in San
Francisco, and 1 am very interested in the State of
California. | have some logs that 1 keep because [ often
get questions about who uses all of this WNASA aircraft
imagery. | have on my log State of California Navigation,
Ocean Development, Department of Transportation,
Environmental, Fish and Game, State Lands
Commissioner, and on and on. Pecople would have to
actually use this in planning, and they are. And they are
using NASA iagery flown by JSC and by NASA Ames
Research Center. That should not be overlooked.

KIER: That does not refute my point that the
California Legislature has made wo conscious or
deliberate investrient or involvement in remote sensing.
You may be getting it to some technicians in state
agencies, but that does not assure any continued interest
in applying remote sensing to solving problems in
California.

PIRIE: This may be true. However, § think you will
find this is going to be almost a grassrovls-type action.
in instances where people are getting used to using
remote sensing, they are going to demand that heads of
state agencics, who are in a position to say where funds
should e spent, get heads of depaciments who
understand what is happening with remote sensing.
Then, these people can be coordinators between NASA
and the state.

KIER: Your point is well taken. Part ot the New
Jersey dilemma was the question, “Shouldn’t the role of
the state and Federal agencies in this remote sensing be
defined” And | was thinking, we'll have another
committee and we'll define the roles and responsibilities
and we'lt have another inch of paper that decisionmakers

won't read. The role will be defined exuctly the way that
yau described: on a project-hy-project, real-life basis,
When Dan Richard indicated that Lee Tilton is
jnvolved in a program of going wut to the states and
assessing the necds for information, § was conjuring up
in my mind Federal involvement in a series of sessions
with California program managers. These scssions waould
for the most part be involved with trying to produce a
product that would convince a legislator that this is good
stuff. And 1 was speculating on the possibitity of the
Federal people ever stumbling across a very real
problem, for exami..¢, the decline of dungencss crab in
yorthern Caltforr .. We suspoct we have an industrial
pollution problem in the Sun Francisco Buy arca. But
along the north coast, evidence has just materialized that
crabs in very juvenile stages are affected by silt outflows.
That siit adhering to their young bodies provides an
excellent medium for disease organisms to grow.

PIRIE: As you may know, we do have studies in San
Francisco Bay, which is being used as a classic for
sediment distribution and all the rumifications of it. This
study is not necessarily pointed toward remote sensing,
but we are using remote sensing with that study. 1 don’t
think that fact has ever been publicized either.

KIER: One of the things | am doing here is looking at
aquaculture to answer some questions the legislature is
dealing with. Getting the California market crab industry
back on its feet involves interest from two or three
different dircctions. My puoint is, it is highly unlikely
that a quick trip to California by Federal folk would
reveal that realdife data requirement. That problem just
happens to be very important to the deun of the
California Scnate. He is the kind of man who, because of
finmediate direct interest in a problem affecting the
people of his district, could well be the champion of the
kind of duta that provide part of the unswers - in this
case, concerning market crab decline.

TETLEY: | am heartencd by the taet that you say
there is a grassroots movement in Culifornia to use
remote sensing. This is probably the way it is going to
have to go. the lower echelons using it and convincing
their hosses and heads of agencies thau it is valuable.
Thexe grassrts are the very people that are the
constituencies that Chris worries about, and | would
think that they would be ahle to convinee the legislators,
ton,

SPIROU: 1 don’t believe in spontuncous gizesroots. §
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am a product of grassroots neighburhzod involvement,
and 1 do not think there is anything spontancous ahout
it. If a private company, for example a computer
company, had given 15 agencies in the State of New
Hampshire a helping hand in sorting out their little
problems one way or another, you kaow what would
have happened. Somehow there would have been some
money in the budget. The company that s going to get
it is the one who already has friendly relations with
everybody around. You have to ring you: own bell if
you want others to start ringing with you. Just because
you have provided technical assistance, if you have not
reached Kier and the people he works with, you are not
going to get in the budget ever. Or iIf you do, it’s going
to be too long from now.

CARTMILL: | am Bob Cartmill from NASA, and |
have a question for the legislative people that is just a
little bit diffcrent from how you selt to the legislature. |
think you may need us more thun we need you, because
the solutions to these problems are going to have to be
technological solutions. I think all we really need to do
is find a political mechanism to help solve very real
technological problems. There is, for instance, an energy
shortage in this country, and passing this law or that law
isn’t going to make that go away. If technology provided
the offshore platforms which caused the p.*: ion, thien
I'm afraid the only solution is going to be somc
tectnology to control that poliution. w0 ur
consi'tuents really feel concern for the energy crisis, ¢
do they think it is all made up?

SPIROU: Yes, there is an energy crisis, and | -+ agree
that we have to solve it technologically. The
confrontation between the technological sector and the
political sector has to happen. The pressure has to
accumulate. Nobody is going 10 come from ground tevel
and start screaming for a nuclear plant he Jdoesn’t
understand. The people of this country are right sow in
« survival stage. They want to know how they are going
to feed their families, what their Kids are doing, what's
happening to their wives or their husbands. Generating
eney is the lust thing they think about untll their
utility bill goes up. A renl grasstoots movement to build
a refinety or a generating plant is just not going to
happen. Powerplants are not on their agenda. So you are
going to have to find the mechanism someplace between
you and me and then get the people fecling comiortable
that this is the number one item on vi'r agenda.

CARTMILL: If | undersund your remarks, you are
not really feoling an urgency about this situation that
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apparently a lot of people fesl. Maybe this is true with
gasoline at 60 cents a galton. Will it be truc at a dollar a
gallon? How about §2.50 a galion?

SPIROU: I'm expecting those glasses and dishes to
come back. This time, the oil companies will be giving
them at $1.50 a gatlon and 700 percent profit, so you're
going to have un incentive to buy that gasoline. They are
expecting you. I have 14 glasses; 1 needed 20. 1 am still
hoping to get the other six. And I still want the Tony
the Tiger doll because I missed him. So, how are you
going to convince m» there is an energy crisis?

CARTMILL: Maybs when they start plowing fields
with horses instead of tractors. Mayoe theie isn’t an
ercrgy crisis, but if there is, the results will be felt.

SPIROU: I am not convinced as a state legistator. Not
one bit.

KIER: I think that is the short answer for California
as well. You in Houston live in an oil town;
unemploymcent is low in the community. Oil is good for
Texas and Texas likes oil. The average Californian
docsn't have the same opinion of oil companies.
Unemployment is at 10 percent in Culifornia. The
people’s sense of urgency lies elsewhere. People don’t
understand how jacking up the price of gasoline is
supposed to solve the energy problem. People react to
crises as they hit them at home. It is just not hitting at
home, in a way that pcople comprehend it as an energy
issue. 1t is not the nature of folks to enguge in long-tenin
solution cvolution. That’s not to say the issue cannot
and ought pot to be exploited. V've donc it myself. 1
drafted a $10 million recreation tsails program, which is
speeding its way through the California Legisiatare. And
the urgency of 1t as 1 framed it is to devise 2 network of
bicycle trails off highways in Californla because of what
I claim to be a burgeoning rumber of Califorsians who
are foreed to bicycle rather than drive to work hecause
of the atleged energy crisis. And you'll recall the
hullubaloo in California when the well blew out in the
Santa Barbara Channel and oil folk hecame bad guys
overnight. That sume Santa Barbara community voted,
on one of these local seferendwus, approvai of a2 new
refinery in Santa Barbara County. 'm sure that oil
campany is getting advertismg copy ready to explain
how people of Santa Barbara have fuced up 1o the
cnrgy crisis. Bt was not that at all. It was undoubtedly
concern over johs and a lot of hard lobbying by
construction trade unions.
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TETLEY: | do not shink that the locals ure as
worried about techuology as they are about their own
hackyard. Until they can understand how coastal zone
management or land use or any of the plinning and
management programs are goiny to affect them and what
they are going to gain they are not going to worry ubout
the little ins and outs of existing technology.

WORLEY: My name is David Worley. | am with the
Coasta) Marine Council in Flozida, 1 have heen a coustal
planner for 4 years. We have been actively engaged in
remote sensing in our program. There are a couple of
points | would like to try to put forth in terms of coustal
7onc management ond remote sensing. We have a
multipic program requirement. The concept of coastal
zone management is very involved, in terms of all data
acquisition and dat. dissemination. It depends entirely
on your program design from the local to the state level.
and also on year Federal requirements. To meet these
requirements, you must have a multiple program s far
as data collection and dissenunation. Michele mentioned
about getting into the local level. We have been with the
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local 4 years; that has not heen the problem. The
problem Is political expediency. it is going 1o be o
problem  buth  with the constal zone muanugement
program and remote-sensing applicarion hecuuse you get
down to the guestion: Hlow much informution does the
political decisionmaker really want? If you can get the
local people involved, you won't have any problems. But
it is a process that will take time, particularly with a new
program. When NOAA goes into these areas, it should
find out how far along the local people are, particulurly
in program  design and trying  to  get lelp in
instrumentation. But if these focal people do not go
back to the legislative process and get their own clected
officials to support the program, then nothing is going to
happen.

TETLEY: | agree it hos to be done from buth sides
because a legislutor is not going to move unless his
constituency is obviously going to be positively atfected
by it, and he is not going to know how they fecl unfess
they already understand the problem.
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C-3. Applications of Remote-Sensing Technology
to Environmental Problems of Delaware
and Delaware Bay

D. Bartlett® V. Klemas® W. Philpot® and R. Rogers®

In addition to my work with the State of Delaware
wetlands inventory, 1 also pursue research in digital
processing of multispectral data. I have been associated
with the state coastal zone management project, and 1
participated in the formulation of regulations for the
management of Delaware wetlands. Therefore, 1 not
only provide data, but | am also a first-order user of
some of those same data. Although our major research
interest at Delaware is in the analysis and interpretation
of Landsat and Skylab data, when called upon to apply
remote sensing to a particular problem, we rarely rely
solely on orbital imagery. We have never intended, nor
has NASA. that orbital platforms should replacz all
other forms of information gathering, remote sensing or
otherwise, for any application. In almost all cases, we
envision the application of Landsat technology as part of
an integrated system of data gathering, including lower
altitude rtemote sensors and other sources of
information.

Our applications of remote sensing are divided into
those concerned with water, which 1 shall discuss first,
and those concerned with more or less dry land. First,
the State of Delaware and the National Science
Foundation, through its iesearch applied to national
needs program, have supported the development in
Delaware of a computerized mode! of predicted vil slick
moevement within the bay. Delaware Bay Is the largest
petroleum marshaling urca on the cast coast; it handled
about 87 million tons of petroleum products in 1973,
and that figure has increased quite a bit in the 2 ycars
since. Thus, the atates of Delaware, Maryland New
Jersey, und Pennsylvania are understundably concerned
about the movement of oflspills.

Once a spill has been reported, the input requirement
at 2 computer terminal includes the size, the location,

!llnlvelslty of Delaware, Newark, Delawase,
Bendix Acrospace Systems Division, Ann Atrbog, Michigan.
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and the time of the spill; the nature of the ofi; and the
weather forecast, particularly wind conditions and
unusuat tidal conditions. With this input, the console has
the output capability to display the oil slick movement
as » function of time and co display the spatiat oil slick
probability on an average monthly basis. With this
information, one can determine where a slick is most
likely to come ashore. Engineers and oceanographers
who worked on this project first thought they could
simplify things considerably by assitming that because an
oil slick, for the most part, floats on the surface, they
nced only worry about those phenomena affecting
surface water circulation in two disnensions. From their
preliminary tests, however, they discovered that they
could not rely upon this assumption because of the
presence of structures that they termed “fronts” (ref. 1).
A front is defined as the surface expression of the
covergence of two water masses, usually sediment-laden
fresher water and clearer oceanic water. Figure 1
illustrates a front and the sharp interface that occurs
bety een .wo such water masses. One component of the
motion of the water masses is convergence, and one
water mass at the point of convergence goes down
underneath the other. Usually, the more saline, therefore
denser, occanic water gocs underncath. As the two
converge, they bring floating material with them; as one
mass slides under the other, the material is trapped a.ong
the boundary (ref. 2) and moves about guite differently
than if it were affected simply by winds and tides in a
strictly two-dimeunsional sense. These become
three.dimensional structures in the sense that they
continue below the surface. Figure 2 is an example of
this type of behavior It is a drawing made from
low-altitude ultraviolct photography showing oil slicks in
the lower pact of Delaware Bay shortly after a spilt had




Figure 1.— Aerial photograph of coastal and oceanic water
masses converging along a “front™ on the western shore of
Delaware Bay.
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Figure 2.-- Mup of distribution of small ofl slicks interpreted
from a low-altitude ultraviclet photograph. Symbols and
numbers identify specific buoy locations.

accureed, about 10:30 a.m. Figure 3 shows the spill at
3:00 p.m. on the same day. The slicks now are oricnted
longitudinally along the Jong axis of the bay, and the
sinuous pattern that is characteristic of something
trapped along one of the fronts is apparent. The
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Figure 3.~ Mup of distribution of oil shown in figure 2 after 4.5
hours, showing entrainment of oil in coustal fronts at a scale
of 1:80 000.

dispersal of the slick and its gross movement about the
bay are considerably different from what onc would
predict if the presence of the convergent fronts were
ignored. Fortunately, these fronts occur in relatively low
numbers and in characteristic locations in the bay,
depending on the tidal stage. They also are large enough
to be casily seen in Landsat imagery (ref. 3).

Figure 4(a) is a Landsat image of Delaware Bay
acquired during flovdtide; several fronts are visible in the
upper portion of the bay parallel to the shore. Figure
4(b) is a tidal current chart provided for comparison.
This figure is indicative that tl.e scale of Landsat imagery
makes identification of huge features much easies than if
lower altitude sensing were used. We have approximately
20 good sets of Landsat imagery of Delaware Bay at
different tida) stages showing the instantancous
distribution of these fronts over the entire bay.
Program..;;y the characteristic location of these fronts
during different tidal stages and under different wind
conditions should make the ofl slick model an even more
accurate and efficiznt tool.
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Figure 4.— Landsat-1 image (band $) of Delaware Bay and tidal current chart for tidal stage corresponding to time of
Lundsat overpass.

We are also using Landsat imagery in a project that
requires monitoring an offshore waste disposal site.
Figure § is a Lundsat image acquired immediately alter
the dumping of iron acid wastes roughly 40 nautical
miles off the Delaware coast: dispersal has not yet
begun. The sinuous pattern is produced simply by the
movement of the barge dumping the waste. Figurc 6 isa
digitally enhanced image taken from the same data; it
shows a little more structurc within the plume. Denser
arcas are denoted by red, less dense areas by dark green,
and general oceanic water by light green. Becouse the
acid wos dumped at a time we specified (a given time
after a Landsat overpass), we can study the movement of
the plume and its dispersal through time. As 1
mentioned, we do not rely cxclusively on orbital
imagery; an cxtensive conventional water sampling
program is also part of the project, and the current duta
obtained by tracking the spifl visuatly through time with
Landsat imagery are supplemented by data acquired
using disposable, radio-signal-cmitting drogues that are
tracked from shore (ref. 4). The latter techanigue, of
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course, Is a type of remote sensing, although it is not
accomplished from the air.

Our major project on land has been inventorying the
Delaware tidal wetlands at a variety of scales. Figure 7
shows the general purpose mapping of the wetlands and
the plant species within them at a scale of 1:24 000 (ref.
5). The information was interpreted from coler and
color-infrared photography acquired by an NASA
aircraft flying at an altitude of 60 000 fect. Figure 8 was
done at a scale of 1:2400, 10 times larger than the scale
of the previous study. and the wetland boundaries and
the species identifications are drawn directly on
black-and-white enlargements of the photographs used
for interpretation. Figure 9 shows a1 more comprehensive
inventory of cover types generated from Landsat digital
data (ref. 6). The variety of color-coded cover types is
oriented toward an inventory of coastal wetlands but
also includes agricultural and barren lund categories.

All of the categories involved were interpreted in
approximately 3 days by use of computer equipment
developed for this purpuse by the Bendix Aerospace
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Systems Division, 1t was possible to distinguish the three
primary vegetativo communities present in the wetlands
as well as related categories around and within the
wetlands. The accuracy of identification has been
determined to be greater than 85 percent for all
categories and greater than 90 percent for ail but two of
the categories. By comparison, the U.S. Bureau of the
Census regularly encounters errors of 5 to 10 percent
when doine regional inventories nf agricultural land use
areas.

We are investigating ways of correcting Landsat data
for effecte of the atmosphere between the ground target

Figure §.
waste dump, the fishhook-shuped plume in the lowee center,
The dump arca s in the North Atlantic Ocean, approsimately
40 nautical miles off the Delaware coast.

Landsat-1 image (hand §) showing location of acld

and the Landsat, and we hope this work will allow us to
conduct an even more detailed and accurate survey. The
success of this endeavor has encouraged us to explore an
application by which potential impacts of offshore oil
and gas development on the coastal environment of
Delaware could be identified. The idea Is to examine
Landsat images of areas in which development has
already occurred or is currently taking place, such as
Louisiana, Alaska, and southern California, and to
identify characteristic features such as storage and
marshaling areas, petroleum-related industrial activities,
transportation networks, and docking areas. All of these
features should be large enough to be seen at Landsat
scales, and the hope is that by examining patterns of
development in other areas, the potential impact on the
Delaware coast can be anticipated. As with other
projects, the orbital data will be supplemented with
low-altitude aircraft photography, maps, or other data.

We belicve that orbital data must be used in
conjunction with other sources in almost any
operational project. Orbital data are, of course, tne
newest and thus the lcast proven of the various
remote-sensing tools; however, the acceptance of our
work - which was accomplished largely through the use
of platforms at orbital altitude - - by such diverse and
applications-oriented organizations as the Stuate of
Delaware, the Environmental Protection Agency. and
private industry is encouraging.
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ipure 6. Dilial entisncemont and calatgeimont of the daty in

figure S, - owing structural features of the acid waste pluge .
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Figure 7. Wetland vegetation distiibution map at a scake of 1:24 600, Colors denote variois wettand plants, and white
indicates upland or heach materat that is not included in the wetlands,
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Figure 8.— State of Delaware wetlands inventory photographic sheet, showing wetland/upland boundary (heavy fine) and <egetation
boundaries (thin linc). Roosevelt Inlet is in the lower right portion of the figure.
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Figure 3. Coastal land cover map genvrated by supervived digital analysis of Landsat-t multispecteal scanner data.
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C-4. California Nearshore Surface Currents

Douglas M. Pirie®, Michael J. MurphyP, and J. Robert Edmisten®

INTRODUCTION

Chara. .eristics of nearshore surface currents along the
California coast contribute in large measure to the
cconomy of Culifonia and also provide unique
recreational and esthetic experiences for the citizenry.
The impacts of oceanic current variations on the fishing
and resort industries are well known. Less understood
arc the problems encountered in coastal engincering due
to the luck of good data on ncarshore currents that
affect littoral transport as well as other coastol
parameters,

During the “occanic period” from July to November,
the southward-flowing California Current dominatcs the
nearshore current patterns. Commencing about the
middle of November and extending to mid-February, the
Davidson Current, a northward-moving countescurrent,
is the dominant inshore transporter of water and
suspensates. The phenomenon of upwelling is prevalent
during the period from the middle of February to the
end of July. Thus, every year along the coast of
California, there are the three successive current scasons:
the oceanic, the Davidson, and the upwelling. This paper
is a discussion of the nature of these nearshore currents.
In addition, the capabilities of various remote-sensing
platforms and systems for providing methuds of
mionitoring the coastal processes assoclated with the
current scasons of California are demonstrated herein.

GENERAL OVERVIEW AND RESULTS
OF PREVIOUS INVESTIGATIONS

Remote Sensing of Surtace Currents

With the advent of quality films and multispecteal
imaging  systems  for  both  aircralt and satellites,

—————

A4S, Arnty Corps of 1 ngineers, San | ranciwen, Califoroia.
buis. Army Corps of Fngineers, San Rafad, California,

remotc-sensing  techniques have gained  widespread
acceptance and use in studics of coastad processes. The
Landsat provided for the repetitive acquisition of
high-resolution multispectral imagery of the Earth
surface. With respect to nearshore currents, Landsat
permitted synoptic, repetitive coverage having
acceptable resolution capability for detecting current
directions and horizontal distribution, upwellings,
current  blockages, offshore movements, gyres, and
sediment sources (ref. 1). In addition to the Landsat
data, imagery from NASA U-2 high-altitude aircraft and
from medium-altitude NASA Earth ~bservation aircraft
has been used for coastal current evaluation.

Use of the 0.5- to 0.65-micrometer band of the
clectromagnetic spectrum provides the best definition of
ncarshore and offshore currents that carry suspended
sediments. The suspensates act as curgent pattern tracers
and originate  primarily from riverine  discharges,
estuarinze  fushing, and shore crosion. Satellite and
aircraft systems have provided imagery of the structure
of latge coastal and lacustrine plumes assaciated with
sediment-producing arcas in wany parts of the world.
During perivds of little or no runoft, especially in
southern Calitornia. the lack of appreciable quantities of
suspended materials acting as tracers makes detection of
scu and coastal processes difficult.

To obtain maximum information from transparencies
and  computer  tapes. eohancement  technigques  for
expunding density ranges have been applied. 1t is also
possible to use multichannel computes processing to
enhance water density differences between the varions
multispectral chimnels and thercby enhance suspended
sediment and  current features. Analysis of available
Landsat imagesy., U-2 aircraft photography. low-altitiule
aireralt imagery, and sea-trath dava bas resulted in
gencratized monthly current patterins along the coust of
Calitoria Get. 1),
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Nature of Nearshore Currents

Although u fully integrated picture of all fuctors
influencing the nearshore surface currents along the
coast of California has yet to be developed, the most
important force imparting motion to the surface waters
is known to be wind. As dcscribed by Sverdrup, there is
genenally a clockwise current chreulation in the North
Pacific Ocean caused by the strong westerly high-latitude
winds, which move the waters castward, and the trade
winds farther south push the waters westward in a return
flow. The California Current lie; at the castern,
southward-flowing side of this Pacific Ocean circulation
pattern. The current flows southeastward between one
cell of high atmospheric pressure to the west und
another cell of high pressure on the landward, castern
side. Winds over the Californiu Current are gencrally
from the north and the west. These winds are strong
when the two high-pressure cells are close together and
intense. Converscly, winds are weak when the cells are
farther apart and moderate. Both these cells are weakest
in winter. The high to the west moves northward in
spring and summer as it grows slightly stronger. In the
fall, it weakens and moves southward. The low-pressure
cell over the lund is a semipermanent feature with a
wider 1ange of secasonal variations. Changes in the
strength and location of the cells cause seasonal changes
in the winds along the California coast. From spring to
fall, the main component of the winds is northerdy; in
the winter, this northerly component cither weakens or
Teverses.

Other forces that affect the occan waters are pressure
gradients, Coriolis cffects, and gravity. They produce
geostrophic flow, or gradient currents, which result from
the action of gravity flow outward from topographic
bulges of water found primarily at the conter of surface
wind gyres. Differences in the level of the sea produced
by low-density water overlying denser water, especially
it a sharp interface oxists hetween the water hodies.
induce slope curremts. During the fall and  winter
months, river discharge  quantities. particutarly in
northern Calitornia, are of sufficient magnitude 10 cause
slope currents.

Description of California Current

The California Current system is a part of the general
clockwise cireulation of the North Pacitic Ocean. At
tigh Ltitudes, the waters move castward under (he
influcnce of the “roaring forties,” and near the coust of
North America south of the Aleutian Ishands, they divide

106

into branches. The simalles part turns nosthward into the
Gulf of Alaska, and the larger part turns southeastward
to become the Culifornia Current. The water that is
transported south by the Califorain Current is cooler
than the waters farther offshore. This cureent, with o
usual speed of less than 0.25 m/see, is modified by
upwelling, solar heating, river dischurge. and exchunge
with cstuuries and cmbayments as it traverses the
shoreline of western North America. As it nears latitude
25° N, it begins to turn westward and its waters become
part of the westward-flowing North Eqguistorial Current.
On the inshore side of the current, numerous variations
of the circulation occur. A permanent countercluckwise
¢ddy. the Southern California Counteacurrent, is found
inside the submerged peninsula that extends southeast
from Point Conception and that includes Santa Rosa
Island, San Nicolas Istand, anz Cortes Bank (ref. 2).

Oceanic and Upwelling Seasons

Along the coast of California. winds from he north
and the northwest prevail during the spring and summer
months.  The acarshore, southward-Aowing  surface
waters are turned from tneir movement along the coast
to a direction offshore. The waters that move oftshose
are partly replaced by colder waters from below. This
replacement is known as upwelling and is important
because of the sustucing of waters rich in nutrients.
These nutrients suppoit the abundant and  diverse
bialogical activity in the coastal waters.

The perind of strongest upwelling ditfers along
various sections of the coast. For San Diego, Mcliwen
defined the upwelling period as Aprit to September with
4 maximum during June and July. For Monterey Bay.
Skogsherg gave the upwelling period as the middie of
Febmary to the beginning of September (ref. 3).
Maximum upwelling occurred betore the end of July in
his investigations. Reid and others suggesied  that
upwelling is  strongest  when  the  northerly  and
northwesterly winds are muost marked (rel. 4). This
condition oceurs in April and May oftf Baja California. in
May and June olf southern Califomia, in June and July
ofl northern Calitornia, and in August off Oregon.
Wyrtki said that upwelling off Baja Calitoria ocenrred
throughuont the vear.

A theoretical consideration Tor large-seale upwaolling
was given by Yoshida and Mao. They used their equation
for vertical velacity in the sarfice layers to show that
intense wpwelling shonld oceur only in the spring in
somthern Caldornia and Baja Cilitoria waters, becanse

of the pesitive vadues in the ool of the wind stress Alsa,
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intense upwelling in the northern arcus should oceur
only during the summer und full, when the cu.” of the
wind stress has appropriate pusitive values.

Skogsberg indicated that upwelling was limited
normatly to the upper 300 meters; but, during years of
intcnse upwelling, tho depth could be gyeater (ref. 3).
Sverdrup und Flcming (ref. 2) have indicated this figure
to be approximately 200 meters. Roden and others,
using statistical data off northern California, concluded
that water from depths greater than 100 meters does not
ascend frequently to the sea surface.

Sverdrup found evidence of coustal upwelling as far as
100 kilometers from the coast. Yoshida and Mao implied
that upwelling of a large horizontal extent could occur
as far from the coast as 600 kilometers. Yoshida's theory
of coastal upwelling described a narcow strip of
upwelling approxitately 50 kilometers wide noar the
coust (cef. 5). The width of the coastal upwelling is
controlled by two parameters. The firsi » the axis of the
northerly winds. When the axis is newr the shore, the
upwelling zone is nasrow; when the axis is far from
shore. the zone is wide. The sccond parameter is the
latitude: the calculations presented from Yoshida's
model showed that the width of the upwelling arca
decreased with increasing lutitude.

Sverdrup and otners indicated centers of upwelling
along the coast at latitudes 24° N, 35° N, and 41° N.
Hidaka suggested that since his velocity components all
included the sine of the latitude in the denominator, the
intensity should increase with decreasing latitude. Reid
and others (ref. 4) noted that upwelling was more
intense south of capes and scaward extensions (Cape
Mendocine and Point Conception). Pattuto and others
reported a similar situation 01T the coast of Oregon, and
Dawson reported this cffcet off the coast of Baja
California. Arthur, using his equation for upwelling
velocity, explained this occurrence theoretically. The
planctary vorticlty term is always negative on the
western coast of continents, Tite relative vorticity is
positive north of a point or 4 cape (opposing the
planctary vorticity) and thus contributes to a smaller
upwelling velocity: the vorticity term is negative south
of 2 point or 3 cape and therefore contributes to a higher
upwelling velocity, Holly found a conclation between
the most persistent arcas of cuastal upwelling and
locations  of  greatest  continental  shelf  slope
{upproximately at latitudes 29° N, 31° N, and 33°N)
(ref. 6).

——————

During the period from April to September, coastal
upwelling is the principal controlling factor of soa
surface temperature within 100 kilomoters of the
western coast of Nerth America; large-scale upwelling is
an influential factor in the California Current region
farther offshore. Coastal upwalling is smuller in scale and
more intense than large-scale uowelling. These two types
of upwelling frequently occur at the same time and are
sepatated by a trough of sinkiag water. The nearshore
circufaricn rosulting from  oastal  upwelling s
determined ~ainly by wind stsess; but stratific.ilon of
she water, bathymetry, and latitude are influential
factors. Either alongshore or offshose winds can produce
coastal upwelling. A predominantly alongshore flow
with a small offshose component produces the most
intcnse upwelling. Intensity also increases, as does width,
with decreasing latitude. Lasge-scale upwelling s
produced by the curl of the wind stress. The ascending
motion of the water produced by the curl of the wind
stress results in a subsurfuce poleward-moving current.
Also, an increasc in intensity south of capes and other
scaward cxtensions can be obscrved and shown
theoretically to occur with a current flowing southward
on o western coast.

Davidson Currant Season

During the period of approximately November to
February cach year, the Davidson Current, a
northward-moving  countercurrent, is the dominant
inshore transporter of water and suspensates.” The
Davidson Cuirent is gencrally deep (below 200 meters)
and flows to the northwest along the coust from Baja
California to some point beyond Cape Mendocino (refs.
4 and 7): it has been observed as far north as S0° N
latitude (ref. 8). It brings warmer, more salinc water
geat distances northwad olong the coast throughout
the yeur. When the north winds are weuk or absent in
tnte fall and carly winter, the Davidson Current forms at
the surface on the inshare side of the California Current
main strcam.

Current Mcasurement

Commencing in the late 1950, dircet measurements
of the California Current were made  using various

i dmisten. 3. R.: Calitornia Nearshore Sueface Cargenis: Fast Ghwivations sind Revvint Reimate Svasing tatormathsn. Uniy, of Cal,
¥

at Berkeley, 1974, Unpublished rewarch,
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Measuremient  techniques. Tmproved mudar and radur
reflectors made it possible to tenck muny drogues
simultancously and thus to measure the currents over
wider arcus with «nly one ship. Such a technique was
employed in March 1958 to gain a detuiled picture of
the California Current for a 4-day period off Point Sur in
the vicinity of Davidson Seumount. The current set was
to the southeast at an average velacity of 0.25 my/sec.
Rupidly moving streams with maximam velocities of
0.90 m/sec were observed by Jennings and Schwartzlose
(ref. 9). Direct measurements of the nearshore surface
currents were ugain made i October 1958 and January
19359 for the same location off Point Sur. Purachute
drogues were used to determine current dircction and
speed. In October, the coastal waters were just baginning
to flow northward and the velocities measured using
both drogues and geostrophic approximation indicated a
degree of frregulurity. In January. however, the
nurtlmcstwurd-ﬂowing Davidson Current was well
cstublished. It was approximately 90 kilometers wide at
36° N latitude, and speeds of 0.10 to 0.2 m/sec were
observed. Flow maintained quasi-periodic fluctuations of
approximate diurnal and semidiurnal periods.
Geomagnetic electrokinetograph (GEK) measurements
substantiated Muctuations in flow (ref. 10).

To supplement the direct mcasurements obtained by
drogues and ihe GEK, drift bottles have been used
extemsively to study nearshore cusrents along the coast
of Culifornia; and. except for remate sensing, few other
data shew as clearly the existence of the Davidson
Countercurrent during the late fall and winter months,
Tie results fram drift-bottle studics of inshore currents
along the coast of California have been repourted by a
number of investigators (rets. 4 and 11 to 15). Other
related drift-bottle studies have been made (refs. 8, 106,
and 7). In late 1954, the Scripps  Institution of
O:eamography composient of the California Covperative
Oceanic Fisheries Investigations (CalCOFI), the Marine
Life Research Group, began using drift bottles to siudy
seasonal  variations In the inshore portion of the
Californty Current. From 195§ 1971, o perfod of 17
years, 148 384  drit*  bottles  were released  wnd
approxinately 3.4 percent (4995) were recovered (ref.
15). The aorthernmost retumn wus from Montague
Island. Alaska ( August 1968); the southernmast relurn
came from an area just north of Acapuleo, Mexico (May
19593 amnd the westernmost return was from the island
of Hawaii (September 1909). An interesting feature off
the drift %ottle results is that few bottles placed more
than 75 Silometers offshore have retiined to the coast.
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This result is consistent with the assumption that the
surface waters aic nearly ulways moved offshore by the
prevailing wing.

Geostrophic Flow Calculations

In the open occan waters away from reglons of
effective  boundary friction, unaccelerated and
frictionless flow is called geostrophic (Earth turned).
The only effective forces acting per unit mass are the
pressure gradient, the Corlolis effect (to the nght in the
Northern Hemisphere), and gravity. Currents produced
4s a result of the slope of isoburic surfaces, which are a
function of the density distribution of the water, are
called gridient currents. To express these density
distributions us currents, some assumptions niust be
mude: that the currents and density distribution are
steady; that no offects of friction exist cither at the
bottom or from wind at the surface; that some depth
(perhaps 1000 meters) exists at which there is no motion
und to which the density measurements can  be
referenced; and that above this level, all movement is
horizontal and cast to west. The geastrophic flow,
calculuted from temperature, salinity, and depth data,
provides a reliable approximation of the uctual motion
of the water from the time frames exceeding 1 day (ref.
18). However, currents computed from density are not
as reliable for ncarshore waters because the busic
assumption and boundary conditions are not so well
fulfilled and becavse other factors, such as coastline
configurations, varying depth, variable winds, upwelling,
and  oscillations  of  interngl waves, influcnce the
nearshore currents.

DESCRIPTION OF CURRENT SEASONS
FROM REMOTELY SENSEL: IMAGERY

From 1970 to mid-1974, NASA obtained o waalth of
miagery of the ocean off Californta with Lindsat, U-2
high-ultitude remote-sensing  aircraft, and low- and
mediumealtitude  aircraft. These  data sources  have
provided unique views of the coastal curgents, from
uncroscale to microseale and spread over the various
occanie seusons, and have given coastal engineers and
oceanographers a tool with which the primary  coasta)
current systems may be traced in detail, tigh-altitude
remate sensors produce extremely comprehensive, clear
images  of  the ocean  surface revealing  large-scate
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phenomena and relationships that often cannot be seen
from u bow altitude (helow 5000 mieters) or from a
surfce perspective.

Because coustal water is u complex mixtmie of
solubles, collolds, suspensoids, and biolugle substavves,
visible light is absorbed, scattered, and reflected in the
water colwnn in different spectral bands and in varying
amounts. These differences create variations in color,
brightnoss, texture, and contrast boundarics on imagery.
Occanic masses arc distinguished by these imaged
specteal variations. Nearshore current systems are very
important in connection with varfous coustal processes
and have a strong influence on the industrial,
recrcational, and cugineering activities in the coastal
zone. The principsl difficulties in vbtaining ficld
observations of ncarshore currents arise from the fuct
that the phenomena of current systems extend to the
broad arca in and near the surf zone. In the investigation
of sediment transport in the littoral zone, not only must
the wave characteristics such as height, period, and
dircction be defined, but also the current field and
bathymetry inshore and offshore of the littoral zone
must be understood to ensure that models developed to
predict sand transport adequately reflect the coastal
parameters that cxist in the prototype. It is not
uncommon for tield observers to note that a net sand
transport for any particular site will be oppusite that
predicted by wave characteristics alone because of the
dimninance of the vccanic current system over the wave
transport system. What is necded is the development of
models that superimpose wave induced drifts with
oceanic  current induced  drifts. Therefore, o goud
statistically reliable knowtedge of the nearshore oceanic
current vectors is basic. Unfortunately. quantitative as
well as qualitative data pertaining to coastul currents off
the shores of the United States mie delicient at present.

As byproducts of attempts to define the ncarshore
currents  that affect littoral (ranspurt  mechanisims,
valuable inputs have been  obtained for  studies
converning the locating of sewage or thermal vutfalls to
avnimize adverse environmentad 2ffects and maxiniize
the use of nutrient or thermal levels in needy oceanic
arcas. Along the California coast are arcas where oceanic
cuvrent systems tend o move offshore during the
oceunic  seasons.  Theretore, tnrdents that would, if
introduced in the nearshore zone, cause red tide blooms
or other environmentally destructive effects of similar
magnitwdes could be directed offshore to arcus whese
nutrient levels are low. Therefore, increasing fese
autricnt fevels offshore would increase the biological

. mw "'-‘-‘l USRI MDISRARPEpTENY, &

productivity and lead to the new cstablishiment of new
fishedes and othier commercial concerns. Also, anulyses
of occanic current systems will muke possible the
determination of arcas in which poltutant-tich sediments
intiodluced by rivers move into areus of upwelling and
therchy possibly reduce the expected productivity of
these arcus.

California Coastal Currents

From the discussion contained in the preccding
scctions of this paper. it should be obvious to the reader
that very littlc is really known about the specifics of the
scasonal variations of the California nearshore current
systems. However, NASA remote-sensing technology in
the "hands of oceanagraphers bas provided data suitable
for current definition; and. although suificient imugery
has not been acquired and analyzed 1o withstand the
rigorous demands  of statistical testing. a suitable
quantity  of data i .available to  document. with
reasvnable  confidencs; J"; orimary current  trends
observed during the threg@alifornia coastal seasons. The
imagery used in this study came from that obtained
during the Lundsat-1 orbits of late 1972 to carly 1974,
the NASA U-2 aircraft flights of 1972 to 1974, and the
NASA Lyndon B. Johnson Space Center (JSC) aircraft
flights of 1969 to carly 1974. Thousands of individual
imuge frames were analyzed to extract the bits of
current vector directions that have been ussembled into
generalized seasonal current charts in this section, as well
as into generulized monthly charts in other publications
{ref. 1). It must be cimphasized that the surface current
systems preserded herein are those ohserved during the
period 1969 to early 1974 and primarily during late
1972 to early 1974, and that cyclic metcoralogical and
thermal trends as well as short-term  dimatological
perturbitions have not been properly filtered to provide
fong-term current tiends. It is hoped that continted
acquisition of satellite and high-altitude aircraft imagery
will provide sufticient data that, when correlated with
climatotogical variations. will yield o sample of current
analyses that can be used for temporal projections. {n
addition to ontfall and suad transport stadies, current
projections are seen to he increasingly impoetant in
environtientd impact stadies dealing +vith oflshore oil
production as well as the many problems encompassing
coastal development.

Figures 1 10 6 are the results obtained from analyses
of the three primary coastal eterent circalation patierns
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Figure 1.

Figure 2.

200

Generalized northern California surface carrents for
the oceande season.

Generalized southern Califorafa surfuce curients foe
the ovranic swason.

Figure 3.

Figure 4.

Geneealized northern Californiu surface currents for
the Davidson season.

Genenlized southiern Californis sueface vurrends for
the Davidson season,
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off the coast of California. The basic generalized current
patterns were found t~ e in general agreement with the
results of oceanograg'vic studles previously discussed.
However, never before had the complexity of the
relatively stable nearshore circulation been so graphically ‘
defined. Future investigations will determine if these 1
gencralized current patterns are as stable as assumed I
now, or if tidal effects as well as shortterm
meteorological conditions cause perturbations that will
frustrate any attempts to quantify generalized monthly
current vectors {n  the nearshore zone out to
approxitnately 30 kilometers.

The techniques uced to define current directions,
upwellings, and other busic surface parameters ranged
from the simple use of photographic transparencies on
standard light tablex to complex digital processing of
computer-compatible tapes from satellites. The
machine-processing techniques were uscful when it was
necassary to contrast and enhance data to emphasize the
: subtle variances in densities and patterns that were used
! in describing circulatory systems. Multispectral satioing
, o Y and otiser algebraic functioning allowed for theoretical
TJ --.‘{ SN P are depth of sediment, lensing, and sediment concentration
.‘

[
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\ . c‘-._ processing, the majority of current interpretation was
\: ;x's“"’ ! X "2' restricted to photographic transparency interpretation
using either a light table with stereoscopic viewlag or a
Figure S.- Generalized northern California surface currents for Yanable scale pn-l;cctor-. With the simpler vicwing
the upwelling season. svstems, the interprerer views the coastal {mages: screens
out wind, wave, and bathymetry effects: and organizes
the sediment density patterns into a current pattern. To :
do this effectively, the interpreter must be !
knowledgeable in thc spectral response of the )
transparency that he is viewing, the magnitudes and the oA
reflective characteristics of the noise and parameters of '
interest: he must also have a basic knowledge of the area )
being studied. Wind ffects were probably the most
difficult form of noise encountered. Complex wind
patterns can often be confused with upwellings, intetnal :
waves. or island wakes. It is important that the
interpreter use adl b experience as well as all the
spectral channels at his disposal to climinate confusing
noise.

Figutes 7 to 9 are examples of the Landsat-1. NASA R
Ames Rescarch Center (ARC) U-2 gircraft, and JSC
aircra”s imagery. respectively. used in the coastal current
analyses. The U-2 aireraft inagery scales of 1:130 000
were Tound o he wost usetul for detection of nearshore
structures and  overall definition. The IS supplied
Imagery scales. between FHO000 and 1:40 000, were
excetient for fitiowl Zoie analysis, and the Laidsat-d
scales of 1:1 000 000 were appropriate For studying the
mircroscopic features and offshore tendencics.

SAN ;R qg \ ' analyses (ref. 1). Becususe of the cost of machine

Figure 6. Generatized southern Calitornin surface currents fos
the upw clting wason,
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Figurc 7.- Lundsat-1 image (1183-18175-4), tuken January 22,

1974, of the Caslifornia coast from San Prancisco to
Montzrey.

Oceanic Periad

The California Current system dominates the
nearshore surface current patterns during the occunic
period from July to November. In the offshore area, this
curreat is the driving force of open ocean waters
throughout tie year. The surfisce cwrrents are driven and
affected by gravity, friction  forces due to pressure

gradients, and  Coriolis acceleration. Movements  of

nearshore  water  overlying  the  continental  shelf,
however, are affected to a greater degree by wind. tidal
forces, and irregulasities in the ocean bottom. The
features of particular interest in this study and often
visible on  high-altitude  imagery  lie  within  this
continentat shelt zone. Before the use of remote-sensing
systems, researchers studying focal currents often found
that shelf effects, combined  with seasonal runoft,
frequently distorted the nearsbore currents suiticiently
to make difficult o determination of the regional
circufation.  Landsat  and  U-2 imagery  praphically
| P
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surface currents, when suspended materiul acts as a
detcctable tracer. The California Current has a
continuous effect offshore even during the Davidson
Current and upwelling current periods.

The coastal current effects during the oceanic period
are shown in figures 1 and 2. The Culifornia Current is
the southward component of the clockwise circulation
of the North Pacific Ocean. As this current stowly moves
southward at speeds generally less than 0.25 m/sec, it
becomes warmer under the influene of the Sun and
mixing with the warm waters to the west. On the
onshore side of the current are found the numerous local
disturbances, which are of major interest in this study.

Off Point St. George, a large gyre is normally found
offshore from the sandy beaches and then soudh for a
distance as great as 40 kilometers. This feature includes
the n.oving of fine sediment off the critically eroding
heach 4 kilometers west of Crescent City. Some of the
transpor‘ed fine material from north of Point St. George
is moved back on shore south of Crescent City after
bypassing this critically croding beach.

in the Humboldt Bay area. the sediment being
transported is mainly from the Mad and Eel Rivers and
has becn observed moving southward and offshore to a
distance of 100 kilometers from the entrance to
Humboldt Bay. To the south and west of Cupe
Merdocino. an eddy is usually present. This eddy is
clearly visiole during the occanic period and appears to
be contributing to the critically eroding shoreline 8
kilometers southeast of Cape Mendocino. The erosion is
atfecting the stability of the highway along this stretch
of coast.

Between Cape Mendocino and the San Francisco Bay
entrance, a number of sediment gyres inove fine material
directly offshore. At Point Arena, a lincar plume of
material moves westward for a distance of
approximately 25 kilometers. The first § kilomceters of
this feature appear to be heavily luden with sediment.
Farther offshore, settling and mixing of the material
cuuses 4 gradual decrease in this visible pattern,
Movement of this feature offshore into the California
Current appears to be permittad by a small clockwise
gyre located just north of Point Arena. Similar processes
are present oft Shelter Cove.

At Bolinas  Bay, approximately 15 kilometers
northwest  of the Golden Gate, the  predominant
direction of lttoral diift past the entrance of the lagoon
is from east to west, Reintoreement of drift oceurs
during storms when the wind and the waves are from the
southeast and during the Davidson Carrent period.
Becanse the shoreline adjacent ta the Bolinas Lagoon

ivesbe.ian . PO S ,..“.. P Y ceial .00, craiaoiiaw v siad
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iguse 8. Alreruft image of southetly corrents off the Monterey Peninsuls tuken from an NASA Ames Rescarch Center U-2,

sediment transport studies are essential in this wea. A
clockwise gyre that I8 often present off the San
Franciscs Bay entrance brings sediment from the bay
system northward into the Bolinas area. This gyre is part
of the overall Gulf of the Farallones current and
transport vell.

Some of the most complicated focal currents along
the California coast oceur near the entrance to San
Francisco Bay. They result from the effect o coastal

currents of high current velocities through the Golden
Gate during floodtide and ebbtide, of variations in
bottom topography. amd of the highly variable wind
drft. It should also be noted that rough  water
conditions, which are often present in the Gulf of the
Farallones, have always made  detailed survey  ship
operations extremely difficult.
In Monterey Bay. the offshore area extending to
approximately 3 Lilometers containg some suspended
21PRODUCIBILITY OF THE
1 'NAL PAGE 18 POOR

3

[P

s iy sietiis SO w28 - -

b
{
!
i
i

by o |



| A

N 1T

Figure 9.

frow the north ttop of the photograph} and & retarn flow gyre trom the cast tright). Originad photography in filtered color was
taken on Januasy 27, 1974, during change from Davidson season to upwelling sweason.

sediment that forms 4 crescent-shaped pattern similar to
the contour of the biy. Two breaks oceur in this

pitttern, however, The first is B Kilometers north of

Monterey and the second over the Monterey Submaring
Canyon off Moss Landing. These breaks appear as areas
of clear water in the neirshore suspended sediment
pattern. The  Monterey  Submariie Canyon s the
location of aumcious wpwelling that are indicated by
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NASA medinmealtitude airceaft image of Point $t. George, California, that shows the California Cursent moving down

lower temperature fenses. which move to the north and
south of the canyon itself. The featwre % Kilometers
north of Monterey appears io he o divergence between a
small clockwise tyre in the southern end of the bay and
a counterclockwise pyre north to the Monterey Canyon,

The coastline between Point Conception and (e
Mexicin border is considered as a single system, which
has been deseribed as the Southesn Calitornia Bight. It is
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caused by the sharp castern break of the coust south of
Point Conception and the resulting indentation that
extends for §75 Kilometers to Cabo Colnett on the Baja
California coast. The bight modifies the southern flow of
the dominating California Current. The hydrodynamic
discontinuity forms a return eddy as well as a
semi-independent system of water circulation within the
bight. This system is called the Southern California
Countzrcurrent and is a combination of converging
southern, western. northern, and upwelling waters. What
is generally seen during the oceanic period in the bight is
a counterclockwise gyre that passes northward through
the eight Channel Islands.

ln the oceanic period, a small plume of suspended
material moves south and southeast around Point
Conception and Point Arguello. This plume represents
the split between the southward-moving California
Current and the material entering the California
Countercurrent gyre in the western Santa Barbara
Channel. The counterclockwise movement is apparent
along the Channel Islands and then coastward to a point
between Point Conception and Goleta Point. At the
same time, the nearshore sediment transport is toward
the cast.

Within the Santa Monica Bay, currents and scdiment
teansport are clockwise along the coust to Point Fermin.
Very littlc material rounds the peninsula because of the
combination of Santa Monica Submarine Cagtyon
sadinient capture and offshore sediment movement.

South of Point Fermin, the nearshore transport is
normally southward. South of Long Beach, transport is
mixed or northeastward. In the vicinity of Dana Point
and Oceanside. current transport is often offshore to
approximately 3 kilometers, then  southeastward.
Although the watcts off San Diego contain lirtie
suspended sediment, the transport is notially seen to be
southward.

Davidson Current Period

The complex movements of the various surfuce
currents that oceur during the Davidson Current period
arc illustrated in figures 3 and 4. Normally. the main
intluencing current on the coust is the California
Cusrent. However, during the period of approximately
November to February cach year, the Davidson Current,
4 northward-moving  count ¢ urrent, is the dominant
inshore transporter of water and suspensates.

The Davidson Current  Is  generally  a  deep
countercurrent  below 200 meters  that  flows
northwestward along the coast from Baja Calitors, : to
same point Boyond Cape Mendocino. It brings wanmer,

more saline water greater distances northward along the
coast. When the north winds are weak or absent in late
fall and carly winter. this countercurrent furms at the
surface, well on the inshore side of the main stream of
the California Current. The evidence for this current is
visible on the inugery and supported by temperature
cuntours and current measurements. The temperature
contours in the eastern Pacific Ocean bend northward
along the coast during the height of the Davidson
Current activity; the most dramatic changes occur in
February.

In general, figures 3 and 4 of this period illustrate the
greatest concentrations of nearshore northerly moving
sediments offshore to a distance of 4 to 8 kilometers. At
several points, significant volumes of sediment move off
the coast and join the southward-flowing California
Current.

In the Los Angeles Harbor area, materials from the
Los Angeles, San Gabriel, and Santa Ana Rivers move
offshore and westward under the influcnce of the
Davidson Current. Inside Los Angeles Harbor, an
cast-southeastward currant is in effect. Outside the Los
Angeles breakwater, a slow-moving wesiward current
appears to dominate the nearshore sediment movement.
Suspended sediments in Santa Monica Bay ring the bay
with a 4- to 8-kilometer-wide border. This hand of
sediment appears to be escaping the bay area to the
west, around Point Dume. This movement agrees with
the peneral Davidson Current patern. O Point
Conception, the California Countercurrent in the area
between the maindand and the Channel 1slands ay pears
to pick up and transport s eaded particles offshore
into o complex pattern region that is influenced by the
California Current.

The Monterey Bay surtace waters are reported to be
excecdingly uniform  during  the  Davidson  Current
peaiod. The average temperature difference between any
pair of stations is slightly less than 0.25° C. No regulur
pattern of temperature distribution is discernible. The
general northern trend of the suspended  sediment,
however, appears to continue in Monterey Bay: the area
from Moss Landing to Sumta Cruz contains  two
clockwise gyres.

In the Gult of the Farallones, a complex surlice
current and seciment transport system is present. A large
clockwise gyre is present off the Golden Gate Bridge
reaching from the San Francisco area northwest (o the
vicinity of Bolinas. Just north of Point Reyes at the
mouth of the Russian River, the distinet northern eftest
of the Davidson Cugrent iy illustrated. The majority o

the movement takes place within § 10 6 Kitomet s of
the coast.
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Upwelling Period

During the upwelling period (March to August),
winds parallel to the coast move surface waters offshore
and allow decper ocean water to surfuce. This effect
scems to be intensified near submarine canyons and
south of capes and points that extend into the current
stecum. On the current plots, figures 5 and 6, the process
of upwelling is illustrated near Crescent City, Cape
Mendocins, Point Conception, Half Moon Bay, and
Monterey Bay. These colder upwelling waters are often
rich in nutrients with the additional result that plankton
blooins often accompany this period.

During spring, a gradual warming of surface waters
normally occurs atong the coast with the exception of
the Cape Mendocino aren. An extensive offshore
upwelling extending from Crescent City to south of San
Francisco forms a variation in the general warming
trend. Similar features on a2 more local scale are
detectable by studying offshore tonal changes on the
imagery.

SITE STUDY OF MONTEREY BAY

A site study was performed to extend knowledge of
the surface circulation of Monterey Bay. California.
Monterey Bay is an important and growing residential,
industrial, agricultural, towrist, and fishing srea on the
central  California  coast. To  develop  the  optimum
positioning of industrial and municipal facilities, the
placement or control of industrial and sewage outfalls,
thermal  discharge, and  harbor  pollution  must  be
investigated and backed by reliable dita. To achicve this
goal, & knowledge of the circulation patterns of the bay
is nceded.

Description of Monterey Bay

Monterey Bay is a nearly semiclliptical embayment
on the coastline of central California. 1t is approximately
35 kilometers long from north to south and has 2
maximun indentation  fito the  open  coast  of
approximately 18 kilometers.

The bay is an arca of wide, flat continental shell
bisected by the deep intrusion of the Munterey
Subnwrine Canyon, the head of which is very near the
shore at Moss Landing. Monterey Bay can be considerced
to be compused of three physiograpltic  unity: the
northerst and southern shallow shelves, and the cainyon.
The shallow regions are less than 100 meters deep and
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exceedingly flat, wherecas the submarine cunyon has very
steep sides and reaches depths of more than 1500 meters
within the bay. The presence of the canyon allows deep
oceanic water access along the center of Monterey Bay.

Skogsberg carried out the first comprehensive
vcecanographic investigation of the circulation regime in
Montercy Bay (ref. 3). He occupied 23 stations located
in the bay, taking mecasurements of temperature,
salinity, and other chemical parameters. From his study,
he was able to divide a year into ihsee occanographic
scasons. These seasons hove been standardized as the
upwelling period, the oceanic period, und the Davidson
Cureent period. Bolin, in a study of one station over the
Monterey Submarine Canyon for a S-year period,
confirmed Skogsberg’s work and refined the definition
of these oceanographic seasons.

The upwelling period in Monterey Bay gencrally
begins in mid-February or March and extends to late
August or cerly Scptember. Upwelling reaches a
maximum in April or May and begins to decrease in
Junc. The upwelling period is characterized by the
ascending of cold subsurface water from depths as great
as 150 meters: consequently, the vasious isotherms
become  nearer  the surfuce. The surfuce  water
temperatures are from 10° to 11° C in much of the bay.

The oceanic period tends to be rather short, usually
oceurring  from  September to  wid-November. It is
characterized by a strong vertical temperature gradient
in the upper 100 meters and by the highest sea surface
temperatures of the year (greater than 13° C). Both the
upwelling and oceanic periods are associated with the
southerly flow of the California Current alung the coast.

From mid-November to mid-February or March, the
northward-flowing Davidson Current is in effect. During
this period, the countercursent flows at the surface near
the coast. There are some indications from CalCOFI or
from geostrophic computations (ref. 18) and drift-bottle
results {ref. 15) that a northerdy Now may oceur at the
surface at other times of the year. During the Davidson
Current period. the upper SO meters tend to be well
mixed and 10 have a weak vertical temperatore gradient.
Davidson period surface temperatures are usually tower
than during the oceanic period. but not as low as those
aceurring during the upwelling period.

in this paper. the veeanic seasons have been averaged
over g mnber of years. Thus, for an individuat year, the
time of onset and termination of these scasons may vary
by as much as a month or 1w as o result of changes in
the driving forces that catse them,

The prevailing winds in the area tend to conespond
with the direction ot the oceanic carrent. Dusing the
Davidson period, the prevailing winds are from the sonth
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or southwest; during the rest of the year, when the
California Current dominates the coastal circulation,
north or northwest winds predominate.

1t is expected that sotary tidul currents occur in the
bay. but they have never been measured in situ. The
tides exhibit a diurnal inequality with a mean range from
mean high water to mean low water of 1.16 meters and a
diurral range between mean higher high water and mean
lower low water of 1.68 meters.

Qcean Currents

Garcl. developed a theoretical model of the
circulation pattern of Monterey Day using the shear
flows of the ocean currents that occur off the bay as the
sole driving mechanism (ref. 19). The open coast
circulziion varies throughout the year in a munner
described by the three oceanic seasons, as discussed
previously.  Accordingly, the bay circulation was
expected to respond seasonally as well.

During the upwelling period and the oceanic period.
the offshore current flows southward along the coast.
Collectively. these two periods are called the Culifornia
Current season after the predominant offshore current.
During the Davidson Current season, the offshore
current flows toward the north.

The southerly California Current was expected to
produce a counterclockwise circulation pattern in the
bay. Either a single-gyre or a two-gyre pattern appeared
probable. Because of the symmetey of the bay, the
division between the two gyres was expected to oceur in
the arca of the Monterey Submiarine Canyon with a
northern gyre flowing in the same direction as the
southern gyre. Sce figure 10 for locativns described in
text.

The circulation in the bay during the oceanic period
was expected to be different from that oceurring during
the upwelling period even though the offshore ~urrent
direction was the same. The lack of upwelling during the
oceanie period and the associated decrease in intensity
of northwest winds along the Pacilic coast were
important in causing a ditference in the bay ciretlation
between the upwelling and oceanle periods.

The northward-flowing  Davidson  Current was
vxpected to cause the water in the hay to circulate ina
clockwise pattern. For this time of the year, cither a
single-gyre of & two-gyre pattern was expected.

These shear-Now-driven models have heen adopled as
the most prohable general circulation patterns expected
1o occut seasonally in Monterey Bay. The muodels were
used in interpreting the results of drift-bottle studies and
drogue studies and in remntessensing research.

Drift-Bottle Studies

To examine the variations of Monterey Bay current
scasons, Reise conducted bottle drops that were divided
into three groups to represent the oceanic seasons (ref.
20). The time limits of the scasons were categorized
according to the expected times of the seasons and
supported by the results of the CalCOF! drift-bottle
study (scf. 15) and a geostrophic current study (ref. 18)
for the time of the drift-bottle survey.

Drift-bottle results for the upwelling period indicated
a variable current along the northern shore of the
Monterey Peninsula. The current turned northward and
flowed upcoast from Monterey Harbor. A scpurate
circulation was present in the northern bay. The
circulation along the coast was similar to that predicated
by Gascia’s model if extended to the nearshore regions.
The modcl predicted a counterclockwise gyre or two
counterclockwise gyres when a southerly current is
flowing offshore as oceurs during the upwelling period.

Drift-bottle results from the oceanic period suggested
that the current in the southern bay flowed in the same
direction as during the upwelling period, but with a
weaker circulation. The bottle drift in the southern bay
suggested a counterclockwise current pattern along the
shore similar to that predicted by Garcia’s shear-flow
model. The retumns from the northern bay were
insufficient to indicate whether a separate current gyre
existed there. The retums to the north of the bay
suggested that the Davidson Current may have been
present part of the time.

The drift-bottie results from the Davidson period
appeared to fit Garcia’s ocean current shear-flow model
as 4 description of the movement of the drift hottles
atong the coust. The apparent existence of a clockwise
current pattern having a southerly current atong the
coast that turns west and flows along the north shore of
the Monterey Peninsula suggested a twoyre model with
one gyre in the northern bay and the other in the
southern bay.

During the Davidson period, the surface circulation
seemed to he contained within the bay. since few bottles
feft the bay. Those that escaped were only trmsported
as far as the scaward side of the Monterey Peninsula.
Also supporting  the view of a relatively  closed
cirenlation was the fact that no bottles were found north
of the bay even though the predominant direction of the
oftshore cunent was northward.

Other Current Studies

Aithough to compare  measurenients  made  using
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Figure 10 Geoeralized Monterey Bay oceanic season. Surface currents were obwrved to be dominated by the driving foree of the
Califurnia Cureent. Two lanee countercluckwise gyres were commonly observed to be split by the Monterey Submarine Canyon
with a smalier third clockwise pattern dicectly oft Moss Landing Hlarbos. Drift along the nosthern side of the Montercy Peninsula
varivd from castwand to westward, and divergence of currents o the north of Svaxide and ot the mouth of the Pajato River was

common. Convergent currents near the mouth of the Sulinax River, Needle Rock Point, and Cypress Point were also frequently
obswerved,
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different methuds and done at different times s
difficult, several studics of the circulation in or neur
Monterey Bay are useful for comparison with the results
of this study. For example, Stevenson perforined a
current drogue study in the southern part of Monterey
Bay (ref. 21). Stevenson observed the simultancous
movement of drogues at depths of 0.6, 1.2, 2.5.and 4.3
meters for periods not exceeding 6 hours. He conducted
two surveys in August and October 1963 and eight more
between January and March 1964.

Stevenson found that his drogues moved in directions
to the right of the wind for wind directions other than
northwest. For moderately strong northwest winds, his
drogues moved substantially to the left of the wind
direction.

In a period of light winds during the Davidson period,
Stevenson's results show the drogue tracks to be much
farther to the right of the wind than would be expected
for pure wind drift. The extra movement to the right
may have been due to the clockwise gyre predicted by
the Garcia model tor this time of the year. These results
are interpreted here as wind drift superimposed on the
oceanic component driven by the Davidson Current. It is
considercd that the diminished wind drift due to weak
winds made the oceanic compounent more prominent
than during times of stronger winds. It was concluded in
both Stevenson's study and in drift-bottle studies that.
except during periods of calm, the dominant driving
force of the surface circulation is the wind m the shallow
waters of the bay.

Stoddard (ref. 22), in a study to test the feasibility of
shore-bused  radar in  tracking current  drogues in
Monterey Bay, released a total of 41 parachute drogues.
The droguee were set at a wican depth of approximately
14 meters and were tracked for periods of 6 to 20 houss
and oceasionally longer. Most of the drops were in the
southern bay, but u few were in the northern hay and
some scaward of the bay. The perind covered in his
study was August to November 1970. Current speeds
measured by the drogues were generally between 0.1 and
0.2 mfsec.

Stoddard’s results seem o indicate a clockwise
pattern in the bay during the Davidson Current period
and a counterclockwise gyre during the time of the
California Currens. The oceanic current prevalent at
these times was determined  from  drogues tracked
scaward of a tine between Santa Cruz and Point Pinos.
He concluded that the oceanic cutrents were probably
the domitant driving force of the bay cireubstion, with
the possibitity of tidal forces being important in the
shatlower regions of the bay. Tt should he noted that at
the depth at which drogues were placed. the wind-driven

effect was probably weak except at times of sustained
high winds. It may thus be expected that the eftects of
the ocean currents should dominate the current pattern.
Stoddard's results  generally agree  with the bay
circulation model of Garcia and with  drift-bottle
observations.

Drogue studies were also perforied by pessonnel of
the Naval Postgraduate School and from the Association
of Monterey Bay Arca Governments (AMBAG) from
June to August 1972. In two drogue studics in June and
July, a clockwise circulation was indicated for the
southern bay. This clockwise circulation is oppusite to
the counterclockwise circulation predicted by Garcia’s
model for the southerly oceanic current expected for
this time of ycar. Drogues tracked in the northern part
of Montercy Bay in carly August indicated a
counterclockwise circulation cell in the northein bay,
with flow out of the bay slong the northern coust past
Santa Cruz and to the northwest. Drogues tracked in late
August in both the northern and southern bay appeared
to indicatc a counterclockwise gyre for the whole bay
with northward flow out of the bay.

In June and July, as stated, the results were contrary
to Garcia's model if the direction of the occan current
flowing along the open coast were southerly. The
suppusition of a southerly vcean current during these
months may have been incorrect for 1972, since
variability has been shown to exist from year to year by
the CalCOFI drift-bottle study (ref. 15). Three of the
four AMBAG droguc stuldies appeared (o indicate a
two-gyre current pattern, whereas the other defined a
single gyre for the whole bay. The average specds were
similar o those obtained from the drift-bottle results.
The AMBAG drognes were designed to show the
influence of ocean currents, as Stoddard’s results did,
rather than wind-driven transport.

A regular CalCOFI drift-bottle station was located in
the scaward edge of Monterey Bay off Sunta Cruz (ref.
15). Some drift-bottle  returns  from  this  station
suggested  a counterclockwise  circulation  pattern
extending from Monterey Bay to Ano Nuevo Point or
pussibly tarther north. The drop of April 1956 appears
to illustrate this pattern: § to 12 days after being
dropped. bottles were found along the coust north of
Sunta Cruz. to approximately 80 kilometers south of Sun
Francisco; 37 to 94 days later, bottles from the same
drop were Tound in southern Monterey Bay. The oceanic
current at that time appeared to he directed southward
according o the returns from  other nearhy  drop
stations.

Lammers ¢ref. 23) and Mooy (eet. 24) deduced the
geostrophic circulation of the bay from the temperature
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structure of the wates. Lanmers® results appear 1o agree
with Gascin's proposed bay cirewlation pattern for
October to April, but the two differ from the period of
May to September. Moomy's resulis for geostrophic
currents determined from surfuce sigmast values appear
to agree with the current gyres predicted from Garela's
model during all three oveanic seasons, with results of
the drift-bottle study, and with a nuber of the
AMBAG drogues tracked at the same time as Moomy's
study.

Because of failure of the assumption for geostrophy,
the methods used by Moomy and Lammers may not
always be effective. Sulinity variations, which were not
considered by Lamm. s, can significantly affect the
determination of geostrophic currents.  Additionally.
Monterey Bay surfuce currents are woak and may be
perturbed by local winds, buttom topography, or tidal
forces. Changes in offshore eddics or meanders may also
cause these approaches to circulation determination to
be misleading.

Wind

The seasonal wind regiie on the California coast,
including the Monterey Bay arca, is reflected in the
scasonal oftshore currcat patter 1s. When considered on a
short-term basis, the winds blowing over Monterey Bay
are variable in speed and direction in response to the
changing synoptic weather conditions and to the tocal
sca-fuiid breeze circulation in the vicinity of the coast.
These local winds deive relatively transient currents in
the bay. The following is a discussion of these transient
systems.

The dominant wind in Montercy Bay. as on most of
the California coast, is from the nosthwest, This wind
direction may be attributed fargely to the presence of
the quasi-permanent subtropical high-pressure cell that is
centered off the California coast. In addition, a diurnal
pattern of onshore-offshore winds ix present along the
Monterey coast during most of the year. The stronger
afternoon  sea-breeze  component s characteristically
from the northwest, whereas the low windspeeds found
at night «nd in the carly morning ave usually ofishore.

The Ekman wind-dritt model predicts that in the
absence of 4 coastal barsier. a water mass will temd to
move in i direction 458° 10 the right of the wind in deep
water in the Northem Hemisphere. As the water depth
decreases, the angle diminishes until, for shallow deptis,
the water moves in the direction of the wind. The water
depth is actually a relative depth povernied by the
windspeed: that is. as the windspeed increases, the
relative depth becomes snadler (11, 28),
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The angle between the current direction and the net
wind direction over intervals hus heen  determined,
Carcful examination of the data showed that southern
Monterey Bay currents moved significantly to the left of
the wind (by as much as 80° 10 100°) when associated
with a northwest wind direction and that current drift
for other wind directions was generally approximated by
the Ekman maodel,

1t is hypothesized that a northwest wind induces a
strengthening of the northward longshore flow in the
extreme southerr end of the bay.

The componet.ts of the buy currents caused by winds
and by the offshore currents may act to reinforee or
oppuse cuch other Reinforcement appears to oceur
frequently in the southern bay for northwest winds
during the months when the California Cusrent flows
along the outer coast. Winds scem to be the primary
cause of transient surfuce currents in southern Monterey
Bay.

In summary, although the effect of the Garcia-type
model is cvident, the apparent dircction of current
movement in the bay is determined by the wind
direction much of the time.

Waves

Eor the cose of wind waves, it appears from Stokes’
third-order theory that the surfuce transport due to
waves is less than a tenth of that produced by wind (ref.
26. p. 324). Accordingly . the mass transport duc to wind
waves may he considered a part of the wind-driven
transport. It is therefore considered thot winds alone
effectively represent the combined effects of waves and
wind in moving the surface water.

Tides

Tides can be an important current-causing force in
coastal waters. Tides in Monterey Bay. as for most of the
Pacitic coust of the United States, are of the semidivrnal
mixed type. This pattern of tides leads o a rather
complicated pattern ol tidal currents. Tidal currents on
the open continental shelf in the Novthern Hemisphere
are totary. turning clockwise and completing a cycle
every 124 howrs. Because of the inequality of the tide
heights and times, the two tidal caerent cycles per day
differ i speeds and in aate ol direction change.
However, from one diy (o the nest, the dinsmd pattern
is approsimately  repeated  so that ittle net tidal
transport of  water  oceurs, Tidal  currents o this
charactz2r ocour off the entiance of San Francisco Bay.
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and it is probablc that u simllar tidul current pastern
exists in Monterey Bay.

No attempt at measuring the tidal currents uver the
broad shelves of Monterey Buy has been successful,
aldhough tidal currents with velocities as high as 0.5
m/scc have been obsorved in the Montercy Submarine
Canyon (ref. 27). Tidal current tables for the Pacific
coast describe the tidal currents in the bay as weak and
variable. Lazanoff, in an unsuccessful attempt to verify
Hansen’s hydrodynamic-numerical model for Monterey
Bay, concluded from his examination of current datn
that he could make no direct statement about tidal
current velocities und directions, but suggested that the
current velocities are probably less than 0.05 m/sec {ref.
28).

From drogue study results, it appears that tidal
currents are not important in net long-term movement
of the water in Monterey Bay and therefore, because of
their rotary nature, have a negligible cffect on the
average flow.

MONTEREY BAY CURRENTS
FROM REMOTELY SENSED DATA

From the preceding sections, it may be observed that
the Monterey Bay surface current circulation system is
complex, difficult to model, and poorly understood.
Remotely sensed imagery of Montcrey Bay was used in
an attempt to clarify the mixture of models and study
results and to present a qualitative picture of the
generalized seasonal current systems observed during the
period October 1971 to February 1974. Flights over the
site on §9 separate occasions produced data sets
appropriate for current studies. Of these. 39 were from
Lundsat-1, 12 from NASA U-2 aircraft, and 8 from
cither NASA C-130 or P-3 aircraft. Because of film
density and spectral sclection characteristics of the
Landsat-1 scnsors, only cight Landsat-1 images could be
considered  excellent in  current-cvaluating  quality.
towever, 7 of the 12 U-2 flights produced excellent
current presentations 18 did 6 of the B medivm-altitude
aireraft fights. Tt was found that a higheresolution color
fim (filtered to be dominant in the yellow range of the
visible spectrum and exposed at least two $-stops more
than the normal land exposure) produced the hest
current images for fibm products as did the 500- to
600-nanometer channgl of the Landsit-1 multispectral
scanner.

Imagery selected for analysis ropresented alt three
aceanograpiie seasons with an assortment of wind and
wave conditions. Seasonal sets were produced, and. irom

these sots, three cusront charts (fige. 10 to 12) wero
developed to represent the gencrallzed current patterns
expected at the peuk of each season. The U-2
photographic imagery was found to be beet suited to this
site study because of its scale characteristics (1:130 000)
and resolution.

During the Montercy Bay oceanic ssuson, surface
currents were dominatod by the driving force of the
California Current, Two large counterclockwise gyres
were commonly observed to be split by the Montercy
Submarine Canyon with a smaller third clockwise
pattern directly adjacent to Moss Landing Harbor. Drift
along the northern side of the Monterey Peninsula varied
from castward to westward, and divergence of currents
to the north of Seaside and off the mouth of the Pajaro
River was common. Convergent cursents near the mouth
of the, Salinas River, Needle Rock Point, and Cypress
Point were also frequently observed. Ihe oceanic season
plot (fig. 10) scems to agree with the primary results of
both the drift-bottle study and the drogue studics. Also,
it can be seen that the dual-gyre circulation could have
been misconstrued to be a simple gyre becausc of the
Moss Lunding cell trunsgort link.

All currents observed during the oceanic season scem
to be rather weak with wind cffccts present but
transitory. Red tide conditions observed during the
uceanic period may have resulted from the poor
circulation of the surface waters coupled with the influx
of nutrients from sewage outfalls and solar heated
surface layers. Circulation was minimal off Scaside
during October 1971 when large blooms of red tide were
imaged (fig. 13).

The Davidson Current scason during winter s
represented by figure 11. During this seuson, Monterey
Bay currents are driven by a northward-flowing coastal
current that protrudes into the bay. Inshore of this
current, three clockwise gyres form; the most massive of
these is present off Moss Landing Harbor. Because of the
high velocity of both north and south winds expected
during winter conditions, Ekman wind-drift phenomena
linked with the driving pewer of the Davidson Current
produce clockwise cells in the inner, castern portion of
the bay. The Monterey Submarine Canyon plays an
important. part in the development of the Davidson
seuson circulation by channeting o hign volume of water
deep into the bay. A high correlation exists between
current plots and bathymetry.

The upwelling season (lig. 12) is of importance in the
hay because as the southward-lowing California Corrent
is established in spring and summer and the north and
northwest  winds  freshen.  upwelling of cald and
nuttent-rich waicr occws over e subusiriie Coovon
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Figure 11, Generalized Duvidson current scason, ‘This season findy Monterey Bay cuteents bring driven by o northward-flowing )
voustal cutrent that proteudes into the bay. Inshore of this current, three clockwise gyses are formed: the most massive is off Moss
Lunding Slasbor. Because of the high velocity of hoth nurth and south winds exnceled during winter conditions, the Ekman v N

wind-drift phenomena linked with the driving power of the Davidson Cusrent produce clockwise cells in the inner, castern portion i
of the bay The Menterey Subumarine Canyon plays an fmportant port in the developmeat of the Davidson scason circatation by
chansiefing @ Ibgh volume of water into the hay.
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Figure (2. Generalized upwelling current season. This season iv of haportance in the bay because as the southward-flowing
California Current establishes itself in spring, and the north and northwest winds treshen, the upwellings of cold and nutrient sieh
water ocenr over the submatine canyon and adjacent to Aptos. The three upwelling arcas (U shown on the cusrent plot e been
observed from space ax well as by medinm- and high-aftitude siecraft and sweface mersurements. The principal current trends are voN
the formation of three gyres stidlar to those of the occanic period, but focated moee to the north and moving at a higher velocity.
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Figure 13.— Southern Monterey Bay and Monterey YHarbor area
photographed on October 4, 197., from an altiwde of
10 000 fect. Original photugraphy was filtered in color and
defined currents, sudiments, and Gowiaulax polyhedra (red
tide) bloom.

and near Aptos. In the aircraft imagery, the upwelling
waters appear darker than the normal surface waters and
wavelike tings are common. The three upwelling arcas
prosented on the upwelling season current plot have
been obserned from space as well as by medium- and
high-altitude sircraft and surface measurements. The
principal curreat trends are the formation of thicc gyres
similar to those of the sceanic period, but located to the
north and moving at a higher velocity. Sediment patterns
carly in the upwelliug season aic shown in figure 14.

CONCLUSIONS

The ncarshore surface currents atong the coast of
California  have been seriously studicd by numerous
investigators for the last SO ycars. Early investigators
could only obtain locallzed current data, and spatisl and
temporal characteristics were Inferred by assembling
tmogics of jocal observations. Wiihin the last fow years.
abrerft and sotellite remote sensors have obtained the

4

synoptic “big picture™ with respect to nearshore surfaco
currents along the coast of Culifornia. Recently evolved
techniques applied to the expanding data bank of
imagery afford greater definition of sea surface
dynamics. Concurrently, surface obsorvations have
assumed a new importance as they are required to
provide sca truth for the observed sea surface
phenomena.

In this study, we have demonstrated the capability of
different sensor systems for use in defining the oceanic
and nearshore surface currents. At this time, we do not
know that what we have observed can be stated to be
absolutely correct in its generalized content. However,
we do feel that the observations and analyses performed
for the California nearshore current seasons make up as
good an evaluation of the nearshore currents as found
anywhere. We recommend the use of the remote-sensing
tool, especially the U-2 imagery, for any nearshore study
in which large spatial reaches are to be observed. The
questions raised as to the abrolute velocities and

Figure 14, Moss Landiog area photographed from an ARC w2
aircraft on April4, 1974, Upper seditients are from the
Pajuro River. Darier ceniet sedimenis are fsom Moss Landing
Harbor, :and lower sediments are from the Salinas River.
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directions of coastal currents will only be unswered after
much more surface data are taken and compared with
additional aircraft and satellite imagery.
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- C-5. South Louisiana Remote-Sensing
Environmental Information System {

J. Paul Gordon,® Robert H. Schroeder,® and Robert H. Cartmill®

The New Orleans Cistrict of the U.S. Army Corps of
Engineers encompasses approximately 60 percent of the
State of Louisiana and small portions of the States of
Texas, Arkansas, and Mississippi (fig. 1). The southern
third of the district may be described as one of the most
unique areas in the world with reference to the diversity
of water resource interests. 1 am a water resource
planner in this district.

The single most important contribuior to the
landscape of southern Louisiana is the Mississippi iver,
which drains approximately 1250 000 square statute
miles or approximately 41 percent of the surface area of
the continental United States. In the southern half of
Louisiana, the flow of the Mississippi is accommodated
by its main channel and by a distributary known as the
Atchafalaya River,

Once, 5000 to 6000 years ago, the course of the
Mississippi was located near the course of the present
Atchafalaya. Over the last few thousand yeass, however,
the course of the river drifted gradually eastward to its
present location and left the ancient delta to the whims
of alluvial subsidence and the lapping waters of the Gulf
of Mexico. As a result of these processes, the delta
geadually degenerated to a swamp. The present
Atchafaluya River was probably formed in the 15th or
16th century by u Mississippi River crevasse during
great floud. In the 1850's, a logjam was removed from
the Atchafalaya in the vizinity of iis confluence with the
Red River to accommodate navigation: then, the
Atchafalays began a steady increase in flow. During the
next 100 years, flow from the Mississippi to the
Atchafalaya increased. In 1950, it became apparent that
if the process was not checked, the cutire flow of the
Mississippi would be captured by the Atchafalaya by
1990.

Figure 2 shows the lower Mississippi River flood

Yo.s. Army Corps of Engineers. New Otleans, Lowisiana,

Oktahoma

Arkansas /
Shrm‘wrt
e

Louisiana

Mississippi

Texas .
Alexand. ‘a

New
Orleans

Gulf of Mexico

Figure 1.~ Boundaties of the New Oslcans District of the U.S.
Army Corps of Engincers,

control plan. Today, flow into the Atchafalaya River is
regulated at the old river diversion channel to the
proportions that existed in the flate 1940%s. In
conjunction with the Morganza Floodway and the
Bonnet Carré Spillway, ihe control structure serves to
regulatc floods and thus to protect the cities of Baton
Rouge and New Orleans and the industrial-petrochemical
complex that has developed in the corridor hetween the
two citles.

Under authority first granted by Congress in 1967,
we are currently studying the unigue situations that have
vceurted since the growth of the Atchafalaya into a
major distributary of the Mississippi. In addition to
being the most important Nood control outlet on the
lower Mississippi. the basin of the Atchatalaya presents
one uf the rarest caviropmental habitats remaining in the

"NASA Larth Resources Laboratory, Bay St. Lowis, Misissippd. 3
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Figure 2. Lower Mississippi River flood control plan.

world today. It comprises the largest remaining natural
freshwater swamp in the United States and supports an
unsurpuassed  fishery, in addition 1o its value as 2
recreation resource.

A major flood control plan supecimposed on o
delicate  ccosystem such as the  Awchalalaya  Basin
presents problems that were previousty unencountered.
A plan has been developed to divert approxintely S0
percent of  the  Mississippi River flow  down the
Atchatalaya River. When instituted. the plan should
prevent “silting out™ ot the Atchatataya and thereby
maintain the basin in its present staic foras long as
possible. We  are  cunently  cooperating - with - the
envitonmenta! community in developing medifications
te this plan that include components for improving
viwvivommental quality to ensare that the tinal plan best
serves the ovenall public interest.

In am effort to develop the best plan and to include
environmental concerns in all facets of the planning
process. the New Orleans District contracted with the
Engineer Agency for Resources Inventosies to prepare a
comprehensive  dota-base  document. The atlas  they
prepared is a compilation of all existing data on the
Atchafalaya Basin and includes data on physiographical,
biological, and cubtural clements in st of southern
Louisiana with particular emphasis on the Atchafalaya
Basin. 0t also contains some 20 individaal  maps
illustrating these various characieristivs. Figuse 3 shows a
tyorcal nuap From the atles. The athas Bas proved o be an
invaluable tood and las been well received by lacal. state.
amd Federl planning agencies as well s by private
citizens” ghokaps 2t enviromental infesests, bn fuet . the
fint printing of the atbis was depleted within abowt 3
waechs, and we are now into asecond printing.

REPRODUCIBELITY OF Tk
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Figure 3. - A typical map of southem Louisiuna from the Lingineering Agency for Resources Inventories atlas.
Vegetation types are shown.

Although the atlus has been a valuable aid in the
planning process, we recognize that it hus onc major
fault: many of the data sources used were several years
old. The base map, for instance, is ncarly 20 years old
and docs not reflect recent dynamic geological changes.
such as erosion by wave action along the Lovisiana coast
and active delta building in the lower part of the basin.
Therefore. the topography itself could be in error.
Cultural and natural features are no more recent than
the data sources used. The atlus will obviously require
periadic updating to remain a useful tool. Consequently.
in exploring new ways to keep this document current,
the Ne » Orleans District has been working clusely with
the NASA Earth Resources Laboratory in an effort to
d. .cimine whether satellite-gathered remotely  sensed
data would be etiective. Dr. Robert Cartmill of the
National Space Technology  Laburatories at Bay St
Louis, Mississippi. has worked closely with us on this
project.  The following  brict  synopsis ol the

remote-sensing technigques used to updise portions of

the atlas is presented by Dr. Cartinill,

The basic environmental atlas that was prepared by
the Washington Corps of Engincers Topugraphic Office
contains 20 different map categories. The Corps brought
us the atlus and asked if we couid help update any
purtion of it. Of those 20 map categories, we determined
that three of them could be updated by remote sensing.
The three columns to the right in table | show these
three categories and the breakdowns of each. We
concluded that if we could. by remote sensing, classify
all the surface material, as in the columin to the extreme
left. we could then teproduce any one of the three maps.
Basically, we started off in a three-phase program. The
first phase was do the easiest thing first, so, we tried to
get the seven basic categories before attempting
twelve-class classidcation. 1ii: seven are listed in the
Arabic nunicrals of table L

How do you do this type of thing? We went to our
Landsat files and found what coverage we had ol ths
arca. Because it rains so much in Lowisinna, we bhad a real
problem finding cloud-dree passes. Figure 4 shows the
project area and the Landsat frames that are required to
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TABLE L.-- COMPARISON OF CATEGORIES FOR REMOTE CLASSIFICATION

Remote-sensing
categorics

Generalized
land use

Ecological
zones

Vegetation

. Agricultural
. Urban/builtup
. Forest
a. Deciduous
b. Evergreen
¢. Mixed
4. Forested wetland
5. Nonforested wetland
a. Salinc
b. Brackish
¢. Intermediate
1 d. Fresh
. Water
. Barren

(LS

~ O

1. Agricultural
2. Urban/builtup
3. Forest land

4. Forest land

6. Water

7. Saon

i. Cleared land
2. Cleared land
3. Woodland
a. Bottomland
b. Upland

4. Bottomland
S. Marshland
a. Salinc
b. Brackish
¢. Intermediate
d. Fresh
6. Water
7. Cleared land (?)

. Crops and pasture
. Other
. Forest

a. Deciduous
b. Evergreen
¢. Mixed deciduous

. Nonforested wetlands

a. Saline

b. Brackish

¢. Intermediate
d. Fresh

. Water
. Other

cover it. As it tumed out. no 3-consccutive-day,
cloud-free pusses vere availuble to us that covered ihe
24 000 square miles of the project arca. Suv the two
outside pusses shown were in October, the upper two
frames of the middle passes were in Angust, and the
bottom one was in November; thus we were faced with
trying to classify this arca frame by frame. taking each
day or ecach scasonal pass we had, picking taaining
samples. and  pushing the images through standard
pattem recognition programs (o produce a map. Figure §
shows no* only the entire map, glued together, but also
the output of our first data processing step. This first
step was to make a timulated color photomap for each
one of the Landsat frames; cach map was ntade to a scale
of 1:125 000. We used these maps to identify what we
needed o have in the way of training samples by color
imterpretation; i we had six shades ol waler, for
example. then we picked training samples to cover those
six shades of water, We were forlunate in having some
W57 photogeaphic coverage of the arca which was
used 1o positively identity the training samples, The
training sample data were analyzed, grouped into the
required classes, and put through the patter recopnition
program. Figure 6 shiows the onput of this progrm, The
resull s a sevenclass classilication of this entire area; it
has been geogeaphically rectitied. We have cach monted

220
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on a quadrangle shect to match the Corps of Engineers’
original atlas.

A new technigue implemented by cur laboratory is
the ability to very quickly classify large amounts of datu
covering a large area. We use a table look-up program
that was developed in Houston and implementeed a1 ous
laboratory in Mississippi. Its use has reduced the
classification time over the conventional LARSYS |l
program by a factor of about 8: thus the aciual
computer time going from the map in fgure § to the
mup in figure 6 is now really guite insignificant. Paul
Gordon will now brietly evaluate the quality of this
product and its usetulness.

We of the New Orleans District are quite pleased with
the aesults that have come about trom the first phase of
this experiment. Not being the project engineer on the
Atchafalaya  Basin project. 1 could only give you a
cursory overview, really. But | have several ol my own
projects that involve salinity changes in the marsh and
the second phase of this project will be exteenwly
interesting to me. We may be able to develop a system
whereby we can monitor task-by-task what is going on in
the nuarsh and this is the major component of several
studies that § am working on gight now. We are pleased.,
and we feel that (his will be @ highly valuable souree of
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ligure 4. Project arca and Landsat coverage.
data for updating our current atlases. We feel that in the | will give you a suitable hedge on the cost. hecause we
future for the entire Corps setup, a system such as this  don't have all our numbers in. As | say. we put this map
may be very desirable for updating such maps as other together only last Friday. and | have not received my bill
districts might have besides our owa, from the photographic laboratory. et cetera. 1 will say
this about the cost, if we make every contingency for
outside cost with the exception of the depreciation of .
DISCUSSION the $250 million dollars that went into Landsat, this X
thing was certainly done at a cost of less than a penny L
SCHWERTZ: | am Lddic Schweits with the  per acre. | el very safe in saying that is the upper limit I
Lowisigna State Planning Oftice. You said, | believe. it and sight now if | were in privawe business 1 could du it Y
was 24 000 square statate miles: it that’s not cotrect,  for 2 cents an aere and really make money. I'm that _
please correct me.- What was the overall cost o condidlent of the system. ;
producing this seven-category general Land use map? SCHWERTZ: You mentioned the months of the pass. :
CARTMILL: The area is 24 330 square statute miles.  Was this 19747 H
:
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Figure 5. Simutated color-infrared photomap of the project arci,

CARTMILL: The October passes were in 1974: the
August pass was in 1973

GRATH: My name is John Grath and 1 am from
Fouisiana State University  Did yon. over that span of
time. take into account in your classifications the change
in solar intensity and reflectivity of the classes?

CARTMILL: No. the technigue we use avoids that.
The technigue developed by Pardue requires training
samples on cach individual frame of Bandsat data. These
sumples are good only T that parsiviedar franme of data.
This avoids the problem ol making these hinds of
corrections: cach classitication is an empitical solution to
that particular data set.

S VOt

GRATH: You classified large aseas. Did you go back
to thase areas 1o see i the classitications were valid?

CARTMILL: We are in the process of doing that. We
have these maps marked with o little tick mk a every
10 G00-meter universit ransverse Merciior (UMY grid
intersection. We have photointerpreted each one of these
focations using the acrial photography that we have aml
we are comparing the chssification s the tick ks
with the photointerpreted classitication. This work is
only 13 pereent complete.
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C-6. Remote Measurement of
Shoreline Changes in Coastal Alabama*

C. Daniel Sap®

INTRPODUCTION

The increased attention focused on the coastal zones
of various states has created a greater demand for factual
Information. The seaward boundaries, the intand
boundarics, the high- and low-water marks, und the
lengths of estuaries are being measurcd. These
measurements are done by a myriad of techniques, and
yield results of differing reliability. Clearly, more
objective techniques and more uniformity in
measurement arc necessary,

TRADITIONAL TECHNIQUES
FOR MEASURING THE COASTAL ZONE

The task of meusuring shoreline lengths is not as
simple as it may seem. Traditional methods of measuring
distanves on maps with an opisomeicr (or map wheel)
(fig. 1) appear to be straightforward but may be done in
various ways, all legitimate, and all yielding inconsistent
results. The faillure is perhaps more o fault of the
operator than of the instrument, but nuy bhe a
combination of both,

Measurements of arca (fig. 2) likewise are subject to
variation  because  dilferent  techniques  are  used,
mechanical corrections are not  properly made, o
addition and subtraction exercises are faulty. The failure
is perhaps most often attributed to the operator, rather
than to the sensitivity of the instrument (in this case o
planimeter), but the whole system of making the
measurements may be faulty,

An illustration of inconsistent  results  obtained
through traditional technigues of measurement s in
table LAl of these agencies are Familiar. reliable. and
dependable. so the inconsistency is prohably not cansed
Rt —— -

'Appmml tor publication by the State peologist.

™ icological Survey of Aabama, University, Ababamg.
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Figure 1. Opisumeter, u toot for measuring distance on o map.

by u lack of ability, but instcad by the use of different
criteria for messurement. For example, how far up are
the estuarkes fvJowed with: a map wheel when measuring
the shoreline? The tidat limits? By a salinity definition?
At what seade is the measurement done? Should maps or
photographs be used? What is the level of generalization?
Standardization of procedures is sorely needed.

Table U shows that people from five govermmental
agencies measured the shoreline of Alabama: the Army
Corps  of  Engincers:  the  Nattonal  Oceanic  ang
Atmaosplicric Admisisiiation (NOAA): NASA Lyndon B
Yohnson  Space  Center  (JSC)  Earth Resources
Laboratory: and two state agencies, the  Alabama
Department of Conscrvation and the Geological Survey
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Figure 2. Planimeter, o tool for measuring area on s map,

of Alabama. Totals vary by more than two to one. The
NASA measurement does not include the entire
Alabama shoreline since it does not cover the Perdido
Bay ares and Gulf coast adjacent to Florida.

The Geological Sutvey of Alabama embraces the
NASA mecasurement, although this work is not yet
complete for the entire Alabama shorcline. A partial
measurement of 878.5 kilometers (546.0 statute miles)
has been completed for the segment from the Mississippi
line to the longitude of Foley (87° 42' W) in Baldwin
County. Mecasureinent of the remainder of the shorcline
is being done by Kenneth Faller at JSC as part of the
project just completed for the Alabama Develupment
Office and the Alabuma Coastal Area Board. This project
was funded by NOAA, with matching funds by the
Geological Survey of Alabama.

One obvious advantage of using the Landsal

Y N76-26652

computer-compatible 1apes for meusuring the shoreline
is that this method hypasses the generalization inherent
to a map - the necessary omissions ereated by the
cartographer in the name of clarity. The tape data
discriminate the indestations and other intiicate detail
of upper estuarics and therehy provide a less gencralized
measurement of the shoreline. Figure 3 Hlusirates the
detail achieved.

SELECTED CHARACTERISTICS OF
THE ALABAMA SHORELINE

The shoreline is indeed intricate, as the high-altitude
acrial color-infrared photograph in figure 4 reveals. Such
detall is clusive to the cartographer  compiling
medium-scale maps, and, to some extent, large-scale
maps. Figure 5 s u medium-scale map of the image area.

The situation is critical becuuse accurate shoreline
lengths and  other mcasurements of coastal  zone
characteristics, such as arca of wetland, are needed for
regional planning. allocation of Federal and State
funding to coastal counties for various projects, and for
statistical purposes. Therefore, uniformly administered
MeASUrCINCNMS Are 3 necessity.

There is another reason for desiring consistently
applied mcasurements of shorcline parameters. This
reason lies in the dynamic nature of the coastal zone.
The geomorphic processes of erogion aad sedimentation
continually modify shoreline configuration, and these
mudificotions are accentuated by periodic catastrophes
such as hurricanes and attendant Mlooding. Fifty-six
percent of Alabama’s shoreline is being eraded, and this
erosion 8 critical in some developed arcas. Morcover,

TABLE .- ALABAMA SHORELINE LENGTH MEASUREMENTS

Ageney

Total length

Km Stat. mi.

'S, Aty Corps of Lngincers

491.2 J05.3

NASA Lyndon B. Johnson Space Center | 878.5% | S46¢

Mational Oceanic and Atmospheric 976.7 607
Administration

Alabana Department of Conservation 577.8 1589

Geolugical Survey of Alabama B3 504.2

\“l'aminl mieaswrement only, iepresentative of norpal river
dischagge o.oneditions,

vy vy
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mon almost rivals nature in his ability to modify the
coastal zone, although nature usually prevails in the long
run. Alubama's coastal zoue is shown in figure 6. As the
map illustsates, Mobile Bay narrows northward until it
terminates at the Mobile River Delta. The western shore
and the esstern shore fringe the bay proper.

A Landsat-1 compusite (fig. 7) shows the complete
shoreline of Alabama and  bordering  Florida and
Mississippi. The lower bay is being continually modified
by nutural forces as well as by man's activity. uUauphi
Istand illust,ates the changes taking place. In 1950, this
istand wos spingely inhabited. as figure 8 shows. Ly
1960, development was already well underway. New
dredge and il arcas have appeared on the lee (northern)
side of the island. Figure 9 shows that the filling of the
marshes is continuing. The Gutf side of the isknd is
being eroded by the longshore diift. In places, tiis
crosion measres over 60 meters (200 feet) since 1941,

The western tip of Dauphin Island is drograding

20

Figure 3.~ Line printer map of Afubuma shoreline,

westward toward Mississippi (fig. 10). This end is
uninhabited at present. 1t has moved 1.5 Kilometers (0.9
statute mile) since 1941. Petit Bois Island, another
barrier istand., was astride the Alahama-Mississippi
boundary in 1941 but is now completely wvithin
Mississippi. Figure 11 is a high-altitude acrial view of the
two islands. Petit Bois Island is located to the left, the
Dauphin Islund spit 1o the right, und Petit Bois Pass
divides them.

Dauphin Istand was breached twice by hurricanes
during the 20th century and a number of times during
the 19th century (fig. 12). Hurricane Camille affected
the coust of Alabanis in August 1969, The washiover funs
on the spit are evident on an acrial photograph (fig. 13)
taken inmediately after the storm passed over.

In contrast to Dauphin Istand, Mississippi Sound is
generally in equitibrium. This condition does not apply
to the western side of Mobile Bay, however, where
residents  have  been  demanding that the Corps of
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Q Figure 4.— High-altitude, color-infrared view of southern Mobile  Figure 5.- Medium-scale (1:250000 on original) map of
: County and Mississippi Sound, Alabama. southern Mobllc County and Mississippi Sound, Alabama.
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Figore 7. Landsit-1 composite of Alabama coastal zone.

Engincers protect them from the southbound current
that crodes their property. Figure 14 illustrates the
erosion occurring along this shoreline. Figure 15 shows a
varicty of profective measures  taken  along  some
segeits of this shorcline.

2R

The castern shore of Mobile Bay bas some erosion
problems. but they are not as prononnced as those of
the westem shore, Perdido Pass, bordering Florida, must
he dredged practically every year to keep it open.
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(b) 1960.

Figure 10.- Western tip of Dauphin istund; obligue view looking
north,

|
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(a) 19:0.
Figuse 8.— Lastern Dauphin Idand, showing the amount of development over & decade.
Iigure 9. Eustern Dauphin 1sland in 1975: view fooking north.
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FFigure 13.— NASA high-altitude acrial view of Dauphin Island showing
Hurricane Cumilte damage.
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Figure 14, Eroded sectivn along the western shore of Figure 15, Protected section along western shore of i
Mobile Bay. Mobile Bay.
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C-7. Remote-Sensing Applications as Utilized

in Florida's Coastal Zone Management Program
David R. Worley®

INTRODUCTION

The Florida Coastal Coordinating Council was
established by the Florida Legislature in 1970 (Florida
Statutes 370.0211) to carry out the following primary
charges.

(1) *... develop a comprehcnsive state plan for the
protection, development, and zoning of the
coastal zone, making maximum use of any
Federal funding for this purpose.

(2) “... conduct, direct, encourage, coordinate,
and organize a continuous program of research
into problems relating to the coastal zone.

(3) “.. review upon request, all plans and
activities pertinent to the coastal zone and to
provide coordination in these activities among
the various levels of government and awas of
the state.

(4) “... provide a clearing s2rvice for coastal zone
matters by collecting, processing, and
disseminating pertinent information relating
thercto.”

Mindful of these legislative charges, the staff of the
Florida Coastal Coordinating Council recognized the
necessity for a planning/management methodology that
would illustrate the need for a flexible coustal
managenmient plan and would provide a basis for
multiple range of data input.

LSTABLISHING ZONES

The first task of the coastal council was to define
the state's coastal zone  and  then  develop o
phumning/management process Tor that ases. Lengthy
rescarch revealed that the most practical methed lor
defining the coastal zone is to use physicol features in
combination  with  boundaries  of  areas  for - which
sugioeconomic dita are readily available, On this basis,
——

T qorida Coastal Contdinating Council. Fallalassee. Horida,

the coastal council decided to use physical
characteristics selected on the basis of terrestrial areas
influencing the adjacent waters in combination with
boundaries of sclected census enumeration districts.
Physical characteristics involve defining an area by such
factors as drainage basins (fig. 1), coastal swamps and
marshes (figs. 2 and 3), selected freshwater swamps and
marshes (fig. 4), and flood zones. Defined in this way,
Florida’s coastal zone has an inland boundary varying
from 2 to 25 statute miles from the coastline (fig- S)
with the scawurd boundary being the limit of Florida's
territorial sew.

Within this coastal zone, the council stafl has
proposed a state zoning system for land and water areas
which recognizes three basic categorics of management
areas.

(1) Preservation (no fusther development) _

(2) Conservation (limited developmient penitted)

(3) Development (suitable for most intensive

development)

o

L .

h2Y, 3

. &
R VIR

Figure 1. Drainage basin,

Preservation ascay wotld protect ecologie units of
sensitive flom amd tawna as well s ey of dunes,
mnarshes, and swannps. Conservation neas woubd include
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I-igure 2.

Coastal swamp of red mangrove.

Fiure 3.

Eoastal imarsh,
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Figure 4. Dreshwater marsh.

thuse lands with soils and topography suitable (or
suitable with some minor corrections) tor intensive
developinent.

Arcas throughout the coustal sonc have been
designated one of these three zoning categories by the
caastal council after consideration of the following cight
fuctors.

(1) Soils suitability of the arca

(2) Ecological significance of the ares and its

tolerince to alteration

(3) Susceptibility of the area (o flonding, hoth

from runolt owd hurricane-driven tides

(4) Historical and archeological signiticance of the

aren

{S) Unigue features that may warcant protection

(0) Water quality  standards in existing  state

regulitions

€7)  Present kand cover andfor use

(8)  Geological factors 1o the extent pussible with

existing information

Twenty-nine suhcalegories constitute the coastal
phenomena within the thiee zoning categories (table 1),
Many subcategories are considered representative of
coastal  phenomena  essential 10 Florida’s  coastal
environntent. such as: breshwider marshes and switps,
sultwater marshies il swanps, ninine geass beds, beach
and  done  systems. and - butler zones such as
woodland-upland arcas idjacent 1o the wethind-nmanine
systems, The  proper magapement ol such coastal
phenomena Bas become critical in Flovidias pressine on
these  coastl resomees s continued (o grow . with
incecased population, wealtle, mobility Cod Teistee fime.

To date. only the photogriapltic temote sensons ave
been used in support of the coastal comneil’s
planning/management methodology . Lo illustrate: how

.J
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Figare S.-  PFlorida coastal zone showing arcas of segionu
planning responsibility.

these sensors have been utitized, the following products
are  described  reflecting  theis use on  the broad
application format to and including specific application
as needed for data suppuort requirctnents.

The Florida Coastal Zone Management Atles

The Florida Coastal Zone Management Atlas wus
received from the printer in December 1972 and widely
distiibuted during 1973 and 1974. To date, more than
600 full atlases and more than {500 county sets have
been sent to governmental officials at all fevels, planning
groups, developers and real estate interests, consultants,
covironmentalists, and private citizens. Panchromatic
tmagery with a range of dates from 1965 through 1971
and 2 photographic scale of 1:24 000 wus the primary
data source used for the inventory requirements, with
supplemental data and ground truth verification used
when necessary.  Standard  photointerpretation
procedures  and  cartographic  application  for map
compilation werc used in  preparing the council
methodology base maps. Thirty-eight county sets (four
maps cach, illustrating prescrvation, conservation,
developiment, compasite) were prepared in house (figs. 6
to 9) at a map scale of 1:63 360, which in tum were
photogiaphically reduced to 1:126 720, sesulting in
final printed map format size of 22 by 26 inches for
distribution.

The basic purpose of this atlas was and continues to
bc a means to pravide decisionmakers and concerned
citizens with an overview ol the components that make
up the coastal environment of Florida. At the same time,

TABLE ). ZONING SUBCATEGORIES

Preservation

Conservation

Development

Class | waters

Class 11 waters

Marine grass beds
Selected coastal marshes

andd marshes

Historical wnd
archeological shies

cnvironmental features
Portions ot hurricane
Hokl 2one

Class (1f waters
Aquatic preserves
Aquaculture leases
Spoil islands
Sclected coastal mangroves | Scenic vistas
Selected freshwater swamps | Forestry and game
management arcas
Gull and Atlantic beaches | Wildlile refuges

and dunes Parks and recreation Uideveloped Linds
Selected estuarine beaches aneus stitable for intensive

Designated witderness areas | River Tood plains
Marginal Lands
Pottions of burricane
Other unigue fouck 2one

Class 1V waters

Class V waters

Presently developed areas
Nonconflict
Conllict

Undeveloped lands
suitable for intensive
development

developiment with
vorrections

Postions of hurricane
Goud zone
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Vigure 6. Prescrvation map of scambia County coastal 2one.
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Figure 9. Composite zoning map of Escambia County coastal zone.
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this comneil would have a means by which the
planning/management approach could be disseminated
and evaleated by potential users. As u reflection of the
council’s methodology, the atlas delincates those areas
alicady developed by our rapidly expanding coustal
population but at the same time indicates those areas
physically suited to accommadate further development
where such activity will bave a minimum detrimental
effect on the environment. Following the proposed
methodology format, the atlas contains an inventory of
coastal phenomena still relatively  undisturbed
(preservation subcategories), and recommends that
essential, indicated segmeits of these be “preserved™ in
order to ensure the maintenance of living marinc
resources, the esthetic qualitics of the coast and the
physical integrity of the shorclands. Additionally, a
butfer or “caution zone" between development and the
preservation arcus is designated for “‘conservation”
where limited development with controls can oceur, but
whenever possible such conservation lands would be
considered as a land bank for future generations.

Response to the atlas has been widely favorable,
and the plauning approach used has been accevted and is
being implemented by planners throughout the state in
private and public capacitics.

Florida Keys Coastal Zone Management Study

In Apri! 1973, council members approved the
development of a Florida Keys coastal zone management
plan. Because of the many unique features and problems
involved in planning for the Keys, and because of the
development pressures in the region, it was considered
excellent for the development of a pilot management
plan. Beginning in May. the full council staff began work
on the Keys study. The study format consisted of the
following major sections,

(1, Biographical analysis

(2) Socioeconomic analysis

{3) Environmental quality analysis

(4) Planning anulysis

{5) Summary and conclusions

This study was completed and published in July
1974 and was widely distributed (o local, regional, State,
and Federal agencies. This study represented a major
extension of the coastal councit's n ethodology as had
previousty been developed for the Coastal Zone Atlas of
1972, particutarly in terms of remote sensing and
mapping requirenents. White  the 1972 atlas was
essentially a Level 1 (US. Geological Survey fand use
clussification system) data analysis. the Keys study

required a Level 1) analysis. Two primary base maps
were required: (1) 2 lund cover or vegetation map of
upland and adjacent marine vegetation wis required for
a Level ) analysis, and (2)a land use inventory
mapping cffort with u minimum Level il aralysis would
need to bhe generated. The categories for the Keys atlas
are listed in table 11,

In & joint funding and mapping effort between the
council and the State Department of Transportation,
Topographic Office, color-infrared imagery was obtained
(photographic scale: 1:24 000) for stercographic analysis
and the primary basc map preparation. Thematic maps
ther generated from the completed primary base maps
included the four standard council methodoiogy maps
(preservation, conservation, development. and
composite), as well as a land availability map. All were
busic to the biophysical unalysis section. Land use maps
an* support services maps were generated for the
sociocconomic analysis section. The remainder of the
analysis sections were then developed from these data
sections. Work maps were prepared in house with a map
scale of 1:24 000, The maps were then photographically
reduced and printed at a map scale of 1:48 000. The
forinat size was the same as the previous Coastal Zone
Atlas, 22 by 26 inches.

PRESENT REMOTE-SENSING APPLICATION .

The coustal council and the regional planning
councils which include coastal counties are now working
jointly on a Level H analysis of the 1972 atlac folleving
the format developed by the coastal councit for the
Florida Keys management study. The coastal council is
doing this biophysical analysis in  house  using
colorinfrared imagery (photographic scole: 1:40 000)
which the state parchased in 1973, Pancliomatic
imagery (photographic scale: 1:24 000) for 1974 and
into 1975 is available as o supplementary data source for
a majority of the coastal countics. Ground truth checks
are being made in addition to the use of supplewental
data.

The state regional planning councils are using
1:24 000 photoguads, supplemental imagery. and other
data sousces, as well as ground truth checks to provide
data for the socigl-economic analysis phase for input
into the jointly prepared coastal Zone manggemient plan.
Land usc, land ownership, and primary and secondary
support services are some of the data currently heing
generated in part through the use of remote-sensing
imagery.

Map preparation for all indhouse work by the

23
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TABLE L. FLORIDA KEYS ZONING SUBCATEGORIES

Preservation

Conservation

Development

Murine grass beds
Patch reef coral
Undifferentiaied reel
coral (living and nonliving
veei proper w d forercef
rubblic)
Red mangrove
Black/white mangrove
Mixed mangrove
Scrub/young mangrove
Pioncering mangrove
Stressed mangrove
Historical and archeological

Class HI waters

Spoil islands

Wildlife refuges

Parks and recreation
arcus

Masginal § lands
Pine lands

Marginal 11 lands
Tropical hanmmock
Degraded hammock
Hammock succession

ne
Marginal 11 lands®

Presently developed knds
Altered lands

Could be developed if
flovdproofed, sewered.
and if support services
were available

Planned unit development
techniques with adequate
greenspace and attendant
vegetation ordinances

Other unique eavironmental zone
features (selected hammock
stands. endangered species
hubitats, ete.)

sites Buttonwoad transition L recommended

UMarginal 181 lunds are considered more cnvironmentatly sensitive than marginat 1 and

marginal Il lands.

regional councils and the coastal couacil will have data
delimited at map scales of §:.°4 000, The regional coastal
zone management atluses will be printed at this scale or
photographically reduced as mucki as 50 percent
depending  upon complexity of data representation.
Atus formats will again be 22 by 20 inches.

Another important ongoing remotesensing
application is the use of color witer-penctration inagery
(photographic scale: 1:24 000) to provide @ synoplic
overview of the coral reel tract ol the Florida Keys.
This mapping ctfort is a preliminary  step 1o a
coordinated Federal, State, regional, and loca effore for
long-term study ol the reel teact in an attempt to obtain
some auswers as (o what is affecting the health of the
coral: Is degradation oceurring naturally or heing caused
by human activities in and adjacent fo the reets? Or s it
a combination?

REMOTE-SENSING REQUIREMENTS
FOR THE FUTURE

Emplicit in the Flosidta Coastal Councit
olanning/winagement methadolosy, whether o Level §

240

or Level NI analysis is used. are the requirements for
continuous data updating and a rapid means of data
disscmination. Systems lor acquisition and dissemination
of remote-sensing information are less than adequate, or
nonexistent. at the state/regiongdf/local governmental
levels, particulardly for the data presently in demand. as
well as for known future requirements. The problems
fucing remote-sensing users who seek information are
many and  varied. given  their  Lospective  data
requirements, data display and/or dissemination Tormat.
in-house expertise, access to pecessary funding, et cetera.

In Florida, govesnmental agencies are awakening to
the fact that these varicd problems exist and that
expansion of a centralized capability for remotesensing
activity is necessary il” vanious program wequirements are
to be miet. The focus of the interest is preseatly with the
State of Florida Department of Transporcition and its
Tonographical Office. in the fast 2 years, by wanking
thiough inner-local agreements, dity derived Trom
virdety o F remote seasors, including  photographic.
thermad  and  side-looking  airborne  sadar,  have
demonstrated the poed For remntessensing application.
Gradwally, a multiple remote-sensing progeam will be in
demand oy preater numbess of nresent

el auiutianniiid
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users learn what segment of remote-sensing technology
can benelit their own program's data requirements,

DISCUSSION

QUERY: Onc of the first items in your list of

planning  considerations included the sensitivity to
modification. Remote sensing can give you present
status and it can also give you case history for results of
maditication. How do you project, though. when you
consider modification? Particularly to projects like the
Cross-Florida Canal or Beckman highway in the swamp?

WORLEY: You arc talking primarily atout dredpe
and fill and channclization in Florida. Unfostupately,
predicting is a problem in Florida bezause we sack the
background data base to really say. *You shouldn't be
doing this.” There are reams of studies as to why a
project shouid or should not be don~. But these are
short-term studies. Right now the council has resolutions
from the cabinet and the governor for canal rescarch, sv
we're trying to get these answers. A good example is the
Florida Keys reef tract. You have probably read and
heard quite a bit about how they are dying and so on
and so forth. Well. it all depends on who you talk to,
whut vested interests are involved. ec ceteva. There has
not been a long-term study in the Keys. Mest of the
studics have been over a 2.year period at most. A
consensus of the agencies involved and of the scientific
inferests both private and public is that o minimum of 6

——— B '

years will be required to get the answers needed in the
coral reet tract, for example.

TILTON: A multitude of agencies are invalved in
these studies. And it seems to be quite uppropriate for a
state to have one agency to cither coordinate or to
conmbine the efforts of all of these rather than letting the
Corps of Engineers and private agencies, highway
department, and so forth cuch do its own, and guite
often come up with bhiased answers. One somewhat
independent agency could coordinate the efforts of the
results. Does Florida have a plan to institute this, say, in
the planning conmission?

WORLEY: Right now. we arc the coordinating
agency. At least for the next month. We were composed
of four departments in Florida. Two were environmental
agencies. They have just been abolished. Hopefully we
will continue to be the coordinating agency. We were
doing exactly what you say should be done. We've heen
trying to promote interagency coordination for 3 years.

BAKER: 1 am Simon Baker. Univessity of North
Carolina Sea Grant. I'm wondering what status in law
your map has. Is it mandatory that the conservation,
preservation, development areas be recognized legally, or
how does that work?

WORLEY: Answer to your first question: No, it is
not mandatory. The coastal zone management program
is voluntary at the state level and at present the mapping
methodology is a suggested planning methodolugy. Nine
out ol 38 coustal counties have adopled entirely or in
part the coastal council plamning/management coneept.
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C-8. Environmental Assessment of Resource
Development in the Alashan Coastal Zone
Based on Landsat Imagery

A. E. Belon9J. M. Miller,” and W. J. Stringer®

INTRODUCTION

The development of additional domestic sources of
energy is a prime objective of the United States in the
mid-1970’s. At the present time the development of
energy sources in Alaska means primarily petroleum
exploration and production. The Cook Inlet ficld has
been producing for a decade. and the major oil and gas
field near Prudhoe Bay is being prepared for production
in 1977. Geological data strongly indicate that other vast
petroleum and gas potential exists of¥shore along the
northern, western. and southern coasts of” Alaska. An
assessment of these potential new reserves and the
development of known deposits require new Knowledge
of their environmental setting to serve the sometimes
conflicting objectives of carefully exploiting resources
while preserving most of the enviromuental values.

Remotely sensed data play an jmportant role in
Alaskan efforts to case the nation’s encrgy shortage.
Data from both aircraft and satellites are heavily used by
orgimizations  engaged in activities related to both
resource development and environmental conservation:
however, the vast expanses involved tend to cmphasize
the benefits of satellite data. The University of Alaska,
in cooperation with State and Federal agencies. 1sas
applied existing remote-sensing lechnigues o many
aspects of resource developiment in the sate. Results of
three representative projects are presented.

SEA-SURFACE CIRCULATION AND
SEDIMENT TRANSPORT IN AL ASKAN
COASTAL WATERS!

The Alaskan  comstal  envitonment  provides

Ieophysical tnstitute, University of Alaska, - airtuths, Alnka,

particutarly feasible situation for the appiication of
remote-sensing  techniques 1o the study of sediment
transport and deposition. The very large quantities of
suspended sediment discharged into  Alaskan coastal
waters are clearly visible on Landsat images which
facilitate tracing the sources and movement of the
surface suspended sediments and assist studies of the
dynamic relatiorship between sediment inpui. transport.
and deposition. Such studies are important not only in
terms of the maine geology and physical oceanography
of the region, but particularly so at this time because a
knowledge of e transport path of surfice suspended
sediments is  applicable to the prediction of the
movement of oilspills in arcas which are currently
subject to  intensive petroleum  exploration  and
development,

Cook Inlet

Figure 1 is a2 mosaic ol two Landsal images of Cook
Inlet acyuired on Sepiember 24, 1973, Even in the red
spectral segion (MSS hand 6). the suspended sediment
load ranging from 20 1o 1000 mgfliter is clearly seen.
The use of images scquired at shorter wavelengths (MSS
hands 4 and S) permits the suspended sediments to be
visible at concentrations of 1 mg/liter or even less when
atmospheriv haze is totally absent.

In order to quantify the relative variations in the
suspended sediment load observed by Landsat. the gray
shades present in Lamndsat negative transparencies were
densitysliced  and  colorcoded  sa that - howndaries
belween rmges of gray shades (represemting different
ranges  of  sispended  load  concentration)  can be
positively differentinted. This was sccomplished using an
analog iage analyzex consisting af a light tabte, Vidicon

l.\'ll\'ll of this <eetion has been summarized from research reported ar the histituee: of Marine Science, Uaiveraty of Alisha teeis 1

and .
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Figure 1. Mosaic of two Landsat images of Cook Infet, Aluska,
acquired on September 24, 1973, The pattern ot suspended
scdiments @ the dnket i clearly vikible oven in this
multispectral band 6 inge.

camera, control equipmert. and a color television
teceiver. After a nepative tramsp = ey of the Landsat
image is placed on the light Gible. the camera transimits
the image to the control equipment whese the imge is
densitydiced and colov-coded iMo as many s cight
different colors, The color-coded image is then displayed
on the color television sereen.

The range of gray shades coded s any paticubar
color and the total range of gray shades contained in the
catire color spectram of the display are all continuously
variable such that the normally small ne of gy
shades foumd m coastal waters can be density shieed into
the full code of colorse cach color reprasenting a
ditferent range of reflectance value o suspended foad
concentintion. The coloreaded image displayed on the
television screen was photogiaphed wsing high-speed
35-millimeter divect-positive color Hlm (g, M The
ISamilimeter color slides thus obtained were then

¢

projected, using a photographie enfarger, onto buse maps
of the Aliskan coast, The projection of the color slide
was alined such that the color image and the base map
coastlines conformed, and the color boundaries were
traced onto the base map o produce the relative
suspended Joad concentrations as shown in the black and
white drafted map illustrated in figare 3.

The analyzer control settings used in density-slicing
the varlous images are, for the most part, arbitrary. The
base level and the bandwidth of the total color-code
spectrum were noavally adjusted such that the entire
range of gray shades contained in the coustal waters of
the specific image being analyzed equaled the range of
the color spectrum displayed by the analyzer. Individual
color bandwidths were normally kept equal to cach
other (linear slicing}: however. for some images the
relative: bandwidths were vasied to bring out specific
details, such ~~ eddies. In one instance. an acctute
transparen.y showing the suspended load distribution
for o scene for which nearsynchronous sea-truth data
had been obtained was overdaid on the analyzer TV
sereen. After the TV scieen image was enlarged and
oriented 1o conform with the oveilay. the image was
density-sficed to conform with the suspended Lo
contotns of the sea-truth data. This procedure gives pood
results where at least a limited amount of sea-teuth datz
is availible.

A series of Landsat images acquired over Cook Inlet
during 1972 and 1973 were density-sticed in the manner
described. The resulting maps of ="sive suspended
sediment concentration o different dates were then

used to develop the net sea-surface circulation model of

Cook Inlet illusivated in figure 4.

The major water movement in Cook Ialet is o
tosnd S0 pulsation in the lengthwise direction of the
inlet caused by the Mo and ebb of the tide. However.
Coridlis foree, basin morphology. and probably winds
madity the pulsations (0 produce o net cirenlation
pattern within the inlet. The major sediment somees are
the Susitna River and Knik Arm at the head of the inlet.

Tidal movement and Cariolis foree produes o net
counterclochwise cireulation in lewer Caok Inlet such
that clear seawater intrudes up the cast side of the lower
infet, canvied in by the westward-Howing Alaska cusent.
and turbid, aelatively Fresh water is canried out ol the
inlet along its western shore, As 2 vesull o the
contigurtion of the torckimds region. the intnsion ol
clear seawater is appanently deflected (o the west side at
the upper inlet to form o net clochwise eyiein the
region bownded by the cast, west. amd vorth forelands
However, this deviation hom the nonnally evpected

terchichwise viicilaiion oy e g tehpory result
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Figure 3. Schematic diugram of relative suspended sediment
concentration in Cook Inlet, drawn from the density-sliced
image lustrated in figure 2.
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Fignre 4. Sorface water circulation in Cook Inlet when the
tidal stage is near low at Anchorage and high at Seldovia, This
medel iv based on interpretation: of sedimentation patteens
abserved on several Landsi images such as thase illusirated in
figures § a0 3,

of the prevailing sowtherly sumimer winds (o winter
Fandsat images e available), in addition (o possible
variations in virculation caused by the tidal smplitade.
tCaincidentally., most clond-fiee [andsat images of Caok

Inlet were obtained near loodtide at the mouth ol the
inlet.) Avaitable cvidence indicates a highly complex and
vari ble cireulation system throughout the region north
of Kolgin Island, with extreme mixing of owtllowing
turbid water und inteuding  clear  scawater.  Ship
navigation in this area is notoriowsly difficult.

Tidal curremt velocities are sufficient to prevent
depusition of muds in the central Covk Inlet basin.
Sutstantial deposition of the line sediments oceurs in
southwestern Kamishak Bay (south of liamnz Bay):
however, a considerable amount of the Cook Inlet
suspended load is casricd out of the inlet and into
Shelikot Strait (left bottom corner of fig. 4).

The analyses of sea-surface circulation and sediment
transport performed for Cook Inlet were repeated tor
most.ol the Alaskan coast from Yakutat in the southeast
to Barrow at the northeramost point. No atiempt was
wiade to study southeast Alaska, and too tew clowd-free
and ice-free Landsut images existed for the coast cast of
Barrow to allow a meaningful analysis of that region,
The results of these analyses are summarized in tigure 5,
which shows, in a highly simplitied form, the major
pathways  of suspended  sediment  tranaport in the
Alaskan coastal and shelt envisonment. This avwdel.
developed by Burbank (ref. 1), is based on Landsat
imagery. limited fiehd data on sea temperature, salinity.
suspended load, and bottom sediment distributions and
on various previous vepeats. particularly for the 8ering
and Chukehi Seas.

Guif of Alaska

Glaciglly  desived  sediments  introduced  into the
coustal waters wie tramsported predominantly westwand
in the Aliska Current. Pact of the ucashore suspended
toad is typically deffected inta the vinious embay ments
lining the coust. The amount of offsh, ¢ transpoit is
viriable, but in some mrean it reaches  signiticant
proportions,

b the notheastern Gult of Aliska. between Kayak
asland and Yakutat Bay. the major sowrces of suspemhed
sediment are By Bav. Yakutat Bay . Malaspina Ghacier.,
fey Bay (Guyor Glaceo), and the Beving Glacier. In the
Dy Bay region, obishore shuating of the acar-bottom
stispended Toad by Alseh Convon, coupled with o
mintmal sediment wput bom Euther cast, bas lett relice
elacial sedimenis exposedt on the shiedl between Alseh
Canyon and Yahutar Sea Valles . Yakutat Sca Valley slvo
provides a eltective atisiore shant for e rear-bottom
stispended Jowd devived trons Yakmat Bas aid the coust
immediately o the caste leavng same rebiet placiat

-
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tigure 5. Major pathways of suspended se

tiekt dita on suspended lozd, temperature, sabinity,

Yakuiat Sea Valley. however, the considerably incie
susp

asedd
emded sediment input from the coastal glaciers west

of Yakatat Bay produces o comulative inciease (in 2
wostwand  direction) in total sedient trnsporl and
spreads o progressively wider dina westward direction ol
trnsport ) bl

wiket ot modem mud over the shelt.
Altiough  sorw offshore  tmsport

ot suspended

sedinents ovents atong the entire coast it is particularty
significant wheie the westwanl-maving suspended Toad
encounters Kayak hlnd: the saspended foad has been
ohserved 1o be detlected olishore over 60 Kilometers
Goward the southwest) in this segion. This ofishore

detlection of Tine seditents bas weatly enhanced the
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sspended load enters Prinee Witlian Sound through
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Prence Wil1|'qm Sound
Kuskokwim Rive. :
Kenai Peninsula
Cook inlet
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Kodvak 1sland

nferred subsurtace transport
«o-o = [nferred subsurlace transport

diment transpoti in Alaskan coastal waters as interpreted from Landsat imagery, from

and hottom sediment distribution, as welt as from published seports,
sediments exposed on the shelf inmediately west of

deposition of mud on the outes shell southwest ot
Kayak Ilaml.

A large. appatently  pernanent cockwise gy
consistently encircles Kayak Istand. and sediments are
tansported north up the west sitde of Rayak 1skmd to
rejoin the nearshore suspended fonnd transport systens.
The Copper River dischange preatly incrcases U
coastal suspen led sedinment Toad in north.centranl
Gulf of Alaska. The westwandamoving Copper Rives

plumie. upon contronting tinchinbiook  Iand
inter several  components. A

. splits
ninsy

Lot the suspended loml enters Ponce

RFPRODUCIBILITY OF THE
ORIGINAL PAGE 18 POOR
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Wiltiam  Sound  through  Hinchinbrook  Entrance,
intruding north almost to the Columbia Glacier, and
aroviding the major source for the fine sediments
deposited within Prince William Sound.

The remainder of the Copper River plume is carried
southwestward along the southeast coust of Montague
Istand. heyond which the sediments rapidly disperse and
settic. As a result, there is an increasing (requency of
exposure of relict and palimpsest glacial sediments
westward and southwestward of Montague Istand.

Aleutian Shelf

Cook Inlet suspended sediments enter Shelikot' Strait
as a well-defined nearshore plume Nowing
southwestward along the northern shore of the strait.
With passage through the strait, the plume difTuses
across the strait until, near the southwest entrance to the
strait. the plume normally has diffused across the entire
strait, Bulges in the plume are often observed along the
southeastern boundury of the plume, apparently due to
transient reversals of the net southwestward movement
of the plome during floodiides.  With  farther
southwestward  movement.  beyond  the  southwest
entrance to the strait, the plume rapidly disperses and
settles from surface suspension.

Bottom sediments within Shelikot Strait reflect the
cumutative settling and deposition of the fine sediments
as they pass through the strait. Beyond the southwest
entrance 1o the strail, (he  pearbuttom suspended
sediments are shunted  offshore by the sea valley
extending from Shelikol Strait 10 the shell edge.

The surface temperature and salinity disteibutions
indicate Cook Inlet waters. and therefore probably some
suspended  sediments, are carried  several hundred
Kilometers westward of Shelikol Strait along the Alaska
Peninsula comst: however, tere is no evidence of
depusition of fine bottom sediments in (his region. The
shelf’ seaward of Kodiak Isknd likewise appears to hawe
little o no input of suspended sediments: the shelf' is
covered  predominantly by relict or palimpsest ghaciat
sediments, with anad filling only the deeper depressions.

Bering Sea

Suspended sediment transport in the Bering Sca isin
a general northward dicection. In the Bristoi Bay segion,
the Kvichak and Nushagak Rivers supply most o the
suspended  foad. Wishore transport s winimai .

coupled with the high energy of the Bristol Bay
environment, the bottom sediments within Bristol Bay
have evolved into a well-graded (predominantly sund)
shelf i near equilibrium with  the energy of the
cnvironmem.

Transport of the Bristol Bay suspended load is
confined mostly to the nearshore zone until the
Kuskokwim Bay region is reached. Some of the
nearshore transport s deflected north up the castern
coust of Kuskokwim Bay, although entry is slight. The
combined Bilstol Bay-Kuskokwim Bay suspended loads
are  normally  transported  towards  the  northeast;
however, during  winter and  carly spring  some
Kuskokwim Bay suspended sediments are  carried
southwest into Bristol Bay. The northwestwasd-moving,
suspended Joad. upon  confronting  Nunivak  Island,
biturcates, part passing horth through Etolin Strait to
juin the Yukon River plume, and part puassing west of
Nunivak Island to be dispersed oftshore into the region
south of St. Lawience hland. Although some of the
Kuskokwim suspended load is deposited south of St.
Luwrence 1shand, a signiticant proportion is redirected to
the nostheast, producing relatively  high  subsurface
suspended load concentrations in the 1egion between St.
Lawrence Istand and the Yukon Delta,

The Yukon River discharge. comprising 90 percent of
the total (river) suspended sediment input (o the eastern
Bering Sea. s the predominant influence in  the
northeastern Bering Sea and Noston Sound. Most of the
Yukon River suspended load is observed moving aosth
and northwest towards (he Bering Strait. flowever, o
significant amount of the Yukon River suspended i
has been observed moving over 100 Kilometers directly
south in the nearshore zone,  while  expericncing
considerable offshore dispersion towaids 8§t Lawrence
tsland.

A second  important offshoot  of e majm
northwestward-moving plume moves into Novton Sound
alung its southern and southeastern shore, loming an
incomplete counterclockwise gyie within Noiton Sound.
Most of these sediments are deposited in southern ad
southeastern Notton Sound: however, some of thew
sediments are transported ont of Neglon Sowmd in
subsur Gace waters in central and notthern Nothon Sound.
Mast of the Yuhon River suspended Soad is trimsported
it (he Chukehi Sea in near-buttom suspeasion nea the
castern coast o the northeastem Beaing Sear ol the
Beving Stuil.

The observed sspended Tead transpe e and the
Wottom  sedintent distribution conelate well in - the
novtheastern Bering Sea. The magor pathways ol
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suspended foad teapspon e generably underlain by
selatively  ligh  concentistions o silt in the hotlmm
sediments,

Chukchi Sea

The Yukon River provides the major input of
suspended sediments 1o the Chiekehi Sea. Alter pussige
north through the Bering Steait, the mainsiream of
Yukon River sesiiments is carried directly north into the
northeastern Chukehi Sea. pritnily as a near-bottom
turbid Jayer. Some Yukon River sediments. however.
move castward into the southeastern Chukehi Ses: a
minor amount of (hese sediments enters Kotzebue
Sound around Cape Espenberg, while some Noatak River
sediments are discharged from Kotzebue Sound avound
Cape  Krusenstern and join the general northward
transport in the southeastern Chukehi Sea.

At additional  small percentage o Yukon River
sediments. alter passing through the Bering Sinit. wre
carried novthwestward up the Chukotsk Peeinsula coast.
Upon contronting  the  southeastward-maving  coustal
current, these susnended  sediments e transported
ditectly oflshore in a northeastward divection (initially)
and  are  reincorporated in the gencral  northward
transport of Yukon River sediments.

Coast:l suspended sedimients between Points Hope
and Baow e primarily locally derived from coastal
awmoll and erosion: however. the inpt of suspended
sediments info this region appears selatively small. The
coastal current, which Nows generly novtheastward,
produces clockwiseamoving eddies within the coastal
indemtations. tn the vicinity of Barsow, where the
northwestward-flowig  Chukehi Sea coustal - corvem
weets  the  wostward  drift ot the Arclic Ovean,
considerable oltshore tramsport of suspresded sediments
o,

Circalation within® Rotzebue Sound is 3 penesal
commterclockwise  pyie. Most ot the Noatah - River
suspended b is tamsponted daectly soathyinto venhal
Kotzebue Sound. whereas snwbler amounts e cntied
east into Hotham Inlet and west into the santhestem
Chihehi Sea. The  bottom sedanent dndvibution
conforms  well with the sitace sispotided foad
distsibation within Kotzebue Sownd, showing mackedis
greater conceniiations of five swediments undelving the
bigher  sinlace suspended Toad - concentiations. Yhe
counterctochwise ovie in somtbiern Rotzchie Sound
allows deposition ol seny e sispended sednmenis
Most Kobuk River sediments awe depanited watlin
Hotham ler.

DN

Conclusion

Landsat imagery has proved quite vaduable tor the
study of sea-surtace civenlation aml suspended sediment
tansport in o Alaskan coastal waters. The  synoptic
averview of Large areas provided by Landsat has added a
new dimension 1 the study of dynamic provesses i,
although remote sensing cannot supplant the need fu
hasic sea-truth data. the combimition of limited sea-truth
data and comprehensive iemote-sensing data can provide
far more information than either method alone.

Landsat imagery  can be especially  beneficial in
planning  occanographic  resench and environmental
surveys.  Through the  delineation  of  water  nss
boundarics and regions baving particwlarly dynamic and
variable circulation regimes. both of which are readily
apparent in the Landsat inagery of most Alaskan constal
regions, it is possible (o design sea-truth sampling grids.
which can obtain considerably more infonation tor the
available ship time and funding. Because of the generally
close  correlation  Detween  the  surface  suspended
sediments  and  the  bottom  sediment  distribtion.
Landstt imagery can also be benelicial in the advanee
planning of bottom sediment wd benthos investigations.

The tentative circutation and sediment  transport
madels described in this study will, it is hoped, provade
background inforniation 1o beiter divect future research
in the Alskan coustal and shell” envicomment. Future
work in remote seasing should be ditected toward the
acquisition  of  more  compichensive  satellite  and
simultancous sei-truth data for vasious tidal phases and
seasoms,  and  loward  the  development o more
quantitative and stundardized data analysis technigues.
Wilh these two pajor impravements, over the curvent
sitwation, the preseitt investigation strongly suggests thal
the use of satellite imagery can contiibate sipnificatly
te the cost-elfective prepastation ol a comprchensive
atlas of seassurface circubation wud scdiment tansport in
the Alaskan coastal 7ong.

MORPHOLOGY OF SHOREFAST ICE
ALONG THE ALASKAN COAST OF THE
BEAUFORT SEA

Gueologtc studies stippest a0 potential ol very fage
pettolennt deposits under ane oltshne nea sl et
Abisha between Pondhoe By and the Colville River
et The State of Ak iy planning a lesse <abe ol
these st shore submerped Lds in the vea tutweand
the Federad Govevmment will be paeparing an apact
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assessment dor the possibility of o similur lease sale
Parther ofishore. The oil industry has expressed a great
interest in bidding for leases of these offshore ayeas, but
recopnizes that the scasonad presenve of seisice presents
amesal  problems  for petrolenm  exploration and
development. Certainly, in shallow aeas. it will be
possible o build and  maintain artificial iskinds in
suitable focations on which stroztores and diilling rigs
can be built. However, the question will eventually arise
as 1o whether soructures can be safely erected in the
deeper waters within the zone of  shorefast ice.
Furthermore, the existence of large masses o grouaded
ice along the borders of the shorefast ice indicates that
underwater cables, pipelines, and other structures mus!
be buried safticiently deep in the ocean Hoor to avoid
being disrupted by maoving ice ridges or piles. The
amount of bottom plowing caused by grounded ice is
detenmined by the manner in which the gromnded ice
pile is created and there are indications that this effect is
more pranounced in some places than in others, 1t is
cloar that o detailed study of the morphology  and
dynamics of sea ice must be made betore governmental
and industrial activities can proceed in this area. The
stiady seported in this section is an initial stn in this
direction,

General Behavior of
Shorefast lce

Duving the arctic winter, a relatively stable sheet of
jce develops along  the porthiern Alasky - coastline,
extending distances ranging up (o seveaal Kilnetens
seawand. The geneval clunacteristics ol this shoiefast ice
have been reported drets. 3 1o §) as follows.

1. Around midwinter, the ice atong the shorcking is ae
tonger subject to reaking fee and leaving open wala
eneept tmder e most unusual civcumstanees.

2. This shoreliast ice sheet may contain many pressuie
rdpes. Its seaward edge is defined by the most seawand
prounded pressuie tidpe.

L Bottom sediments appeaning i the piled ice ae
gencially tahen to be evidence that o pressie: aidge i
proumded.

3. The most seanad gonnded presstne tidye s
chatacteristically near the IS-meies depthy contom.

3. Eyom time fotime,a Boating sheet ofice can be
attached 10 the shetast sheet and estend  nony
hilometens Snthey seawiand.

6. The moupded pressine vidyee system endues min
annies, sonnetinies as it as i -duly

W engiiceriiy i noribern asha

will have to consider the belviond chisructeristics il
physical properties of this yea ly secarring ice sicet, The
recent acquisition of Landsat imagery is making possible
swiveillance ol shorefast ice leading to o deseriptive
maorphology.

Retmnitz and Barnes (b, 4) generadized that the
seuward edge of shorefast ive along the north: Alaskan
constling follows the 18-meter contowr, While the aesauts
of this study Largely confirm this, pronownced deviations
of the boundary of shotelst ice lrom the 1R-neeter
comtour are abso apparent. At one tocition, shoretast ice
appears to extend beyond the 184aneter contour. e
another its boundary may be well inside the 1X-meter
contour, The overall sea bottom configuration is similur
in both cases.

Interpretation of Spring 1973
Landsat Data

The relationship between the orbital frequency of
Landsat and the areal extent of the acquired imapes is
such that because of the convergence of meridians at the
Earth's poles, given puints in the Beautort Sea region i
imaged up to 4 days in suceession. This overbapping of
images. coupled with the Tortuitous ocearrence of much
clean weather in the spritng of 1973, madz data from that
petiod exticmely valuable.

Buth fgures 6 and 7 were prepasesd by visual
photoimerpstation o data collected  rom nny
successive T andsat images of the Harvison Bay sepion
hetween ey March and Suly 1973, la onder 1o
illustente adequately the major seguential jee 1eanes
during this period amd thein relationship (o one another.
the inforurtion las been dasswn on o sepaale maps ol
the xne ey,

Figwie 6 shows (the most prominent newly {onmed
Teads inntged during a series of Landsat passes i caldy
Match. This figoe also shows ot proneonnced
unbiozen shea line imaged ot that time and. wean the
shore, e location ol the 18-ameter contom and 1he
seawatd s ol extensive unmnock diclds, Bigwe 7
shows the sinue Beantires as higie 6 and also suceessive
Jozntions of A hnes duvings Apet thsongh July oy well
as the docanons o systems of cacks which developed
during this time. The imterpreted limit ol gomnded
shoretast ice s showi as i series of dots wlhietever i@t is
ditterent ttows the sheam Tine ot July 20 The [Naneke
depth contom i indwcated o compaison with the
bounday ol shorelintice.

I ey Manch 19730 when the caliest 1973 datg

were acgitibeds e wis an extensive sheit o e
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Figure 6. Sea-ice conditions near Harrison Bay, Alaska, observed on Mateh 1973 Landsat images.

attached to the scaward side of the shorefast ice off
farrison Bay. At that time, part of the lage fissure at
the right of center in figmie 0 was new, while another
part of it and the north-south cracks in the conter of this
figure were somewhat older. Based on Barter istand wind
dati. we place the date of the new part of this crack at
March 7 when 3-hour average winds of 12.1 mfsec from
807 were measured. The older cracks probably date to
February 10 or eardier. (February 10 was the ast date on
which winds on the order of 11 mfsec were secorded at
Bavter Island.)

Landsat images of March 19 and 20 illustrate the
growth of the fead system shown on the left side of
figore 6. On Manch 20, the ce fractured along o path
which followed the refiozen shear line nmning across
the map o a point north of the western side of Hisrison
Bay and then twned scawand ronghly along 2 line
paraliel 1o the fewd shown tor Mavch 19, Even aftey This
event. a considerable expanse of attached ice remained
ol Thurison Bay.

Loy April data show the extent of the attached ice
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shelf” even further reduced, with the shicar ine running
parallel 1o the older refrozen shear fine mentioned
carlier.

Late May dats show shearing motions with average
velocitics of (.5 km/ln along a lne pasaliel 10 e coast
and tangent (o what was later identitied s u seawinid
bulge in the boundary of shorefast ice off tasvison Bay.
The series of small cracks showan along the TRaneter
contour 1o the east of Harsison Bay amd just west of
Cross Iskand were new al this time. They are rekated to
stress within the area defined by {his shear zone,
indicating, some structusal Frilure before shearing took
place at a more scawand location. Note thist o setrozen
lead was identiicd in this wea on the mid-March data.
These foilmes were probably  foeated  seaward - of
well-grounded ice,

Later. daty for carly July show an even moe
diminished  zone of stationamy ice, includiog dittle
attached ice. Note that thewe is & portion of the
stationary ice at this date seaward of the May 27 shein
tine. The 1eason tor this appeas o be a farge block of
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Figure 7. Develupment of seasice conditions near Tlarrison Bay, Abaska, during spring 1973 as intespreted from sequeatinl §andsal
images acquited ftom March to Jaly 1973,

ice grounded in water 31 meters deep at the tip of the
exension ol stotiosny ice. An examingtion ot the
June 14 Landsat image shows no sign of this feature. AL
that time shearing was taking place along the probable
boundavy of shorelast ice (the dotted line).

The bowndisy of shovebist ice shown here extemds
seawand in o bulge oft tanison Bay. Burs and Habo
(ref. 0) indicate a similin Dinlge based on mid-June data,
At the wicinity of this Dulge. the 1Xanetes conbow
indents towand shone, The deprhis along the western pal
of the bulge are very close to ES mctens, while ghiowe

. anmne W

along the castent edge are up o 27 metes.

The depantures of the Boungary of gronnded sea ice
Do the I8-meter depth contone conld peesibly cesalt
from o coastline-averaging pracess, tlowevet. just o the
east nem Cross Bsland, the honndary ot shiorelast ice
appeans to follow the IRaneler contoae iaen wone
closely.

Figure 8 shows the cential pottion of the shonelast
tudge in outer Hariison Bay. Although somewliat ohen
up by this date. July 300 substantial poron ot the ing
ol growded ice wensins. Al the top of the figae. the
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Falarged portion of Candsat image (1345.21342) showing cuntral past of the shorefust ice balge in Harrison Bay on
July 3, 1973,
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ring consists fargely of a slender curved band of dce. This
featurc has been obscrved by uircraft during spring 1973
and 1974, and appears to consist of hummocked ice.
The rclative stability of the ring of shorefast ice has
posed a problem for some time. 1t is generally presumed
that the boundary of shorefast ice is formed mainly by
grounded shear and pressure ridges. This ring of ice
appears to be quite stable, demanding some explanation
beyond ordinary grounded pressure ridges. The large
expanse of hummocked ice may be the explanation.

Although the morphology and dynamics of shosefast
ice are complex and dependent on  sporadic
meteorological and oceanic conditions, the results of this
remote-sensing analysis reveals that the major
morphological features are consistent from one year to
the next and coincide with previous reports. This
recurrent tendency of sea-ice morphology should help in
the planning of petroleum activities and structures in an
area of Alaska which presents unusual problems for the
oil industry.

Floeberg in the Arctic Ocean

Another related area of sea-ice study where satellite
remote sensing has proved beneficial is the location of
observation platforms in the Arctic Occan. Some of
these are the relatively rare ice istands (massive tabular
icebergs) and ice floes (multiyear ice), but they stowly
muove. carried by the Arctic Ocean circulation. For some
applications, stable fixed platforms are preferred. For
the pust 2 yeurs, Landsat images have revealed what
appears to be a grounded focherg located at 72° N,
162°W (a strategic location approximately 160
kilometers northwest of Barrow. Alaska). A flocherg is a
large picce of multiycar ice, usually consisting of old
pressure ridges. This feature is grounded on & seamount
in water approximately 30 meters deep. Figure 9 shows
a portion of a Landsat image. obtained May 1, 1973, in
which the featurc has ditiensions approximately 5 by 16
kilometers and appears to be acquiring new ice s the
Arctic ice pack is driven around it. Figure 10 shows the
same feature nearly a year later, March 21, 1974, Here
the flocherg is nearly as wide as the previous year but
only about halt as long. These data would seem to
indicate that the lochery is refatively stable. We recently
acquired  Landsat  image 140022131 obtiined
September 2. 1973, containing the coordinates of the
docherg, At first, we though that seme mistake had
been made because the usually abvious feature did not
appear to be within the scene. Finally, using the
coordingtes on the image. we focated the flocherg. At

that time, its size wus approximately 1 by 2 kilometers.

The September 1973 Landsat image has greatly
changed our perspective of that feature. Apparently,
very little, if any, of the feature is a true flocherg; most
of it is a recurring hummock field perhaps initiated by a
grounded icc feature but reduced in size by
disintegration duriny summer. Nevertheless, there are
muny interesting aspects of this ice feature. One of these
relates to shorefast ice discussed carlier. How similar is
this feature to the ficlds of hummocked ice comprising
the ring of shorefast ice in Harrison Bay? Perhaps this
type of structure is more stable than grounded pressure
ridges.

The feature at 72° N, 162° W offers an opportunity
to study many aspects of ice dynamics and is, at this
time, the object of possibly two surface expeditions next
year, if it is still there.

MAPPING OF ECOSYSTEMS
ALONG THE ALASKAN
COASTAL ZONE

Petroleum exploration and development offshore and
onshore has a profound effect upon the adjacent land
and its people. This relationship is currently exemplified
in Alaska Sy the somctimes conflicting activities of
extractive industries and the small socioeconomic
structure of native villages in the sparsely inhabited areas
faced with imminent development of massive scale. The
challenge of these fast-paced events for governing buudies
is to become capable of managing and controlling the
development in a constructive and timely manner, so
that divergent interests can accommodate reasonably
well those values which best serve the indigenous people,
the state, the nation, the fand and sea cnvironment. snd
the total resources of the region impacted by the
devclopment.

One method which is actively considered to meet this
challenge is to cstublish a system of land classification in
the coastal regions based upon the natural ecosystems
which dominate an area. Specific species of vegetation or
types of wildlife habitat which scem to prevail in a given
arca need not necessarily receive priority in planning:
however, at the minimum, there is o hasic need to have
detailed knowledge of what is present hefore one can
sorl through priorities and determine what should he
permitted to alter or replace the naturally occurring
ccosystems. On a regionwide basis, some sites are more
suited to developntent than others. These need 1o bhe
identitied and agreed upon in any L use regubating
system. There are other areas which are particularly
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Figure 9. A Noeberg (grounded multiyear ice) approsimately 160 kiloncters northwest of Barrow and first noticed on a Landsat
image acquired May 1, 1973 (1282-22261). vhe flocbery is at the sight center of the illustration and has dimensions of 5 by 16
kilometers.

deserving of protection under <urrent and anticipated
values, and these critical arcas should be recognized dnd
should receive the appropriate reguation.

With hall of Alaska’s coastline potentially or actually
impacted by petroleum exploration and development,
the repulation of coustal zone activities is an enomous
endeavor, especially when one contemplates that Alaska
has more than halt of the total United States coastline.
A systematic survey on this scale would steetch over
several years and with conventional techmigues alone
would be incapable of addressing the urgent need of the
present o

General Approach

The University ot Maska, with sujppost frons NASA
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and the Alaska  Department  of  Environmental
Comservation, is  analyzing Londsst  data by
computer-aided technigues fo map ccosystem units and
coastal processes in four representative regions ol the
Alaskan coastal zone. Included are Prudhoe Bay and
Beechey Point on the Arctic coast, which consist chiclly
of wrctic fundry, thaw lakes, and coastal wetlands: the
Seward Peninsuls, which has @ mix of upland and
lowland  twndva, barrier islands, and some mountain
terrain: Kotzebue Sound, which contains uplands, o

mwjor siver delti and lowland tundia: and & portion ol

the coastern shove of Cook Tnlet. which is dominated by
wethinds., torests, and glacier-fed rivers. The fatter regon
has been impacted by oil and gas development For the
past decinde.

These four regions ware selected  to refine the
technigues hich can prave most usetul in kind use
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Figure 10.-- The same flocberg as in fipure 9, observed almost o year later, on Match 21, 1974 (Landsat image 1606-22203), has
dimuensions ot 6 by 8 kitometers.

planning of the coustal zones. Computer-aided analysis
was chosen to minimize the time necessary to extend the
eccosystem mapging elforts to the catire coastal arca of
she mainland of Alaska. In view of the lack of
ground-truth  information and the  random-mosaic
patterns in wildland arcas, we decided not to use the
supervised approach, which depends heavily upon the
quantity of identificd training sites and the uniformity
of the information which can deseribe them.

The unsupervised classification methad of compute
processing lends itseit’ well to mapping the wultitude of
units of ground cover that occur natorally in wildiand:,
provided that the many spectrad differences which are
inherent in the data can be found 10 have intormational
value to resource managers. Care tust be exercised to
maintain  control  of  the  antomatic chssilication
algorithms so that meaningful outputs ave obtained tha
can be related reliably to the seal world. Indeed.
multispectsal systems tend to reveal mone feature classes

than we at present know how to use profitably. although
this by no means need be o disudvantage. The key is to
he able to cconomically select those leatures which have
informational value, and to (tcmporarily) discard or
merge  those  which appear o have unknown oy
superfluous meaning.

The Unsupervised
Classification Technique

The classification technigue used to generate Alaskan
ccosystem maps is illustrated by the low diagram of
figure 11, The method first detines a number of
spectratly distinet categories from an iterative clustey
analysis of small samples fom the area to be mapped.
This is tollowed by the classiticition of ihe entire ares
by o maxinum likelihood program into the cwabs: of
classes  previonsly  defined b s gduster by

‘ m.:mim)ucmn.’(’1‘{}"( pHg
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assignment r"
Output
Color-coged
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or thematic maps

Figure 11, - Flow chart of the unsupervised dassitication algorithms used For genctating ecosystem maps of the Alaskan coastal zone
from Landsat digital imagery.

Geowetrically corrected output formms can be made at
any scale and include both tine-printer maps and
color-coded classification maps, or 2 series of colured
thematic maps.

While the classification is  basically  unsupervised.
there is adeguate provision (o ensure that the computer
is producing usetul results before the ontput products
ate generated. A review ol the numiber of classes amd
their spectral characienistics and statisties can determine
P ooi et problenis aie imbeeei in tive definilion

ol the categones during the choster anadysis step. The
number ol liscrete categories, which are generated from
varying types of terrain in the arca to he mapped, can be
regulated by manipulation of the sample selection and
limit definition  criteria. Once well-behaved  statistics
have been produced by the cluster analysis on the
representative sample of the raw data, the entire data set
is cconomically  classiticd by o maximum  likelihood
program or other appropriate classification scheme.

The cnitput of the classification proggam is in digital
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tape fonn which can drive o color image recorder after
specific colors have  been  assigned  to cach class,
Typically, there are more discrete categorics identificd
than are desired or useful for a given application: it is
necessary fo tentatively identify cach class as to
landform or type of vegetation by corrclation with
ground truth and the study of the spectral signature of
cach class. This can be relatively straightforward or quite
an extensive effort, depending upon the orderliness of
the original data and the amount and tyne of ground
truth avaitable.

In one important operating mode, the unsuperviscd
classification techmque can be used as a tool primarily
to identify those areas for which detailed ground truth
must be acquired. It is not at all necessary to acquire
ground truth before performing the classification. and,
in fact, one usually obtains the right kinds of
ground-truth data of better quality at lower cost unce
the automatic classification processing has indicated
where it is and is not necded.

Once appropriate colors are assigned to cach class, the
output products are generaied in the form of
colorcoded classification maps or a series of colored
thematic maps for ihose classes of interest. Any or all of
the recognizable classes can be used in the final color
product, which can be generated at any desired scale.
The classiticd digital tape forms a permanent data record
from which different themes and color products may be
produced for application to other disciplines.

Resuits

The unsupervised classification technique has been
applied successfully to several areas of Alaska in the
coastal zone as well as in the interior. As an example for
the coastal zone. it was applied to the Prudhoe Bay and
Beechey Point arcas on Alaska’s North Stope (fig. 12).
For the S5000-squarc-kilometer region mapped near
Prundhoe Bay, the unsupervised classification of the fund
arca resulted in 15 ccosystam categories, excluding snow
and ice. These categories were identitied hy correlation
with independently available ground truth and are tisted
in table 1. Six categories represent various types of
tundra vegetation, four represent bare ground, and five
represent water with varying degrees ol siltation or
depth. In wddition to the 15 kot categories, the
computer analysis recognized 38 spectrafly different
categories of snow and ice. Six of tose represent siow

e [TV IPY VIV YT VT YRUY TURRINIPL Y PRV
and 1ee oiiind o soiiie of i saRes i thiv arca. with o

apparently associated with anchor ice which forms on
the bottom of shallow lakes, remains submerged during
spring, and mehs more slowly than surface ice. The
other snow and ice categories occur offshore and are
helieved to be relatable to sca-ce wsorphology and
conditions. bused on the spatial pattern of their
distribution and their spectral signatures which suggest
varying degrees of wetness. Unfortunately, the purpose
of this project being the mapp ng of lind ccosystems,
the ground-truth data on sea-ice and lake-ice conditions
during carly July 1973 are not available for detailed
identification and verification of the snow and ice
categories. Nevertheless, the ability of the unsupesvised
classification technique to difiesentiate between various
types of snow and ice, as well as between varying degrees
of water siltation, is promising and of considcrable
intetest to scientists and engineers studying  the
near-shore and outer continental shelf in preparation for
petrolcum leasing.

Color-coded classification maps resulting from this
analysis are iflustiated in figure 13 for the Prudhoc Bay
arca and in figure 14 for the Becchey Point arca. The
color code for these maps is listed in table 1. In these
examples, we sclected the color oluc for water, brown
for bare ground. and red for tundra vegetation with
varying shades of cach color representing  subclasses
within the main category. The purpose of this sclection
was to represent all classes jdentified by the aralysis in
such a way that. for certain applications, the 2olors for
the subclasses could be merged mentally info the main
class if nessary: for instance, fundra = red. In retrospect,
owing to the inaccuracies inherent in photographic color
printing. we believe we prabably should have sclected
more contrasting colors for the subclasses.

For the coastal 7one management application  the
first question to be addressed is to deline the boundary
of the coastal zone. It may extend from one to hundreds
of kitometers infand. This first-order application of the
computer-processed  Landsat data is al scale of
1:250 000, which is usually adequate for the appraisal of
the oxtent of the coastal zone, based on ccosystem
indicators of arcas dominated by the influesce of the
seqt, sea storms for example. For this application. the
pretiminary conclusion reached from an exantination of
figures 13 and 14 is that. for the most part, the analysis
of the Landsat scenes was not cardied Far enough infand
1o detine the coastal cone boundary. 1t only appeies
distinetly ot the hottom of figure 14 for the Becchey
Point arei. where dhe constal funden breaks rather
consistently into well-diined  tundia with vigorous

by Faselas cannd wvienans
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Ligure 12, Dandsat inage acquired on fuly 2, 1973 ¢ 1244-21283), over Prudhioe tay (ripht conten) acd
Beechey Point @etd conter). Alaska.

Managermient decisions. of course, must be made upon
mate detailed Kpowledge of Landiorms and ecosysteans
than the detinition of coastal zone boendaries. The sane
computer outputs as illastrated i figures B3 o 14,
when they are reproduced at Tarer scabes, sich s
63360 war 33 can abo be wsed dering thw

28K

second-onder application of processed satellite dits. At
these seales. the extent and variety ol surface leatumes
and ecosystems classes e acciately mapped in the
detail needed for the decisionmiakitg process of Lind use
manageent.
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TABLE I.- LAND ECOSYSTEM CLASSES FOR TWO AREAS OF

THE ALASKAN ARCTIC COAST

Color code

Feature

Water

Very dark blue
Dark blue
Deep bluc
Light blue

Clear, deep water

Clear, moderately deep water
Clear, moderately shatlow water
Silty or shallow water

Medium blue

Shallow water with sparse aquatic vegetation

Barren ground

Black

Wet sand or mud

Dark btown
Medium brown

Wet outwash sand and gravel
Dry outwash sand and gravel, gravel pads,
camps, roads, and runways

Dark orange

Orange

Mcdium yellow-omngj

Very dark red Mineral soil with very sparse or stressed
vegetation: forbs, grass, and dwarf shrubs
Vegetation
Dark red Wetlands, frequently dimined lake bottoms,
with sedges, aqualic grasses. and mosses
Medium red Wetland bog
Deep red Wet tundra, with sedges and aquatic moss

Poorly drained tundra marsh, frequently
low-centered polygons with sedges and dwarf
shrubs

Maoderately drained coastal tundra, frequently
high-centered polygons with willows, dwarf
shrubs, and lichens .

Well-drained upland tundra with vigorous
shrubs, forhs, and grasses

CONCLUSION

The demonstration projects described in this paper
are expected to contribute signiticantly to two programs
related o the nations scarch for additional encrgy
sources in Alaska: The environmental assessment of the
Alaskan outer contineatal shelt undertaken by NOAA
and Burcau of Land Managzcment (BIM) in preparation
fur the leasivg of offshore tracts with petroleun
potential and  the  formulation  of 2 coastal  zome

management plan by the State of Alaska. In particular,
the demonstration projects have shawn that Landsat

dati can be used effectively for developing models of

suspended  sediment  transport and  therefore  tor
preparing contingency plans based on the movement of
oilspills in Alaskan  coastal  waters. for  planning
nmavigation rontes and  otfshore drilling structures in
cuastal areas where sea ice is prevalent. and for assessing
the  potential - physical and  biological impact ot
developimental activities on the coastal 2one.
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tublke 1. In comparison with figure 12, the classification has
enhanced the barrier island chain, and has scparated the
sea-ice types in an apyarently meaningful way.

{ >
é
H
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1 ' ) Figure 14.- Color-coded ccosystem map of the Beechey Point,
. Aluska, area, based on an unsupervised classification of the
: Landsat image Hustruted in fgure 12, The color code is in
i

Figure 13, Colorcoded ccosystem map of 2 5000-square-
kilometer arca around Prudhoe Bay, Alaska, based on an
unsupervised classification of the Landsat image in figuse
12. The color cade for the land ccosystem clusses is
provided in table 1.
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C-9. Coast Guard/NOAA/NASA
Great L.akes Project ICEWARN

1. D. Brennar® und R. 7. (.‘cdm')"’

Durmg the winter of 1974-1975, a joint project
between the U.S. Coast Guard (USCG) and NASA was
conducted to map Great Lakes icc cover on an
operational lever. The Great Lukes system, often called
the fourth seacoast, is bordered by many highly
industrislized citics that wely heavily on ships for
teansportation. For example, over 70 percent of the iron
ore processed in the United States is mined in the
Masabe Runge near western  Luke  Superior  amd
transported by ship to steel mills, particulurly in Chicago

and Cleveland. Because ol the iadustrial importance of

the Great Lakes, a Federally sponsored winter navigation
demonstration program involving 12 Federal agencies,
led by the Corps of Engineers and the Coast Guard, has
been in existence since 1971, The purpose of the
program is to determine the feasibility of and to provide
for year-round navigation on the Great Lakes.

Project leewarn is a joint effort of the U.S. Coast
Guard, the National Oceanic and  Atmospheric
Administration (NOAA). and NASA to establish the
operational feasibility ol using remote sensing 1o provide
all-weather ice information for Great Lakes winter
navigation. To be useful to shippers, the system must be
capable of updating ice information  daily.  This
capability is necessary  because e types  and
distributions are rapidly altered by shifting winds and
weather conditions. In order for a ship captain to use the
information for navigating around an ice fichl or through
a portion of the ice that his ship is capable ol traversing.
the information must be aceurate as to ice coverage wnd
thickness. Every day that an iron ore ship is delayed or
heset in dee, the cost of transporting the cargo increases
by approximitely S10 000

The remote-sensing system used . Project leewam
was develuped by NASA and was jointly demonstrated
by the Coast Guard, NOAA. and NASA this past winter.
Figme 1 shows the various clements associated with
Project eewarn. A Coast Guard C-130 ateenatit equipped

t'l’..\i. Coast Guard 9th District, Cleveland, Ohia,

UNASA Tewis Rewarch Center, Cleveland, Ohise,

with a sidedooking asitbome radar {(SLAR) system
routinely surveys selected regions of the Great Lakes
from an altitude of 11 000 feet. The advantages of the
SLAR system are twofold. First, SLAR produces actual
radar images of lake ice cover rather than charts drawn
by a visual observer. Sccond, the system hus an
all-weather capability to gather ice information.

Another advantage is that imagery can be transmitted
to the Coast Guard/National Weather Service (NWS) lee
Navigation Center in Cleveland. Ohio, by two pussible
communication  networks: 3 continuous  real-time
ultrahigh frequency (UHF) uplink transmission from the
SLAR aircraft to the NOAA Geostatiohary Operational
Environmental  Satellite (GOES) and a subsequent
S-hand downlink to the Wallops Istand station, which
relays information o the Cleveland lce Navigation
Center by dedicated telephone lines: and a neat-real-time
teansmissioti by an S-band dowalink from the SLAR
aircraft to a number of shore stations srouned the Great
Lakes. which relay informution to ihe fee Navigation
Center by dedicated telephone lines. The fee Navigation
Center is equipped with an S-hand antenna capable of
receiving  directly  transmitted  SLAR image  dumps.
Equipment is also available (o record the SLAR image as
it is transmitted on both tape and lilm. At the center,
SLAR images along with hand-drawn interpretive ice
charts ase tumsmitted by a facsimile scanner over the
Great Lakes marine very high frequency (VIHE) network
1o vessels operating in the kakes.

Figure 2 is a schematic of the SLAR system. A beam
ol pulsed microwave energy brictly illuminates a narrow
strip on the ground on both sides of the aircraft tor a
range of SO Kitometers, The retum signals e used to
intensity-modulate the trace of a cathoderay tube,
which in turn exposes i moving film. The retrn signats
are abwo digitized and recorded onmagaetic tape ton
retransmission (o the grovnd. A vadae Blindspor ocewss
immediately beneath the gireralt that is approximately
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Figure 1. Tue various clemenis associated with Project leewarn.

as wide as twice the altitude of the aircratt. For
example, an sircralt Qying at 10000 feet would have u
blindspot 20 €00 feel wide.

A key clament of Project leewarn is the routine use
ol an dithorne Shand. shortpulse radar (o measure
actual ice thickness. Protiling the ice directly beneath
the aiveralt, shis radar system is capable of measuring ice
thickness (o an accuracy of approximately 2 inches from
altitudes of 5000 reet or less. Tee thickness is detenained
by weasuring the time difterence between the retum
pulses  from (he airdee interfuce and the jee-water
interface. Thickness results from a typical short-puise
radar flight in Lake Superior during March 1974 are
shown in Figne 3

For e 19741975 winter navigation season, the
pulsed aadar system was mtomed aboand the €47
gircratt operated by the NASA Lewis Research Center
(eRCY Fhe equipment will be transierred o the C-130

262

SLAR aircralt for the 1978-1976 season and will be
operated at an altitude of 11 000 feet,

Figure 4 shows a view inside the cargo section of the
C-130 luoking forward. Included in the photograph s
the rack system used to house the clectronic equipment,
including onboard film recorder, digitizing electronics,
tape recorders, S-hand, and UHE-bind radios. The SLAR
receiver/ftransmitter is mounted on a cargo door in the
aft seetion of the aircralt.

The small S-hand ommidirection antenna mounted on
the undeside of the C-130 is only 22 inches above
pround (hig. 51 The SLAR antenna conld not he
mounted here because of the short distance between the
belly of the aircralt and  the ground. Justeind, the
2-tootdong SLAR antenna is mounted on the tail
section €tig. 0).

Mounted on top of the C-130 is the UHE antenna
used to datalink the SLAR invagery to the NOAA/GOES
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Figure 2. Schematic of the sidedooking airborne radar system.

weather satellite. This antenna configuration allows
cantinuous transmission from littoff to funding. The
project was started in August of 1974, and all equipment
fer the entire system was purchased. designed. and
installed by NASA by February 1975, All the equipment
in the C-130 was installed by Lockheed under contract
to NASA during a 3-month period from October
through December of 1974, Flights in the C-130 began
in January of 1978,

In figure 0. the SLAR aireralt is shown flying
mizsion off the Straits of Mackinac, which conneet Lake
Huvon and Lake Michigan. This narrows is clogped with
ice throughout the winter and an icebieaker is required
to assist ships in miving through the steaits. The captain
of an icebreaker desived SEAR image blawaps of this
area {0 aid him e determining how to cut o fack
thiough the ice. North of the straits in Sault Ste. Maie,
there was an Shand grownd statiog that coull receive
the SLAR imagery ot the straits in real time. Thus, the

captain was able o quickly reccive the needed
information from Project feewar.

Figure 7 shows the geography of the Great Lakes as
well as the Jocation of the various elements associatal
with Project feewam. The location and approximale
range of the stations making up the Greas Lakes marine

VHE network are shown. Lake Superior, Straits ol

Muckinac, upper Lake Michigan, and castern Lake Huron
receive comprehiensive radio coverage allowing vessels
operating in these areas to aquire dee information
immediately as it hecomes available. Futine stitions wit)
extemd this radio coverge do all aicas o the takes.
S-hand data dowlink siations were located at Cleveland,
Ohio. and Sanlt Ste. Marie, Michigan.

Figure R is an enlargement of part of an SEAR image
of the Whitetish area of castern Lake Superion just above
the Soo Locks of the SE Marys River. This inape was
tahen Fobniny 27, 1975, Fhe vadi Mlisdspot (4 nnles
wided is shown cumning across the vap lalf of the image.
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Figure 3. Results of an fee thicknesr radar flight.

The tand features have o characteristic high signal retur
in this area and are easily identified it one is at ol
familiar with the geography of this area.

Thich approximately 16 inches) fast ice encompasses
all the castern bays. In contrast, the western side of the
bay below Whitelish Point has only a covering of thin
ice. Thiee vessels can be seen niaking their way loward
Whitefish Point. The wake of the sonthernmost vessel is

casily distinguished in the thin ice. The middie part of

the hay is covesed with Targe, thick plates of ice welrozen

in o matrix ot thin ive and brash ice (broken pieces of

ive) The plates Paving a relatively smooth top sufaee
give very bittle radiar retwm and appear dark in the image.
The brash ice surmonnding these lige plates has aumy
exposed edges and cormers and comequently gives a very
high, white relurn,

sieilal, WV Vet

Windblown meas of brash ice are piled up along the
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western edges of this icepack giving a high signal return.
Windrowing ofter oceurs slong these brashey edges
making vessel transit without icebreaker assistance
vittually impuossible. Only o few small arcas of open
water cin be detected.

A tew ship track. the thin line running from right to
left with a dogleg in the middie (fig. 8). has just been
established after winds the previous day shifted the ice
ity the bay: the dogleg in this track was (o take advantage
of the thinsce mean along the western side of this Bay.
The wormal ship track woulkd be right theough the
middle of this icepack,

Figure 9 portrays the value of SLAR imagery for
vessel romting throngh ice conditions. During the carly
past of April 1974, the US. Steel vessel Roger Blough
reccived seal-time SEAR magery. At this time, ice was
pited up in the castem end of Lake Superior along the
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Figure 4.— View inside the cargo section of the C-130. Tae rack
system houses the electronic cquipment, which includes
onboard film recorder, digitizing clectsonics, tape recorders,
S-band, and Ult--bund radios.
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Canadian shore. By april 7, wind forces had compacted
this ice cover along the southern shore of the lake, west
of Whitefish Point. The Roger Blough, upbound on April
7, used this SLAR image to navigate to the north around
this icepack. The iccbreaker Southwind attempting to
transit the normal vessel track around Whitefish Point
ran into heavy windrowed ice and also had deviated
toward the north after being delayed many hours. Three
days later, on April 10, 4 southerly wind had opened this
icepack so the best route for the Blough to navigate on
her downbound trip was a southerly onc through a series
of large leads and open water along the edge of Whitefish
Puint.

This combination of an SLAR image (on the bottom)
and a hand-drawn interpretive ice chan {(on the top) is
referred to as an ice information product (fig. 10). The
SLAR imagefice chart combination is the type of
information supplied to vessel masters over the facsimile
network. This figure was from the Straits of Mackinac
on February 1, 1975. The Muckinac Bridge, scen in
figure 6, is clearly visible in the SLAR image. The jce is
generally concentrated in the straits around the bridge
between Bois Blane Islund oo the eust, to Beaver Island
on the west. and it: the upper reaches of Green Bay.

The hand-drawn ice chart attempts to outline the
various arcas ot ice as to average thickness, relative
concentration, and percentage of various sized pieces. As
such, it gencrally “‘homogenizes™ the information
available in the SLAR image.

Figure 11 shows an ice information product for the
westeen end of Lake Superior near  Duluth, for
February 6, 1974. The ice in the Duluth area is solidly
packed and over 12 inches thick. Its relatively smoother
surlace gives little radar retusn and appears dark on the
image. The numerous cracks and ridges in this srea give a
high radar return and hence appear as white lines. The
rest of the lake arca is covered with various
concentrations of brash ice troken up and moved
around by wind forces. An area of open water in the
middle of this image will permit the vessels 1o avoid the
ice in this area. climinating costly delays. Such open
water arcas will shift with the wind and may bhe
completely closed up the next duy. Such dynamic
conditions point 1o the need for real-time intormtion as
well as daily updating during periods of rapid wind and
weather shifts.

For Project Teewarn. 58 Nights were made during the
winter of 19741975, accumulating totals of 285 $light
hours and more than 32 900 miles. Approximately 160
SLAR imagefice charts were  nade available  for
toadeist  to the  users, 28 vessefs.  including 2
icebreakers. Howas the Hiest yeur that shipping continued
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Vigure 6.~ The S*.AR aircraft flying a mission over the Straits of Mackinac. Note the SLAR antenna mounted on

the tail section of the C-130.

Legend
@ Base for SLAR operational llights
Aircealt downlink receiver locations
USCG ice inlormation center
Communication Input center for marad system
Marad transmitter location
Centrai radio transmitter tocations

Duluth

qae >»enm

Copper Harbor

Sturgeon Bay

Y

take Ontaric
Port Washington

Lake Michigan
9‘ Lake Erie

USCG Ice Information Center, Cleveland

NWS forecast of(ice, Detroit =
[ ]
Lorain Electronics
NASA LeRC, Cleveland

Fipwre 7. The Great Lakes ice information network, empliasizing the alements assockted with Project Soewan,
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through the entire winter on the upper four Great Lakes.
Total tonnage movement on the Great Lakes during the
1974-1975 winter seuson was approximately 20 million
tons, almost the same tonnage movement as in the
previous 3 years combined. We like to feel that this

system inspired increased confidence among  vessel
masters when tansitting ice fields and that it will be an
invaluable operational toul for extending the navigation
scason on the Great Lakes. The system will be
demonstrated again in 1975-1976.

Figure 8. A enlargement ¢ an S1LAR image of the Wintefish Bas, arca of eastern | ahe Superiar. Fhe rdas blimdspot (4 miles widey
vrosses the fop of the image.
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Figure 9. Usc of SLAR imagery for vexsel conting under Great Lakes ice coaditions. The solid line in the top photograph represeats
the upbound track of the Roger Blough on Aprit 7, 1974, The broken line in the bottom photograph represents the downbound
vessel track on Aprit 10, 1974,
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C-10. Oilspill Surveillance, Detection,
and Evaluation by Remote Sensing

Donald R. Jones®

BACKGROUND

Both the 1970 and 1972 amendments to the Federal
Water Potlution Control Act, in addressing the problem
of spills of oil and hazardous substances, required the
appropriate Federal agencies (Environmental Protection
Agency (EPA) and Coust Guard) to establish a system of
surveillance and notice designed to ensure earliest
possible warning of these spills, so that necessary
cleanup could be initiated along with the appropriate
enforcement action. With the regulation defining
“harmful quantity of oit™ as a discharge onto water
producing a film or sheen upon, or discoloration of the
water or adjoining shoreline, it followed that
surveillance. detection, and notice of an oilspill were
directly linked to visual or cquivalent means of
vhservation.

The initial rescarch and development efforts by EPA
and Coast Guard recognized both the large arcas of
surveillance  required (shipping lanes. offshore oil
platforms, harbors, infand rivers, and lakes) and the need
for surveillance at night and under adverse weather
conditions. Also, incidents of very large spills. in excess
of 500000 gattons. were known to affect large water
arcas and many miles of shoreline. such that eflective
cleanup response would require immediie acrial surveys
to identify where the oil was and the shoreline arcas
most heavily polluted. Thus. the system of surveithngee
would require (1) equivalent  additionat  detection
methods other than visual, (2)aerial surveillance tor
large arcus in a routine and operational detection mode.
(3) immediate actial mapping of Grge spills in support of
cleanup response, (4)oil thichness determination by
acrial remote sensing to  determine  guantity  spilled
(unknown in many  large spitl incidents) and thos
identify the heavier ol accummlations for cleanup and
assessment  of  any  eavironmental  damage.  inwd
(5) fixed-platform  antomatic  seosors o monilor

high-risk oilspill sites in harbors und at oil transfer
terminals.

The so-called “system of surveillance™ was an
evolving one, however, initially concentrating on
optimum bandwidths for photographic detection of oil
slicks and nonvisual methods for detection during
nighttime and adverse weather conditions. The EPA/U.S.
Cumnst Guard sponsorship of a number of studies and
investigations led rather quickly to 2 battery of
state-of-the-art nonvisual airborne sencors that coukd
detect a4 variety of petroleum products on water in most
environmental conditions. Well known now are the
capabilitics of active und passive microwave radar.
multispectral line scanners in  the  ultraviolet and
thermal-infrared spectral ranges, low-light-level television
(multispectral), and ultraviolet-induced fluorescence (o
successfully discriminate oil on water. Last, but tar from
least, were the proven capabilities of acrial cameras at
high and fow altitudes to map large arcal extents of big
oilspills, although oaly in daytime. good weather
conditions. The latter had been amply demonstrated for
the four oilspills. each involving more than 2 million
gallons: Santa Barbara, January 1969 Clhieveon platform
blowout, Guit of Mexico. April 1970 Shelt platform
blowout, Gult of Mexico, December 1970: and tanker
collision, San Urancisco Bay, January 1971, The NASA
provided effective high-altitude coverage of both Gull of
Mexico spills from WB-S7 aireratt. Figure 1 illustrates
the value of thermal-infrared and acrial photography in
mapping  ailspills in the Gult of Mexico.

The remaing clements of the surveillinee system
have been or are in the process ol heing completed
thiongh a combined EPAJUS. Coast Guard research and
development (R&ED) program with coniinued assistance
from NASA and the Naval Research Labovdtory. These
efforts have merged into operational apolications 1o an
extent that an intesim system o oilspill surveillance
exists and is accomptishing its pupose. This paper will
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Figure £, - Infrared imagery tracking the oit slick which resulted from the 1971 Shell Ol platform B fire is the Gulfl of Mexico,

brictly describe the ollspill surveillance activities of the
EPA and the US. Coast Guard and also outline plans to
improve and augiment the existent surveillee system.

CURRENT STATUS OF OILSPILL
SURVEILLANCE

When EPA was Tormed in December 1970 from
clements of o number of other Federdl agencies, @
fortuitous inheritance from the Department of tlealth,
Education, ana Wadare was the Western Envirconmiental
Research Laboratory at Las Vegas, Nevada. It is now the
Nativnal  Envitonmental Rescarch Center (NERC)Y. At
this facility were several propeliee aiscralt, vindae Workl
War 11, that were used For i sampling probes in support
of underground nuclear weapon tests and monitaring of
nuclear powersites.

Dining  the next several  yeas. o acmolesensing
Pacility  was  established in sesponse 1o varied amd
comiderable Headgquanters and segional reguests 1o

2712

water and air pollution surveys, one of the earliest of

which was tor acrial mapping of large  oilspills.
Importantly. all the elements and requirements of a
remotesensing system were considered: therefore, a
modern  photographic  baboratory and  relevant  daty
processing and reduction facilities were  established.
Skilled  peysonnel. both Government and  contractor,
were brought aboard to ensure meaningfut analysis,
evaliation. and  presentation of  the data acquired.
Although @ maodest and smalt operation in compatison o
the NASA Earth Resowces Aircnalt Project. the Las
Vegas  Cacility  (along  with its satellite center, the
Environmental  Photographic Inteipretation Ceater at
Warrenton, Vieginia, and contictor data acguisition
sipport) hus proved (o be g very effective romatessensing
applications unit. The B-20. Mobawk, and C4S airaait
are used for remotesensing missions. They  cany 3
varicty  of infared  camens, scanners,  television
cyuipment, and a spectiemetes. A mnber o sugeesstul
eitorcement actions have tuken place, based bingely on
remately sensed data, sand aerid photographic sapping
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of vilspills has become an integral and necessary element
of cffective cleanup operations. Twoe recent  major
oilspills (Februa.y and March 1975) and the supporting
Las Vegas remote-sensing operations served to illustrate
this capability that can be brought to bear on a major
oilspill anywhere in the United States normally within a
matter of 6 to 12 hours. Figures 2 to 4 are examples of
acrial photography taken during overflights of a
miltion-plus-gatlon spill resulting from a tanker collision,
explosion. and fire in the Delaware River. Figures 5 to 7
are products from NERC coverage of a large spill in the
Mississippi River near Vicksburg when a barge hit 2
bridge.

A second and also practical application being carsied
out by the Las Vegas remote-sensing facility is the acrial
surveying of oil production and storage facilities (figs. 8

o 10) in various parts of the country. These surveys are
oriented to compliange monitoring to ensure that the
facilities are carrying out the requirements of the EPA
oif pollution prevention regulation.

The US. Coast Guard has established an interim
acrial surveillance system using six Grumman HU-16E
fixed-wing aircraft  equipped  with  infrared  and
ultravivlet sensors. This system is utilized primarily in
detecting oil discharges from ships sailing in U.S. cosstal
waters and the Great Lakes. In addition, Coast Guard
shore units, hatbor patral craft, and helicopters all have
an ot pollution detection mission. This surveillance is
primarily for enforcement purposes it both accidental
aud deliberate discharges.

The Coast Guard assesses the civil penalties for
discharges. and prepares the case (for the U.S. Attorncy)

“let'!ﬂ r.o“m;\
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COLLISION DATE: ¥31/78 1210 AM
PROTO TAKER 2/3/7% 1117 ESY

Figure 2. Fhotopraph taken by NERC gireratt Tday s attes o bnker collision and ailspill m the Delawase River.
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for criminal penalty in those instances of failure by the
spiller to immediately notify the US. Coast Guard. The
interim system is not intended for aerial mapping and
assessment of large oilspills in support of cleanup
Caast  Guard  acrial
surveillance system (1o be described in the next section)
will have this capability along with a commensuraste

datection,  and
evaluation/assessment of oil pollution are being hased on
both an acrial and fixed-platform (remote sensing and in
situ) system. The latter system is applicable to local
arcas such as harbors, marine transfer terminals, and
industrial oil-handling facilities in inland rivers. Both
EPA and Coast Guard have supported R&D projects in
developing & number of nonvisual, round-the-clock,
all-weather  sensors with the goal of establishing a

An initial active infrared senso system will svon he
installed in New Yeork harhor by the U.S, Coast Guard,
The tirst EPA infrared seusor is now in operation 4t the
Coast Guard Satety Station in the Honston Ship Channel

. T ee - r—— ey e e ST Y Y O W Yy (P e e e
| L
i ) | 1 v LI hd T
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Vigure 3.- Sanic arca shown in figuse 2 surveyed by NERC 8 days atter the spiil.
operations. The  developing
buildup of data processing and evaluation facilities.
Provisions for  surveiilangce,
monitoring network in high-risk oitspill arcas.
Figute 4. Oblique view of the New dowey side of the Delawate
River, taken on the same day as figuee 3. showing the oil
alung the shore,
274
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at Galenn Purk, Texus. Other oil sensors are heing
evaluated at the Coust Guard R&D Center in Groton,
Connecticut, and some of these will ultimately be « part
of the local area oflspill detection system. 1t is important
to note here that Federal surveillance and monitoring of
oil pollution will always be by random sampling. As
oilspills can and de oceur anywhere and at any tin, it is
patently impossible to look for them everywhere
simultaneously. The oil pollution laws and regulations
require oil-handling operations to display a measure of
responsibility in alertness for mandatory reporting,
which in turn requircs a degree of self-monitoring, The
Federal surveillance and monitoring is designed to act as
4 spill deterrent and to provide reasonable assurance that
the laws are being carricd out.

PROJECT 1SM
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FUTURE R&D SURVEILLANCE AND
MONITORING PROGRAM

The Const Guard has undertuken the development of
an airborne sensor system to detect, classify, quantify,
and map oifspills on the ocean surface. It s called the
Airborne Oil Surveillance System (AOSS).

Functions of the AOSS are to (1) detect oil slicks,
(2) indicate the magnitude of spills  aveal extent and

approximate thickness, (3)identify and document the
source(s) of discharges, (4) assess cleanup operations,
and  (5) gather data regarding the frequency and
magnitude of significant spills. The AOSS was designed
to meet the nceds of both the law enforcement mission
(farge scarch arca with infrequent turgets) and the

L 11 [N VAT

Figure 5. NERC imagery of an off slick tesulting from a buge accident in the Mississippi River. The accident had cccureed the day
before the photogeaph was taken.
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Fignre 1L A few tanks ate visible i this aerial photogeaph.
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countermeasures mission {oilspill assessment under a
wide range of westher, lighting, and ocean surface
conditions). Additional requirements placed on the
prototype system include (1) eftective surveillance of a
coastal zone 50 nautical miles wide, (2) long-range (25
nautical miles) detection of ships and long-range
detection of oil slicks, and (3)adverse weather
operations. In addition to the AOSS, the Coust Guard
has sponsored research for an active fluorescence sensor
for airborne classification ot oilspills, multifrequency
passive microwave techniques for oil thickness
measurement/quantification of oilspills, and a television
system which detects oilspills by displaying the
difference of signals of opposite polarization (a NASA
Ames Research Center project).

The prototype system wis developed by Aerojet
Electro Systems Company and consists of (1) an X-band
side-looking radar for long-range ship and oil detection
and adverse weather oilspill mapping: (2) a 37-gigahertz
passive microwave imaging system for adverse weather
spill mapping and spill thickness approximation: (5)a
multispectral low-lightlevel television  system  for
high-resolution spill documentation  and  violator
identification; (4) a multichunnel line scanner for spill
confirmation and discrimination: (5) 4 position reference
system for legal and vperational eifectiveness: and (6} a
real-time  processor-display  console  for  maximum
operational  effectiveness. The  system  provides  for
falge-target discrimination. automated detection
alarming, and a color display (o achieve maximum
coupling of the sensor infonation to the equipment
opetator.

Desipn of the AOSS was initiated in 1972 and
integration was completed in carly 1974, The AOSS was
instatled aboard @ Coast Guard HU-16E Albatross in
June 1974 and was flight-tested ot the southern
California coest during a series o shakedown and
background  data Mights Crom June  through  August
1974. Background data tlights were cornducted mostly
over the Santa Barbara Channel. where natuval seepsand
routine shipping activities ave commonplace. The AOSS
was subsequently based at the Coast Guind Aiv Station.
San Franciseo, and it participated in o comprehensive
Night test program of!” the nmthem Catitorniz coast
during September and October 1974, The test program
inchided AOSS evaluation of (1) series of contiolled
static and dynamic spills on an ocean site approsinaiely
100 nautical miles west of Santa Cruze Calitinga,
() routine tanker disclures opevations: (3 sinveillanee
ol routine shupping and harbor activites: G poteatial
fale [T TS and (5 clected faveis al oppottimity
(Details of test results e poted in the Procecdines of

the 1975 Conference on Prevention and Control of Gil
Pollution, March 25-27, 1975, San Francisco, in an
article by A. Maurer and A, T. Edgerton.)

The supveillance system was generally reliable, and
the flight test results demonsirated that a practical
airborne oil surveillance system is feasible. The tests also
show the system to be useful for other Coast Guard
missions.

Future implementation envisions sensor package
production to be mounted in six to cight jet aircraft
with initial surveillance operations scheduled for late
1977. follution forecast models have been proposed to
develop o large-scale, random surveillance schedule for
pollution detection in U.S. coasial waters including
Alaska and the Great Lukes. The EPA remote-sensing
laboratory at Las Vegas is currently assisting the Coast
Guard in developing a plan for data processing and
evaluation facilitics to effectively handle a “NASA-t\ pe”
flood of data.

As noted carlier, both EPA and the U.S. Coast Guard,
primz-ly the latter, are sponsoring R&D of both remote
and in situ sensors for local areas of high-risk il
discharges. In addition to infrared reflectance sensors, i
faser backscatter sensor and an ultraviolet fluoreseence
sensor are being tested along with a number of in situ
sensors. 11 is anticipated that industry will use some of
these sensors when fully proven as they do serve as an
early  warming device for initiation ol immediate
veporting, corrective actions, and cleansp response.

SUMMARY

The EPA and the LS. Coast Guard, in response fo
the surveillainee  requirements  of  Federal law, have
established seriai and tixed-platform wilspitl detection
systems,  primarily  utilizing  remwote-sensing  means.
Aupmentation  and increasing sophistication ol data
dequisition is in process with maximum surveithanee
enpected o oceur in 1978 and beyond. Recently
inifited oilspill prevention progianes under EPA and
Coust Guard vegalations we enpected 1o considerably
reduce the cirrent high incidence o oilspills. As this
goal of reduction and even chimination in some cise
arcas i reached, Fedeval siveillanee requirements will
commmensueately dectease. Flowever, as anintegal pant
of prevention, i1 ix anticipated  that indusbry - will
increasingly ose local iiea monitoring sensons lonr eanly
oil dischage detection and alarm. Remote sensing s
mroven bevend doubt ta he an elfective means
oilspit) detection s assessiient.
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- STATE AND LOCAL USERS

S-1. Introduction

Charles M. Parrish, 111°

Here, in one sentence, is what I consider the objective
of this session: **To illustrate and compare alternative
approaches of remote-sensing applications to state and
local resource management problems.” The key words
are ‘‘alternative approaches” and “‘management
problems,” which means applications for management
problems with alternative approaches.

We have tried to orient this session toward
management personnel from state and local government
throughout the country. The presentations will deal
largely with examples of applications. General
approaches will be discussed, but, insofar as possible,
presentations will concentrate on illustrative examples
that will give you an understanding of what the users are
trying to do. And we want to look at their problems as
well as their successes. We would lke an indication of
what they have not yet been able to do. just as much as
we would like to know what they can do. We would like
to look at applications from the administrative, the
political, and the financial, as well as the technological
aspects, with the heaviest emphasis on the tecl.nological
and the Anancial. We will look at not only what these
people are doing but zisu what they expect to be doing
very soon. We expect speakers to address themselves to
what they have lcarned as it might apply to similar
jutisdictions elsewhere, to  other state and local
governments. We know that the satellites and many ol
the ircraft and other systems are still experimental and
are hot entirely operational,

We also want to look af the refationship between our
state mograms and the Federal agencies, meaning NASA.
the U.S. Geological Survey (USGS). and whatever clse.

————

Y .
Georgia Department of Naturad Resonrees, Atlanta, Georgia,

How does what the Federal people are doing relate to us
in state and local govermments? How can their systems
and their programs be improved or changed to better
meet the needs of the state or local decisionmaker?

We would like for this session to be not only
constructive but also critical at times. So often we have a
tendency to feel that we have to come to one of these
sessions and sing the praises of Landsat or other systems.
We do want to know what is go::d about these systems,
but also the speakers have been encouraged to provide
constructive criticism for change whenever possible. We
want to try to identify the specific issues, the consensus
on some specific issues, the conclusions, the
recommendations, and the general feeling of this group.
so that we might take to the general session @ f=eling
about how we think programs should be developed, at
the state and local as well as the Federal level. in the
coming months and years to better meet the needs of
the manager at the state or local level.

Bill Stoney talked avout the develaping consensus
that the multispectral scanner is the way to go
(recognizing that the use of color is very important), the
tendency toward wanting to ook at more detaited
resolutions. the need for data on o timely basis for
different uses. the need for data on a repetitive basis.
and the surprising ability of the user community to
adapt to the digital format. Those are all technological
things: they all have a bearing on how successtul we will
be. Mayhe these ideas can be used as a point of
departure and  we  will see how  they relte to
managentent problems in our states.

PRECEDING PAGD BLANK NOT FILL D .
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S-2. Remote-Sensing Applications
in the State of Mississippi

P. T. Bankstor®

Back in the period of about 1970-71, Earth
Resources Laboratory (ERL) personnel, working closely
with a variety of state agencies and universities,
thoroughly examined the need for data in Mississippi:
what kind of data, how often they should be acquired,
how often updating would be necessery, and the sort of
resolution needed. After this assessment of needs, we
concluded that the best format at the starting point
would be a serles of land use maps. In some parts of the
country, including Mississippi, “land use™ is not a good
term because it is not always undarstood: 1 mean a
classification or an inventory of what is on the ground.

4

PREPARING DATA

High-altitude aerial imagery was obtained in a
cooperative NASA project. Figure 1 is typical of a frame
of that 1:120 000Q-scale imagery. From this infrared
high-altitude photography, by using a simple technique
involving photographic enlargement and
photointerpretation, classifications were accomplished.
Figure 2 is typical of the initial maps that were made
showing the resources on the ground. We can color code
a map like this (fig. 3) cither by hand or by using more
claborate cquipment if it is available. Some individuals

v e
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Liguee 1o Pliotograph of Bilond, Mississippl, arcs taken from 60 (06 feet,

481i\sinippi Office of Scivie and Technology, fackson, Missiesippi.

22 i

siva PAUE BLANK NUT L

—



cw e~

-2

T e Y Y I Y T (RS T T T T T T YN RO T WY W

aciorai T

ligure 2.- Initial classification mup of Hamison County.
Mississippi, developed from aerial imagery.

can comprehend a classification map better if it is in
color. The map in figure 4 shows the present status. The
darkened areas indicate the parts of the state that have
been mapped. We tried the mapping on a demonstration
basis with a couple of state agencies on the coast and in
the central part of the state around Jackson. The balance
of our work has actually been production, under the
direction of the state agency called the Research and
Development (R&D) Center, which worked very closely
with our substate planning districts. A little over half the
state has been mapped with the kind of land use maps
shown in figure 2.

The initial plan was to manually update these
manually produced maps, using Landsat data. Figure 5 is
an example of Landsat data classified in the Mississippi
Delta. The original was on a scale of 1:208 000. The
scale set for the state grid system was 1:24 000 on a
township basis. At this scale, the Landsat data become,
at least for a map, something that doesn’t look quite
right. The importance of it, however, is that we have all
this information in digital form in the computer and can
manipulate it statistically. Instead of manually updating
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the maps produced from the aircraft imagery, we have
now decided to go directly to a computer-implemented
system (fig. 6).

The objective of this inventory system is to test and
demonstrate an automated natural resources information
and inventory system, based on remotely sensed data,
oriented to state and regional use and directed at specific
applications. We expect to obtain simplified pattern
recognition software, which must be a cross-color
system, suitable for a general-purpose digital computer.
We expect to be able to uge both satellite- and
aircraft-acquired data for selected area coverage. The
system should be able to accept data from other sources

for correlation purposes and should be capable of being
implemented in state facilities, Both cost and
complexity will be factors in whethec or not a system
can be used by state agencies. It is tenibly important
that the system be within the potential technological
skills of the people who will be using it. They may not
have these skills now, but they must be able to acquire
them with appropriate training and must be brought up
to speed in both implementing and using this system.

The overall management plan is diagramed in figure 7.
The plan is closely coordinated among various agencies
of the state, its central computer system, and units of
the ERL.

Fignre 4. Statws of Mississippi mapping project, with light arcas yot te
be mapped. Haeack  County, at the bottem center (e
westernnust coastil county), was the agea for the initial pilot
Prope i,
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Iigure 5.— Landsat false-color imagery of the Mississippi Delta,
tuken in 1972

DEMONSTRATING THE SYSTEM

The following are some specific areas in which we
shall try to demonstrate the utility of this system. Figure
8 shows the location of those projecis for which exuct
locations have been decided.

1. Crop production estimation at the county level will
be demonstrated in the alluvial plains agricultural arca in
Washington County. Mississippi. The Mississippi
Cooperative  Extension  Service/Crop and  Livestock
Reporting Service is the covperating agency in this
project.

2. A wural development project will be demonstrated
in the tricounty area of Calhoun. Yalobusha, and
Grenads Counties. a combination of hill country and
Jdelta geography that is a pilot area for implementation
of the 1972 Rural Development Act. The Extension
Service is also couperating in this demonstration.

3. Coastal 2one management will be demonstrated in
the three coustal counties of Hancock. Harrison, and
Jackson for the purpose of updating land use saps and
for providing mamgement with baseline data sweh as
salinity regimes. The  Mississippi Marine  Resourees
Council is also working on the project.

4. Urhan development planning will be demonstrated
in tie Jackson standard metropolitan statistical area
(Rankin and Hinds Counties) for fad use update and
change  detection. in conjunction with the Central
Mississippi Planning and Development Dishict. i in

lligure 6.-- Examplc of a computer-implemented lund use
classification.

De Soto County (adjacent to Memphis) for development
suitability categorization. in conjunction with the North
Delta Economic Development District.

5. An aspect of park management, documentation of
vegetation types. will be demonstrated in Tishomingo
State Park for possible extension to the 14 other state
parks. This project also involves the Mississippi Park
Commission.

6. 'n wildlife management. the mapping of whitetail
deer habitat and the determining of carrying capacity in
one state game management arca will be demanstrated in

NASA
Office of Applications ‘ Governor I

Johnson Space Center

I Office of Science
and Technology

Earth Resorces Laboratory
—an - .. L
——T—— State

coordinators
Program mmmt‘---------
State
Land group - cmmama 0peraiona
agencies
Data management | | _ o mmw State
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Visure 7. Mangement plan tor the naturad  fesmiee

intosnustion sy stem i SBssissippi.
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Figure 8. Locations of some of the Mississippi demonstration
arcas.

cooperation  with  the  Mississippi Game  and  Fish
Connnission for possible extension to the 19 other game
management areas.,

7. Forest management by locadon o areas in need of
reforestation for erosion conteol will be demonstrated

8. Waterched planning will be demonstrated in one
basin correspending to those defined for comprehiensive
planning undes the Small Watershed Act. The Baard of
Water Commissioners is cooperating on this application.

Certain busic information must be acquircd and put
into the system before it becomes a uszful management
tool. Surface features should be identified as agronomic.
crops, pasture or grassland, orchards, deciduous or
coniferous forests, marsh vegetation, open water, catfish
farms, or urban areas. Other information needed
includes soil types, slope, clevation, agpect, terrain,
understory forest vegetation, rainfall, temperature range,
population density, ownership (private or public), and
accessibility .

Collecting of ground truth is done by personnel from
a4 number of agencies (table f). Figures 9 and 10 are
exaiiples of the types of forms used to collect and
record data.

EMERGENCY APPLICATION

In April 1975, we had an opportunity to try one
application. Mississippi was looded over some 600 000
acres. It was deeply flooded in the major crop areas of
cotton, soybeans, and rice. The crest of the flood was
approxiately 49 feet (fig. 11). This flond had been
forecast in March to exceed the 1973 flood. Because of 3
very heavy snowfall in the Middle West and because of
the holding snowpack, a <zcondary flood was forecast
for May that would exceed the April llood. which
exceeded the 1973 flood. Figure 12 shows some of the
conditions of the fields in 1973, Because the fluod was
expected, people started moving expensive harvesting
cquipment down the road for miles and mifes to get it
out of that arcy. People were using bulldozers and

TABLE L STATEWIDE GROUND TRUTHING SYSTEM
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¢ J TRALNING SNWLE ¢ mAP OR AIR PHOTO INDEK ¢ TAINING SAMPLE ¢ WP OR AR PHOTO INDEX A_
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Figure 9. Form uscd by ficld workers to collect ground huth
about agricultura land, R
Figure 10, Form used by ficld workers to colleet ground
building mudboxes (fig. 13). trying to protect their truth abaut forests and brush-covered land,
houses. Landsat imagery of the fooded area was
delivered to the civil defense agency and to the Nationa
Guard. which had primary responsibility for damage  land use clussification of Landsat data acquiied in 1972
asscssmient, wishin 30 hours after the satellite pass.  of the coastal zone. The imagery produced from the
Don’t expect this kind of everyday service out of NASA. Landsat-acquired data is chown in figure 15, OF course.
[ It was an emergency situation and they really did  ground-trath operation is necessary to input to the ,
everything they could to get us that information so fast. computer. We  were able te capitalice on seine
The Corps of Engineers provided additional data 10 days  ground-truth operations being conducted st that time in
fater. The point is that we did have a clear day. we pota  the Pascagouls River area and theretore were able 1o put
good satellite pass. we got the data in the hands of the  together some information very guickly.
people that needed it We are not yet quite sure of how The utility of these dats does not have (o wait until
nuny other ways this sort of data coukl be used in you get consistent. During this immediate past session of
similar disaster situation, our legislitire, we had & oumber of hectic situations. N\
The intermational economic sitnation is uncertain, We
have a conservative tiscal governing group. The Tast yvear
FUTURE APPLICATIONS of any administration is always difficult. The lepiskaton
dre sequited by the constitution to stay  within the
Now, here is what we expect to get out of the valem y they seceive. So iheir estintes of income
unider development. Figure 14 s g computer-derivedare very important as they begin the Appropriations
3
N7
i
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Uigure 10, Marking the Apeil 1975 Qood crest in Mississippi.

process. Normually, the bdget accounting commission
makes recommendations that go to buth houses and it is
very diftficult for a person to get any nwore money than is
recommended. We were able to use these remotely
sensed datie and put together a set of facts in about 3
weehs for o particular state agency . That report enabled
the apency to persuade the legistaiure to authorize the
issuance of $15 million of geacrat abligation bonds fur
the panchase of approiniately 40 000 acies o lind to
be wsed as natural wilderness, fishiage, and hungng dieas,
1owas a pretty good deat in the face of the situation
enivting in the degishaitme and it was only possible
bocse dats alicady oxined ad hecapse we were able

o call on the esperts avatable Hinough FRE and

'S8
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Vigure 12, Fields under water during 1973 Missinsip i flood.

clsewhere in interpreting what the data meant. You can
du this sort of assessment at any time. once you get your
datu bases established.

DISCUSSION

SPEAKER: What type of organization works with the
state agencies, and what type of training programs do
you see in the future?

Fignae 130 Botriers apainsd floodwites,
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BANKSTON: |, personally. have a very small
ongmization, about  six people. We work with a
designated key individual within the appropriaste state
agency. particularly the Extemion Service amd  their
regional and county agents: it depends upon the
applivation. Teaining is available both from NASA and
by working with them. We have & unigue situation
hecause of where the ERL is located, The Farth
Resources Observation Systems (EROS) Data Center will
assist the training too, in. say. photointerpretation. The
system being developed is essentially experitental, so
we duii't Kiow yet what it will be, In tield trathing, we

send the persen ont 1o test site; we have o test site in

Figure 14, Computerderived kand use classification of Lamtsat digital data (aequired Aug, 7, 1972).
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cach of the 82 counties for cach item we are interested

in. And the state agencies have been very taithiul and

diligent in gathesing the information necessary.
SPEAKER: You mentioned you have a N

compater-based inventory system. o did yon sy you

ware going to develop a computer-hased  inventory

system using satellite. aireraft. and othier soutees? RN
BANKSTON: The Farth Resources Labeastory is

developing the basic computer software for patterm

recognition. We are transhating that software packape

from FRLs computer system to the state computer

system,
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Figure 15, Land use classification through interpretation of imagery from Landsal.

SPEAKER: 1s it functional right now or have you
used it?

BANKSTON: It is functional in some arcas.

SPEAKER: What classitication level are you using? |
realize that for your 1:24 0GO you used o Level 1. Are
you using a Level Lor a modified Levet I1?

BANKSTON: We use Level 1 for some things,
modified Level 11 for other uses. Because of this existing
data base. we do not need the Tevel of ditferentiation on
the satellite data that we wonld in the absence of this
data base.

SPEAKER: Would you comment on the possible
advantages of contral, direet reception at Juckson,
Mississippi? And have you given any thought to archival
requirements, 0 how fong you would like fo archive
your data and have access?

BANKSTON: Some of this we have not completely
thought through. Certain Kinds of data Lase been
archived 1or a number of years, Hood data, for example.
One of onr parameters is 1o keep tie cost fow. Tie frest
figure | have heard Tor a direct-reception-type systens,

290 ‘H"‘;l':"l‘ gy e ok

antenna, black hoxes, and computer, is at leasy $500 000
and moves on up toward S$1 million with display
imagery. I is awlully difficult to scll that sort of thing
to the state legislature unless you have i host ol users.
We think we can accomplish the same thing this way,
throwgh the normal sequence of the Godidard Space
Flight Center, EROS, or whatever, to us,

SPEAKER: Did you say you had satellite information
at Level 11 at a scale ot 1:24 0007

BANKSTON: Nut satellite information. We have
high-altitwde color infrared aireralt photography on a
scale of 1:120 000 and you can vasily enlarge it hee
fimes.

SPEAKER: What is your reliability factor in terms of
percentage correct classitications?

BANKSTON: This Is for Bub Daley. wha is diector
of that division in charge of this whole statewide land
use mapping eftort.

DALEY: I is for Level B 97 pervent: for Level LY 87

mercent, trotn the laghabtitude inapery.
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S-3. Information Flow of Land- and Water-
Related Data in the State of Wisconsin

Allen H. Mille?”

Planning in Wiscousin is decentralized with physical
planning activities taking place in a number of state
agencies, in multicounty regional planning commissions,
in county planning and zoning committees, and, of
course, at the community level. In addition to the
practitioners, there are the research community (the
University of Wisconsin, the University of Wisconsin
Extension Service, and other colleges and universities in
the state) and the state regulatory functions (particularly
within the Department of Natural Resousces). “We” in
the context | am using it is not the State Planning Office
where 1 am employed. but it is all those people within
the state who are concerned with the management of
land and water resources. As | itemize some specific
activities that we are involved with, 1 will try to point
out the coordination involved in those activitics. Flow of
land- and water-related data requires this kind of
interaction if our objective is to apply remote sensing to
better decisionmauking. Remote sensing has advanced
significantly in the ycars that | have ubserved it, about §
years now. But on the day-to-day activities, the guy on
the ground - the county board member ot the county
zoning administrator - is still faced with the problem of
having adequate basc maps or current usable
photography. As an example of some of our activities, 1
will follow a flow of data from collection to storage to
some examples of its application.

On the collection front, during the past years, we
have tricd to resolve some of the problems of language.
Some 60 professivnals from varivus organizations have
worked together on a number of occasions to develop a
statewide land use classification system, They represent
the local and regional planners, stine agencies, and
universitics. We have gone through at least 12 fterations
over a 12-month period to refine o classification system
that is acceptable to most users. The seceptance of the
system is, | think. primarily hecause of the mvestment of’
the people: they have a part of it; they have done it
themselves, The system that we have evolved closely

State Planning Otfice, Madison, Wisconsin.

resembles the USGS national land use classification
system. However, it has some significant differences.
One, we are talking about land use, not land cover. We
have separated use from cover, from ownership, from
zoning, or whatever. Had we utilized the USGS standard
classification system, the great State of Wisconsin would
have no recreational land use activities. Recreation is
probably our second or third major industry. We would
have no identifiable forestry land uses. We would have a
lot of forests. We would also not identify forcsted
wetlands within the state, and the state is approximately
25 percent covered with wetlands, many of those being
forested. Tie attempt of the land use classification
system was to identify “use” not predicated on remine
sensing as a sole source, but as one of many sources.
Within the context of collection of information, we
are trying to achieve some systematic, uniform aerial
photography, general-purpose photography. Our focus is
the USGS cooperative program, orthophotos at a scale
of 1:24 000, We have done 1 survey of all county-level
planners and managers, as well as regional planning
commissions and state agencies. to ascertain how many
dollars they have spent om acrial photography and
whether or not orthophotos meet their needs. We have
found that approximately 85 percent of their needs are
met at the scale of 1:24 000. We have a problem in the
state which 1 think most states do. When we consider
everyone who s collecting acrial  photography, we
wonder why the planes aren’t bumping into cach other.
We have communities, counties, regional planning
cominissions. state agencies, and Federal agencics all
flying around trying to get their own thing. Most of their
needs are relatively paralicl. We found, through a rough
estimate of how much they spend, that the cost to cover
the entire state on a uniform basis. about every 5 years,
is approximately equal to what the local units of
governsment are individually spending on  their own
imagery. We  have  communicaled  with  the  Soil
Conservation  Service (SCS) trylng to achieve some
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uniformity with jts imagery. We will be flying some 19
countics us 4 pmi of the coustal zone management
program with the same specifications as USGS
orthophotos. At the same time, the SCS program will be
flying 13 counties at a scale of 1:20 000. There is an
obvious advantage to come to somic compatible
agreement on scales, in which case we would have almost
half of the state done in 1 year with imagery usabic to a
number of people. We have heard a lot from Federal
agencies on new scales of imagery and new scales of
maps, particularly 1:50 000 and 1:100 000. 1 don't want
to cvaluate their need for that particular scale; however,
[ think the Federal agencies should not presume that
states or substate regions need that type of imagery. This
effort diverts resources from one program into another
without really satisfying the needs of the state.

Going from collection to the storage and availability
of data, there are some ongoing efforts at the “inventory

) of inventories,” trying to find oat what information is
available on an ongoing basis for local decisionmakers.
We are looking at all data again, not just remote-sensing
data. Within the University of Wisconsin is the
Environmental Monitoring and Data Acquisition Group
(EMDAG). which runs a semote-sensing data center. It
provides information on what is available within the
state, and also assists the user in acquiring any imagery
needed. Wisconsin took a big step forward last fall. when
it established the position of state cartographer. [ think
we were the first state to do so. The state cartographer is
primarily responsible for coordinating map data within
the state. He is beginning to provide one source of
information on map data. And finally. we are working
on a statewide information system. We have been
working with the Department of the Interior using the
natural resources information system. which is busically
a polygon overly system. We have achieved an
understanding of the system and a conversion of some of
the languages to make the programs work on our
university computers. This is an effort, invotving the
university (actually two elements within the university),
the Departinest of Natural Resources, and our own
office. to estublish a hybrid statewide information
system to begin the storage of remole-sensing daty as
well as other types of inventories.

More specific applications ol remote-sensing data
include o statewide land cover map produced by the
university’s EMDAG. This and cover niap delineates
four categories: urban, agriculture. forest, and water,

In addition to Lad cover, the investigator identitied
wetsoil patterns and overdaid the two of them, The
objective in using Landsat was to provide an inexpensive
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method to identify land cover that could be repeated on / :
8 2- or 3-yearcycle. We used the International Imaging j
System (I<S) in an interactive/interpretive capability to i
derive the land cover map. It is probable that we could i

repeat this within 3 percent accuracy. [t is less prohable,
I think, to repeat the wet-soil analysis. because the
individual doing the interpretation was a soil scientist. !
The net value of the whole effort provides some context

of cover, but, as a vehicle by itself, it has limited utility. i
When you start combining the cover with other factors,

such as public land ownership, you begin to see the

relationship between use and cover.

The Department of Natural Resources, together with .
the University of Wisconsin, has been doing an inventory
of lakes. We have some 10000 lakes in the state. (In
deference to Minnesota, we probably have just a bit
fewer.) There is the problem of monitoring the trophic
state of those lakes. Utilizing the digital data in the
infrared band from Landsat imagery, scientists have been
able to dJassify four levels of eutrophication. About
4000 lakes. 20 acres or targer, have been studied. It 100k
3 months to complete the whole inventory, it was
relatively incxpensive and, by comparing it to some
ground samples, the scientists have a pretty good feel for
what is happening. (Sec E-12 in technical sessicn
presentations, vol. [-A)} Research involving the
Department of Natural Resources, the university, and
some utility companies has been made on the effect of
thermal discharges from power stations. Approximately
100 flights have been made from the Milwaukee area up
to the Door Peninsula over the past year. The point of
this whole etfort is the relationship between those
people involved. The utility companies provide the gas
for the plane and the dollars to process the data. The
Departinent of Natural Resources provides the DC-3
with the scanner mounted in the plane and provides the
pilots. The university provides the research personnel, as
well as the hardware to conduct the research. (See W11
in technical session presentations, vaol. 1-D.)

Wisconsin also has a great nwmber of wetlands. A i
consultant is doing an ongoing stwly of the whole
continumm of remote sensing.  trying to find some
cost-etlective method to idemtily and monitor wetlands.

The repulators, people who have to monitor  the N
program. would like imagery at s scale of 101200 so they

can draw g nice precise hne on the ground. Over the

entire state, it wauld cost S0 millioa or more 1o acguine N
that type ol inagery on i one-titne basis. And while we

still have 12 yeurs to go to Cnish 7.5" quad sheets. we

have 20 years before we finish some basic modein soil

surveys. Our geologic base information is projected to be
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done in something like 3050 at our present rate. So you
can see that $10 million to acquire one single bit of
information on wetlands is an obvious constraint.

We have had a few more applications of Landsat
information. It has been an excellent communication
vehicle. One of the regional planning commissions used a
Landsat image of Lake Superior to show the
sedimentation caused by the red clay soils. The result
was a $3.7-million grant to study the problem from the
Environmental Protection Agency. We ure utilizing
historical acrial photography to measure shore erosion
rates as part of the coastal zone management program.

There are sume potential applications of Landsat
inforation that we are not using. For example, we have
had a program for 2 years to identify critical resources
within the state. The initial context was that you could
take some remote-sensing information and other data
(scientific in nature) and identify arcas that were critical
on a statewide basis. Two problems evolved. Ore. muny
of the scientists, particularly vegetation experts, were
not comfortable using aerial photography. They hud to
get on the ground and take their samples as they have
done in the past. Secondly. the information was not
available statewide. As a result, we have gone to
county-level workshops where citizens identify those
local areus they deem to he critical. Those people are a
valuable source of information. We had a county board
member. for example. who has been hunting in this
particular county for 50 years. Every time he went out,
he took 2 little log and wrote down climaiic conditions.
where he went, and what he cither caught o, shot.

In summary, 1 want to make five major points. One,
the objective ot data collection or processing is to make
better decisions. 1 think we need to keep that constantly
in the torefront. We want to make decisions, not just
cullcet and process data. Two. remote sensing is just one
of many methods of collecting data. 1t needs to be used
in conjunction with others, but it is not a sole source.
Three. if’ you are going to effectively use remote sensing,
you must have couperative eftorts between the state
agencies and the private community. all the way from
the legislature down to zoning administratoss. Four. you
need some level of halance within the whole system of
data flow. from the collection, to the processing. fo the
utilization of it. And five. apparently most o) the
members of this audience are state or local in
orientation: if that is tme ¢ ahink we are probably
talking to the wrong awdience. We should probably be
talking to the scientists rather than continually talkmg
to ourselves.

DISCUSSION

SPEAKER: We need to understand the political
process better to plug in decisionmaking. and we have to
develop the applications and the methodologies for using
the data. The scientists and technologists have given us a
powerful tool and | think we ought to use it. The
capability is there: it does not need further developing to
be useful. Further development would certainly make it
more useful. But we ™ave to interact on the level of
policy formulation and . ‘sion. In South DaKota, we
are trying to do a lot of similar things. We are developing
2 natural resource information system to hold what we
consider the policy-relative portions of our data. But one
major difference is that we are doing statewide digital
analysis; about 10 percent of the state is done now and 1
have found it to be fairly useful, but again the problem
is"getting people to use the data. You can make a really
nice pretty colored land use map and it can be accurate
and you can give it to the district planner and he says,
“Gosh, that's real nice. I'm going to put that right in the
comprehensive plan on page 1 for land use.” But that is
about as far as it gets. And it hecomes a pretty picture
filed on a shelf somewhere. So 1 think we have to
develop methodologies for applying these data and
perhaps this is something done more appopriately on a
national scale than o state scale. But a lot of the
decisionmakers don't know what questions to ask and
would rather continue making decisions in a political
vein without seally looking at the quantitative
information. We need education for these people and we
need simple application techniques.

MILLER: The training or education aspect is very
important. This particular regional planning commission
picked up a Londsat image and used it as part of a
propusal to EPA because of an information session done
by the University of Wisconsin. The awareness of what is
available at a local planning level is really low.

SPEAKER: Another problem involves the gquestion of
small-scale data  collection  being  developed  at  the
Federal level in a number of progeams. all of which, 1°d
say. arc in borderline competition with cach other.
States recognize that the data are not usable in the
specific programs that we deal with daily .

MILLER: Cullection or mapping of information at a
scale of 130000 or 100000 may be oseful to a
particular Fedetal program. Hfills a gap that might exist
in the state: but our presumption is that that gap does
not need 10 be flled. A problent is that once you receive
faind use data generated from any of the bederyl
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programs and you tell your state legislator, “*We've got
to have some money to acquire land use information on
a statewide basis,” his responsc will be, “It’s already
there.” So you are basically stuck with a relatively
general classification without the means to go to
something more specific if it is needed for particular
state- or county-level programs.

JOYCE: | am from the NASA Earth Resources
Laboratory. The statistic relative to the survey that was
made, 1 believe, was that 85 percent expressed a
preference for a 1:24 000 map. It is not so important
what we can do, or what we want, but rather what we
can do with the money we have. Did the people in the
survey make that choice in view of what it was going to
cost them? Did they have cost alternatives at some other
scale? And were you talking about the final map base
scale. as oppoused to the scale of the original imagery or
photography?

MILLER: 1 was talking about the final map scale.
Some did respond with some context of cost of other
scales; the majority did not, however. They say they are
collecting imagery at approximately that scale for their
own use. If you went to a statewide systematic program.
you could be utilizing state-level dollars to acquire that
kind of information. Local communities could then
focus on something finer; a scale of 1:6000 or 1:4800,
which most of them say they would like to have.

JOYCE: 1 wus involved in a similar study sbout 8 or 9
years ago in a foreign country, but I think the lesson was
the same. On the first go-round, everyone was asked
what he preferred in products, in scale, in what he
winted to do with that information. They all wanted
everything in as large a scale as they could get it, the
most expensive coverage. and wanted to do everything
with it. Then we gave them some basic information on
relative custs of procuring the different scales, of
different types of imagery. of computer time, of
digitizing data. We said. “If you were faced with o
situation in which you had X dollass, what would you
prefer the net result to be?” They all backed oft in terms
of the scale of the imagery. At that time. of course,
spacecraft were not avaitable, but these people wanted
the plune to Ny as high as possible. They wanted to put
the least money into acquisition of the original imagery
and to put more money into the waorking of that data,
extracting information, digitizing other data, amd
comparing them.

MILLER: We asked them only sbout 1:24 000, 7.5
quid amd orthophotos. We really did not give them a
chance to discuss alternatives. The problem is. i lot of
people do not know what they rzalls ueed, what scales
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they would like to have. They need more explicit
information to make decisions. 1 agree that wher it
comes down to trading off some dollars to acquire «ne
information they will make the trade.

SPEAKER: You said that you encountered some
resistance from some of the scientists, especially those
working with vegetation data, to changing from the
established ground techniques. In other words, they
were not rejecting remotely sensed data per se, but they
were simply rejecting using new methods? Is education
all that is needed?

MILLER: 1 think education is the biggest element. A
number of people were doing vegetational analyses.
Some of the students, research associates, who were
working with the program were much more adaptable to
the use of aerial photography as a basis for information.

SPEAKER: Does Wisconsin have what could be called
a single state remote-sensing technical center that
manages, for example, a film library or a film
organization that provides photogrammetric services and
special training? Would you advise in the state
government that such a center would be organized?

MILLER: The closest thing we have now is the
EMDAG within the University of Wisconsin at Madison.
1 think the woking relationships between the university
and state agencies are quite good: it scems to me an
appropriate place.

SPEAKER: Do you think the experimental nature of
the work that probably will be done for quite a few
years yet would make the university the most logical
location?

MILLER: Yes.

SPEAKER: Then. actual day-to-day activitics that
develop from the rescarch of the university might he
dispersed. eventually, in the various departments so the
Highway Department is doing prcliminary corsidor
studies or the Department of Natural Resources is being
shown how to use Landsat infrared imagery?

MILLER: This is alrcady happening. For example,
the lake inventory was a probe out to the Department of
Natural Resources to demonstrate soine of the utility.
The stalf members there are sow applying Lundsat
infornation to their inventories and they are looking at
some other applications. It is an educational process.
They have hecome more familiar with the imagery and
remotessensing technigues and now have a good enough
teel for it themselves that they can begin looking at their
activitics and how they can apply it.

SPEAKER: You mentioned that a lot of people are
just abont crashing their planes into each other flying
the same area. Do you have now, or do you have plans
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for, some kind of coordinated system to record all the
types of imagery available as well as plan shead and
assign priorities to what will be flown?

MILLER: We do not now have any type of system
that would coordinate these activities. The attempt of
the survey was to find out who was doing what. The
state cartographer will maintsin some kind of
monitoring on aerial photographic activities.

SPEAKER: It seems that in your part of the country
as opposed to the Southeast, there is a much closer
working relationship in terms of ongoing responsibility
between the university in general and the state agencies.
QOur university pecople tend to stay in system
development rescarch and as soon as a program gets to
be an ongoing month-after-month sort of thing, it very
quickly scems appropriate to move it to our state
agency. Organizations develop differently in different
arcas of the country. ’

MILLER: That is true. The state cartographer, the
state geologist, and a state climatologist are all housed
within the university.

CASE: My name is Bob Cusc. dircctor of state
planning for the State of fowa. Does Wisconsin have any
general data collection policy that bas been endorsed by
the governor or any other gencral agency policies
directing the collection and use of data? 1 think that the
thrust of this conference may be a little too narrow. A
lot of the technical questions are not broad cnough, are
not including data collection for human resource needs.
Without a compatible human ressuree  information
system plugged into the same geocoding process as ous
natural resources, we really do not have a system. If we
get too far along in making these eritical and extremely
custly decisions about all the mapping and the data
collection and technology without tking into
consideration the broader issues, we are wasting a lot of
money. We will have to back up and do the work all over
again. In lowa, we are trying without much success to
get o simgle agency or a group of agencics together to be
responsible for guiding the decisions or at least for
making sure that there is a strong political intertace in
the decision process on data eollection and its use. Since
Wisconsin is well along in a lot of these decisions, what is
your position on that? And what is the position of your
governor about future use?

MILLER: There is o central clearinghouse for data
collection. What exists  arrently is a board ot peeple
who decide only on  topographic  information and
geologic information. One of the problems his nothing
to do with technology: it is a thing cafled luntnn.nllty
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competitive. There is no central policy. The state
planning office, where | work, has just been charged by
the govemor to coordinate the development of the
statewide information system which may provide some
of that coordination.

TREXLER: I am Trexler from the Virginia State
Water Control Board. You meationed your lake
monitoring program. After you collect your data and
classify your lakes, what are you going to do then with
the information?

MILLER: The Department of Natural Resources is
using that, to my knowledge. as a monitoring system.
not a regulatory program.

SPEAKER: Aic you in the same position on the
thesmal sensors?

MILLER: Correct. Jim, can you conment on cither
of those?

CLAPP: My nume is Jim Clapp from the University of
Wisconsin. The frame of reference in that study was to
come up with a cleatly delincated critical resource in a
very short period of time. The decision was that they
had to use the tricd-and-true method because they were
going to try to document these things on the ground as &
basis for some type of legislative action. They were not
prepared to go to the remote-sensing base, with it being
uncertain. Following that. they proposed to NASA fur
further research into this arca under the Lundsut-2
program. The lake manitoring program. using Landsat as
a data base for the trophic classitication of the lakes in
Wisconsin, is considered a first-cul assessiment (o astempt
to refine those areas where more detail is needed. cither
from & lower altitude vehicle or on the ground. This
program s against the backgrommd of the Federal
legistation on lake renewal programs. The program on
therimal scanning of powerplant effluents inte the Great
Lukes is conducted in coopertion with the Departiment
of Natural Resources at the university and the power
utilitics and with some NASA money. That information
is being used to attempt (o construet what we call o
climatological inventory of those plumes under i series
ot different weather and wind conditions. This inventory
will be an input to the hearings on the plume legistation
or potential legistation as to whether or not those plants
will have to put in cooling towers or can continue 1o
dischirge into the lake. 1U s not the only source of
information going into those heartogs, but it is & magm
one.

SPEAKER: Jlus this been in conjunction with the
state permit programs?

CLAPP: In Wiscomin, the certification proceas goes
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hearings were held carly this spring. And our
anticipation is that those hearings will go on for o
number of years. The data have been introduced in the
hearings as a source of information. In that sense, the
thermal data contribute to the certification process.

RADO: Bruce Rudo with the Georgia Department of
Natural Resources. Does your infomution system relate
at all 1o some of the carlier 1-57 type work?

MILLER: The technigue that we used on the 1-57
study some years ago had the grid cell as a base storage
unit. We are now using a digitized pattern storage. 11 is
much more sophisticated. and much more flexible. The
coordittation of the whole effort still involves most of
the same people who have been working for as long as §
years. some within the University Department of
Landscape Architectore, some within the Cartographic
Laboratory. some from our oftice. and some from the
Department of Natural Resousces and the Department
of Transportation.

BREY: I'm Art Brey with the Office of Planning and
Budget ol Georgia. Please explain a littke further the
differences hetween the land use categorsies that you
have arrived at alter your 12 iterations and what
technique you use in making these evaluations and
determinations,

MILLER: The land use information system follows
the Burcau of Public Roads classification and the
Standard Industrial Code. The whole process of evolving

6

this system started with what we call the sociological
experiment. About 60 people were interested in helping,
some  professionatly, some politically, because they
didn't want the stote doing it alone. And through
reiteration of the system, at least 10 times, we refined
the categories to meet the needs of county-level planners
as well as state-level functional agencies, such us the
Departiment of Trunsportation. Everybody was willing to
make trade-offs in order to get a system that everybody
could work with. The obvious advantage of that kind of
a system is that, for example, it county A collects land
usc information on the same basis as its neighboring
counties B, C, and D. officials can look across the
county lines and both talk about agriculiure. The only
classification that we added we call natural areas, where
you cannot classify the use of some area: it is in a
natural staic.

SPEAKER: | wanted to ask a question relative to
scaie and classification detail. And my experience bas
been that when you see the 1:24 000- or 1:02 500-scale
mapping of the people who want largescale data, the
level of detail is less than that of the second level of the
revised Anderson classification system. Do you share this
view?

MILLER: | would agree. | do not think you have any
more  precise  classitication at a scale of  1:24 000.
However. regional planning commissions often want to
mure precisely locate information. '
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S-4. Remote-Sensing Applications for Texas

John Wellsa

If you arc going to work in 2 state, you must
understand the political processes: a technologist who
does not wiil fail to get very far. When it comes to a
choice between a technological decision and a political
decision, you cun guess which one is going to dominate.
Texas is under an cxtremely conservitive constitution
that was developed in the mnd-1870%. We have a
relatively weak governor’s office. Our governor can do
three things: (1) He can veto legislation: on the budget.
he can veto the entire budget or line items within the
budget. so he has a little power there. (2) He can appoint
members to boards and commissions with the approval
of the State Senate. (3) e can call a special session of
the legislature and specify the agenda of that session.
That is about the extent of his power. He is alsa the
chief planning officer of the state and he can exercise
this power in his work with his exccutive agencies. We
have sbout 230 active agencies. most of which are
single-purpose  agencies chartercd and funded by the
state legislature.

I am sure all of you have already heard how big Texas
is. but 1 wanl you to understand that we have o very
tough time with the sheer size of the state in all of our
work. We have 254 counties. Now, just getting together
254 county naps at any scale is a chore. Owr
topographic mapping is in pretty good shape. The state
works with the USGS in a cooperative program to miap
our state. and this program is going abow as fust as it
will absorb money. We have 24 coungils of govenmient,
which are  orgaizations  that  may include  several
counties. From time to time these onganizations change
as counties switch Trom one conncil of government 1o
another. Our population is about 1 million and our
annual state budget is around $12 billion. However, 70
1o 80 pescent of this goes to people progects. Our kugest
simgle state ageney s the Texas tighway Departient.
which s a budget of about S billion. I you roind ohi
these figures and sy we have a S10 billion budget. KO
pereent goes (o bealth and homan resouree Projects,
Teaving $2 billion. OF that, ST billion goes oy highway s,
Then we have 81 hiltion lett for all of the othe activities

Govese's Otice of Intoraution Seevioes, Aasting osas

of the state. Also, we are pay-asyou-go like Mississippi.
So, though Texas is a large state, we have budget
problems just like evesybody clse.

We have 17 agencies in the natural resources area.
ranging from universities to the goveror's office. We
have three water agencies: n water development or
planning agency, a waler vights agency. and o water
yuality ageney.

The Earih resources/remote-sensing activity of Texas
dates to June of 1972, At that time, the managenkent ol
the Earth Observation Division of the NASA Lyndon 8.
Johnson Space Center (JSC) told the Governor of Texus
that various levels of govermment in Texas were secking
assistance  from JSC for  remote-sensing - products,
cartographic products. Because JSC is convenient, it wis
casy for the goverimment agencies to request assistance.
The NASA did not know how 1o respond to these
requests or what priority to give them. We bad a very
productive  mecting in Austin and our Governor’s
Division of Planning Coordination was desigmated as a
single-point policy  group for coordination ol Larth
yesourees activitios in the state: this is the Tunclion that
Joe Harris performs. The Ofice of Information Servives,
which | work for, was desipnated as the technical arm o1
technical liaison for NASA and the Department of the
tnterior. Also. NASA appointed Leo Childs as the ligison
person 10 wark between NASA amd the State of Texas.

One of our first activities was o seeh ot the
decisionmakers in our state agencic - ad tell then abowl
the capabilities of remote sensing. We spent several
months. talhed to around 100 individuals in 20 to 25
agencies. to inform them about  the  remoleseising
products  that  wese available. We  did not cally
cmphasize anything that was uot in production: we
stayed awin Irom some of the more exotic research
areas. The orientation sessions weie very sueeessiul, it
anly for one thing, which 1 Lter bonnd is imporfan
They bedped people in agencies Build up i vocabukary so
it we can talk with those we seeh 1o help. U owe
cannot commuiicitte with then avs atl over. Alter the
people wete better able 1o converse about senee
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sensing. we conducted a data-needs survey. A product of
this survey was the identification of the things that we
fecl are Texas priorities in naturd resources, The
data-nceds survey was updated and is fairly current now.

About that time, 1 think it was in carly 1973, the
Congress passed the national Dam Safcty Act, under
which the US. Corps of Engineers had to survey all of
the water impoundments in the country of 10 acres or
larger and determine whether or not the dam structures
were safe. The Corps approached our Water Rights
Commission to conduct this survey for them. Texas has
a dam licensing activity for water impoundments of a
certain size, so structures have to be licensed, and the
cominission was in the process of seeking out these
water impoundments. A combination of digital,
photographic, and traditional methods was used to
accomplish this inventory. One of the benefits of this
project was to locate water impoundments in the state
and determine the magnitude of the licensing job to
enable the Water Rights Commission o estabiish a plan
to get the job done and to ask the legislature for the
necessary money. | think they determined that at the
rate that they were working, using traditional methods,
they never would have gotten the job done. There were
more impoundments being built than they had the
capacity to license at that time.

In March of 1974, the Remote Sensing Task Force
was established under our Interagency Councit of
Natural Resources and the Environment. In gbout 9
months, the Remote Sensing Task Force produced a
remote-sensing  plan  to which all  state ugencies
contributed. A little more than a year ago. we also
started a remote-sensing training program in cooperation
with Purdue University. Also, we determined that Texas
was cligible for & Landsat follow-on propuosal. The
people on the Remote Sensing Task Foree produced a
proposal that was accepted and funded by NASA. [t is
beginning now.

Uses we have found for remotely sensed  data
include  most important  fand use, meaning a survey
of what is located on the ground now, not what its
potential is. We had the water impoundments survey.
And recently we conducted a wildlife habitat survey.
The data can help in coastal 2one management. Our
long-term uses remain to be seen. They will probably be
it the coustal zone or in the entire state. We determined
the top state priority was water. We are very concerned
about water, probably because our next most importart
state priority is agriculture, Without water, you don't
grow any agricultural products. Then third is encrgy,
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DISCUSSION

WINIFKA: Huve you had any programs in the carly
stages now working with the universities in Texas?

WELLS: Most definitely. We work  with  the
University of Texas, and with Texas A.&M. Our
remote-sensing training program would not have been
successful had it not been for the people from the
University of Texas. And. we hope to have LARSYS
from Purduc installed on the computer at Texas A. & M.

KYAN: I am Pat Ryan, director of State Planning in
Louvisiana. Do you have any prorrams to relate other
types of data to your remote-sensing information, such
as educational data, revenue data, transportation data,
and soft sciences?

WELLS: The bridge between these othes data sources
has not been built. In the natural resources area, we have
identified that which we call sucioeconomic to cover all
of the data sources.

RYAN: What tyac of appreciation have you
developed on the part ot elected officials for this type of
service?

WELLS: Some clected officials within the state are
very keenly aware of natural resources problems and
have come to us. Elected officials from the metropolitan
arcas of Harris County on the Gult Coast and from El
Paso have sought us out for advice and information. We
have not had a great deal of contact with people from
other arcas of the state.

SPEAKER: You don't call your land use information
program “land use,” do you?

SPEAKER: Absolutely not.

GOESLING: 1 am Paul Goesling, chief of
Development Planning for the State of Ohio, Do you see
any benefits in having your remote-sensing program in
the hands of political-type people, in the political
provess?

WELLS: 1'm not sure | know how to retrieve it from
thase hands, My general philosophy is that the political
prucess should direet the activities of the people that are
serving the state. And if this is political influence driving
the technolugist, that is the way it should be. The service
of the state should follow the direction of the concerned
people of the state. And | anticipate that to be
demonstrated through the political process.

SPEAKER: Arc yon using LARSYS in state
computers now?

WELLS: No. Texus A& M. is poing through the
process of computer hardware  acquisition, an IBM
370/168, which is compatible with TARSYS, and that
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acquisition is noc complete. The batch  version of
LARSYS is installed at the Texus Water Development
Board. 1t is operating in batch mode. But the
teleprocessing copability is not. Also, the Texas Parks
and  Wildlife Department is planning to install the
system. We do not have 4 centralized computing fcility.”
Instead. cach agency provides its own computer power
or buys time from another agency.

CHILDS: If you were going to go back several years
and start over, what would you do differently?

WELLS: The technological problems arc simple
compared with acquisition of money and
communicating with those people that you need (o
communicate with. So. if we went back and dJid it all
over again, [ think I would start working first with the
mquisition of money, concurrently with in:oroving our
conununications capability with the people with whom
we are working.

WERMUND: 1 um Jerry Wermund with the Texas
Bureau of Economic Geology. When we have produced
viable products of use. we have gotten political backing
and/or money. One recason the Texas Highway
Department has a reasonably good budget is that it has
been a leader for a long time in the area of
photogrammetries, which 1 also think of as remote
seiming. So, while | agree that we have not moved
terribly fust perhaps in developing an overath state
inventory system. we have made some considerable

advances and when we show a viable product, I think we
do get veasonably good backing.

WELLS: | certuinly did not intend fo give the
impression that we have not produced anything. We
have. Jerry has done some very good work, and Tommy
Howell in the Highway Department has one of the hest
photogrammetry shops that 1 have ever seen. We have
also done s lot of work in con-puterizing our natural
resourees information system. We nave a lot of work to
do, but we have a usel il tool already and we produce
some uselul remote-sensing products.

BANKSTON: A paint has been raised aboul ticing in
suciogeonontic types of data to these natural resource
systems. Provisions can be made for that in the type of
system | was describing. 1t is unrealistic to think in terms
of one massive system that will take care of everything,
but there must be ways to tic things together. In our
state, for example, we have an extremely high incidence.
particularly among blacks, of sickle-cell anemia that
scems fo be concentrated i the delta aren. Some
long-term rescarch done by the medical community
might relate this health problem to a natural condition,
We also have o higher than noraal  incidence of
hypertension. We must stop and work closely with a
varietly of  heabth-care  service  agencies o develop
information systems. and we are making sure they ase all
compatible.
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S-5. Remote Sensing in Arizona

Carl C. Winikkd® and Robert E. Admmh

There are  certain  commen  trends  and  some
differences among the states represented here. ! think in
Arizona we have some special differences. while we have
wany items in common with other states. Our state is
very receptive (o remote sensing, with clear weather and
not awch rain. [t is highly visible. although the U.S.
Geological Survey has said that not all of it is very
photogenic. Some of those deserts do not show up tao
well and the details are not 100 visible either. ln Arizona,
we have quite 3 bit of land that is just open, what you
would call wasteland. It is natural and there has heen
very little development. Elsewhere, the pressure on
development land thiroughout the state is increasing.
These dactivities are not necessarily bad in themselves,
hut decisions must be made aftecting this land and how
it is to he handled.

Arizona does have a fairly large area, about 114 000
square miles. About 16 percent of this kand is privately
owned: 44 pereent,  Fedesali 27 percent. Indian
reservation: and £3 percent. state-owned. Some of our
14 counties have tess than 5 pereent of private Tand (fig.
). Some are mostly Indian reservations, and figure 2
illustrates how these are distributed. National forests
vccupy about 16 pereent of the state. In addition, 17
percent of the state is contiolled by the Bureaw of Land
Management. 311 we take all of these ownerships and pu
them on one map (fig. 3). we see cheekerboards within
checherboards. 11 you have the ted squares. you sure
wanl to hnow what the nten in the black squares are
doing.

One problem here s reatlly cootdintion. But a more
Faeteaching problem is the fact et mucle of the
information that people have been tatking about here
dues ok vet exist in Arizon. The public kind survey has
not heen completed. A substantiol part of the state has
pevet heen surveyed fo townships, Approximately 30
percent bas oo topographic mapping af either the 15" o
the 7.8 scale. Soil surveys ate nooexistent i mueh of
the state. So. of counse. we lack the more detailed
wlaennation (hat we might derive om these maps.

FArzong Resourees fonnation Systenn, Phociin, Arizom,

h } .
Atzom Bepattinetit ol frsporation, Phoenis, Avizona.

RIVY)

In 1972, we held u series of meetings with NASA,
several other Federal agencies. and state agencies to
discuss how we could approach the problem. The
outeome of that was what we call the Arizona land use
experiment. We were considering how we could take
advantage of new technology, cither existing or coming
up in the future, to cover Aricona in a fairly uniform
system. Under the land use experiment, NASA provided
high-altitude imagery of the state. Each U-2 aireraft had
five cameras onbourd: a  mapping  camera,  three
70-millimeter  multispectral canmeras. and  one  color
70-millimeter camera. The color was {or preparation of
orthophotoguad maps and also for interpretation. Figure
4 is an example of the color imagery we acquired. We
have found that the users are often aceustomed 1o
large-seade work. The high-attitude. smali-scale imagery s
really effective in bridging the gap between spice
imagery and what the user has been aceustomed to.

As a result of this program. we will have an image
base of the state prepared by USGS from the Landsat
imagery. We are looking to this base as one means of
communication among many agencies.

Some obvious Tood areas e visible in figure 4. As
restlt of sceing this from high altitudes. the local
povernment stopped some planned developments in that
area. A receni report by the Office o keonomic
Planning and Developiment covers remote subdivisions.
Figure § illustrates the use of this hase with schematic
overprinting.

Orthophotoquads  prepared  from the U-2
photogiaphy are at the 7.8" quadrangle scake. Figure 6 is
an example.

Much of the Tand in Arizona is open country. but
activity  on that  knd - often depends on natua
vegetation. Su. with the vegetation people. we Tave
produced a vegetation uup of the State tig. 7)o
booklet. and @ uatural vegetation classification system.
We have made this compatible with the S Departiment
ol the Interion (USDD classitication. The category ol
mattral vepetation includes 161 aeres of tundra on the
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peaks, the near-tropical reeds found in the Yun urea,
and all the woodlands, rangelands, and so forth in
between.

We were unable to complete orthophotoquads in
some areas. In the Grand Canyon section of the state.
because of the rough termin, we had to settle for
enlarged acrials. We were able to use Landsat imagery by
projecting the photographs on an 1§ viewer and
photographing the screen (fig. 8). This is strictly a
photographic process, not done from tape. Figure 9 is an
enlargement of the central portion of figure 8. The
obvious tear-shaped clearing is, 1 believe, about 3 miles
long.

Breaks in vegetation on the ground. such as that
illustrated in figure 10, also show up quite clearly on the
Landsat photographs. The cleasing in figures 8 and 9 is
an example.

In the urban development around Phoenix. we are
Josing a great extent of our agricultural jand and we
consider this a problem. Some people say. “This is just
the way things are going.” The local government is not
really able to do much about it. The state legislature this
year had what ¢ think was a very good Lind use bill,
addressing problems of changing land use: however, it
did not puss.

To illustrate the information that can be obtained
about urban and suburban arcus, figure 11 s 2
low-altitude view of Sun City. Figure 12 shows the same
cireular development from a U-2 at 65 000 feet. Figure
13 was taken from Skylab: the development has changed
again. This is a way of keeping track of developinent
strictly by photography or physical imagery.

We also are concerned with developments in the
desert. New constriction does show up quite light in
aertal and satellite imagery as you raise dust in 3 desert
area. It is highly visible.

Arizony does have open-pit mining (figs. 14 and 15):
this state produces more than 50 percent of the nation’s
copper. In some instances, these pits are considered
objectionable. and o bakince s required  hetween
econmuic development and the effect on the esthetics ob
an area. These two tigures illustrate the transition we can
make front ground 1o high-altitude information.

Arizona also has a fair smount of agricultural fand.
Figure 16 shows how apriculiural areas appear i red on
colorinfrared imagery. Figore 17 s of a lood control
dam with some agriculturel area around it, and figure 18
is 4 closenp of the agricultural activity. We are going to
be working with the U.S. Department of Agriculture to
consider this type of imagery for determining which
agricuiturai fand bas been aciive,

One way to make a guica graphic franster ol

0 REPRODUCIBILLLY Vb 1Ll
0 ORICINAL PAGE I8 POOR
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information is by u Zoom Transfesscope (fig. 19). Such
in"ormation as school district boundaries can casily be
overisid on an orthophotoguad. The Soil Conservation
Service and the U.S. Forest Service are both using the
1:24 000 orthophoto base for some of their work,
Various kinds of information ate being recorded on this
accurate basc and we believe the basc is suitable for
eventual input into computer systems,

During the past year, we have just bheen getting the
system together. [ .xpect we will go through a
reassessment and regrouping as we put some of these
things inio operation. If we want to predict the future,
we can just glance back and see where we were 5 years
ago in remote sensing. Most states have taken
tremendous steps in the past 5 years, and at least that
much progress cun be expected in the next 5 years.

f sce a need for at least one center wherz
emergency-type information from space can be assessed
and put into the hands of the user almost immediately.
The technology is here and 1 think it should be available
in an emergency situation, such as a flood. 1 am sure
people from any state would be willing to go to such a
center to get the information and get it to the
decisionmakers.

Another problem as we fook ahead is changing to the
metric system. An adjustment of the grids will be needed
in North American data. My primary advice now would
be to stay fexible in order to adapt 1o new systems as
they come.
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Detailed map showdng all types of public fand ownership within Arizona.
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Figure 4. Floodprone areas are visibhe in this photograph taken from an aircratt at 65 (00 feet.
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Figure 6. & xample of a standard 7.8° orthophotogquad.
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DISCUSSION

LEONE: Frank Leone from Ohio Natural Resources.
1 am familiar with the Arizona trade-off model, which, |
understand, cvaluates environmental, cconomic, and
demographic conditions und is used ay a decision tool,
How, if at all, are the remote-sensing data used in the
Ardzona trade-off model? Aie these data at a resolution
compatible with other parameters?

WINIKKA: There is no feed into that system at this
time. It was operated for evaluation by the Office of
Economic Planning and Development, using a cell size of
60 square miles. We have not crossed the gap on how we
would input, but I am swre this will be considered tor

the future.
WILSON: Jerry Wilson, Federal/State land Use

Planning Commission for Alaska. How docs the public
get access o your data? i o citizens' group wants to
jook at an area, how can they?

WINIKKA: We have an opet office vs far as the
public is concerned. Unless we would huve to schedule
people. they can drop in any time. We have miners
stopping in and peaple Fram cities and counties come to
see an arca in which they are interested. They can lovk
at the data in auy one of several ways. We have the
orthophotoquads completed of the state, we lave NASA
imagery. and we have viewing equipmient. 11 they want
copies of the orthophotogquads. they are available in
several formats. Citizens can get them photographically
or. for sumw areas now. in blackline or blucline copics.

WILSON: What are you doing about training? Is your
imagery coming into your universitios? 15 it coming into
local community colleges?

WINIKKA: We have fairly close contact with hoth
Arizona State University and the University of Arizona.
The University of Arizona has an Office of Arid Lads
that is getting a copy of the Landsat imagery on a
~gular basis. Only two o three junior colleges ave
actively interested in this avea, We are nol sending
anything 1o them but people from junior eobleges have
been in the office working on stidies or picking up
material.

HUNT:  Bill Nuet tram Montamaz 1oy a
representative of the Departent of Intergoverimental
Relations. T Montana. we have one of the prohlems you
do- some of o Lamd is Pragile and perhaps shothd wt be
developed. Thawe you been able 1o use this inugesy to
convitiee the legistatuie of the problem? Have you heen
ellective” Tave begiskaton shown any intetest?

A

WINIKKA: We have not had a fomal opportunity
within the Office of Economic Planning and
Development 1o show any of this material, However,
many legistators ure Familiar with it, We had some fairly
strong support in the legiskuture; however, it just was not
sufficicnt. We arc ready to begin a project to detail the
land that is belng taken by remote subdivisions. In some
instances, devclopers scratch out some roads and sell fots
to people throughout the country. No further work is
ever done on the subdivision. We will be using this very
graphic means of illustrating the problem.

MOODY: Steve Moody from Missouri. A persn from
NASA told me he considers the states to be the prime
users: | disagree with that. Our state is the generator and
our primary users will be regional planning conmmissions,
countics. and cities. Did you actually involve these
pevple when you developed the systers? 1f so, how did
you do it?

WINIKKA: The proposed legislation on Tand use had
a strong emphasis on locat control. Any Land use bill that
eventually passes in Arizona will include strong local
contiol. More specifically, our material s definitely
being used by countics. For example, one county s
using it to evaluate census houndaries. Severa) counties
are inventorying their couniy rouds for the tirst time,
The scate of 1:24 000 is not terribly suitable for cities
and. Tor that reason, the cities are not active in using it.

SPEAKER: Did you ask the cities and countics wlt
they needed?

WINIKKA: Not directly. There was ne “onnation
existing and (he counties had often heen working o
smaller scales than ours. So our information was weadily
accepted. The counties find this scale scceptable for
most of their work.

SPEAKER: It scoms fo me it is going to take alot
longer time te go hack and intluence the user o use
what is available than it would 1o bring him in hefore
you begin. 1 realize this method will result in o longer
lime fo set up the system origivally, but when itis done
it will be most usable.

WINIKKA: Our approach was prinwrily from the
state agency standpoint amd we did have a dozen or
more state agencies involved and very supportive of ihe
work and the scale.

SPEAKER: This system is still in an evolutionary
stape. The  counties  were jivolved  carly in the
evolitionary stages @id lave been very suppartive in the
development of this system. They didd have strong input
it the initial desipn oF what we wete trying fo do.
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S-6. Alaska's Needs in Remote Sensing
John 1., HalP

Future shock has hit Alaska: the Trans-Alaska
Pipcline: the proposed Trans-Continental Gzs Linc: 44
million acres of new private land: 80 million acres of
new national forests, parks, and wildlife refuges: 104
million acres of land to go into statc ownership;
relocation ot our capital city from Juneau to somewhere
west of the 141st purallel: a borrendous offshore oil
development proposed by the Federal Government: and
bulging urban sprawl. The last frontier ended in 1975.

The new private native corporations, the expanding
state agencies, and the Federal ageacies are all in need off
the most modern and best services in all phases of
remote  sensing. To emphasize this point and the
problems we face in Alaska, § would like to quote from
the letter dated November 6, 1974, from Rohert C.
Simmons, Jr., chaivman of the National Rescarch
Council, 10 Dr, Jomes Fltcher of NASA. The subject
wis the  tenlative wecommendations of the Space
Applications Board (SAB). 'll quote out of context:
“Another group of panel recommendations is under
study. These recommendations, ‘vhile they deal with
problems the SAR considers valid, suggest solutions that
the bousd wishes to consider further before reaching
conclusions.” ? think we are working on (hose.

The secommendations  refate  to the  Tollowing
problems. There is an important  transitional  stage
between  research  and  development  and  the
implementations of operational applications systems. In
this (ransitional phase, the technological capabilities of
the system have been  demonstrated but the user
community has not yet bad sufticient opportunity to try
the system and decide if it should replace or supplemient
older methads. Some  authmities consider  that the
Nutiooal Acronzutics and Space Act of 1958 authorizes
NASA to work in o transition] phiase: others do not,
Under the circumstances, NASA has refrained from
cavrying deinonsirations beyond technical feasibility. As
a result, potentinl  users have not had  adeguate
opportimity o evaluate new services. They exist at
present. No existing insititutional mechanisin permits a
Luge hody of potential users (which the board sees as

existing in state and local governments, in the business
communities, and in educational institutions) to express
their needs and have a voice in matters leading to the
definition of new systems. Today, it is the providers of
space systems who devise what they believe are uscful
requirements  and  proceed Lo build  experimental
systems. They then find themselves in a position of
trying to scll this technology to prospective users. We
have all seen ihis during the last 3 years. This process
needs to be reversed. The board perceives a need for
some organizational mechanism designed (0 ensure user
participation in defining the system. [ think that is one
ol the problems we are facing here.

These  recommendations came  from  the  strong
recommendations of the SAB Pancl on Land Use
Planning, on which | served. The panel made the
following reconmiendations related 10 factors which it
concluded were inhibiting exploration of the potential
use of satellite-derived information in land use planning.
The panel recommended that stiedies be made to resolve
issues in the user communily concersiing grid size,
securacy, and  map  projections. It called for the
capability to provide users with information products, to
process 10 vinying degrees, and to verily the aceuracy of
the products. ft recommended that joint Federal/State
remole-sensing  cemers be  established  regionally 1o
provide locally  oriented  research,  development,
operational.  and  extension  services to  users. I
reconmmended, that, in view of the pressing requirements
for planming land wses it Aloska and  the unique
oproriunitics that  exist these. a  prototype
1emote-sensing certer be established there immediately.
L cconmended that NASA be autharized by Congress
to provide  operational  and - extension  educational
atavices 1o both public and private users regarding data
extraction and utilization. It reconumended that users
participate in the  planning  process by providing
information reguirements.

The panel informally guesstimated thiat nonfederal
agencies will spend approximately $250 million per yeuy
in  the next decade  collecting  information tat
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satellite-based remote-sensing systems could supply at a
30-percent-lower cost,

We have a sturt in Alaska, but it is not enough. not
when we are fuced with settling the stute, the fund
pattern of the state, and social and economic culieral
issucs in a very short S.year period. No conference or
symposium is good unless it produces some action. As o
suggestion, | would urge that you think sbout these
recomimendations. Congress has hills before it that
would authorize and direct NASA to he in the
operational and extension ficld. Aithough these bills
might not give all the right answers, they are a start in
the legislative process. | urge you, the local and state
users and those involved in the Federal Government, to
support this type of legislation. And if you think you
¢an do a better job, draft your own ideas on legistation
and contact your congressman. The joint Federal/State
remote-sensing centers were recommended because we
felt it necessary 1o get the information out to the users
and consumers. These centers could be patterned after
the forest and range experiment stations scattered
throughout the nation that are operated by the Forest
Service of the U.S. Department of Agriculture. I know
some of you are thinking, “Hey. we need one in our
state!™  The governors, commisstoners,  legiskators,
mayors, corporate presidents and boaeds, planners, and
managers need the information now. This is so true in
Alaska. I think most of you would say the technology is
probably 25 years ahead of the application in the field.
And, as users, we just con’t wait for the present
government institutions to respond. Therefore, the
administration, the Office of Management and Budget.
NASA. and the Departments of the Interior and of
Housing and Urhan Development (HUD) must aceept
their responsibilities and provide their latest and best
remote-sensing  information  to  the plunners  and
decisionmakers at the state and local level in both the
private and public sector.

In the analysis of Alusky, the 44 million acres of
private land is only 11 percent of the state, but the
tative corporations (native in Aluska refers to Eskimo,
Indian, and Aleut) will control roughly one-third 10 40
percent of the state's resources, subsurface and surtace,
Now. a big question we face is: what type of casements
should be reserved on their kand iy the Federal and
State  Govesnments  before it goes into private
owitership? This is a very controversial problem and, of
course, one that femotessensing data really can help in
resolving. We need nigh-altitude photography. We could
have it from NASA and the wilitary. Al we need s
about 60 000 flight line miles. We abready have an
excellent statewide inventon ¥ Trom old remoteasensing
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data, photography taken by the military in the 1940%
and carly 1950's and a series of resource maps on a scale
of 1:250 000 for the entire state. We divided the state
into quad-quads based on USGS 1:250 000 quads; there
are 46 for the state, We have g st of 20 to 28 resource
overluy maps for each quad-quad. We have divided the
state into six planning regions and we are preparing a
series of regional atluses. These were o result of
interagency  cooperation between the state and the
Federal Government: HUD, USDI, and the Division of
Planning, Development, and Research in the governor's
office. The commission has published a statewide
inventory bascd on the 6 planning regions and the 18
subregions. One thing ur inventory shows s how little
we know about the state. Sometimes, us the nation
focuses on its needs for oil and gas, wilderness, nationa!
parks, and wildlife refuges in Alaska, we get a little bit
bitter when we sce the amount of money that our nation
has put into other parts of the world. Now Alaska’s
needs are great and we face important decisions and
we're short of data,

To summarize, the two important points | have tried
to bring out are, one, the need for NASA to get into the
operational, educational. or extension ficld. This
requires an act of Congress. And two, the idea of
emote-sensing centers. The Forest Service experiment
stations have worked and remote-sensing centers could
work. Low-ltitude, high-altitude, and satellite data
teally need to be centralized in vne spot,

DISCUSSION

HITCHCOCK: Just & comment abour the centralized
remote-sensing centers. The Teimessee Valley Authority
las had some experience with different extension-type
work. We have seven states in the Tennessee Valley,
three forest experiment stations, and three NASA
organizations we are dealing with (Bay St. Louis in
Mississippi. Kennedy serving Georgia, and Huntsville
serving Alabama and Tennessee). Remote-sensing centers
would be good provided they don’t foree the states 1o
conform to cach other so that they would have to use
one very inflexible data source. It the centers try (o
make the data flexible enough to it each state’s
individual system, there will be o henefit, i the centers
try to convince states to use iy specific system, they
will fail: they just have (0 be careful.

SCHUMANN: 1, tou, would like to falk about joing
State/Fe rad conters. We considered this seriotly in
Arizona. 1 have several questions. What is the curent
statiis of fhe proposed one tor Alasks? Would you

I - - =



visualize the scope of these activities us simply data
analysis and applications or would we get into data
collection as well?

HALL: Right now, it is still in the plunning stage. In
answer to your sccond questlon, it would be data
collection and. to a point, analysis. This part has to be
worked out yet.

SCHUMANN: | think we would see across the
country that these centers would be unique to the state
or to the area. Each one has different problems. How do
you visualize funding of these State/Federal co-op
programs, or how would they work?

HALL: 1t would be very desirable to go back to the
bills in Congress on NASA to get them in as lead items.
It would be best if shares of the Department of the
Interior, HUD, and others could come right off the top.
How much shoutd the state kick in? Our present
commission is funded 50-50. My own feeling would be
that the Federal Goverminent might have to Kick in 60 to
70 percent. 1 would emphasize that every state and
region is differcnt. In the legislation. you must have a
fixed figure and it definitely should be a firm, strong
financial commitment by the state.

MYLES: 1 am Ron Myles, State of Oregon. and | fecl
a Kinship to Alaska to some extent. We are the 10th
fargest statc. We have 75 percent of our population living
in one valley, but we have vast unexplored land fo
develop and. fortunately. not undes the pressure that
Alaska is to develop it tomorrow. | have & concern about
user definition of need and getting a body to implement
those needs defined by the users. 1 sce in the discussion
thus far the various states and their needs being just
another version of what went on in Wisconsin and Texas.
If we are hoping 10 get Federal involvement and
implementation. we had better get together on what
those user applications and needs are going to be. By the
time you pull all of the wvarious user applications
together for 50 states, you have something that nobudy,
including the Federal Government. is going to want 10
tackle. § just hope that stutes such as Aluska o not go
the way Oregon. for example, has been over the past
years, trying to develop everything on an ivsulay bsis.
Many of the applications and many of the wmeans of
implementation have been developed. Somehow we
must pull it alf together. Otherwise. these special usesare
just going to overpower  everybady. iicluding the
Frderal Govermnent.

HALL: You must assign priovities so that you e not
duing 12 similar projects. | know this has lappened in
many other organizations.

HEDRICK: My name is Wally Hledrick: 1 am

respomsible Tor the remote-sensing project with Pacitic

Nosthwest Regional Conumission, for the States of
Ydaho, Washington, and Oregon. | was surprised at the
estimate of $250 million per year to gather information
by the private sector, nonfederal. That probably is even
a low estimate. Do you have any idcas on how to involve
the private scctor, the large natural resource agencies,
the forest product agencies, in some kind of
remote-sensing program?

HALL: In Alaska, our private sector is now 12
regional corporations who will own these subsurface
rights to the 40 million acres and then about 204 village
corporations who will control surface rights on the 44
million acres. We may have a unique situation there. My
experience in dealing with large companies is that
sometimes they have iheir own programs, but here again
there is an opportunity for coordination. A lot of private
low-level and high-level photography has been done in
Alaska and. of course, the public sector cannot get hold
of it. It would be nice if we could, but you have to get
into reciprocal agreements; that is, what do you have
that they want? The opportunity for private industry to
take a very active pmt in these centers has to be
considered, as well as the opportunity for the rescarch
anm, mainly located in the universities.

BOOTY: We visited Bay St. Louis a year ago and
were definitely impressed with the facilitics. We would
like to sec those types of facilities around the United
States but 1 don’t know if 1 would care to have Federal
agencies doing all the work. | think state personnel
vught to be doing the work as much as possible with
guidance from the Federal agencies.

HALL: #f | indicated to you that they would be
staffed by Federal people. no. We have found it was
desirable to have 50-50 state and Federal people. 11 you
don’t have the state personnel, you may have to hire the
individuals a8 employees of the center. But 1 think to
make them successiul you must have the stite and also
the ocal tsers, the boroughs and counties. as a part of L.
You would have to draw upon all sectois.

SPEAKER: 1 fear that il the information was just
generally given to the states, it would just sit on the
shelves like many other plans do.

HALL: That's a very goad point and one that | think
would have 10 be followed up because it's so true. We

Found this in our inventory. In fact. we were accused of

heing foo much on the Federal side just becanse few
state peaple were available.

SPEAKER: In the matter of data acquisition by
aiveralt, 1'm talking about the high-altitude aircraft thit
are rescarch only with NASA, The USGS does not ave

the hardware. Private calesprise can do somie of it but il
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see the possibility of cither NASA or USGS expanding

cooperative  programs 1o get  into some sort of

arrangement where if' a state wants to be flown, the
Federal Government puts up part of the money and the
state puts up part and we all use the duta?

SPEAKER: The orthophoto is now considered a
standard mapping product by the USGS and is available
on a cooperative busis.

SPEAKER: At what scale?

SPEAKER: We have just launched into a program to
develop 20 000 orthophotoguads nationwide to be done
with contract Leur jets at 41 000 foet.

SPEAKER: The nonpoint progam of the
Department of Agriculture might also be considered.
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That type of imasery is going to be needed for any
nonpoint sources and it will be one of the problem ureus
in the future. The SCS has said that there are 500 10 600
more pollutants from nonpoint sources than from point
sources. This is controversial, too, because it is land use.

PARRISH: Right. We passed a law in Georgia
requiring every county or city government to coime up
with u sedimentation eroston ordinance in 2 years. And
for local people to do that work, they will need the kind
of data we can't provide to them right now.

SPEAKER: The Department of Agriculture is also
looking at ihe resource conservation needs inventories
and may use remote sensing the next time around
instead of the 2-percent sainple.
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S-7. User Requirements for Project-Oriented
Remote Sensing

H. C. Hitchcock® F. P. Baxter? and T. 1. Caxb

INTRODUCTION

Foresters and land managers of the Tennessee Valley
Authority (TVA) have long regarded remote-sensing
technology as a valuable resource tool. The Division of
Forestry, Fisheries, and Wildlife Development uses
remotely sensed data in the analysis and appraisal of the
regional timber industry and the forest resource
situation. One of the earlicst applications of remote
sensing in this program area was during the period 1937
to 1940: TVA foresters, aided by 1:24 000 planimetric
sheets and acrial photographs, produced a valleywide
forest-type map (ref. 1).

In the 1950’s, a continvous valleywide forest
inventory system, relying heavily on aerial photography.
was initiated. Photointerpretation provided sampling
expansion factors based on forest arca estimates.
Additionally, the photography aided ficldmen in plot
location activities. Today. aerial photographs are used to
update forest arca estimates and to monitor land use
changes related to the valley’s forest resource situation.

Remote sensing has been used in programs related to
wildlife habitat cvaluation, strip-mine reclomation, and
general land use mapping. ANl the applications fiwvolved
photointerpretation, with ficld veriticetion as a single
data source for solving natural resource problems.
However, this type of approach often proves to be a
great disadvantage. Natural-resource-related phenomena
are the result of complex interactions involving many
factors. Such relationships make it imperative that land
nuanagers take an interdisciplinary approach to problems
and utilize the full potential of all avaitable tools.

Recently, the forestry division has been developing
modern  analysis  techniques  using  digital data that
greatly  enhance  Jand  analysis  and - decisionmaking
capabilitics. The benefit acquired from the use of these

P, . .
Tennessee Valley Authority, Norels, Tennessee,
bRemote Sensing [nstitute, Brookings, South Dakota.

techniques stems from the ability to combine data from
muny sources to focus on a set of interrclated problems.
Remote sensing is only one of the tools ihat a land
manager possesses, and its value is incrcased greatly in an
interdisciplinary approach to land management
decisionmaxing.

This paper focuses on two major areas: (1) the role of
remote sensing as an cffective data source in present and
future land analysis systems used by TVA und (2)
problems associated with using remote sensing as a
partial data source and requirements for alleviating these
prohlems.

ANALYSIS PRINCIPLES

The land analysis systems in the division have been
described! as having the following four major objectives
related to program needs.

1. To provide inputs to planning and environmental
impuct assessiient processes through analysis of current,
accurate, and rapidly retrievable spatial information
about natural systems and factors that potentially affect
them

2. To analyze chractenstics of the forest and wildland
resource so that its value and benefit can be maximized
through accurate recommendations and predictions

3. To provide the capability of rapid. site-specitic
analysis of spatial land-related data using simple and
flexible computer systems of moderate cost

4. To provide a structure for the decision process that
evaluates spatial and temporal distributions of land
treatments

Details of various lane? analysis systems will not he
given. However. three elements common to all fand
analysis systems are pertinent to this discussion.

First, the systems cmploy an interdisciplinary task

]
THaxter, FL PoCox T and Gregory. R, 2.0 Land Analysis Systems. Division of Forestry, Fisheries, and Wildiite
Development, Tennessee Valley Authority, Technical Note B9 (in press).
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approach  with individuals from several  disciplines
working and interacting for a common goal. The task
approach is necessary becausc it emphasizes a final
product as a goal and enables the group to view the
project systematically. In such an atmospherc,
remote-sensing technology retains its proper role as an
analysis tool rather than an analysis system.

Secondly, the analyses arc ‘“‘computer assisted.”
Those procesies more economically dene by hand are
not computerized: but the computer is used where it is
obviously more efficient, such as in the analysis of
regional data sets or when overlaying a large number of
data sets simultancously.

Finally. the existence of a spatial hierarchy is
recognized, the level of analysis detail depending on
feasibility constraints of data collection, computer
capacity, and processing time.

An important part of the computer-based spatial
analysis is the reference system. 1t is the referencing of
data or registration that permits the integration of
different data sources in the analysis process. The
systems used by the forestry division primarily employ
geodetic cells for data storage and analysis. Rectangular
or square cells are difficult to use where universal
transverse Mercator (UTM) zone boundaries oceur, such
as in the Tenncssee Valley. Geodetic cells change with
{atitude, but the change in area can be calculated by the

7.5' quadrangie

computer. The cell hierarchy (figure 1) consists of cell
sizes ranging from 3.75" (1.09 hectares) to 30" (65.2
hectares).

APPLICATIONS AND PROBLEMS
Aerial Photography

In developing intensive forest management plans, two
types of analysis are needed to develop site- and
time-specific land management activities. especially as
related to timber.

First, there must be an inventory of present forest
conditions to identify areas with high potentiai for
management. Sccondly, there must be an analysis to
identify arcas where physical or social constraints dictate
modified or low-intensity management. For example, an
area with high timber productivity may be eliminated
from certain harvesting practices because of slope and
inaccessibility. Another example may be a ban on
certain regeneration methods in an area near a high-use
recreation area.

Cox and Weber (ref. 2) demonstrated the feasibility
of using medium-scale infrared imagery for interpreting
forest resource variables such us stand size, stand
volume. and stand types for regional analysis of a

Geodetic definition of cell dimensions (vertical and horizontal)
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Development, flustrated is the wihdivision of a 7.8 quadrangle to pendetically register data for spatiit iy sis,

20



ey W

LYY

dispersed resource base. They made direct
interpretations  of each varisble from  1:24 000
color-infrared transparencies. Each variable was plotted
on a 7.5 topographic quadrangle map and then hand
digitized and coded into 3.75” célls for registration.

After registration, the data were overhid in the
compater with physical variables digitized from other
sources, such as soils data from SCS soil maps and
topographic data from quadrangic maps. Overlaying the
basic duta in this form made possible the identification
of timher capability classcs or areas that, because of
their physical characteristics, had or could have high
timber productivity.

Not all arcas capable of high timber productivity are
suitable for intensive management. Thus, u second
analysis was needed to identify those areas where
constraints (such as excessive slope, shown in fig. 2. or
conflicting land uses) existed. Following the analysis. the

W W

study arcas were then grouped intoe homogeneous units
for management purposcs.

In this instance, photointerpretation was used to
inventory forest resources and sided in the identification
of lund capabilities. Further unalysis of the data with
other variubles permitted the rapid identification of
management problems and potential conflicts, thereby
facilitating the management decisionmaking process.

When using photointerpretation technigues as partial
input for development of intensive forest management
plans, certain problems arise. Aeriul photography is
typically flown on a project basis for individual
geographic areus. Therefore, no central files exist by
state and government agencies, existing data provide
incomplete coverage of a study area, and if data are
available for a wide geographic arca, they are in varying
scales and film types and were taken on different dates.

If the majority of user agencics within a region would
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enter into a joint task approach (establishing mission
criteria and using the data), users could enjoy major
benefits, such as: (1)a decrease in the cost of cach
project, (2} an identification of duphcations in effort
and of those arcus having incomplete coverage, and
(3) an increase in the relative accessibility of all coverage
if one agency were used to perform aequisition activities.

Multispectral Scanners

Many problems associated with the project-oriented
uses of acrial photography do not exist with
multispectral scanners. With the launch of Landsat-1,
resource managers have been able to get repetitive
coverage of large arcas within 2 rcasonable time frame.
Because of the unique qualities characteristic of scanner
systems, however, new problems are replacing the old
ones.

Scanners that are mounted on satellite platforms
characteristically provide extensive coverage al loss of
detail. Even though this principle is generally
understood. many users expect the dati to provide all of
the answers.

It is very costly, time consuming. and it is often
unproductive to attempt to make Level H or Ll land use
classifications from satellite scanners. In fact. no effort
should be made at all to classify land use based upon the
sole eriterion of electromagnetic reflectance values.

The rationale behind this type of philosophy is quite
simple and also very similar 10 the previous example of
fand capability versus land  suitubility. Land use
classifications are based upon social and economic
factors as well as physical factors. In sone cases. the
nonphysical factors affect the physical and actuatly
bring about resulting changes in spectral signatures. For
example, does o Lvge patch of asphalt belong to an
airport, an interstate highway. a school, or an industry?

Several Tactors (including shape, size. topographic
pusition, tone. pattem, shadow. and texture) must be
evaluated in identitying teatures on aeriad photographs.
The absence of any of these factors reduces considerahly
the power of the photointerpreter 1o identify featites.
Analogous to this i identifying or chassifying Tand use
employing multispectial scaniey data. ‘The ability 10
correctly identity  land wse is dependent on o many
factons. primarity the imtenclationship of kind - cover.

A ]
Sk, 1L G Cong B 1o Baster, B0 P ad St
Coner. Photostamuonetric e, tto he pubilishaed).
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topography (slope. clevation, etc.), soils (drainage,
parent material, etc.). and ownership characteristics.

The forestry division is attempting to use this type of
land use mapping in several project arcus. Soils and land
cover are being successfully overluid to enable inferences
about land use or resource characterization= (fig. 3) to
be made. Work is contining on acquisition of
topographic and ownership data.

Land cover can be efficiently classified for large areas
at reasonable cost by using Landsat multispectral
scanner data. The digital form of the data lends itself to
rapid processing by computerized land analysis systems.
The problem in using digital data is in registering the
data to the geodetic reference system used by the
division; success has been achieved with regression
mode}s using third-order polynomials.

A drawback in using regression models is the
increased number of data points needed as the size of
the area increases. The solution to this problem is proper
data registration at the time of collection, Several
alternative methods exist. but proper registration of
multispectral scanner tapes greatly increases their utility.
Registration to the geodetic coordinate system, which is
universal and casily transposable into other coordinate
frames including state plane and UTM, would also
increase utility.

Land cover information derived from Landsat
multispectral data can be overlaid in a reference system
with suils data to make inferences about a number of
land uses. A compater-hased approach has  heen
developed to accept and interpret soil survey mapping
unit data and provide a variety of spatial  soil
information in the form of single-factor maps. Each soil
mapping unit is coded and jegend is  provided
describing  basic  soils  data for cach unit.  Basic
interpretations of soils data include such items as
permeability . slope, or depth 1o bedrock. In this process,
the hasic mapping unit is digitized only once and then all
subsequent interpretations and overlays can be made by
simply manipulating the original data.

The major benetit from storing basic resouree data,
such as land cover and soils, in the manner described is
flexibility. A kand use interpretation map can he used
only within the constraints of the interpretations;ic. i
land wse map is based on preset definitions. The
methodology  previously desciibed is more flexible in
that definitions can he easily chianged v {ie program
needs without having to acquire new data,

Bowmere Chaencterization Throngh Soils and 1and
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SUMMARY

Remote sensing provides a valuable source of data in
lund analysis activities: however, such data must be
analyzed in conjunction with all other data. The TVA
Division of Forestry, Fisheries, and Wildlife
Development accomplishes this by registration of the
remotely sensed data to geodetic coordinates, thus
providing capabilities for overlay analysis.

Two problems arise when using remotely sensed duta
in land analysis. For aerial photography of a large area,
differences in scale, dates. and filn types have to be
reconciled. These problems could be climinated with a
regional task force of user agencics for data acquisition
and dissemination.

The sccond problem is registration. Aerizi
photography can be hand registered, but multispectral
scanuer data must be machine registered, often at
considerable cost to the user, This problein could be
solved by proper registration of the data at the time of
acquisition.

If remote sensing is to become a universally applied
tool in land management and planning systems, a major
conceptual change in the attitude of the remotesensing
community is needed. Remotely sensed data mwst have
the inherent flexibility to fit a number of snalysis
systems, cach one designed for a unique purpose. We can
no longer expect analysis systems to be designed arovnd
one rigid and inflexible data s <.

DISCUSSION

TREXLER: 1 wm more familiar with water quality
studies with Landsat data but [ think you are probably
the only person | have heard who has definitely used the
data to moke very impressive decisions. §t scems that
everybady is collecting dita and arguing about muoney
and everything that is involved. Who has really used it?
For stance, how woukl water quatity or Landsat data
stand up in court? 1 am glad 10 hear that sonbody i
nuking decisions based on it. This decision system that
you have concerning the whole ¢cosystem is excellent,
also.

HITCHCOCK: You may oot really say (he whole
ceusystem, becatise we are looking @t physical factors,
The people sithing mound making the judgments inpu
the ccologicat variables in the Tosm of expert opinion. b
the daty base itsell. we do not have snch Facion as site

LCIBILITY QF THE
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index or importance values, They come in the form of
expert opinion.

SPEAKER: At least everything is being considercd as
much as is practical. § would like for you to expand on
your section 208 application to EPA.

HITCHCOCK: A consulting firm from New Jersey is
running one of these section 208 projects in Knoxville.
The project includes certain ciiteria as input into
nonpoint pollution sources, Qur data base happens to
include all the soils information and all the land cover
information the consultants want. The only variable that
we do not have is bedrock geology. It is just a simple
matter of coding these things using the grid we had.
Because we have cach data point ticd into a place on the
ground, the consultants can transpose it into the
reference frame that they use.

SCHWERTZ: 1 wanted to address sume of the points
you made concerning the stucking of data. Many people
have heard about the land use and data analysis (LUDA)
program. It is a computer system. It is the ability to
stack data. Louisiana has a complete system ol numbers
for lund use cover. Accompanying this system are four
data analysis overlays: water basins, parishes (counties).
ownership information. and census subdivisions. We are
adding suoils: we have recently done flead information,
But the point 1 want to stress is that fand use mapping is
nothing in itsell. 1t must be registered o some
coordinate or geadetic referencing point. Without the
shility to stack data. you will continue to have nothing
but pretty maps to look at. And therefore. although the
LUDA system ditfers fyom the TVA system, § think the
basis is still the same. bt is the stacking of the data. and 1
think it is a very good approach.

SPEAKER: | would just like to be assured that what
is done under this progeam is in such o reference e
that we can pick up yonr data base and use it at a cost off
just o tew dollars. When people e using the same
reference (rame. they can start acquiring data fopether,
sharing the cost.

ANDERSON: Theie is @ great deal of dilference in
how variables are mapped. For example, some counties
have soil susveys only i minitum wapping wits of 640
acres, I seems to me umnecessiny topet a bnd wse map
down 1o 1 hectare ar 1T oacre to compaste it with soil
stivey data at o minummn mapping unit of 640 acies. |
do not think enough attention is piven in collecting data
to what use vou intend to make of it Youw can o toa
tut of cost petting that extea detail and then bave othe
viniables with which vou want to cotgine that Juve

-
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heen mapped at near that level of detail. In cach case,
one needs to he very cureful about compromising the
level of detail. My second point is about the national
land use dita set or Land cover mapping. One of the arch
principles, in my thinking, is that we must provide for
tlexibility in developing any kind of an approach to Jand
cover mapping. We are doing o standard Jand use/tand
cover mupping effort with a minimum mapping unit of
10 acres in certain types of uses uand cover and 40 acres
in others. For example, the State of Florida, with whith
we have a 50-50 costsharing couperalive agreement,
wanted additional categories of duta that were not in the
USGS standard level categoic: On a 100-perceat rebate
busis, we are putting those data onto a map referenced
to the Level H categories. For example, we are breaking
out mangrove, which is very important in parts of
Florida, and cypress. | would call these Level 111 type
categories. In our cooperative agreement with the State

of Georgia, we are doing some mapping of city parks in
the Atlanta region, which arc not really delincated in
remote-sensing data sources.
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S-8. Louisiana Comprehensive Planning
iInformation System

Patrick W. Rvan® and Id Schwertz8

Planners in Louisiana are trying to move from i
planning mode into what we call a service mode. We
have been in the planning business, the rescarch business,
and the library-building business for sonk time.
However, very few elected officials are interested in
developing a progressive library system. So, through this
information program, we have tried to create a service
that people can use in their cwn planning and research.
It is onc of the first operational programs in the nation
and we belicve it is one of the best (table I).

This information progeam and system has many
components. Land use mapping is part of it. This is an
experimental effort with the U.S. Geological Survey to
develop a statewide computerized land use mapping
program at a scale of 1:250 000 that uses polygons to
identify land uses in Louisiana, employing the USGS
classification system. We have implemiented this over the
pust 18 months. The land us: mapping program is the
basis for our information system.

Last year, we entered into a contract with the Soil
Conservation Service to add SCS soil data to our basic
mapping program. These duta will be digitized into the
computer and completely integrated with the lind use
data. Also, we are fow 4 census tape processing center,

and, to the lund and soil data, we are adding the
population and housing ceneus data. In addition, we are
identifying the various economic data on per capita
fncome and on other cconomic indicators that can be
usetul in relating to the overall system. We have added
uncmployment figures from communitics and parishes in
the state. We have a scction about public assistance. We
have added data in the arca of development of public
facitities, transportation facilities. power {acilitics, and
cducation facilities. This will be useful for people
developing or making decisions within a particular
parish. ln fact, we find that commerce and industry are
among our biggest users. Developers want to know about
a parish or county when they move into it

The key to this system is not the fact that we have
different elements in the program but rather the method
we are using to actually operate the program called
national information  processing system (NIPS). This
program, which originated with the  Defense
Department. has the unigue capability of actually
interrelating and interlacing various forms of data among
various categories. We ase storing certain types of data,
and we are constantty focating other forms.

This information is not being fed unnecessarily into

TABLE 1. COMPREHENSIVE PLANNING INFORMATION SYSTEM

Data System Uses
Land inventory Store Status and change
Suils itventory Locate Compare
Census Accesy Create visual displays
Economic Combine Retrieve
Employment Analyze Evaluite alternatives
Arca development Madel Eliminate duplication
Public assistance Report .

3 .. . — ..
Lowisiana State Planniag Office. Baton Rouge, T otistana.
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our computer; in faet, we do not have 4 computer, We
have termingl ties into the Louisiana Depariment of
Highways® IBM 370-158 computer and the Office of
Intformation Services® Honeywell, and we will in the
coming year add another tie-in to the State Police
Univac. Our terminal has the  capability of
communicating with all three. Acteally, we will be
storing some information, and we will be able to locate
and have access to other types ol information and to
combine the varjous sources. For instance, it someane is
interested in Jand use data, soil dats. or per capita
income, we can manipuiate. analyze, and run various
statistical analyses on the program, creating various
maodels to expersiment with ditferent theories und to
generate reports. For example, this information can
compare one parish or county with others, compare one
region with vthers, and even compare certain arcas.

We Juve interstate information on the status of
change in o particular parish. We are trying to get time
series on the information to indicate changes during the
pust 5 years. 10 years, et cetera, when comparing one
parish or one state with atiers. In the land use program
and elsewhere in the system, we have created visual
displays. and we are using SYMAPS and various methods
of creating computer-gencrated displays. We can retrieve
the intormation, evaluate various alcratives through
the models, and. we hope, eliminate much duplication in
building various cconoimic models o create @ central
system for use by various state agencies in planning. For
instance, when the Department of Higleaays becomes
involved in buikling a bridge or a  woriesouth
expressway. an environmental impact stiatement is often
required to determune the effects of such a project. The
Department ol Highways needs data in such aveas as
employment and company income. In fact, a state
agency must take @ comprehensive approach no matier
what liekd or spdciaity it might be in. 11t does not have
this information. the public will he at its doursiep.

The State Planning Oftice is 1rying ta help other
agencies that are beginning to seck or, assistance in
accessing this data. The governor signed I'xecutive Order
27 in February 1973 10 create a uniform system of state
plamning districts in Louisiana. Our office has asked all
state agencies and encotraged alt Federal agencies to
adopt these boundaries, pirticularly regarding formal
planning and data gatheving, We had same probleims with
implementation from the Depaartiment of Highways amd
other management agencies whose planping programs
overlapped into ditferent distiicts or whose projects
involved anly a portion of a certain plinning distict.
These agencies were concerned about the cost of
expanding tieir pianmine progams to inciude winde

plaming districts, There can be some differentintion
regarding the actual field operations of some agencies,
but we are anxions to have these agencies develop thelr
planning data and information prograns in the context
of the wniform districts. Uniformity will ke the
information more usable for a police juror, a legislator, o
governor, a congressiun, or anyone clse who has to
make a decision. These people are not just interested in
highways, for example. but rather in how one program
complements  another. They must muake budgeting
decisions bused on the fotal secape of stale or local
government. The State Planning Office is trying (o
simplify this decisionmuking process.

In the Department of Highways, 1 major upcoming
project is a north-south  expressway. This project
requires land use dity and soits data from various
parishes. We are now providing this information. The
superport is another major project in Louisiana, and one
important coneern is the secondary impact of such an
cuergy lucility on schuols, hospitals, roads, agricultural
land. and community development. This information is a
prerequisite to Coast Guard  approval, and we are
providing data assistance in these areas. The coascal zone
mahagement progran involves the task of delineating the
boundiries ol the coastal zone. We must begin dealing
with Federal/State fand. public ownership. We must also
determine the extent of community expansion and
development in the coastal areas. and owr land use
progeam is the major thsust toward this end.

In our present Land use systerm we are nol dealing
with photographs. The imagery that was developed as
part of cur program is classified as Defense Departiaent
photography. The U.S. Geological Survey s taken this
photography. detineated the vinious fand  uses, and
compulerized it We are using the map that was
generited.

As part ol the informational program. we are working
with regional and local planners across the stale to
identily the most critical indicators. We have also hekd
various  onethe-job  training  programs  to provide
instructions on the use of our system. Civil defense and
comprehensive plinning agencies include this system as
anintegral part of their program, The 1975 flowd
ahiorded o unique opportunity 1o use the computerized
tnd use  mapping and  the satellite  imagery  for
operational purposes. Ed Schwertz will tell you about
our recent Hood mapping.

Tt mentioned the classification system. The USGS
classification system (1able ). is slightly dilterent trom
the 1971 vession. The only difference is category 6,
wetlands. Previously il was classttied only as nontorested

7




TABLE I1.- LAND USE CLASSIFICATION SYSTEM FOR USE WITH REMOTE SENSOR DATA

Level | Level I}

L. Urbun and built-up lund | 11. Residential

12. Commercial and services

13. Industrial

14, Extractive

15. Transportation, communications, and utilitics
16. Institutional

1. Strip and clustered settlement

18. Mixed

19. Open and other

2. Agricultural land 21. Cropland and pasture

22. Orchards, groves, bush fruits, vineyards,
! horticultural areas

23. Feeding operations

24. Other

3. Rangeland 3). Grass

32. Savannas (palmetto prairies)
3 33. Chaparral

34, Desert shrub

4. Forest land 41. Deciduous
42, Evergreen (coniferous and other)
43. Mixed

S. Water 51. Streams and watcrways
§2. Lukes

53. Reservoirs

54. Bays and estuarics

55, Other
6. Wetland 6t. Forested

62. Nomtorested
7. Barren lund T, Salt tlats

72, Beaches
73. Sand other than beaches
74 Buare exposed rock

75. Other
i :l\ 38 DUC‘I ‘I"I‘ ? l! ll‘l {L‘
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wetlands, but it is now broken down into forested and
nooforested  wetlands. There was o comment  made
carlier that the USDI clussification systew did not
permit identification ol wetlands categories, speciticatly,
swamp and marsh. However, we do have this capability,
The eatire state, S0000 square statuie miles, has
complete land use mapping using polygon digitizing
techniques. Since we had this capability and the land use
data, and since we kiew that USGS and various others in
1973 had done some flood muapping from satellite
imagery. | thought ol the possibility, on April 5, 1975,
of taking the land use informution from the LUDA
program and combining it with the Landsat data to
provide flood information on land use type acreages by
parish and aggregate it to the state total for the purpose
of disaster declarations. Therefore, we asked Governor
Edwards if he would like to pursue this. He did.and on
April 8 he sen a letter Lo the administrator of NASA,
Dr. Fleicher. The NASA agreed to atiempt to provide
the sutellite imagery within 48 hours after the passes
over Louisiuna. The NASA people were i bit pessimistic
about their ability to deliver in that time frame, bevause
il had wnever heen done before. The request  from
Governor Edwards was  the fist of its kind b
emergency-type informtion. They decided to give it a
try. and they did an excellent job: we pot e
information in 36 hours.

Once we received the informition. we used ab
clecironic digitizing  planimeter (lig. 1) 0 measure
acreages for those polygons not completely flooded.
Figure 2 is the Landsat image taken April 1S of the
Batun Rouge-New Orleans arca. 1t is cloud tree. We saw
pray wreas that were Hooded. The inugery was enbarged
to a seale of 1:250 000, wihtich is our basic usapping scale
of the kind use maps. We used visual mapping technigues
to delincate Muod areas by taking out dark arcas. Then
we ierged our s use ngaps wiib the Tood naps (o
oblain acreage tabulations,

The  Alexandria arca is visible i figure 3. taken
Aptil 26. Despite considerable cloudiness. we could see
some black areas where extensive flooding was aceuning
arouid Avoyelles, Catahoula, amd Concordia Parishes,
Figire 4 is a land use map of Avayelles Parish taken
Fromn the 1:250 000 Mylar oveddays. 1o shows the vacious
polygons we lave mentioned. Figare S itlusteates the
looded weas in Avovelles Pavish. I Gigore 6. the dank
aveas. identical 1o the fTood areas in ligare 3. have been

— g —

{igure 1.
Applications  Assistance  Facility at HBay St Louis,
Misxissippi.

Electronic digitizing planimeter ot the EROS

merged with the land use map of figure 4. We took the
polypons  that were flooded and  referred 1o our
compuler puncheards for data about the number of
acres i cach polygon. We had some polygons that we
could pull sutomatically, and we created mew polygons,
using the electronic digitizing planimeter. where ey
were ot complete polygons in the system. in Avoyelles
Parish, 35.5 percent of the lnd was  oted. 1o
Catahoula, 45.8 percent was floaded: and in Concordia,
the percentage was 45, Figure 7 s the final product of
Mood mapping in Concordia Parish.

There was flouding in 27 parishes for o total of
1 118 191 acres. Table HI shows the B use categories
and the amount Nooded. We validated the flood maps
with Cooperative Lxtension Service county agents, who
estimated that 1122 000 acres were loaded. This figure
wis quite comparable, so the agents were asked (o
vilidate the flood maps. Enfargement of the satellite
inges cost an estinated S200. Fight man-days weie
requited to do the work, and the total cost of the
project wis S700. The info mation is being used in o
request o major disaster designation. We helieve that it
will stand up in conrte The Federal Disuster Amistance
Team wanted 10 Know where the floodwaters i been,
The Nood mips were used 1o certity Govermn Edwatds'
disanter request. With this technigue., we hnew wheie the
Noodwaters st at the time of the crest.
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Figure 2. Landsat, band 7. image of Douding in the New
Orleans Baton Rouge area taken April 15, §975,

\‘,,«-‘ E T ‘

Lo b Fand use map ok Ao efies Banishiis 1y pival ob thow
nude for e enbite state umder the TU DA proveaes, e
polveans are ckearhy visible ol the mumbers eter to the

claccitic ation suslbo,
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Landsat, tand 7, image of Louisia Hooding taken

Figure 3.
more than 4 week later than figare 20 Despite cloudiness,
ertensive flaoding is visible in Avoyeies, Catahoula, and
Concordia Parishes
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DISCUSSION

SIZER: Whit is the sccess (o the system? Do those
people who wint 1o use the system have ready aceess to
it? Do they come thyough your agency”

RYAN: They come (o the State Planning, Ofice and
actually request our Yand use maps. We have tobd them
that the maps glone are of litthe vidue. Part of the
program is the computer system. The key point to
remember in servicing any ageney is 1o hnow its specific
needs. We have to know what the jaformation is to he
used for so that pertinent information can be provided.
The consultants in our oftice are very lumiliar with this
prograin. We have fud xome problems with consultants
doing work for other state agencics. Rather than provide
our informtion to the consultant, we ask the state
ageney to request that the information be provided to
the consultant. This protects the state agency Trom being
charged fees 1o have information collected when this
information is available without chasge.

SPEAKER: Do you have any fees at all?

RYAN: Right now. we do not. 1t is difficult to
determine how to provide this information without
putting ourselves ot of business.

SIZER: We luund also in Minnesota that we can
identify water or wet areas quite eftectively with this,
Did you have any acsial photogeaphy taken ab the same
time? In Minnesota. usually. in high (ood times. the
Corps of Engineers or other Federal agencies that iy will
have photography. 1 was wondering it any had any for
CONPARTIVE PUEPOSES.

SCHWERTZ: There were some photographs flown,
classitied photography by the Department of Defense
for the Corps of tngineers. | have not seen that
photography. but we did field checking at the samwe time
the sateflite was passing overliad so that we could il
necessary correlate some ol our knows floaded ageas 10
the imagery. As it tumed out, we didd not need the
covrelation. The aicas that we could not detinitely say
were Hooded were not inchided.

SPEAKER: What did vou lignre vowm cdegtee of
aveuraey win?

SCHWERTZ: We weie not able 1o establish that.
However. hised on the verilication by county agents and
the Eact that their feares ditfered by ondy 3000 aces. |
worttid shink ihat we were cansiderabiny aceniate.

SPEAKER: Ate vou a pltning coordinatonr moare
vour she planmng agency”? Do you set hoth paoametens
Yor these substate distiicis?

RYAN: Yus, otne oftice is o technicot stadtowe e an
o ol dhe sovernoa’s office. We o eet involwed in
comdimation. Aot we sy we Jil that, hut | nese

could figure out what conrdination actually was, so we
have simplitied it somewhat, 10 we can Know what goes
into these planning efforts, like Tand use data, soll data,
and population projections. then we  can establish
common denominators and get the professionals (o agree
on the indicators and standards 10 be applied. in this
manner, everyone would not e going off in different
directions.

SPEAKER: But once you agree on the standards of
this kind of information. then you will somchow get
that data base filled with data like social, economic, o
for an envivonmental impact statement?

RYAN: P. J. Mills or the Department of Highways
cant do that. We provide the information.

SPEAKER: Do you have econometric muordels that
this somehow feeds back into?

RYAN: We've been tooking at those. In fact, he
Department of Conservation, Division of Energy amd
Nattral Resources, is working with those now. At *his
time, we have Dr. Fred Wrighton  working  on
ceonometric  maxlels,  We  have  beavy  university
involvement in our progiams. We live contracts now
with four state universities. EJ Schwertz is under one of
these contracts. About half of ot sl are employees of
Louisiana State University working lull time at the State
Planning  Office. Dr. Wrighton waorks on - econontic
development.

SPEAKER: You mentioned that you collect datia by
consus tract. And 1 presume that cconomic data aie
inchuded.

RYAN: | think there is @ great deal of dilterence
between economiic data and ceconometsic models. We are
adding this information into the computer by census
tract. along with information on population. howsing,
per capita income, and so on, 1 it is available only at the
parish level, we have o stop thee.

SPEAKER: The next question abo relates 1o tha
basic  information  system. What  about  welfise
inforsation? 1 presume there are legal constraints on
accessing some of thuse data files.

RYAN: Yeu. there are sestiaints, thewe are dead e,
Whethier it be census itdormation  an a0 business
indicator, or wvenue datiae o wellare: ditia, we can’t
idemtity any individual o allow andiredt identitication,
where it is very obvious that the information selates 1o
only ene individia, one very sl cient. We get theis
programs and ong progaine ogethen by mea.

SPEAKER: 11 1 wanted to build o pipeline, amd |}
came 10 vonand siid, ook, Twant o avoid mwmsh and
wetlands, T wan 1o go througl urhan aecas ot a centain
demsity Tevels U want o ol seismic tishs and | donot
wan! b gross givers over 100 feet mowadth. Can vou
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provide this type of information for me, optimizing my
alternatives?”

RYAN: | would say yes. Ed might have o comment
on that, It would take some pragraming to do that
specifically, But, b would say that it could be done. 1ot
me - mention  that  this s somedhing  particularly
interesting  in corridor development,  highways, o
whilever you might have, It you were interested in g
highway. you could digitize  fine in o computer and ask
for i feedback of all types of information you want in
that corridor. It would give you the acreage Gt these soils
or Lasud use acreages. And this is really the key in project
planning, whether it is o pipeline or whatever.

SCHWERTZ: You nentioned streams at i maxinuem
of 100 feet: this information is limited by the
specitications of the program. We would be able o get
the information you wanted only on water bodies tht
were at least 660 fect in wiklth,

SPEAKER: To what kind of geographic unit do you
aggregate your data? By this, | mean your census data,
census tract amd census block  information. On
statewide basis, what unit do you use to retrieve your
information?

SCHWERTZ: We have statewide hases. We have state
and subsiate planning districts. We have the river husins
delincated by the Water Resource Council. We have the
cenisus connty subdivisions.

SPEAKER: So. vou have a whole series of
corresponding tables that point o eacly one of these. In
Los Angeles. we bave had problens in polygon vverlay.
data handling. How did you insert your oo phain data,
for example. into these different units? Did you have i
base unit to all of them?

SCHWERTZ: We digitized by polygon. However, we
do not access by palvgon: we access by colls. We put
mathenutlical grid into the system thag merges with the
polygon digitized data. AU the present tine, we are
accessing by -hilometer cells (2475 acres), The USGS
ot LUDA progiam is developing o vawiable-grid-size cell
progrm. For example, you can access by 10 acies. 40
acres, or whatever vou want, For soils, we will aceess by
040 avies,

SPEAKER: | think the data holding LU TTIRRTTERNN
roing o be the gimgd test on Lok af s information
pathering. Certainly in e envivommental ficld. Do youl
find that you have competition within e state. in
providing these services, on have you mone o boss PR
exchisive jwisdiction i moviding this kind of slamisy
information?

RYAN: Fhere certams 4 wone competition. Iy
Lonistana, enerey s the big thing. They will budpet

25 million ta do some on
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many consultamts 1o do the wark whe will seatier ong
and overdap in their work, We are trying (o cut that
down. The more people who know this information is
availible  the more will come 10 us. And it is an
educational thing. You have 10 develop credibility when
youare in the planning business, b think that is the key
it As time goes on, state agencies are not going to
conteact for information with a consultant. becimse they
can et the same information from us at no cost. We
wauld like to see these agencies hire & consultant 1o do &
like thinking. a little analysis. rather than hiring
consultants o go out and do so much aumbes business
because that's free. But they must know it is there.
FREDEN: Stan Freden. Goddurd Space  Flighy
Center. As you acknowledged. we made special efTort 1o
get the food data to you in 36 hours, and | noticed you
did the classification on it. How is that chssified
information used? n other words, what requirements
were there and what did you do with the data that
required us (o get it to you in that type of time scale?
SCHWERTZ: The reason we wanted the information
in that Kind of time scale is so that we could pel the
information to the LROS Applicitions  Assistanee
Facility over ot the  Nationgl Space . Teclnology
Laboratories (NSTLY 10 manipulate the data. In other
words, interpret it and then get it into the hands of the
county agents lor use in their work in the disaster
declarution request that we have made. We gt the
information in the hands oF our people a1 our office
where they prepared maps for the various parishes. This
was tumed over to the Conperative Extension Serviee
and then the very next day sent to them for use in the
field. They verified this and it is now being used tor the
major disaster declaration. I is very useful. They hope
o use it in 1erms of ccanomic projections, econumic
impact Joss. and so forth.
FREDEN: Why was the 36 howrs required” Couldn't
that have been done 3 weeks kiter. just as well?
SCHWERTZ: The Federal disaster team will come
down to Louisiana when we have a disastes, and 1 think
this 1ype of information is very useful 10 them. I the
past. it has taken about 3 or 5 months to do this. The
governor is involved in making  decisions on low
sSigmficant tie bosses e fon a0 paeticula e, What is the
vatie? What™s the 1vpe of Tand use? 1 think that when
you have s disaster i yon lave over o million aces of
band that is Mooded  decisionmahers bave 10 ahdiess
these issnes with this type of information emly, The
tacher they can et it the moie signiticant it is (o them
ad 1o the people in the state, It You e hving to
impress the President of the Umted States with o

probico, you must bit Bim with it quick. Y on can't fusi 1
|
i
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say, “Well, I'm going 1o come on in there abowt 4
months from now,"

SPEAKER: What decisions were nide bused on (hat
information?

RYAN: | would say the decisions on the signilicance
and the value of flooded agriculture tand and the
signilicant value of the residential urea involved: How
bad is i1?

BANKSTON: Let me also respond (o that question
because | was another coliort in this. We had the sane
concerns, but 4 diffevent one as well. At the time the
request was made, the River Flood Forecast Center was
forecasting that the crest would exceed the 1973 crest.
At the same time, we had this big snowpack that was
melting. And it lovked @t that poing as il there would be
a long, high flood. Our problem in Mississippi, and |
suppose they have a similar problem in Arkansus, was

drainage, backwater  Noading, and  the  danger of

Mowouts of the levee system. As it turned out. the

snowpack, fortuately, dissipated over the spring period

instead of swddenty melting. We were afraid heciuse of

the condition of the fevees, In addition, we winted 1o
knuw what roads were being cut ofl, ol cetera.

RYAN: | might mention one other thing. On the
Morganza Floodway and the Bonnet Carré Spillway, the
Corps of Engineers was involved in mking decisions
over i1 period of & month about whether or not (o open
them. Any time the Doodways e opened. very severe
damage to fish and shrimp production and so forth is
caused. People all acrass the country don't sealize that
Louisiang  flushes out 42 percent of the nation’s
floodwater. Morganza Spillway was buill 1o keep the
levee from collapsing.

SPEAKER: How long does it take you to outline
flood dati after you receive it?

SCHWERTZ: It took us approxitately 1 how per
scene. There were B seenes or 8 hours ol interpretiation,

RRU
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S-9. Remote Sensing in Minnesota:
Evaluation of Programs and Current Needs

J. E. Sizer®

Remote-sensing materials have actually been used for
some time as aids to plai.aces, decisionmakers, resousce
managers, and the like. However, in many instances. the
available material has been quite scattered and somewhat
sparse. The Minnesota State Planning Agency works with
various state agencies tc help coordinate the planning,
One of our initial problems was the lack of consistent
and accurate data, which are not available in most states.
Wc have a dot of data, but the consistency, the
reliability. and the accessibility leave much to be desired.
We thought we needed a working system that would
encourage people to reorganize the way they kept their
Jata. And, with *hat in mind, we certainly thought we
needed a single source of information, a data clement,
that we could use 1o begin establishing a statewide
system.

In 1969, we acquired serial photographs of the entire
state. We mnade interpretations of those phatographs,
believing that we would then lave some infonmation at a
known level of consistency (o put into the system. We
have since begun developing information on geomorphic
regions. land ownership, forest cover. soils, geology . and
two other items that are changeable: land classification
and land capability.

Figure 1 is an example of a blueltin: that we use to
muke these interpretations. These  bluclines  wee
enlarged ftom the scale of 1:90 000, at which they were
oviginally flowm, to a scale of 1:24 000. In the 4 years
that bluelines have been available, approximately 02 000
separete prints have been distributed in state agencies.
We charge only for the cost of the paper, about 25 cents
per quad. They are rectified to quad size.

We realized there was @ need to get users nvolved
canly in the praiect, but we decided we coulid wot work
with detuiled intormation about the entire state. Instead.
we started working vith the northeast area of the state
and with one county in that arca. We have divided
Minnesota into 13 different regions, and w.. are working

“State Planning Apency. SY. Paul, Mionesota.

a region at a time to input information on ownership,
forest cover. soils, geology, and so forth. By using this
nethod. we can work with the regional people, the Jocal
units of govermaent, which are going to be the major
users of some of this information. The state agencies
that arc regionalized are also using information at that
lavel.

We noted that there are many data sources and that
the cost of acquiring this type of information was fairly
high. The acrial photographs that we initially purchased
cost $120000 for the emtire state. I we were to
duplicate that now, the pricc wodd be more than
$400 000. We thought we needed some way of adding to

1 sample of it blucline wsed in Minnesota land
clawification inferpretation.

Fipure L.
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and updating the system. We investigated Landsat
imagery (o sec what kind of information was available
and what we could usc. We found that ou the aerials, we
were able to interpret water: we weie able to do the
same thing with Landsat imagery. We were able to
identify forested arcas; we were able to do the same
thing with Landsat -information. Major roads, plowed
fields. vegetative cover, and general fand use information
could be identified on both the aerial and Landsat
imagery. tlowever, when it came to soil types,
geomorphic regions. forest types. detailed land use.
separating vegetation cover, and topographic updates, wc
found that we still needed greates detail. We find that we
can use these Landsat products to update a good many
things. but we cannot use them as broadly as we had
hoped that we could.

Figuse 2 shows a soils map that was hand drawn with
a goud deal of lubor and effort. We were looking for a
more rapid way of producing this information, The soils
people will use one kind of coverage and the geologic
people may use another, producing maps at various
scales and ot necessarily covering the area in which the
decisiomuaher is interested. A firm in Minnesota has a
muchine called a Dicomed that we thought might be
interesting o try. Figure 3 shows the same soils
information  produced  with the Dicomed. The
interpretations by the suils people were put into the
system, and all we were doing was rapidly printing it
out. The data for this map were input by 40-acre cells.
we could call out the information by cells to make
comparisans between  geographic  areas. The cost of
preparing this nap and producing 1000 copies wis S171.
So. we decided that, st that rate. we could use this
particular  technique  when  we needed 1o furmish
information quickly. Figure 4 is an example of geologic
regions apped by the smne process.

Figure S is an example of the ontpt Trom our system
and reflects fand wse in Masca County. one of the
counties  we  are  working  with o et detailed
information.  The  white  spots  are  developents.
printarily  cabios  around ks, The  tremendous
development pressures are apparent, and thisis the type
of information planners need to know as they conside
what action they may lave to take. Figure 0 is 3
fand-produced map  showing forest cover in Pasca
Comnty. and tigure 7 shows the same information
produced with a Dicomed. Both are readable. but e
Dicomed prodetis much ehieaper and faster to produce.

Public: Tand ownership in Hasc County is shown in
the Dicomed product in iguge 8. The cobored areas awe
tands owned by Jocal, state. or Federal agencies, As you

can see hy the pattern, a great deal of fand in this
wounty is not privately owned. And cven some of the
resource  people themselves are not aware of the
ownership patcerns that exist until they see a map like
this. We ask them: “lHow do you manage those forest
lands? Do you guys mcet every momning and discuss
where you are going (o be that duy?” Understanding the
pattern heconies very important in land sules, exchanges.,
or aequisition. Consisiency in management plans among
the several agencies that have the responsibilitics is
important. Minnesota has approximately 13 million
acres owned or controlied by a governmental unit at
some level.

Figme 9 is an example of a printout taken directly
from a tape. showing the kind of features that can be
identificd from this imagery. This printout operation
takes only a few hours.

We find now that we have a good deal of information
availuble, and we are developing new technigues for
making it more accessible te more people aad for getting
people more involved in its use. The present organization
involves the State of Minnesota, the planning agency.
several resource agencies, the pollution control peaple.
the Department of Natural Resources, and the Highway
Department.

fn summary. one of the problems we have had is the
varying  reliability of  regular information  that is
available. We need a reliable data base and we think ow
source people need it. We have not received what we
consider to be good systems assistance from the Federal
Government in this arca. and we would like to receive
better assistance. We need this assistance 1o develop o
common base. and we think that probably all states
would like to have 4 common base from which to
operite.

We thought that the WB-57 aircralt coverage was very
good but limited. We asked for more covenge lor the
State of Minnesofa and also coverage Tor Wisconsin and
upper Michigan. so that we conld make comparisons
between the states, We were unable to get that covetage,
Obviously. there is a problem here of wha is responsible
for paying. 1 asked for funds to acquive  aceial
photographs again and the legislatire gave me S130 000,
I cannot get the acrial photographs for S150 00¢ unless |

cim get others to participate in caonperative propam. IF

several states could get together with the Federal
Goverment. it s pussible we could get goad
photoaphic coverage with the funds available. We
thitth we have made a good start. bt we have i fong way
1o o and we sl need 1o cooperate more in the Tutuse,
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Plgure 3. Sume sols information as shown in figure 2, machine-processed, for Basca Cownty. Loam is
vrange: sand over sand is yellow: sund over loam is light green,
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Figure S. Land use map of Hasca County produced by the Minnesota State Planning Agency.
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Figute 6. Hand-produced map showing types of forest cover in [tasca County,
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Figure 9. A printout map made dircetly from o tape, Dot bikes and urban areas appear hlue. The Tines are major highways.

DISCUSSION

HARDY: in New York State, we have never been
very successtul i putting any great amount of Tl
ownersship into a retrieval system. The cost is high and
the amount of use is limited because. usually. the
agencies and peeple who own the lad atready know
they own it 1t is noi really new information,

SIZER: Muost of the land in Minnesota is the
responsibility of the Departinent of Natural Resourees.
The problem is that its stalt cannot elfeetively displiy
the Jocations of hat owneship. So, aithough they hnow
wheee it is, they cannot ook at it in o way that with help
them  start making judgments, Until the  ownership
pattern s hnown, it is ditficult 1o disctiss meaninglul
management progeams, When we get informiation trom
Landsit,  we cammot apply it to the  responsible
aanization, hecause we do not know which sgency has

the respensibility in that particular problem area. We are
trying 1o pull that information together. particularly
that involving the public-sector land. tn Minnesota, the
Department of Administration has o responsibility to
maintain an inventory of all state-owned s, These
people serateh dheir heads and say, “How do we do
that?™

SPEAKER: | would puess that probably  most
Plantute decivions are made with information that is ao
wore than 8O 1o 85 percent accurate, iF we conld
peastie any acctracy level at all. §osee some heads
nendding i sggrecient. Comeguently, how far do yen
think we need to e i tenny o acatiey? We canrnol
attond to o g0 100 pescent: that is Lar too expensive. Iy
K590, 95 percent an ideguate v of accuray?

SIZER: As a plannes. | thinh this sange woubd be
estieely adequate. The 1eal probles is hnowing how
adequate it is. ¥ don’t think it is a autee of 95 pescent
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or RS pereent. b is imporiant that T know which i isso |
will know what kind of decisions | ean 1o onably make
with the information. | need to know how reliable it i,
how often it was updated, and what the potential is for
ervor. We were potting things at three levels: 2.5 ueres.
40 acres, and 10 meters. The information on soils that is
at 40 acres, ior example, we know is accurate at
somewhere hetween 200 and 600 acres. Su, even though
it has been input at 40, we know that the level of
aceuracy is not 40 acres but. rather, 200 acres to a
seetion: it depends on where that soils interpretation was
done. In certain areas of the state, we know that soils arc
pretty consistent; therefore. the 40 acres may be quite
accurate. Su it is really a matter of knowing the state.

SPEAKER: There arc two types of accuracy in
resource inventories. One s cartographic accuracy: the
other is interpretation accuracy. Have you been able to
separate those out of your resource inputs?

SIZER: The cartographic accuracy is going to be
limited by the cell size being used. We can print out to
about 1 acre. The problem again is the interpretive
aceuracy of the 1 acre. The other real problem is the
geocading technique. If you are using UTM, or the
40-acre. or longitude and latitude, your accuracy limits
are determined to some extent by what you are using.
We are trying o develop the capability of movity from
the universal transverse Mercator 1o the Miller eylindsical
projection  because we  want o get the  census
information into that as well as the physical information
that has been collected in another system. Some
information is accurate only to the county: for example.
population information,

SPEAKER: You are assuming that those d0-acre cells
are unitorm; but i your accumulate those cells on 2
statewide basis. how much variation are you getting?

SIZER: We are getting some variation. The problem
that plagues us is that. where we have overlaps. we have
to sit down and make a decision, We decide where we
think the line ought to po and therefore  what
information should go into the cetl. When we place all
these things on what should be a grid amd they do not
lit. we must squeese then together just a little bit, And.
that is when we have 1o make additionad interpre tations.
A interpretation was made 3t one time for a given aca,
and i docs not e BCas simply o matter of trying to
catrect for errors that were tade in the origing! faind
stvey.

SPEAKER: In that Land use invemtory. storing the
land wse for every J0 acies. du v lose information?

SIZER: Yes. For example. it o 40-acte trwt s five
fouses o more it decomes tesicdential, Fhe rest conbd be
Jatested. but the decision is made that the ultimate wse

180

of five rosidential units makes Mt more residential
oriented than forest oriented. And so the decision is
made to coll it residential. That Is why you always need
clear ledgers. chronicling what you have done and why,
so that people ~can go back and make  aclditiona)
interpretations if they wish,

SPEAKER: We have lad some experience (rying to
relate Dicomed outputs to people who are  more
accustomed to a map that records points and highways.
What is your experience using o computer-gencrated
type ol map?

SIZER: We are still wondering how it is going to
work. We have not had & chance to put the Dicomed
material into the hands of the uwsers. Users cun
understand and work with the hand-colored mups. They
are using the normal maps they get. the soils mip or the
geologic topographics. When they receive something a
little different, it might take a little time. but the color
separations are so clean that we hope some of the
sesource people will soon begin adapting. Whether this is
the best hardware to use or whether we should use some
other machine, I just don't know. But. it is not too
expensive and the time required to produce a map is
very small.

STEWART: 1 have yet to hear anyhody explain how
to get this information into the hands of the
county-level government officials. who are going to be
making decisions on where to grant variances in the
flood plain. and 10 the city planners and planmng
commissions, who are going to be deciding the uses for
these 40-acre tracts. | don't have aceess 1o any of this
information. Can those of us on the focal level get it?

SIZER: In Minnesota. we are waorking with the
regions. one at 3 time. and with the individual counties
within that region. So, as we build up the intormation
Tor their area, local officials are being taught how 10
access the system. Region 3, the one that we are just
finishitig. has a terminal now. so people there can access
the main information source at the university w0 St. Paul.
They can retrieve  information.  they  can add
information, and they can make analyses and call things
out. The only way is te actoally work with the loed
planners and decisionmakers. 1 we tried to do it any
other way. it wouhl not work, bevause they woukd 1eject
the itlea ax beimg ton sophisticated for them, although it
really ist’t so complicated. 1 takes longer 1o develop the
system this way. but we ave o iser ase when we get
theough.

SPEAKER: Du you then hold public mectimes amd
pet additional intormation from the county level!

SIZER: We are actually  taking some of  the
itornuation trom the county itselt.
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S-10. Remote Sensing in the State of Ohio

I, PUBLIC POLICY

Pad ¢ :'m'slinga

Today, | have my burcaucratic hat on, and il some of
you question that I'm really a burcaugrat, | have a hole
in the bottom of my shoe that indicates I'm overworked
and underpaid. It it scoms strange to have somebody
here from the Departinent of Economic and Community
Development and somebody irom the Department of
Nautural Resources making a joint presentation, it’s reully
because we don't trust each other alone.

in Ohio, we have 16 majur metropolitan areas witiie
80 percent of our gross state product is generated by
agriculture. We have an Appalachian region covering 28
countics which have been strip mined, outmigrated. and
finally resurrected as an example of what bureaucrats
can accomplish. We hav- some of the richest farm arca in
the country augmented by urban areas that are cither
an advanced state of decline or in un extremely healthy
state. In Ohio, we have roughly 10 million people and a1
$11 billion biennial budget. §n: short, we have a great
deal of work to do, whicn is why we work together.

The history ol involveient by the Department of
Economic and Conmmunity  Developmient in - remiole
sensing began with a no-cust Skylab contuaet in which
we contributed $7300 to see what would happen. We
did find some interesting results. This was foowed by o
Landsat investigation, and now we are engaged in a
follow-on. The orientation of our department has always
been as o user. We have been priwarily interested in
getting  other  people  who  might  potentially  be
constners involved with remaote-sensing applications.

Strictly from the viewpoint of o state agency. a
successful  remofe-sensing  program  depends  most
importantly  upon  the  user  commitment. Jn our
departmient, we had  to get some  personnel - who
understood the technological aspects of remote sensing.
We had o generate some additional funds, cither by
cutting out programs for which we had low priority o
by using whatever tunds we hank in the apprapriation to
gt some additional sapport. We have had 1o invest
considerable managersial time to make suse that things it

together as they should. And finably, we have had 10
maintain a constant vrientation toward T mications, We
have not been provided the luxury of examini'y the
long-range aspects of remotely sensed duta, Rwt isteud
have had to tocus wpon immediate applicvti,:~ v Lause
we generally have an impatient <lientele,

Some managert VoLt Bt we have ideutificd as
being extrem ly cricia tor remote-sensing program
in Ohio ave us foflows.

The prograse. must be interagency. We have no ovaall
coordinating state plansing agency and we must wanh
together and must seek eacit other out. | believe we
successfully accomplished this on vur owe initiative
withcut anybody imposing that upon us. wWe lave
certainly addressed ourselves to the intergovernnwntal
aspects. 1 think intergovernmental applications are
reflecred in ull our work. We certairly have constantly
tricd to  demenstrate o potestial  ceturn - without
averstating the peogresa and capability. We find. when
we try to solicit consumers and get them involved, it is
very sy to overstate what can be done and what
products can he generacad for them right now. Later,
they wulk away disappointed ecause we were unable (o
mieet their expectations. Finally, we must have a browd
network of technical and user contacts and be able o
handle constant interiction with the various groups,

I'd like to prind my own ax just a little hit. We have
an cconomiv and community development orientation
andd always have had and always will: that 15 what we're
charged  with  doing. Most ol the present rescarch
orientation s toward natural tesources: Tl cover and
envitonmental issues and the adetification of nataral
phenomera. As a departiment. we bring a somewlat
different eaientation which cmphisizes the wmban aeos
i Ohio, industrial location, growth amd developmeat
trends i wrban meas, state economic policic,, public
facility ipvestment. and management. This oricntation
s catserd us to feok at dillerent types of applicitions
of satelliee and conventional remiste-sensing data.

a4 N . . . . . :
Ohiv Departisent of Economic amd Comssunity Developuent. Columbus, Ohio.
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We have ideatified three major potentials into which
we arc presently putting some rescarch funds and really
trying to generate some useful products. We're luoking
at the expansion of urban areas and the pattern of
development, and we hope to get a routine procedure
for monitoring urban growth in Ohio. We have
developed the software programs and are now collecting
sume of the input data to a growth allocation model
which uses Landsat land use informaticn as the basic
comporent in allocating future growth. It is geneally o
policy analysis medel (explained further in paper L-3,
vol. 1-C). Finally, we are looking at key facility siting
and monitoring and the use of remote-sensing data in
this kind of application.

We have a number of problems. We find that we must
emphasize the urban in the research and applications. We
must continually stand up and be counted as being
prisnanily interested in the urban because we find a
tendency to deal with natural resource issues. We also
find it very difficult to anticipate in-house costs for
making this kind of research operationai. For exampt .,
we cannot say that in 1977 we will need an exact
number of dollars to make something work on a routine
basis which has been proven to work in a rescarch
framework. Finally, we have aad some difficultics in
developing systems personnel and technignes to build
the applications bridge hetween what the researcher can
do on a one-time analysis and what we need in order to
deliver a meaningful scrvice to our clieneele. Service
delivery requires a gicat deal of in-house commitment
and capability.
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We have a number of <ommendations. We would
like to sce NASA consider mechanisms for merging
Federal funding sources (such as highway funds or
Department of the Intesior or Department of Commerce
funds, or maybe cven some HUD funds) to provide
applied rescarch with specific applications in mind. In
other words, we are suggesting that we have some
up-front money to look at different potential
applications of the data, but we’re having difficulty
finding funds once we hit upoa an application which can
be made operational. For example, we may be able to
usc highway funds to make operational some of the
work in the lund use area. Finally, we would like to
think it possible to consider making specitic application
funds availsble from NASA. In other words, given a
situation in which the research indicates a usetul output,
funds should be made available for developing the
in-house capability to harncss the output and for
generating the output on a iegular basis. 1t requires a
great deal of salesmanship and it requires a great deal of
justification to gencrate the in-house funds.

We have found in Ohio a successful way to make
Landsat data operational in an inventory which can be
used across the state at a variety of scales and with a
variety of levels of classification. We have made an
interagency commitment to the routine use of satellite
data. Without this kind oi commitment and without
in-house state capability, the routine use of satellite data
will remain difficult if not impossible.

1. SYSTEM DEVELOPMENT

Frank Leond®

A system has been developed in Ohic over the last
few years which 1 think will allow us to handle data
from remote sensing. or otherwise collected. in a variety
of wechanisms for doing land vse and land-related
problems. We jn the Departinent of Natural Resources
hive three concerns in terms of our land use planning
program. The fiest of those is the provision of technical
assistonce to local units of the government. And the
second is to develop detaited data for state programs on
i site-specitic basis. Amd the third is the development of
generalized data for statewide land resources policy
development

Qo . .
Ohin Department of Natural Resourees, Columbus, Olie
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The technical assistance program was basically our
response to serving 1300 iownships, & countic:.and 15
regional planning districts. We wre trying 1o provide
uniforne data around which they can base their plainning
programs.

The data collection for the site-specitic program
the state level includes assistance to the legisliture on
scenic vivers and matueal aren laws, @ coasial zone
mranagement grant for Lake Lrie, and planning for some
300 000 acres of strip-mined tand in the Appatachion
regions.

The mechanisms chosen in daevelopment dusing the
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last 2 - »ars is something we call the Ohio capability
analysis program (OCAP); QCAP has two parts. It js »
software package to store, edit. and manipulate map
data to a form that we believe is suitable for vasious
uscis. The format that we have chosen is organized
around a 7%’ quad. the series of maps out of the USGS.
The data cen be manipulated into any format besides
that; for example. by county, township, or watershed.
But the original data are stored at the quad basis. We are
not talking strictly about land use and land covee and
remote-serising data. We are also talking about detailed
soils classification, surface and bedrock geology, and
topographic analysis of surtace and ground water. The
second part of the OCAP program is a set of analysis
functions which evaluate the data base for o preseribed
set of land uscs, usually dictated by the user that we are
trying to serve. For example, if a township wanted to
know the impact of a proposed state park, we would
provide data 2t the towaship level for plaining for that
contingency. We  would  provide o county with
county-level analysis for the preparation of
comprehensive  development plans. And we would
provide data to multicounty agencies Tor programs such
as the EPA scction 208 waste waler management
program.

You may think that a flexible dats manipulation
systemn will allow us to provide the ssaistance that we are
talkking about in cach of these areas. | think it will
probably get me to a point who.e b can talk a little bit
about  remote  sensing. We rely very  heavily  on
remote-sensing data in the process we use to get data
base into the computer and operational, to digitize a
hard copy map and get it into a clean data file. to get a
map copy with a high-speed printer vutput of the actual
data and a map copy of the analysis function. To date.
we have used mostly  black-and-white  low-altitude
photography at scales ranging from 1:4800 10 1:24 000
for site-specific analysis and  1:30 000 for  regional
analysis. This, of cowrse. requires a great deal of data
conversion. We have to nuwmuwally interpret the data.
wsing equipment sach s a Zoom Tramsforscape (o
transfer to a uniform base map. digitize. edit, and finally
have a clean map tile.

The nature of the Landsat data aml the reason tor
procesding with the inventory Tor Tand covering 1s that
the computer classified tape can e cusily input directly
into the OCAP system. giving us it mechanism Tor
manipulating the data once obtained. This becomes one
it varable i set that ringes somewhere from 10 to
20 data variables. depeading o the anatysis we e

des ssorfisecne 1 ¢
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K ically good example of how
the  systemt e be wsed i the work  of  the

Ohio-Kentucky-Indiana  Regional Council of
Governments (OKI) using Lundsat data in the section
208 waste witer management program. We think that
the process is relevant and should be provided at the
stute fevel for all regional planning agencies doing the
same kind of work that OK! is now performing. And we
hope to be able to provide it to them using the OCAP
system.

In summary, we have specific uses in mind for the
data. And we think we have a system to put it into ance
we get those data. And we are satisfied in the mechanism
for the use of Landsat data to the limit of the resolu‘ic 1,
I think NASA and other Federal agencies must channel
their efforts or rechannel their cfforts to provide
detailed data for various programs states are charged
with doing under proposed and existing Federal
legislation. Duplication is occurring in  small-scale
national data collection efforts, and this should probably

| V.

be cxamined very ciosely.

DISCUSSION

QUERY: At the time the system was developed. at
the time you got your original go-ahead to participate in
this. or at any time during the development of this
system, was there ever a cost/benelit analysis done on
your part 1o sce if it was really worth being involved in?
Or. because you are providing services to users through
your own staff, do you feel that is really not an
appropriate kind of question at this point of the system
development?

SPEAKER: It is an appropriste question. bui | think
the cost/benefit analysis would oe very difficult. We
can’t mnortize an investment at the state agency because
of cost savings accrued by local repional  agencies
through the provision of the data. Take the example of o
county analysis completed in Ohio. Lake County was
the first county we completed. For the year sinee it has
been completed. we can evalitate the nunerous uses that
have heen made of that data base and that analysis, by
public agencies in the county. by the cownty itsell, and
by private consultants. | think you begin to amortize the
investiment quite casily. The cost of getting that system
togelher  not the dats collection itself but petving the
system, taping the data, putting it inta the compuier,
amd providing the analysis — will range about $15 000
per county. The money is well spent,

QUERY: The whole system is aimed af providing
hetter iaformation to make decisions on and vet it is
never chalienged itseil as (o the decisions that sie being
made in relation to the development of the system. We
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just assume, and 1 think perhaps incorrectly, that the
political process is not operating or not operating at an
optimal level and therefore a system needs to be
developed to provide information to expedite the
political process. But that system itself and why we
should be involved in it doesn’t seem to ever be
challenged except from one point: either we are in it or
we're not. But nowhere do we come up with any kind of
cost. And the second question I wanted to ask was about
capital investment. What is the relationship between
your state capital investment plan and the use of these
data? Is there a comprehensive capital investment plan,
and what is the input from this?

SPEAKER: We do have a comprehensive capital
investment plan which covers 5 years. It is really a wish
list. It is not a realistic listing of those projects which are
likely to become realities. It is a collection of
submissions from agencies invited to make a capital
request. That document is virtually discarded and what
becomes 1 reality is an appropriations bill, which in
Ohio - much as in many other states — is in scine degree
a pork barrel and in some degree a reflection of some
real priorities. An example of what is being done is with
the aid to higher cducation bill. A somewhat cursory
examination of the economic impact of those
investments in those counties where they oceur is being
done. And the state of Ohio Denartment of Economic
and Community Development «vill assess the increase in
jobs resulting from the capital investments. But the land
use inventory and the application of remote-sensing data
do not play a role in that assessment.

QUERY: How big is your annual budget for this
program, for the remote sensing through to the analysis?

SPEAKER: For the upcoming year. we have a grant
from NASA of $180009. We have a S12000
conmtitment from  three  state  agencies, the Ohio
Department of Natural Resources, the Department of
Economic and Community Development. and the Ohio
Environmental Protection Agency. In addition. we have
an approximately 840 000 Skylab grant. but it is not
related to any of this discussion.

QUERY: Cun you transhite that into the cost per
square mile or something?

SPEAKER: | didn't mean to imply that 10tsl amount
applied to the inventowy. It certainly does not. We are
talking about o statewide inventory generated from the
computer<contpatible  tapes  run through  software
programs at the Department of Natusal Resources and
outeat as maps. That process costs roughly S 171 009 Tor
ihe entire state. In 1960, my department di ! a simil;
inventory manually for the cost of $191 000, which in
1975 dollars converis 1o about S04 000, 15 that's s
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type of cost/bencfit analysis, 1 doubt it, but at least it
gives you a comparison,

QUERY: Even while the amount of money involved
is not that large, still I think it is right to require that a
systemn be challenged on that basis. I think everyboy is
aware that the new in-vogue activity for state planning
agencies and other state agencies is the usc of
information systems, and they have just proliferated.
Every time we turn around in lowa, we are being asked
to take on a new information system and develop it. The
money involved is not that great, but it continues to
grow. We get involved in them and we're producing
information, but to what end? And it seems like in just
another year or two, there is always something neéw
which comes along in which we have no master plan
ourselves for controlling its adoption.

SPEAKER: I think your point 1s well taken.

QUERY: i was going to ask a somewhat similar
question. You did mention there was no central agency
icspunsibility for the development of the system, that it
is now based on the interest of several stute agencies in
cooperation. Would you feel more comfortable if
single state agency were charged with this responsibility,
cither legislatively or through governor’s directive? That
agency could begin focusing on the kind of guestions
that obviously are going to come up: the validity of the
data, what kinds of manipoiations will be permitted,
how reliable it is, and how often it is going to be
updated. Whether it be $500 or $5 million, we are
interested of course in how we spend the money, but we
also want to make sure that we get as much as we expect
to get ow of it. But no information system is going to
answer the question for you. Therefore, someone has to
be able to put a limit on what is a reasonable amount of
money and a reasonable anticipation.

GOESLING: Let me respond to that by making three
points. There is an agency under development by the
present governor, a very small one consisting probably of
three people. that will have the major responsibility of
coordinating  inferagency  programs. Secombly, ous
governor has  the  philosophy  that if you cut g
department’s budget (o a point where it is really strained
to dccommodate those programs that it considers very
high priority, you will induce interaction. And in this
case, it worked. The Department of Natural Resources
touk o technical look at the situation and said. *This
seems (o work for us: what do you think?* Qur reaction
was that it does work for es the same as the Ohio
Environmental Protection: Agency. And then { ook g
Jouk at what kind of funding we had and siid. “What
kind of moncy do you have?™ And we were able to buy
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important to understand in terms of defending what we
do, cither as a lump Investment or as a realistic product
that makes sense. That is the responsibility of the person
applying that information in a given situation. Any
information wrongly applied will certainly yield wrong
results, and then it is the responsibility of the individual
who applied the information to justify what it did. |
think that is the viewpoint the three departments have at
this time. Our potential application is different from the
Department of Natural Resources applications. And the
Ohio Environmental Protection Agency’s application is
different than the two of ours. And we don't
particularly want to defend the Department of Natural
Resources staff’s application, nor do they want to
defend ours. So it is each man for himself.

SPEAKER: The process as it now stands was defined
out of user requests. We concentrated on what we
thought was a consensus of specific needs in specific
areas, so that user applications did not have to be sold
when the process or the project was developed. The need
was therc before we even initiated the devclopment of,
say, the software package or the uniform data collection.

QUERY: You mentioned key facility. What does that
mean?

SPEAKER: We have no definition. We prefer to
choose the route that Wisconsin seeins to have chosen,
which is basically to enter the local political situation
and have those people tell us what they consider the key
facility. 1 know that is cssentially begging the question
and asking somebody else to give you a definition. But
we feel more comfortable with that procedure at this
time. What we have done, though, is to develop the
mcthodology for assessing the environmental and
cconomic impacts of the key facility. The theory applied
in the particular technique we have developed is no more
sophisticated than input and output analysis and survival
population projections; it secms to yield the reasonable
results when tested against user critenia, | want to
emphasize our orientation toward a decision, be it a
small housing development or a nuclear powerplant. If
you would like to get into the business of trying to
determine  what that decision means to you as o

community, however you define that word, we will tey
to help you technically and with inforsmation and some
expertise.

QUERY: Arn you trying to take this information to
the counties and the communitics and help them learn
how to use it, or are you just working with the regions?

LEONE: We work with a mixture of agencies. If we
have 15 projects in a year, we will deal with a mixture of
townships, countics, and regional agencies pretty much
evenly divided. The idea of the process is to put togcther
a uniform data base that can be used with any of those
applications.

QUERY: You said that you were basically user
oriented? Does that mean your classification System is
open-ended and expandable? Can it be changed to the
vsers’ needs?

SPEAKER: Yes, it is.

SPEAKER: I'd like to veact to the comments on
cost/bencfit anslvsis. | am  not  coavinced that
cost/bencfit analysis is a valid technique to be used for
evaluating land capability analysis systems, for two
reasons. It is hard to measure a lot of things that you can
do with it. For example, through a land capability
modeling process, you prevent one section of prime
agricultural land from being converted to a residential
development, and kind of shuffle that residential area
off somewhere else. What is the value of one section of
prime agricultural land? It ias a certain market valuc per
acre, but the long-term value is often hard to assess. And
the second reason is that it is very hard to evaluate
spinoff cffccts. You really can't figure those items into a
conventional cost/benefit analysis. My personal
philosophy is that if you are working with limited
resources, you can cither talk about doing something or
you can do it. Often in 2 burcaucracy, you can really get
carried away with this cost/benefit thing; you have a rcal
nice analysis after a few ycars, but that’s all you have.
You don't have any product at hand. | would prefer to
go ahcad and possibly risk making a mistake and wasting
a little money, because the cost/benefit analysis might
do the same thing, and get something done with the
cftort that 1 would be applying to that analysis.
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S-11. The Use of Satellite Data
for Regional Planning

A. H. Hessling® and Timothy G. Mard

The use of satellite-generated data and maps by state
governments has, in just a few years, become widespread
and almost commonplace. But local planning agencies,
whether county or municipal planning commissions,
special-purpose agencies such as conservancy districts, or
regional planning agencies, are just beginning to mak~
use of this valuable new source of information. Regional
planning agencies, which are often organized as councils
of governments, may offer the best opportunity for the
expanded use of satellite-generated information. The
reasons for this are (1) the relatively large area covered
by each regional planning agency. (2)the type of
planning activities in which they are involved, and
(3) the large number of such agencics. In describing this
“new market” for satellite-gencrated information. it may
be useful, as an example, to discuss the experience of the
Ohio-Kentucky-Indiana Regional Council of
Governments (OK1) in its development of a regional land
use inventory from computer processing of Landsat-]
digital tapes and the use of those data in the OKI water
quality planning program. Some brief background
information about regional planning in general. OKI, and
regional water quality planning in particular will help to
put things into perspective.

According to the “1974 Regional Council Planning
Dircctory,” published by the National Association of
Regional Councils, there are more than 600 regional
planning agencies throughout the country. These
agencles exist in almost cvery one of the approximately
250 metropolitan areas in the United States. Many, such
as OKI, were created in response to the Federal Highway
Act of 1962, which required local governments to
participate in a regional development and highway
planning program in order to qualify for Federat
highway assistance. n addition to the urban-oriented
regional  planning agencies, most states haw created
multicounty. substate planning  districts. In many
instauces, the metropolitan planning agency is also the
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Each agency has undertzken planning activitics in
various functional areas. The OKI, for example, has
completed an overall development plan, as well as plans
for highways, housing, open space, water supply . sewage
disposal, and solid waste. Currently, the OK1 staff is
working on a mass transit plan and a water quality plan
a8 well as updating other plans.

The OKI region, geographically centered on the
Cincinnati metropolitan area, encompasses 3100 square
statute miles in 10 counties: 5 in Ohiv, 3 in Kentucky,
and 2 in Indiana. The council of governments was
created by agreement of the participating counties under
aoplicable provisons of the three states’ statutes. the
region has a population of 1646 811 (1970 census),
which is projected to surpass 2 200 000 by the year
200'0. There are 128 municipalitics, 81 townships, and a
large number of special districts within the region. In
this context, the need for regional planning becomes
obvious, as many of the problems that face local
government cross political boundaries. Prime cxamples
of this are transportation, water quality, and air quality.

The OKI is u locally controlled. representative
organization whosc  100-member board of trustees
includes represcntatives from all areas of the region. The
board meets annually to elect o 26-memher executive
commttee, which has the power to adopt plans, resolve
major issues, and establish policy. In addition. OKI has
been designated by the U.S. Office of Management and
Budget as the metropolitan clearinghouse for review of
lacal applications for Federal assistance to ensure that
the projects are compatible with the plans adapted by
OKL

The Federal Water Pollution  Control - Act
Amendments of 1972 (Public Law 92-500) created
several  programs  to fight water  pollution. Under
provisions of section 208 of that act. regional planning
agencies such as OKFE were given the opportunity and
funding to undertake regional water quality planning.
The OKI was one of the first recional agencies to receive

4Onio-Kentucky-Indiuns Regional Council of Governments, Cincinnati, Ohio.
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a section 208 grant from the US. Environmental
Protection Agency (EPA). By mid-1975, 149 agencies
cither had begun work or had been assured of funding.
The EPA-administered program  differs from past
HUD-financed water and sewer planning in that it deals
with all sources of water pollution, not just pollution
from municipal sewerage systems. Other sources of
water pollution for which planning vesponsibility is given
are industrial discharges and what are termed
“nonpoint” sources, which include runoff from
agricultural areas, runoff from urban areas, erosion from
construction sites, and leachates from septic tanks.

A mayor task of the section 208 planning program is
the prediction of water quality in rivers and lakes
resulting from existing and future land uses. This
prediction will lcad to the formulation of new land use
polivies that will ceflect the need to improve water
quality. To achieve this, OKI has developed a model that
can predict the flow of sediment, total phosphorus, total
nitrogen, and organic wastes into major streats.

An essential input to the model is an accurate map of
land use. The OKI needs to know how much acreage of
cach land use type is within cach of 225 drainage areas
within the study arca. Other variables include slope and
soil type.

Each land use type has a special characteristic that is
important in calculating the quantity and quality of
stormwater runoff. For example, land used for growing
crops is often tilled in the spring when rainfall is
hcaviest. Much of the rainfoll is absorbed into the
ground, but ero:ion can be significant under such
circumstar-ces, goeolting i sedimentation in nearby
sticams. In a central city area, where virtually all of the
ground is covered by pavement and buildings, little or
none of the water is absorbed. Instead, it flows rapidly
into storm sewers, carrying with it dirt from streets and
buildings. The runoff from these two types of land uses
is quite different in character.

The relationship of land use planning to water quality
planning, then. becomes quite obvious. The inventory of
present land use, together with population projections,
will serve us a basis for developing o future fand use map.
With future land use predicted. the water quality model
will be run again to determine the impact of future
development on water quality. This analysis will bead to
an identification of critical areas where sterna ives will
have to be developed to minimize any deleterious impact
on water quality.

Because the section 208 program involves planning
agencies in a type of planning with which they have not
previously dealt, new data systems must be developed.
This is particularly trve in regard 10 Lind use data. Lamd

use information current'y available to planning agencies
is generally not adequate for water quality planning
purposes. Usually, agricuhural, forest, and vacant land
has been lumped into one category: miscellar. 20us.
Urban land uses often are not identified in terms usable
for water quality planning.

Because most planning regions arc fairly large, the
traditional land usc inventory techniques of manual
interpretation of low-altitude acrial photographs and
“windshield” surveys are too costly and time consuming;
measurement would take a team of five people
approximately a year to complete. Faced with this
ditemma, OKI found another source of data: Landsat-
digital tapes. The staft’ found that the needed land use
inventory could be gencrated through machine
processing of Landsat-1 digital tapes at a cost no greater
than that of traditional techniques and with a great
savings in time. The fact that the data are computerized
and could be plugged into other programs was very
important in OKI’s decision. Subsequently, OKI entered
into a contract with the Bendix Acrospace Systems
Division for it to process the digital tapes, to provide
statistical summaries by drainage area, and to provide a
colorcompuosite map for display purposes at a scale of
1:60 000 (fig. 1).

The OKI staff worked with Bendix to determine
which land use categories could and should be identified
and assisted in selecting ground-truth data. The result
was 2 land use breakdown that includes grassland, active
cropland, two densitics of woodland, four densities of
urban developinent, and surface water. A map ¢ a small
portion of the OKI region, produced at 1:24 000. was
used to verify ficld inspection results. The data did
require further manual interpretation: some categorics
required o further breakdown, wheveas others were so
similar that they needed to be combined. It was OKIs
experience that machine processing of Landsat-1 digital
tapes is o viable method for conducting a kind use
inventory for water quality planning. In the future. OKI
intends to determine how the data might be used for
other OKI regional planning activities and frow the data
might be used by local planning agencies in their knd
use decisionmaking.

Perhaps one reason more regional planning agencies
have not used satellite-generated products is that they
are relictant to base the success of their various planning
programs on something so new. Others might be more
receplive 1o the use of these data it special tunds were
availeble to them tor the development of data systems o
it the Federal or State Governments would pracess the
tapes mul fuenish the data to the loc veers,
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Ligore 1. Color compuosite of End use in the OKE segion and surrounding arcas gencrated feom Landat-1 digitad tapes, Cincinnati,
appearing white, is near the conter on the Ohin Rivee, The southern part of the reglon #s more heavily wooded (green), whereas
aetive cropland (red) s more prevalent in the north,
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S-12. Policy Implications in Developing a

Land Use Management Information System
Albert J. Landini®

For the past 15 years, the Los Angeles City Planning
Department has systematically sought to develop an
integrated land use inforination system. Our idesl has
been the development of a geographically based system
using the individual land pascet as the primary record
and encompassing all data assi.ixted with that parcel.

Lacking sufficient monetary =~sources for our ideal,
we developed single-stage infurmation systems for each
level in the critical geographical hierarchy. These systems
have not necessarily been computer ouented, and
natural resource data were not considered for
incorporation.

Because we elected to join with the Jet Propulsion
Laboratory (IPL) in the land use -management
information system (LUMIS) project, we began to
critically consider the constraints of scale and resolution
as they apply to plunning policies. We found that all
planning data need not come in at the level of the
individual land parcel. We abandoned the grid cell
system because it lacked credibility with the planners
using the data.

Cities have streets and strects aic probably the
primury identifier that we all use to describe some arca
of the city. If I recommend a particular restaurant, | give
you a street addsess; if 1 tell you how to get there, I tell
you in terms of a strcet network. Therefore. 1 believe
relating data to the strect pattern was more critical than
was the actual resolution of the data being constsucted.
That is the reason we went to a polygon system. the
master polygon being census blocks, which are 99.9
percent defined by the street pattern,

We looked at the kinds of maps the planners were
using. We found, in general, in what situations they
would require parcel information, particularly for a
neighborhoud, community, or citywide plan that was
sgpregated to a block or to o separate tract. After we
made this discovery, we thought that high-altitude
imagery, or photography and Landsat imagery. woukl
play o key role in providing us with aecessary patural

1aslon.
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resource data for making a plan for a fairly large city of
470 square statute miles.

However, we .. and that photographs themselves, no
matter what kind of photographs, lack credibility with a
planning staff. Largely, 1 think, it is because planners
don’t know how to look at photographs. In the city of
Los Angeles, which services about 2.8 million people, we
can only find one person who claims to be a
photointerpreter. In the county planning ugency, which
services 8 miillion people, there is only one man who
claims to be a photointerpreter. So, when we took these
photographs to planners, they did not know how to
work with them and they generally rejected them. We
then did a little market survey on the availability of
photointerpreters in the planning profession. We found
that throughout the planning profession, there was a real
lack of photointerpreters working as  planners, - or
planners who had photointerpretation skills.

What about using computer tapes directly? | muke no
pretense of being a computer programer. I 1 get a
20-statement FORTRAN program to run on the first
submittal, | go out and have a special dinner that night.
So that puts my programing skills it the perspective of
what goes on in my departinent. I would ask a potential
user oie question: “Can you process the Lundsat
material?” Three people all gave me the same answer:
“No. It’s better for you to go out and seck to get
$10000 and find a consuitant to do that,” Suv a
specialized industry seems 10 be growing up using the
tapes themselves or using hardware 1o interpret tl.
tapes. This will not work (or cities.

Planners in a large city like Los Angeles need the
USGS land vse maps for the census cities. Granted. these
are relatively gross mps, because someone has prejudged
the resolution needed for the problem by saying, “Give
it to me at the census tract fevel.” So what do we need?
We need Land use maps, produced just like USGS maps.
at the same price. And we need data tabulations pretty
much like the census tabulations for your area that you
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can buy for $20 at any Federal publishing house That
gives us the percent of lund use per tract, the acres in
that land use for cach tract, and the number of types of
land use for the arca unc *r study.

1 have o daydecam: 1 would like to be a data gypsy.
wandering the countryside, bringing new techniques to
small agencies, solving urbun problems. If 1 would ever
actualize this fantasy, I'd do it with $1000 of front
money for any one city. And what car [ do for $1000 in
the planning information system today? Compare this to
what you can do with $1000 using Landsat. That $1000
will buy SYMAP-HARVARD computergraphic maps (a
well-documented and well-established and now fairly
well-accepted computer mapping program compatible
with a standard computer) for simost any metropolitan
area, all of the census data (on tape and in printed
publication), and the census maps. And there will be
money left over to buy the USGS maps for that area and
a copy of the UCLA biomedical statistical package. Now
I can put all of these obviously patchwork picces
together and produce a Sairly viable information system,
a system that probably 80 percent of the cities over
100 000 population do not have now. That is what
$1000 can do.

That $1000 cannat be spent comparably to process
Landsat imagery. | don't like to just walk away, lcaving
you with a problem. Let me propose a solution. There
are three primary data-providing agencies in the Federal
Guvermment right now. Two of the agencies, USGS and
the Census Bureau. provide data under their charters on
a routine and timely basis to the public. The NASA 1
understand. is not allowed by its charter to produce
information for users on a continuous bhasis, but must
limit itself to experimental activities. | urge NASA, as
strongly as § can in the voice of one planner. to scek to
change its charter and become the third in this proposed
triad of information providers: the map from USGS, the
data for sociveconomic conditions from  the Census
Burcan., and the natural resoneces intormation provided
by Landsat from NASA. With that. 1 think the plowning
cycle is completed: then, we can begin to seeh to
improve it.

DISCUSSION

QUERY: You are talking about a very small
statistical unit the census tract is on. Do you perceive
that this informatise could be used in zoning decisions
and snnall wrea pranning?

LANDINE: | siiveyed onr departiment before coming

hese. We have fwe siajos functions, what we call cusent
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planning und advance planning. The current plunning
funetion handles day-to-duy problems. If you want to
put a swinuning pool in your backyard, or build a new
bedroom on the back of your house, you go 1o either
your commission/hearing process, o1 to our zoning
administration process. Both offices use maps at @ scule
of 1:1200. So the small-scale data probably account for
at least 40 percent of our budget hiere. Census tract duta
arc for gross planning activities.

QUERY: Dc you think that the satellite-generated
data would be at all useful in neighborhood planning?

LANDINI: The current land use map for the city of
Los Angeles was hand drawn in 1973 by the
guesstimation process which involved a 1970 Plymouth
Valiant and two guys going out driving a couple of
afternoons. And it went sort of like this: “Do you think
that block where we saw that gas station was 2 acres or 5
acres?” Yes, | think the processcd Landsat data would
be of value for a city the size of Los Angeles. Especially
because we don’t have much vertical development in the
soutliern half of California, I think the data would be of
value to any city of 100 000 population or lurger in that
area.

SPEAKER: You made an interesting comment abont
processing by the city versus processing by consultants.
In our project, although we had the data processed by a
consultant, we stipulated in the contract that the tapes
became the property of the agency. And we also
stipulated that the tapes be produced with a format
compatible with the state’s OCAP system. Therefore,
our computer people could reaggregate the data by some
other statistical unit

WRAY: I'm Jim Wray from the U.S. Geological
Survey, office of land information and  analysis
geography  program. 1 appreciate the Kind  words
recognizing some of our cefforts to bring together
information from remote sensing into demographic
users’ statistical areas, such as the census tract. 1 see
three ditemmas, One deals with the transtesability of the
knowledge that is being gained. on2 concerns the role of
the niap in the geoinformation system. and one concenms
the dependence  on parcel  level  detail. o the
transterability dilemma, we can only commend LEUMIS
for the knowhow it has identified. both foom 2 user
point  of  view and  from o technology  transter
opportunity. But it also points out the limits in planning
groups. the fack of photainterpretation skills, Theie is a
limit on the trausterability. The dilennna concerning the
vole of the map: it is a polygon-oariented sysem. il it
requires maps of vinjous pariietess and inaps alse of
this hicratchy of geographical meas. They utst have o
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people talking about information systems assume that, if
the maps are available, they are compatible one with the
other. This simply is not so. Another part of the
dilemma may be that, ultimately, users such as plunners
do not really want information in a map form. Who says
a geoinformation system has to be in map forn? The
third dilenuna is the dependence on parcel level detail,
The parcel level is an ownership unit. And, obviously,
manggement decisions affecting how plans get carried
out have to be on a management basis. So, somewhere
along the line, we have to relate to this aspect of the seal
world: who owns the lund and what is the owner’s plan
for its use? In my experiecnce, working with
metropolitan  planning groups, the best information
systems involving parcel level detail are incomplete and
take 18 to 20 months to get into an
information-retrievable form. So the dilemma is the
timelag. We need a way to get a handle on what is
happening before we get the word on the ownership
level of detail. And the final question is, what is the role,
if any. for Landsat in a land use management
information system for metropolitan arcas?

LANDINL: On the transferability. right now on the
LUMIS project itself, we are trying to make a transfer of
that technulogy to Tacoma. That will be the answer o
the first question on transferability. 1 don't see any
change in the photointerpretation process. 1 think
photointerpretation is going to remain a relatively minor
skill in the planning profession, and we will have to look
to specialized consultants or specialized agencies to
refenmat or o do the data transfornaation from the
photgraphs.

WRAY: Or more HUD 701 money so planners can
buy consulting and technical services?

LANDINLI: 1 think the trends should be perbaps away
from reliance on te Federal Funding action in local
government. [ don’t mean specitically in terms of the
Los  Angeles planning  department. but in general.
Short-term skills get developed. for which there is no
continuing use. 1 would rather see all of these mindgrants
lumped together to create something that would be vital
in the long term, such as the decennial vensus ur the
USGS ¢uad sheet activity. Some people have  talked
about  regional centers; that may be one way. In
reference to maps, | trained as o geogeapher. and my
cartographic  training was that maps were. in tacl.
preciston insteaments. Then | ogot into the planning
profession where, instead of asting e 00 sapidograph. |
wits  hamded o felttip marker and 1 knew  that
cartographic standards, somewhere, weat by the boatds.
The map ceases to be an engineering tool and ¢

becoies a reans of conveying data. b eall it 4 Gancy

statistical chact, We don't madei from the map. We don't
cven make planimetric decisions from planning maps,
But u map will sway an audience about a policy a
planner is secking to implement. One of the needs that
we definitely huve is for data tabulutions, as well as for
mapped Information. The maps are relative in their
accuracy, They are not planimetric maps. Our parcel
level system has taken 5 years to get to a point that we
cun simply report back the assessor's data. Somebady
here talked about having satellite imagery flown at one
scale and aircraft underflights to build a bietarchy of
resolution into the photographs. 1 think of information
systems, even a data-based management system such as
NIPS in Louisiana, as being in several tuyers. How can |
do it graphically? We could have parcel-level data. That
is a big ball and that tall moves very slowly. The rate of
change we sce between points in time is greater. Lundsat
data, coming out in some scunncd format, are being
processed more quickly because we are deuling with a
much smaller number of units and getting more
continuous updates. This is a small ball. Aad if the balls
are going along at the same time. the small ball must be
turning faster to keep up with the big bull. These
multiple systems are never going to be replaced: there is
no single magic system. There are multiple systems for
multiple users.

WRAY: | think you are leading to a way to answer
the last question: What is the role for Landsat or some
sensing capability that acquires information from time
to time in a digital form? Our image-processing
techniques offer an alternative to our short supply of
photointerpretation skills and inputs into information
systems.

LANDINI: The best answer [ have is that the city of
Los Angeles his an open-space plan. 1t is colored with
lots of difterenit, attractive shades of green that indicate
where desirable arcas of open space are to be built. And
whea | got into my 1970 Plymouth Valiant and went up
to chieck some of these desirable open-space plans, 1
fonnd that the arcas were now all terraced and under
construction. | could monitor that activity from Landsat
information. Somehow the information is not coming in
now, berause we are still coloring it as green open space.

QUERY: You indicated that NASA ought to be in
the natural resource data business. What are your criteria
tor aciving at thai conclusion, rather than suggesting
that same tanctiop could he carried ot by USGS, o
some other place in the Department ot the laterior?

LANDINE: This suggestion is based o1 my association
with NASA prisonnel and secing what is going on with
1

poimary  recommendations for the 1980 census s to
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cmbark upon a mapping systent o that we can get line
segment Information only, information that could he
scanned and converted to digital information also. So
why burden USGS with both maps and photographs?
Leave some for NASA.

QUERY: How much soul-scarching haze you done
about the frequency, format, and .esolution of the
product that you would like for NASA to deliver on a
regular basis, if it could?

LANDINI: As | understand it, all substances on the
face of the Earth reflect or absorb light to some degice.
And 1 can perceive thesc, within the visible light
spectrum, with my cyes. And. gencratly, as a planner, 1
plan for things | can see. So we'll narrow down the
spectrim band that way. 1 understand that it is possible
to have cquipment developed that could increase
resolution down to 10 meters. That is a hardware
problem: a number of people have told me they think it
can be solved. The problem scems to be, then, handling
the massive amount of data which goes up exponentially
with that increase in resotution, I think, for a citywide
pass, 5 to 10 acres would he fine.

SCHWERTZ: Ten acres per mapping unit is used in
the LUDA system for urban arcas. You also mentioned
the desire to interface census tract data and census tract
boundaries. Do you feel that the 10-acre minimum
mapping unit, which is produced hy LUDA, is useful to
the city of Los Angeles and pasticularly to yoursell?
And. if so, would you recominend this be used by other
cities?

LANDINE: 1 suspeet a little undercurrent of political
activity exists here between people wha are digitally
oriented and people who are cartographically otiented in
producing  information.  As 1 pointed  out,
photointerpretation is not o the horizon in the
planning process, not because photointerpretation is not
# good technigue, but becanse there are not envugh
trained people to do the photoingerpretation. And how
du you rate reliability? 1 have some backgroud in
testing, so 1 know [ wonkd not aceept the judgment of
one person raling somebody else’s performance. Fwould
lave three people rate it and average the scores. In
photointerpretation, we pever even have  one nater.
Lverybody has always pal one intaipreter on - one
photosheet, and then taken that person'’s judgment. in
using LUDA, you aie even one more step wwmavedd,
because you do not even know wha the intcipreter was.
I would Taver scatming 1 this point, not knuwing
auy thing about scanning versus cantopraphic technigues.
sileply because scaming climinates human arm in
diawimg boundaries of ki wse,

CARLSON: Jov Carbone trom Public Technology.

K110

The recommendation of last year’s sunwier study on
Larth resources, if o finally comes from the Space
Applications Board rektively unchunged from what the
panel recommended. does in Fact say that NASA should
tuke the next step toward an operational system, at least
in the sense of providing a lot more visibility within
NASA toward the requircments of stale and local
governteit users. Could you form an opinion as to
whether it is possible now, or in the reasonably near
future, through some political compromise, to organize
the users to tell the Federal Government what daty
products they would like to have? Are there now enough
people who have good enough ideas about what they
would like to have? Could they aggregate a market.
sutficient to go to the Federal Government, or to private
industry, and say, “We have diftering requirements, but
there is o large degree of commonality to them, and i
you can deliver this kind of imagery. processed or not
processed in this particular fashion. it will satisfy most
of our needs™? Are we coming to this point? 1s it still
some time off? Or will we never get there?

LANDINI: The USDI bulletin (number 671) on land
use classifications was circulated among our staft and 1
commented that it did not get down to fine enough
detail. However, the best fand wse mip in the entire city
of Los Angeles was drawn in 1973, in the technigue that
I deseribed,  discriminating only  wmong  the pross
catepories of  rtesidential. commercial, and  industiial,
with some open space and some railrosd yard type of
activity. That type of map is already neing beaten by the
type of product that 1 have seen Jim Wray do for
Washington, D.C. So | think we have reached a point
that we covld follow the outlines of the USDI
classifications and start trying to establish o consensus. |
don't know how we get to that. 1 think it would be more
complex than having somebody turn out i Lind wse map.

CARLSON: What is the greatest inhibitor of delining
a conmon set of user requirements of that sort? Is it the
shortage  of  photoiderpreters? O the  diftering
requirenents hetween kinds ot Jevels of government? 1o
other words, s it o labor problem or a requiremens
problem?

LANDINE: | am swie that the people who talked
dbout  state  activities  hive  no o problem with
photointerpreters on their stat?. 1 am se this s also
true o the State o Calitoania, padticulady in our
Department of Highways, | oam only talking vary
patochéaiiy about my one department. b don’t cliaim o
he o phatosterpreter. 1 have nobady in the planning
department who claine 1e e a photoisterpeeter, 1 am
the peson o thw Sepaotment most Baniliar with
photogiaphs, but T have never worked s interpreter.
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i 1 were to make knd use classifications from
photographs for the first time. what reliabdity would
you, as 3 user, put on them?

SPEAKER: Because we have different people with
different problems in different areas of the couniry,
different levels of government, we will not he able to
detine a single need. However, we are heginning to look
at alte-natives and narrow down the approaches to any
one problem to a aelatively fow uiternatives. In the
coming months and years. we will develop a true
consensus of one or two preferred alternatives for 4
particular type of activity. The more we learu. the more
complex the problem gets, so the harder it is to come up
with an ideal solution. When we were very naive, we
could sit buck and say, “Well, T can fly that satellite up
there, and 1t's going to solve all my problems, from i
Federal level down to Los Angeles.” We are Jovking at
just one tool, and we may need a handful of tools, but
we will soon be able to define that handtul.

CARLSON: After you define the needs, what forum
do you think is the best means to communicate that
information to the Federal Government? Should a
professional society do this? Or should you have a
meeting  where, presumably, somiebody  writes down
everything that gets said and sends that to somcehody al
NASA, or NASA and X number of other agencies, and
asks them to read it? What is the vehicle for transmission
hese? Or are there @ number of them?

LANDINI: | think the way it actually happens is
through grant applications. When people ask Tor money
and money is given them lu create a land use
information system of some kind, the parameters of data
that they gather and classily are specified in the resulting
work or in the grant application. This is where the real
conmunication takes place.

QUERY: When you refer to grant applications, are
you talking about something like section 208, which
specifies you are supposed to sulve problem  like
storm-water runoft and i you make the decision to use
remote sensing. and it FPA approves, then it allows you
to wxe its money for that purpose? Or we you tatkicg
about he typical NASA Kind of gaant application. in
which you as a principal investigator (PH intend to show
that. in tact. a particulae sensor or processing technigue
ov whatever can detine the phenomena in which you me
interested”? 1t vou mean the latter, 1 think you have @
translation o¢ interpretation problem. By transhating that
into a decisionmaking process. all the PEs who Tooked
that or variats of that particuba technical issue can
somehow apgregate the tesutts, That is a very difticnlt
sort o thing when, at the other end, the ay who iy

fanding s, in fact, primaily interested only m the
technical results with regard to the senson,

LANDINE: Lot wme refer you to Chuck Paul’s
presentition (L-11, vol, 1-C), He explains what was doue
in une man's instance. We did a study in which we asked
people (o rank the importance of a number of viniables
in their planning operations. Something like that might
he approprizte. That met with a lot of kudos, and a lot
of criticisms too. A 1ot of people have said, “Land use
planners in California mmust be crazy to have chusen the
items thot they did.” And other people have said, “Gee,
that’s great that you got it down in writing, that you
know what these diffevent agencies Jeully want in tevs
of limd use items.”

QUERY: Ouc of the great frustrations among NASA
people is that they see this gicat, amorphious,
unaggregated blob of users, all of whom appear, at least
on the surface, to have different Kinds of requircinents.
They have varying degrees of dita processing capability
inchouse. or money o buy it outside. Without a way to
aggregate and define common requirerients amongst
that amorphous blob, NASA has very litde option
except to continue doing what i is now doing. When. if
ever, wilt it be possible {or the users to begin on their
own to break down into aggregated segments, al least?

LANDINI: Census has the same prablem every 10
years about what items to pet on the questionnaire.
People in the Census Burcau are already conducting
iinterviews. They go to professional organizations, hold
public  hearings, and  communicate  through  two
newsletter-type  publications. They have 2 whole
educational process that | think is lacking in NASA.
NASA. under its charter, may not be allowed to do this.
Right now. a person must be a pretty dedicated user to
find out what is there.

SPEAKER: Yuu hit & miajor paint abeut education, |
have the teeling that NASA is going through all kinds of
gyrations, trying 1o find out who the users are. 1 think
the peopl: at NASA are doing it with some siceess.
indicated just by the number of people here who have
not hoeen at carlice confierences. The processes imust he
interrelatecd, You must go ont and educite the people
fiest, so that they have some sense of what you aee
talking  to  them abont. And then you begin (o
understand  their  problems.  But  the  ultimite
responsibitity in coditying thuse problems into 5 or 10
arcas  mwst renuain with whoever is providimg  the
information:  the  provider  cannot— give  ap - that
responsibility. The southeasteri states and some othe
areas have regional proups. Some peaple brom - the
southeastem sates e been meeting 1o try to defme
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our needs so that, through our own initlative. we can
come to NASA or to USGS or whatever agency is
appropriate, and say. “These my not be all the needs
you'll find in our area, but thex are five that we can
agree on.” This Kind of action may get those five up toa
higher priority.

WATKINS: The EROS Duta Center at Sioux Falls,
South Dakow. does have a training nission and
capability and does conduct workshops and has user
¢ntact facilities in places throughout the country.

ANDERSON: [ just wanted to comment sbout the
mutter of error 1 think we have to be very careful not to
get a wistaken idea. What we are doing here is
substituting one set of skills for another, and it is quite
important that this be recognized. A great deal of skill
on someone’s part is required (o properly choose
training sites to do aatomatic classifications of tand use
and fard cover patterns. We do need to take, | think, a
closer and closer look at the accuracy with which we do
these things. 1 believe it is possible to get an objective
evaluwation of the product. We have a human being
working on  automatic  classification  and  that
classification is subject to error. The better job that
person does, the hettes the classification will be,

LANDINE: It does take the same skills for automatic

or manual classification. The possible advantage of

machine classification that we stili need to exploit is
more production per unit. The read choice of manual
versus  machme interpretation  techniques should  be
based on the totl pluses and minuses and on the
supplementary or complementary aspects of the various
systems.

QUERY: After the Keys are built for machine
interpretation of duta. for example, for the Los Angeles
arca in the fall, Gre thase Keys guing to resaain vatic! fall
after full atter 1all?7 Am § correct that the greatest
potential benefit of Landsat material to any vser is its
time sequence availability”? And 1 would venture to say
that you cannot interpret those photographis by hand.

SPEAKER: I one is compiring one systens against
another. he must comprare the total system. In order to
do that. he mus’ identity all the parameters. such as the
skills involved  (photointerpreters  versus  computer
prograners, for example). But there are many other
tactors, sueh as the oniginat cost of the system and the
cast of developing and operating the system. Rather
than considering accuracy in terms of the infurmation
derived from rensotery sensed data, | prefer to consider
the accuracy produced as the end result of the system.
Other  factors to consider are flexibility amd  tinw
respunse. bocannot see that anyene can draw uny
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conclusions about the advaniage of one system aver
another without looking at the total system.

HILL: Chris Hill, Washington University. | wanted to
return to the question of user needs aggregation. We
have had at Washington University for about & year a
contract with NASA Headquarters to do o user needs
study in five states in the Midwest. And 1 understand
some of our colleagues at City University of New York
will soon be embarked on the same sort of thing in the
East. It is clear that few players right now in this game
are trying to look beyond their own discipline and trying
to match, across the board, what is available to what is
necded. We are trying to do this. We want to hear people
tell us what we ought to be doing. But we are interested,
eventually, in laying out one or more alterative
systems, which would do the sort of thing vou were
discussing carlier: pravide, on a regular basis, the kind of
imagery that people nced. What is the major barrier? Of
course. it is, first, lack of money. However, a broad gulf
of misunderstanding cxists at all levels. 1 have yet to talk
10 anyone in NASA, and to very tew people at the state
and local level, who really appreciate what the other guy
is trying to say. And I suspect that in a few smaller
roums, we could get quite o bit closer to the solution. ]
hope we can begin delining needs and defining systems
so thut we can move on.

SPEARER: | waould like to muake several puints on
the subject of accuracy. I you asswine that you have an
unbiased method of determining accuracy, then the
difference between accuracy and precision is sitply
your bias. But 1 do not helieve we should be taiking
about accuracy of maps: we should be tatking about
precision. And that precision is measured by variances.
With any type of information gathering system, we
should ask: What is the probability of its being right or
wrong? 1 do not believe it makes any difference whether
you have data that are 50 percent accurale, or 00 or 70
or 80 percent. As long as you know what the risk is, you
can assess the consequences of being wrong. This is true
with photointerpretation. 1 get a photointerpreter [
think is pretty good, but | have to look at the
probability of his being right or wrong. And that goes
back 1o this business of precision: that is how you
estinite probability. | have yet 1o see o land use map
with a precision tevel associated with it | have heard
lot of accuracy ligures. but 1 have never seen one with o
precision figure attached to it 1 mean. for any point on
@ map. what is the probability that when | get to that
point on the ground, b will be standing on what the map
told me s there? I the map says grass. what is the
probability 1 will e standing on grass when §walk o
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there? There ought to be a prohability associated with
cach map and with cach class on that mup. Generally
speaking, some will be low and some will be high.
Suppose I make the decision to buy some land because
the map indicates it is a good area to build houses. What
is the probubility that 1 will go out there and findit’sa
pond?

LANDINI: In the LUMIS project, we actually tried to
specify that the data were within 40 feet of true ground
location.

SPEAKER: Positional accuracy is not what you want.
It doesn't matter if a feature is mislocated by 40 feet ot
100 feet if it isn't there at all. What is the probability
associated with the accuracy of that point? I see two
types of error. Let us consider us an example a
photointerpreter who is doing forest classification. He
has the problem of positional accuracy: where and how
big is the foresi? And he has the problem of how reliable
fic is in esiublishing the differviices among foicst type.

WINIKKA: | want to emphasize the importance of
multilevel information: ground level, low altitude. high
altitude, and satellite. We ure doing two  things,
combining information as well as identifying it. The
critical thing here is to what leve! this information can
be identificd and aggregated. Il you tried to aggregate
over 5000 square statute miles using field methods. you
.vould be in a horrible mess. The ability to aggregate the
total picture in a short time is, I think. the answer to the
question of the efficiency of any layer. If you can
aggregate what the next layer down is doing, that might
be the level to be working.

LANDINI: In Los Angeles. as an example, we have
had some very lowdevel color-infrared photography. on
a scale of about 1:5000, in which we tried to evaluate
the condition of backyards. We would never attempt to
do that by a scanner technique. It is much faster to soll
the map sheet until you get to the frame you want, look

ne sl banbioseed . i i i
at thut Sackyard, muke a judgment, and write it down,
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USER SERVICES

U-1. Remote Sensing, a Sketch
of the Technology

David Landgrebe®

PREFACE

The organizing committee of this session saw it to be
a very brief version of the information systems and
services session. The purpose is to provide, bricfly,
information on how a potential user of remote-sensing
technology can ggin access to all of the products and
services he will nced to get started. It was envisioned
that these include data, training, hardware, and software.

Since the assumption is that many are receiving their
first exposure to this technology, the organizing
committee felt it desirable to have a very brief tutorial
summary of the fundamentals of the technology. The
statement which follows was given to serve that purpose.
This statement is abstracted from a longer presentation
originally given before the International Workshop on
Earth Resource Surveys held in Ann Arbor, Michigan,
May 3 to 14, 1971. (This longer version is available in
NASA SP-283, vol. 1, pp. 139-154.)

During this session, the chairman read into the recond
o statement by Senator Frank E. Moss (D-Utah),
chairman.  Committee  on  Aeronautical and  Space
Sciences, entitled “The Need for Expediting Landsat
Data  Distribution.” This statement was  written
specifically for this symposium and is included in its
entirety in the appendix to U1,

A REMOTE-SENSING SYSTEM OVERVIEW

Before one can comtemplate  heginning 1o use
remofe-sensing technology in a rowtine or operational
tashion, it is desirable to have cleady in mind an

overview of what such a system is and what some of the
fundamentals aad theory of its operation are. Figurc 1 55
a diagram of the organization of an Earth survey system.
It consists of several major subsystems. It is necessary, of
course, to have a sensor system viewing the portion of
the Earth under consideration. There will be a certain
amount of onboard data processing. This will perhaps
include the merging of data from olher sources, such as
sensor calibration and data about where the sensor is
puinted. ,

Onc must next transport the data back to Earth for
further processing and analysis. This may be done
through a telemetry system, as in the Landsat series, or
by teturn of a physical package, as was done with
Skylab. There is then usuully a need for certain
preprocessing of the duta before the final processing
with one or more data reduction algorithims. At this
point in the system, when the data are reduced 10
information, it is usually heipiul 1o merge ancillary
information, perhaps derived trom  sources on the
surface on the Earth.

An important part of the system which must not be
overlooked is indicated by the fast block in figure 1, that
of information consumption, because there is no reason
to go through the whole exercise unless the information
produced is 1o be used. In the case of Earth tesource
ifformation systemns, this last portion can prove to be
the most challenging to design and organize, because
many potential consumers of this information are not
acenstoried (o receiving it from such a systen.

The part of the physical system in front of the sensor
is olso part of the information system. | refer 1o the
atmosphere ad the Earth surbace cover itsell. As a result

N ahoratory for Applications oF Remote Sening, Wost Latayette, Trutiana,
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J
a reduction nformation
Telometry Preprocessing ?qomnmm ::onsunwon
Earth
Ancillary data
Vigure 1. Organization of an Earth survcy system.

of this, the operator of the system must take special
precautions to be sure he understands the physicat
situation he is dealing with to the preatest extent
possible.

THE DUALITY OF SYSTEM TYPES

When we consider the state of the art of remote
sensing today, a duality of systen types becomes readily
apparent. Development in the ficld has had two major
stems since it originated from two somewhat ditferent
types of technology. These two types of systems will be
referred to here as being (1) image osiented and
(2) numerically oriented.

An example of an imageoricoted system might
simply be an acrial comera and photointerpreter. The
photographic film is used to measure and record the
spatia. variations of the electromagnetic fields, and the
photointerpreter relates these  variations to specitic
chasses of surface cover. Numerically oriented systems on
the other hand tend to involve computers tor data

analysis.  Altheugh  the  photointerpreter and  the
computer resnoctively tend to by tynical of the hwo
308
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sysiem types, it would be an oversimplification and
indeed incorrect to say that they are uniquely related to
these two system types. This becomes clearer upon
further examination.

Figure 2 compares the organization of the two system
types. Both types of systems need o sensor and some
preprocessing. The distinction between the types can
peshaps be brought out most cleardy by noting the
Tocation of the formed image block in the two diggrams.
In the image-oriented type. it is in line with the dota
streamt and must precede the anaiysis block. Numerically
oricnted systems on the other hand ieed not necessarily
contain a tormed image block. IV they da. and in Earth
resources they uswally do. it may be at the side of the
data stream as shown. This is hecause its purpose is to
monitor the operstion of the system and perhags to do
some special-purpose analysis as needed.

THE MULTISPECTRAL APPROACH

We will illustrate further the distinction between
these two systenm types by the following simple example
which also serves  to introduce  the idea ol the
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i rwrocessi rui-—wforme 4 imege multispectral approach, '('.unsidf:r figwre 3. T!lis ﬁgu.rc
. | l shows a small segment of an agriculturad scene imaged in
; three different fashions. On the left is an image of the
. - scene made with ordinary panchromatic black-and-white
Andlysis [ Results film; the center image was made with black-and-white
infrared film. The image on the right is an artist’s
concept of what this same scene Jooks like in o portion
[ of the thermal infrared part of the spectrum. Suppose
i Py— Preprocessing Andiysis Results |.mw ?hal the four types n?‘ lkllrm surlace cnvcn: identitied

. in this scene are exhaustive in a sense that for a larger
area to he analyzed only these four classes of Lurth
surfiace cover exist.

Monitor and Suppose our interest is to locate all the com in the
m analysis arca. Thus, by examining (he data of figure 3 we must
devise a means for identifying corn relative to the other
thice classes!. A close inspection of the com area shows
Figare 2. General organiation of image-oriented  snd that it has a dislincti\{e texture that is not prcsclft in l.hc
numerically oriented systems., other three classes of material. Thus, we may identily
corn relative to the other classes by noting all parts of

the scene that have that unusual texture.

Image orientation

Numarical orientation

45-55um
(Artist's concept)

fanre 8. Sultispectral espoise of o alballa, stabble, amd bare sol.
fimaeres were fecotded Sepiember ¥, 1964, 00 H om

Five data oF tpuee T nieht Then b retbersed Goas traming dafa, sinee they snclde labebed cxamples of all casses fo b found in
e farees soenne 1o Be annals zeds atd they e dsedd St the anah zer Qo eceennse tie diteence between the chnses
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In this case. we have used an image-oriented
approach. Texture is un image-oriented characteristic,
one which is used extensively in the interpretation of
imagery. 1t is, however, difficult 1o devise an algorithm
which will define a unique quantitative relationship
hetween “texture™ and set of numbers.

Thas difficulty in the face of the insportance of the
problem, particularly with regard 1o analyzing Earth
observational  data by computer, has led to the
development of ‘the so-called multispectral approach.
This approach is much more suited to numerical
methaods. It may be qualitatively described as follows.
Notice that in viewing the corn arca from band to band
across the three bands, we sce medium-gray, dark-gray,
and light-gray response, respectively. Notice also that
this same pattern of responses does not oceur for any of
the three other materials. This is the basis then of using
pattern recognition methods on miultispectral data. The
relative response (degree of grayness) is very cusy 1o
quantify.

Let us explore this approach in slightly more
quantitative detail. Consider figure 4. Shown at the top
of this figure is the relative response as & function of
wavclength for three different materials: vegetation, soil,
and water. Let us choose two wavelengths, marked N
and A4, on the wavelength scale. Shown in the lower
part of this figure are response data tor these thiee
materials at these lwo wavelengths, plotted with respect
to one another. or example, in the upper graph, soil has
the largest response at wavelength . This manilests
itsell” in the fower plot in that sail has the Targest abscissa
value (the greatest displacement to the right).

Hois readily apparent that two materials having
different responses as i function of wavelength will i in
different portions of two-dimensional space. Please note
tfrom this that the coneept of spectral identitisbility is a
relative one. One cannot know that vegetition has a
unicue speetral response which makes it identiftable, or
example, until one sees the plots resulting from the
spectral sesponses of the other materials within the seene
tu be analyzed. Note also that a Targer number of bands
cat e used. The response at Ay could be used and the
data plotted in thiee  dimensions.  Four  or more
dimensions indeed have meaning and utility even though
an actial plot ol the data is not possible.

A70

Response A2 == Vegetttion

=mw S0l
weseens  Welor

Wavelength, um

Respoise
Vegetation
[}

Soil
N 2 [}
Water
e

Response, )

Figure 4. Spectral data in two-dimensional spage.

CLOSURE

From this simple example of analysis viewed in these
two ways. perhaps the distinction between these two
stems of technology is apparent. H is quite important 1o
know when considering a picee of hardware, a piece of
software, o particudar sensor system, or the like. which
type of system the designer had in mind. These two
stens of technology are indecd fundamentally diti2eent,
This implies that they are optimally useful for difterem
problems. One of the tasks of the potemtial wser is to
discern whicli of the technologies, and theretore which
picees of hardware, software, et cetera, will be best tor
the task hie has in mind.
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U-1 APPENDIX

THE NEED FOR EXPEDITING LANDSAT DATA DISTRIBUTION

Statement of Senator Fravk E. Moss (D-Utah)
Chairman. Commiittee on Aeronautical and Space Sciences
At the Earth Resources Survey Symposium

June 9, 1975

1 have a personal interest in the Landsat program
because 1 believe it typifies the best of what space has to
offer us. So 1 have been concerned that the success of
the Landsat experiment might be jeopardized by a
logistics problem with the data. In short, the delay in
getting the data to some of the principal investigators is
excessive.

Of cowrse, for some investigators., the delay is
acceptable. However. those investigators using Landsat
to monitor agriculture may not be getting  the
infformation in  time to conduct their experiments
cffectively.

Other investigators of shortlived phenomena no
doubt are also adversely affected. such as in sca-ice
monitoring.  but  agriculture is  somewhat unigue:
agricultural benefits are part of the hackbone of the
potential economic retumn from Landsat.

Econ, Incorporated. of Princeton, New  Jersey,
recently released a study conducted for NASA cntitled
“The Leonomic Value of Remote Sensing of Larth
Resources from Space: An ERTS Overview and the
Value of Continuity of Service.”™ In assessing the
potential economic impact of Landsat. it found that the
potential  doflar value  of  benelits in agriculture
constitute more than the potential vatue of the benefits
in all other aveas combined.

Now. this study is certainly not the st word o
Landsat’s economic worth. Some debate the report’s
underlying  assumptions and  quibble  over numbess.
However. a peneral conclusion  remains wnassailahle:
Anything that jeopardizes the ettecii- ¢ o of Fadsat
data in agricultural applications severely fimits the
benefits of Lac.dsat itselt.

It is my understanding that the principal investigators
working in agricultuie receive the data several weceks
after the satellitc passes over a given arca. And
representatives o the Department of Agriculture have
told my staff that this delay seriously hampers the
experiments reiaicd io agiiciitivic.

Perhaps in our excitement over launching Lundsat
and in our pride over its imagery. we have somewhat
neglected the equally important further steps of imagery
processing and immiediate  distribution  to the
investigators.

Critics have said that improvements in the speed of
imagery processing and of distribution to users cannot
be justified as long s (he system is experimental. Wit
until the system is operational, we are told. Such an
approach would hobble the Lundsat experiment hecause
the work of the principal investigators is almost as much
a part of Landsat us is the sateflite itsell. A fair test of
the overal! system'’s merits must include a sincere
evaluation of the utility of its data.

I think it wou'd be tragic indeed if o mere logistical
problem over dats handling impedes the success of this
extraordinary system. Consequently, § plan to do all |
can to expedite the imagery conversion and daa
distribution process. | have just written Dr. Fletcher, the
ad vinistrator of NASA. expressing my views on this
matter. And | have requested him to detenmine what
steps are necessary fo reduce the delay to anly a lew
days. 1 believe that much better performance in data
handling is feasible and that it will cost a relatively stall
amount compared to the overall investment in the
Lands~ program. 1 hope that a solution  can he
implemented rapidiy.
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U-2. Data Availability and the Role of the
Earth Resources Observation Systems
Data Center

Allen I, Watkins?

INTRODUCTION

With the launch of Landsat-1 in July 1972, and the
follow-on launch ¢f Landsat-2 in January of this year.
routine availability of satellite imagery and clectronic
data of the Earth's resources has become a reality. The
U.S. Departinent of Agriculture {(USDA). the National
Oceanic and Atmospheric Administration (NOAA). and
the U.S. Department of the Interior (USD), couperating

TABLIE L.

with the National Aeronautics and Space Administration
(NAZA). have cstablished Federal Data Centers to
provide Landsat data to resource managers and the
general public. These Federal Data Centers have to date
provided almust 5G2 000 frames of Landsat data at o
cost of more than $2 000 000. Data from the Landsat
satellite program. along with data and information from
the Skylasb manned program. are available over any
location to anyone for the cost of reproduction (1able 1),

LANDSAT DATA AVAILABILITY*

Location

Sources of material

Sales

Westein Aerial Photo Lab

U.S. Departmenit of Agriculture
2508 Parley's Way

Salt Lake City, Utah 83109
Telephone ROH-524.5856

Satellit~ Data Services Branch - D543

Eavirowmenal Data Service

National Oceinic and Atmospheric
Admmistration

World Weather Building - Rovm 640

Washington, 100, 20232

Telephone 301-7603-8111

1EROS Bava Center

User Services Deparstent

Sioun Falls, §. Dak $719%

Telephone 605-5304.651 1, ext. 151
TS 603.5304.0151

Lundsat
USHIA acnal photography
Skylab imagery

Landsat
NOAA satellites
Skylab imagery

Lamdsat

NASA wsearch aircratt

USDU aerial mapping photography
Saviab, Apolla.and Gemini inagers

*NOIY

Many conmmercia, photographic Libotatories wail cistom process

Ladsat anrd other sateHite insagery hut du not have archival nusters of

1 andsat holdings.

M ROS Data Conter. S | Al Sty 1 aboet
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THE EROS DATA CENTER

One of the three principal Federal Data Centers, the
Earth Resources Observation Systems (EROS) Data
Center is administered by the U.S. Geological Survey for
the USDL. The center is a principal operating element of
the EROS program, which was initiated in 1966 to apply
remote-sensing  techniques  to  resources  inventory,
monitoring, and management. It provides products in
the form of remote-sensing data acquired from NASA
sutellite and aircraft projects, along with aerial mapping
photography held by t1e USDL. The center also provides
services in the app!cation of remotely sensed data to
tesouree  inventory, monitoring. and  management
activities. These services take the form of both domestic
and international training, preparation of educational

- aids, the conduct and documentation ot applications

demonstration projects, and day-to-day applications

Sioux Falls) was sclected because of its central location
and potential 1o reeeive telemetry data from satellites in
a Landsat-type orbit in real time over any portion of the
lower 48 states. In 18 months. the staft of the conter has
increased from upproximately 60 to more than 300.
Data holdings at the center include over 500 000
frames of Lundsat imagery; Landsat clectronic duta in
the form of computer-compatible tapes: over 40 000
frames of Skylab, Apollo, and Gemini spacecralt data;
more than 1 800000 frames of data from the NASA
research aircraft program: and almost 4 006 000 frames
of USDI aerial mapping photography (table 11). Products
from this data base are awvailable in color or
black-and-white photographic images, ranging in size
from 16 millimeters through 40 inches, and in
computer-compatible tape (CCT). in 7- or Y-rack and
800 or 1600-bit/in. formats. In addition, data catalogs
and specialized computer search listings are available

" assistance in the use of special analysis equipment, upon request. Typical prices of imagery are 82 for a
The EROS Data Center was established in 1972,and  Y-inch black-and-white puper print. $30 fin 3 40-inch
was moved into its 125 000-square-foot complex in early  color paper print. and $200 for g CCT set of the four
1974. The South Dukota site (16 miles northeast of  Landsat bands.
TABLE . EROS DATA CENTER DATA BASE SIZE AND PRODUCT AVAILABILITY
Data types Current holdings. Products available
frames
Landsat data 530 000 Prints and transparencics. color or black and white, 16 mm
{multispectral scanner through 40 by 40 in.
and return beam vidicon) Computer-compatible tapes. 7 o1 9 track. 800/1600 bitsfin.
Catalogs snd search listings
Skylab. Apollo, and Gemini 40 000 Prints and transparencies, color or black and white. 1o mm
space data through 40 by 40 in.
Computes-cotpatible tapes (rom electronic sensors
Catalugs and search listings
NASA research aireraft 1 %00 000 Prints and trans, areacies, color or black ard white. 1o num
ingery through 40 by 40 in.
Scarch listings
USDI acrial mapping 2700 g0 Prints and transpareacies. blach and white, 16 mom
photegraphy through 40 by 40in.
Photographic indexes
Seanch listings
Total 6 070 N
‘
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At the heart of the data center is a central computer  custonwers comprise a larger pereentage 20 pereent, !
complex, which controls und accesses 2 duta base of the  second only 1o US. private industry at 24 percent. It
mare than 6000 000 frames of Larth resources data, should be recognized that there is very little forcign
performs  searches of specific  geographic  arcas of  coverage from aireraft platforms  availuble from the
interest. and serves as o management tool for the entire EROS Duta Center.
data  reproduction  process. The computerized data Computes-compatible tapes or electronic data for the
. storage and retrieval system is based on o geographic  past 12 months comprise 1.2 pereent of total frune
: system of latitude and longitude. supplemented by such  volime, but account for 19 percent of total dollar sates.
‘ . information as image quality, cloud cover, and type of A took at the principal users and purchascs of LROS
) data. A customer's inquiry as to data availability may be  Data Center products revesls that almost alf categories of
] a geographic point location «r a rectangulan area  US. industry and 2 wide varicty of Federal, State, »nd

bounded by fatitude and long ode. Based on the
customer requirements and the use to he nade ol the
data, o computer geographic scarch will print out a
; listing of available imagery from which a final selection
can be made.

aZ

DATA USERS AND DEMAND

The demand for remote-sensing data from the EROS
Data Center has continued to increase both in volume of
frames and dollar value. In fiscal year 1973, 165 000
‘rames of data were supplied to the user conunumity.
The total grew to almost 300 000 frames in tiscal year
1974, and will exceed 400000 frames in tiscal year
1975. The fastest growing product demoand is in the area
of Landsat clectronic dita provided in the form of
computer<ompatible tapes. From fiscal year 1974 to
fiscal year 1975, the user community demiand Tor this
preduct increased 200 percent. Landsat imagery in this
satae period showed an incicase of |8 percent. while
Skylab and Apollo data increased 92 pereent. Tasgely as
result of the new Skylab data. Aircratt data, both NASA
and USDE, showed an increase of 7o pereent. This
resulted in an overall d5-percent increase in fame
demand for atl products from the data center. M the
same time. dollar income at the center increased by 124
pereent o fiscal year 1973 10 tiscal year 1974, and by
91 pereent from fiscal year 1974 o fiscal yean 1975,
with total dollar income from the sale of data exceeding
S1OODOVD in fiscal year 1975, Appoximately S5
pereent of the product demand at the center is to
Landsat data. The customer profile tor purchise o data
siows  that  private  industry  is - the Lurgest single
puschiser. withe 30 percent ol the total dolln value:
agenvies of the Federat Goveriment come et with 24
percent. Avademic and educational instititions gecoml
fir 1o percent of data sales, whereas foreign cistomens
comprise. 12 percent. Individuals and state and fowal
govermment agencies vomprise the semainder. Whes we

ol aoly o Moe Mae b e 83 e doaadan
faoh oyt Tandsa dald s, Wwe findd that toici

local government agencies e currently using the data
for a variety of applications. The principal application of
the data appears to be mineral and fossil fuel exploration
and related geologic base mapping activitics ot the major
petroleum and mining companics. This arca waoukl
appear to account for almost 50 pereent of total sales of
data from the center.

CURRENT DELIVERY AND
QUALITY PERFORMANCE

Coincident with its 1074 move, the center received
worldwide publicity in the technical and prpular press.
and. as a result, was deluged with requests tor
information and with orders for data, This was
particularly  difticult period for the center and data
delivery delays were excessive. The avetage delivery time
for data has now decreased 1o approxiniately 2 weeks
following receipt of the order at the data center, with a
median delivery time of 10 days. During the period of
August 1974 10 March 1975, 70 percent or 16 303 '
onders were shipped prior to 147 calendian days. Mowe
than 20 000 of i total 21 500 orders were shipped in less
than 33 days. In the past 18 months, the percentage of
orders shipped ohder than 30 days has decreased from Yl
percent to fess than 4 percent.

M products from the center are inspected by a
quality  conteal - staft belore shipment.  Customer
teedback on prepaid  posteards included with cach
shipment has consistently indicated  pood quality or
better for approximitely 90 pereent of orders shipped.

HOW TO OBTAIN DATA

Inquiries concerning availability of data forwarded to
the BEROS Data Center initiate a geographic computer
search 1o determine data available over a specitied asea
o interest. This computer search can he initiated by
she FROS Data ¢
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one of the EROS Applications Assistance Fucilities
throughout the country. An inguiry form is available for
you to request information on available coverage over
your arca of interest. Requests for i geographic scarch
may take the form of a poiat scarch where all images
over any portion of the point will be included or a
rectangular method where any arca bounded by latitude
and longitude ¢an be deseribed. An cight-sided polygon
can also be used to specily the geographic arca of
interest. Latitude and longitude coordinate specification
is preferred since this is the method required for the
computer  geographic scarch.  Additional information
must be included covering scceptable dates and seasons
of exposure, type of imagery preferred, cloud cover,
quality, ete. Geographic arcas must be cleurly identified
and should be limited in size as much as possible to
avoid potentially voluminous output and the need to
interpret lurge numbers of choices.

Following  roccipt of - all

inquiries . researchers
communicate with the central computer complex, which
results in o printout of all imagery meeting the specitied
criteria. This computer listing is then used by the
researchers to sereen microfibim copies of the over
0 900 000-frame  data base ta hetter sclect the most
suitable data. The computer listing contains all images
available aver the osren of interest which satisly the
supplementat data sapplied with the inquiry. Lach image
is described by two printed lines on the computes listing,
which detail the characteristics of the particulay image or
photograph. A number of eatries may  be  listed,
depending upon the sice of area selected and the
restriction  of supplemental  data. hmagery na be
available  trom more than one souree, tor example,
Landsat. Skylab. NASA aireradt. or acrial wapping
photography. Thus. cach entry on the computer listing
must be caretully studied to detenmine the best selection
for the intended application. A temiplate for decoding
the computer listing is provided for use with the
printout. After rescarchers select the most suitable data
for the intended  application, an order foim s
transmitted ditectly to the comsputer, whicle initiates
processing. According te ie reprodisction requirements.
the original print mast 15 are retrieved fron the archival
storage et amd routed throwgh staging 1o the applicshle
product peneration line. A varicty of high-quality
photographic renters is available. Following printing.
the exposed imagery i souted 1o one of 10 high-speed
processors that vary in size trom Fo millineter miveotifim
processors 1o § 2inch black-and-white and color paper o
film processors. The praducts are then 100 percent

Q«n

inspected and stampe! with a unigue code identifying
the final inspector. Individual inges ure then cut and
collated, placed in dissemination hins, and shipped upon
completion of order processing.

Ocders for reproductions of data from the EROS
Data Center are accepted from individuals, government
organizations, universities. awd  industries from  the
United States amd all foreign countries. All orders must
be accompanied by check, money order, purchase ovder,
or authorized account identification, and processing
cannot be initiated until valid and accurate payment is
received.

Stauding or apen accounts may be estublished by
tenctitive users. To open a standing account, a check
must be remitted for the mmount to be deposited.
Customers will be informed of the account number and
future orders can be placed referencing this open
account number. A S100 minimum s required to
esiahlish an initial standing ace d
obtain a refund of the unused portion at any time,

Quadity of the reproduction canmot be improved over
the quality of the master film. You may find that a
product has  certain quality  detects such as small
scratches, pinholes, or stains, or that color halanee or
density of the reproduction is not exactly as you think it
should be. In these cases, you may be assured that it has
been inspected against the cuality of the original
reproducible and everything has been done to praduce as
good a product as is possible. All shipments are prepaid,
and o postage charges are made. With cach cutgoing
order. o prepaid postage cand is inchided soliciting
comments.

A unique set of  Landsat  scenes covering the
coterminous United States is availuble from the center.
The 470 scenes required 1o cover the United States are
avaitable in o single black-and-white band, all four bands
of black and white. and high<quality color compusites,
The specific Landsat scenes selected for the single
b andsat coverage of the United Stites were chosen on
the basis of quality, season, and mininmm cloud cover.
The scenes are cotaloged one the basis oF the newly
adopted  Landsit worldwide seterence system which
wiquely identifies cach nominal center point based on
puth Coobit) number and sow sumber. This unigue
worldwide refeience systent of nominad center points fon
Landsiat  data can he used 1o efficently  constinet
coutry-by-country - catilogs - of dati, meeting user
spevified criteria. Maps are tow being prepared and will
soon be available. showing cach nominal center point of
Linchsat insery tor the entire world.
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Custom processing to special scales, formats, and
processing criteria §s avallable from the data center.
These services normully require longer perlods of time
for completion, and pricing is based on three times the
standard price. In addition, a priority system for rapid
delivery of standard products s available wherchy
products will be shipped within § days from receipt of
order. To provide this service, three times the standard
price is charged and priotity processing will wnly be
accepted  where  dmagery is specifically  identified,
standard products ordered, and payment is enclosed or
credit available.

Two options are available for placing standing orders
for either data or information from the EROS Data
Center: (1) You may specify an area from which any
new Landsat imagery received during a given period will
be automatically reproduced and shipped to you: or
(2) You may specify an arca for which the data center
will notify you of any new Landsat imagery received and
the order can subsequently be placed by you,

% Fairbanks, Alaska
]

Anchorage, #
Alasia

,* Spokane, Wash,

Porlland, Ore.

Menlo Park,
Calit.

Los Angeles,
Calit,

* Phoenis,

ERS Ajolications Ariz.

Assicyv e facitities
Natic -.! Cartographic Information
Center inguiryorder olfice

Both (sbove) co-located

Data reterence (hrowsel fites
Affiliated terminials

— Computer terminal communications
== Conventional communications imail, telephone, et cetera)

>»0 O *

#H
! ERO:: Data Center
" Sloaxfalls, S. Dak.

Copics of data held at the EROS Data Center are
available to all individuals from all countries, Al
payments for forzign orders shoutd be made in US,
dollars and cents. I preparing payment, it is suggested
that the foreign customer vsk it local bank to make any
necessary currency vate adjustment, The cheek ar money
order should he mude payable to the US. Geological
Survey and should be made out in U.S, dollars and cents.
Payment wwust accompany the order. Most banks charge
a nominal processing or exchange fee. Therefore,
customers should cnsure that this fee will not be
deducted from the check which will be submitted for
pityment.

APPLICATIONS ASSISTANCE FACILITIES

In addition to the central facilities near Sioux Falls,
the ERUS Data Center operates a number of EROS
Applications  Assistance Facilitics (fig. 1), where the

Columbus,
Ohio

© Rolla, Mo.

P,

¥ Chattanaoga,
e fenn.

Id
4

a‘» O-n---..._,_‘

St, Louis, Mss. fatlahassee, Fla,

- e ———————0

|
t
2 Inter -American Geudelic Survey
* Panama Canal

Zone

Figure 1. Garth Resonrees Qhservation Systems inlorartion network.
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public way view microfilm copies of imugery avallable
irom the data center and can recefve assistance in the
research, ordering, and techniques of applving the data
to cesource problems. These Applications Assistance
Facilities maintain  microfiim  coples  ond  provide
computer terminal inquiry and order capability to the
centrai computer complex at the EROS Data Center.
These facilities should be contacted by phone or mail in
advance so that suitable arrangements can be made.
Facilities arc currently established in Menlo Park,
California; Phoenix, Arizona; Denver, Colorado; Reston,
Virginia; Bay St. Louis, Mississippi; Ft. Clayton, Canal
Zone; and Fairbanks, Aluska. In addition to these
offices. simall Data Reference Files have been established
throughout the United States to maintain microfilm
copies of the most used data available from the center
and to provide assistance to the visitor in reviewing and
ordering data. Assistance in applying the data is not
provided at these Data Reference Files. The data venter
also functions as an integral part of the National
Cartographic Information Center (NCIC) which will
provide integrated mapping, photographic, and geodetic
control information and data. A number of NCIC offices
are connected to the central computer complex via
remote terminal throughout the country.

TRAINING OR APPLICATIONS ASSISTANCE

Training in remote sensing and  assistunce  in
techniques for extracting various information  from
remote-sensing data are available at the 108 Data
Center. Inquiries can be made by telep! e, letter, or
personal visit to the Applicatios,  Assisinnee Branch at
the center.

Periodic training programs in remote sensing are given
at the center. Normally. these programs ate up to 1 week
in length and stress the use of data in a particular
application: for example, agricultura) inventory or water
management. Two or three times 3 year, a 3- to 4-w ek
cowrse is offered 1o foreign nationals. stressing e
fundamentals of remote sensing with exposure to 3
number of applications arcas.  Supplementing these
formal training courses are a series of slide tape packages
and edacational aids covering the basic methodology in
jemote sensing and various applications Tne principal
vole of the EROS Data Center in applications assistance
is technoiogy transfer,

The EROS Data Center has state-of-the-art automatic
data processing equipment. which includes  digital
classification and analysis devices. This equipment atlows
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classifying objects based on reflectance und/or emittance
in various parts of the electromagnetic spectrum. Known
objects are used to train the classification procedure,
resulting in an unknown object keing compared digitally
with the characteristics of the known object. An
unknown object which matches spectrally the known
object is classified accordingly.

The center maintains a  technical library  of
information on remote sensing of Earth resources. 1t is
available for the use of students attending training
courses, visitors to the center, and researchers on an
as-nced basis. The principal thrust of the data center is
o document proven applications techniques and to
prepare a complete technique use package which can be
transferred  to  the user comnunity and resource
managers for consideration and possible implementation.
These basics for total technique use or demonstration
packages will not only provide procedural direction for
information extraction, but will also provide relative
costs. reliability. and accuracy figures so that intelligent
decisions can be made by resource managers as to
possible implementation.

ADVANCED DATA HANDLING AND
PROCESSING SYSTEMS

In the future, the EROS Data Center will continue to
cooperate with NASA in supplying satellite imagery and
electronic prodocts in the shortest possible time period
and in flexible user-required formats. The NASA
Goddard Space Flight Center (GSFC) has implemented
increased computer-compatible tape  production
capability for Lundsat-2, and the EROS Duta Center is
making similar changes. These changes will provide an
increased throughput and more flexible format for
computer-compalible tape reproduction  and
dissemination 1o users (fig. 2). For Landsat-C. now
scheduled for launch in late 1977, NASA and the USis
are studying concepts for the use of communication
sutellites for data relay to signilicantly improve the
dimeliness of data dissemination. This concept includes
the reception of data at the NASA Alaskan. Goldstone.
and GSEC reception stations, with subsequent relay to
Sioux Falls on a near-realtime  basis for  further
processing., reproduction. and dissemination (o users,

In addition, to more efficiently handle data from
Landsat-C' and subsequent satellites, NASA plans to
move 1o high-density tape formats which will then be
integrated with high-density tape product generation
lines at the EROS Data Center to provide enbanced
piodiicts. incdading Wnagery aind compiiier-compaibic
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tapes, to users in & much more umely and efficient  and with maximum information content within 24 to 48
fashion. The ultimuze goal of all these changes is to  hours of satellite acquisition.
provide data to the users in the unique formats required

tanosat 1

NASA remote
data reception

o S

Surface EROS m:m"l’" e— .
transgortation == Data Center ::pl::;tnlon (:F(|:|Tms

NASA Electror: beam
gm'&?‘::' Magnetic tapes [==ei recorder —
GSFC) tape to film

Lendsat=2

Same as Landset-1 plus:

@ 1mproved delivery times at GSFC and EROS Oata Center

® 1ncraased computer-compatible tape production
capaditity &t GSFC and EROS Data Center

Figure 2.- Landsat data handling and processing.
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U-3. Bringing Remote-Sensing Technology
to the User Community |

John C. Lindenlaub® Shirley M. Davis,® and Douglas B. Morrison®

INTRODUCTION

Historically, there has always been a time lag between
technological breakthroughs and the widespread use of a
new technology. The reason is that there are several
steps which must be taken before this gap can be
bridged: among them are a demonstration of the
“usefuiness™ of the technology, education of the “user
community,” and making the technology available to
the user community. The usefulness of remote sensing
has been adequately demonstrated. This paper surveys
the muaterials and services available for educating and
training individuals in the principles and operational
aspects of remote sensing. Two approaches sse discussed
for establishing an in-house capability for the numerical
analysis of remotely sensed data,

In this survey. emphasis is placed on sensor systems
and analysis techniques that have developed within the
past decade. These sensor systems, typified by the
multispectral scanners aboard the Landsat satellites, are
capable of supplying vast quantities of data. and
computer-assisted  analysis techniques have  proved
effective in handling this type and volume of data.
Photvinterpretation techniques are not stressed here:
because this is a much more mature fiekl, there is a
relatively  larger number of individuals  trained in
photointerpretation  methods, and  formal university
courses have been in existence for many years.

The topics discussed here are structured in the order
that an individual or organization might logically follow
when leaming  abont and applying  remote-sensing
technology.  These topics include studying available
literature, attending  remote-sensing — symposia - and
conferences, participating in intensive short courses and
in-residence programs, using remote senminal networks,
and implementing the analysis software, This hierarchy
begins at  the introductory  level and  extends to
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establishing the capability for analyzing large amounts of
remotely sensed data. Cost estimates arc included in the
discussion when they seem appropriate.

SELF-STUDY OF THE LITERATURE

An obvious first step in entering the ficld of remote
sensing is to consult the available literature. Appendix A
provides a list of books, journals, reports, conference
proccedings, and bibliographies dealing with remote
sensing. To enhance the usefulness of the bibliography,
addresses of publishers and professional socicties have
been included. Appendix A is not intended to be
exhaustive but to serve as a reference to provide
newcomers to the ficld with a logical starting point for
selecting reading materials.

A search through the literature will reveal that there
are only o few written pieces which present remote
sensing in a tutorial way. One of the first to appear was a
voluie prepared in 1970 by the National Academy of
Scicnces. entitled  “Remote  Sensing  with  Special
Reference to Agriculture and chstry."I Although
samewhat dated now, this report from the Conmmittee
on Remaote Seasing for Agricultural Purposes presents o
substantial overview of remote sensing as related to two
applications areas. forestry and agriculture. Its intent is
to aid communication among physical scientists, data
processing  specialists.  agricultural  scientists,  and
foresters, and. as such, it attempts to establish basic
working  vocabularies  and  coacepts.  Another  book
dealing with the basies, but from a broader point of
view. is *“The Surveillart Scence: Remote Sensing of the
Environment,” edited hy Robeet Holz and published in
1973, This is a collection of 34 previously published
papers selected to provide a comprehensive overview of o
number ot approaches to remote sensing. A thind

U aborsinrey for Apphications of Remote Sensing, Pusdue Cniversity. West Fafayetde, Indiana.

TReterences cited in this section aee disted in appendis A of this paper.
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publication is actually a five-volume report written at
the tutorial level prepared for the European Space
Agency in 1973, entitled “Data Preprocessing Systems
for Earth Resources Survey.” It has as its objective “to
provide information... to the carth scientist
community on data correction, processing, and
information extraction systems associated with the
remote-sensing systems and to indicate future trends.”

Frequently, governmental units and other interest
groups are faced with the need to inform a large number
of people about remote-sensing technology and its
potential application in a specific field. Often, this is
accomplished through group meetings, and a few very
helpful volumes have grown out of such meetings. One
of thess, a volume edited by Estes and Senger in 1973
and entitled “Remote Sensing: Techniques for
Environmental Analysis,” is a collection of 12 papers
initially presented to geographers and scientists from
developing nations to give them a basic introduction to
the field of remote seusing. Similarly, a tutorial seminar
in 1972 resulted in a publication by the lowa Geological
Survey available under the title “Seminar in Applied
Remote Sensing.” And a third worth mention here is the
“International Workshop on Earth Resources Survey
Systems Proceedings,” published in 1971 and available
through NASA. This workshop was designed to acquaint
reople from developing nations with the potentials of
remote sensing.

Most people new to remote sensing approach the
technology through a particular discipline area, whether
it be cngineering, carth sciences, hydrology. or
agriculture. Although there zre very few journals
devoted to remote sensing from an interdisciplinary
point of view. a number of journals related to specific
disciplines frequently carry articles on remote sensing.
Several of these arc listed in appendix A. These journals
provide subject specialists an opportunity to study
remote sensing from the familiarity of their own
discipline.

Once a person has passed the introductory steps in
lcarning about remote sensing, he may wish fo tum to
the wealth of collected information on the subject,
specifically the volumes  prepared  under  NASA
sponsorship and the several sets of proceedings from
remute-sensing conferences. The NASA “Annual Earth
Resources Program Reviews™ from 1968 through 1972
are an excellent source of information, surveying the
activities of zomote sensing for Earth resources during
these critical formative years. The volumes published in
1972 and 1973 as a result of NASA-sponsored symposia
on Landsat are also important collections for the person
wishing to know about data collection methods as well

80

as for thote interested in analysis methods and possible
applications of Landsat data. One of the monuments of
remote-sensing literature is the proceedings of the
International Symposia on Remote Sensing of
Environment sponsored by the Envircnmental Rescarch
Institute of Michigan (ERIM). Similarly, proceedings
from the Laboratory for Applications of Remote
Sensing (LARS) Symposia on the Machine Processing of
Remotely Sensed Data serve as collections of important
papers dealing with the quantitative approach to
remote-sensing data analysis.

As the volime of remote-sensing literature grows, it
is uot surprising to find that more bibliographic studies
are becoining available. Most significant among these is
the “Quarterly Literature Review of the Remote Sensing
of Natural Resources,” which is compiled and published
by the Technology Applications Center of the University
of New Mexico. This quarterly publication abstracts and
gives the somice for a large quantity of technical
literature related to remote sensing, sensors, and the
sensing of natural resources. Editors of the review tap
and index abstracted technical reports, conference
papers, books, foreign publications, and translations plus
additional NASA governmental and engineering sources.

REMOTE-SENSING SYMPOSIA AND
CONFERENCES

The next activity that might be pursued in educating
onesclf on remote sensing would be attending one of the
conferences or symposia. Formal sessions at these
conferences are designed to bring to the audience the
newest techiniques in remote sensing and to discuss ways
the technology can be applied in various disciplines. Of
cqual importance, however, is the opportunity to mingle
with members of the remote-sensing community, to
interchange ideas on an snformal basis, and to identify
individuals with common problems or inteiests. The cost
of registration and conference proceedings usually ranges
from $30 to $60. Appendix B gives the name,
sponsoring organization, frequency, and contact person
for some remote-sensing conferences and symposka that
have been held on a recurring hasis. Information on
proceedings is included in appendix A.

The series of conlerences with the longest history is
the International Symposia on Remote Sensing ol
Environmient sponsored by the ERIM, initiated in 1962,
Other regularly held conferences have been sponsored by
the Tennessee Space Inetitute, the LARS, and the
Canada Remote Seasing Soclety.
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Conferences held by many technical societies also
reflect a growing interest in remote sensing. Most
notably, the American Scciety of Photogrammetry now
has regular sessions on remote sensing. Significantly,
they have recently changed the name of their journal to
Photogrammetric Engineering and Remote Sensing. The
Instiwute of Electrical and Electronics Engineers, the
Association of American Geographers, and the American
Society of Agronomy are among other professional
groups showing increasing interest in remote sensing.

Conferences and symposia, especially those devoted
exclusively to remote sensing, offer sn unusual
educational opportunity to someone new to the field of
remote sensing.

INTENSIVE SHORT COURSES

Suiveying ihe cuireni fileraiure andjor aiicnding a
symposium usually provides a person enough insight to
determine whether or not remote sensing offers
potential for a particular application and thus whether
he wishes to pursue additional educational and training
activities. If further education seems desirable, he should
consider atteading an intensive short cousse on remote
sensing. Usually 1 week or shorter, these courses provide
the participant an opportunity to grasp the limitations as
well as the capabilities of remote-sensing technology.
One advantage of these courses is that they ure intensive.
The pasticipant is usually engaged in full-titne study of
the subject matter away from his home environment,
away from the competition of other dutics and
interruptions. This enviconment provides an excellent
opportunity to take full advantage of materials and
presentations prepared by subject specialists.
Participants in short courses often receive a collection of
tutorial printed materials generally not otherwise
available.

Short courses tend to follow one of two formats. The
first format emphasizes lecture presentation by rescarch
speciatists. In effect, these lectures arc an active rescarch
worker's interpretation of the current literature in the
field. Since organizers of these conferences tend to bring
in expertise from various parts of the country, there is
an excellent opportunity to obtain a broad overview of
the ficld. A sccond way of organizing a short course is to
use 2 smaller number of instructors, usually people from
the same or nearby organizations who have worked
together. This approach  tends  to result in a
well-integrated  course  with  a strong thread ot
continiity. The pote i participant will want to py

attention t. the manner in which the course is
organized.

Appendix C contains names and addresses of
organizations which have sponsored remote-sensing short
courscs. Three organizations have come to our attention
as offering or planning to offer courses on a regularly
scheduled basis. They are the ERCS Data Center, LARS,
and Oregon State’s Environmental Remote Sensing
Applications Laboratory.

The EROS Data Center is planning annual spring and
fall courses for international representatives on the
general aspects of remote sensing. Quarterly offerings for
geueral participation are in the planning stage. A
publication by Reeves (ref. 1) describes EROS Data
Center training programs.

The LARS offered a 2-week course in the summer of
1972 and 1-week courses in June and September of
1974. The LARS courses have emphasized numerical
analysis and paiiern recognition teciniques. The LARS
intends to offer each month a 1-weck course in
remote-sensing technology and applications to classes of
8 to 15 members. Included will be a series «.f workshops
that take participants through a typical numerical
analysis sequence using Landsat data.

Oregon State’s Environmenial Remote  Semsing
Applications Laboratory annually offcrs a 2.day course
on digital processing of Landsat data, and the Orcgon
State Schoot of Forestry introduces participants in its
annual scrial photography remote-sensing short course
to the broader aspects of remote sensing.

Costs for short courses usually range from $300 to
$300 depending upon a number of factors, such as the
duration of the course, the number of participants, and
personnel resources for presenting the course.

RESIDENCE PROGRAMS

When an individual attends an intensive short course,
hie probably does so cither to get a broad overview of
remotesensing  technology in - order  to  interact
effectively with people working in the community or to
determine  whether he  wishes o become
remotessensing expert himself. T the former case. the
graduste of a short course is usually equipped to enter
into micaningful research or contract discussions with
people working in remote sensing. In the latter case, o
residence program may provide him the opportusity to
increase  his  expertise by working at 4 particular
organization or with a particular individual.
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Within the university environment exist semester-long
courses and graduate student research positions. Many
university departments offer courses or series of courses
in remote sensing. A survey published in 1972 by Eitel
(ref. 2) lists 62 remote.scnsing courses in 39 institutions.
More recently (1975), Morain (eef. 3) compiled a survey
of various remote-sensing courses taught in geography
departments alone; the survey includes 45 courses in 33
institutions. Although full-time university residency
programs usually do not lend themselves very well to
industrial or government agency employecs, they should
certainly be looked to as a source of future graduates
with training in remote sensing.

More flexible residence programs aimed specifically at
the practicing professiona! are encouraged by a number
of remote-sensing orranizations within the United
States. It usually takes initiative on the part of the
person wishing to rarticipate in such a program to write
the organization, present his credentials, list the
objectives of his visit. and negotiate an arrangement. At
the Laboratory for Applications of Remote Sensing. the
visiting scientist progrum offers residency perioa:
ranging from a few days to a year vr more.

Perhaps the best way to illustrate residence programs
of the visiting scientist type is to give some examples. A
Landsat principal investigator visited LARS for 8 days
with the objective of comparing results of machine
processing of Landsat data with classilications e had
previously detenmined by standi.d photointerpretation
techniques, Prior to his visit, he had gained some
background in machine processing by attending an LARS
short course. Working closely with an experienced
analyst. he accomplished nis goul. successfully classifying
portions of four Landsat scenes. His organization was
charged abuwt S3000 for computer services amd SORO foy
personnel services incurred dunng his visit. Another
researcher. interested in the  identitication  of
subresolution targets in remote-sensing invgery. spent ¥
weeks al LARS and used abuoat S300 of computer
resottrees and S1000 for personnel and service resourees.
A Lyear visit involving 4 10 6 weeks of intensive training
tollowed by work associated with an ongoing liboratory
project conid cost ghout $2200 plus S450 Yor computer
time. These examples reveal the wide varintion possible
uncher o visiting scientist arrangement.

The visiting scientist program at LARS can be
¢owacterized by stting that visits o a short duration
re cable  consulting  service  anangements,  whereas
lomgterm visits more nearly approach a postdoctorad

fellowship relationship between the visitor and his
sponsor. Similar residence programs can be arranged at
other remote-sensing organizations, incleding the EROS
Data Center, the ERIM, the Tennessce Space Institute,
and the South Dukota Remote Sensing Institute.
Because of the fiexible and individual nature of these
programs, similar arrangements can probably be made
with other organizations as well. Costs associated with
residence programs vary widely depending upon the
duration of the visit, the resources used, and the basic
charter of the host institution.

REMOTE TERMINAL NETWORKS

The next level in the hicrarchy of mechanisis for
bringing remotessensing technology to  the user
community is providing an in-house analysis capability.
For the purpose of this discussion. “analysis capability™
will be defined to include hardware, software. and
trained personnel. Initially. onc might want to give
serious  consideration  to  providing  hardware  and
soltware capability by means of a terminal connected to
a data  processing network  capable of hondling
multi-image data. Advantages of this remote tenminal
approach include full user access to both the data bank
and the processing capobility of a large Earth resources
data processing systemn, centralization and skaring of the
expensive portions of the processing hardware, and
centralization and cost shas ag of software maintenance
and updates. Perhaps ol even greater importance to
newcomers to the remote-sensing community is the fact
that usually within several months atter an agreement is
miade. they can be on the network, can take advantage
ol the newest technologicat developments us they are
implemented. and can write their contract to ferminate
the agreement st o definite time.

Although the suthors are aware ol a program to make
remote-sensing data analysis capabilities available on the
Goversment Services Administration (GSA) netwark (a
camputer network operated for Federat agencies by the
GSA) and are awine that consideration Tas been given to
installing  noltispectral - data processing cagahility  on
commercial time-sharing networks, at the time ot this
writing. there is only one operational Barth resourees
data processing network. This s the Earth Resanrees
Data Processing System aperated by Puadue University's
Labaratory for Applicstions of Remote Sensing.~

A
Skl deveiopment of tisis syatem was supported by the Nationat Avtonaaties and Space Ydminntgation (N ASNY undet seant
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The system provides remote access to LARSYS, a
multispectral  data bank, and o general purpose
computer; LARSYS is a fully documented multi-image
dota analysis software system designed to provide for
advanced rescarch, development, and applications of
remote-sensing concepts and systems. The multispectral
data bank is available to all users of LARSYS and scrves
as its primary data base; LARSYS is implemented on a
general purpose computer with time-sharing and remote
terminal capabilities. .

It is significant that the word “system” is used
instead of the word “network™ in the name of the Earth
Resources Data Processing System because considerable
support above hardware/software capability is provided.
The main thrust of this additional support is in providing
education and training materials and services, extensive
software documentation, and personnel services. This
support includes the following.

Educational maicrials and services:

1. A 2-week LARSYS Analysis for Instructors Course
to train the designated remotc-site specialists to
become qualified instructors prior to terminal
instatlation

. The LARSYS Education Packuge, a set of
instructional materials developed to train people in
the analysis of remotely sensed multispectral data
using LARSYS  Site experts who have taken the
LARSYS Analysis for Instructors Course serve as
instructors at the remote sites

3.An advanced level LARSYS Analysis

Workshop/Seiminar oftered at the remote site after
users  have reccived initial training by the
remote-site instructors and  have  gained some
experience using LARSYS

Software  documentation: The LARSYS User's
Manual containg a comprehensive  deseription of  the
organization of the LARSYS system and the processing
functions available.

Personnel services:

1. A Purduc/LARS employee designated to serve as

an atalysis speciatist Tor remote terminal users

2. A Purdue/LARS employee designated to serve as a

system specialist to assure smonth operation of the
terminal

A Specialized  reformatting,  preprocessing,  and

LARSYS software programing instruction services

A miore extensive description ol the Earth Resources
Data Processing System has been prepared by Phillips
and Schwingendort tret. ). This document abso provides

(3]

the basic parameters which would allow onc to estimate
the cost of installing and maintaining a remote terminal
at a particular location. Duta on seven such installations
have shown that the average annual cost for maintaining
and using a remote terminal has been $70 510; terminal
installation costs have averaged $908S.

IMPLEMENTING ANALYSIS SOFTWARE

Other approaches to obtain an in-house capability for
the analysis of remotely sensed data range from the
purchase of specialized hardware and software to
implementing software on a general purpose digital
machine. It does not seem appropriate in this paper to
try to summarize, critique, or estimate the expense of
the various kinds of specialized hardware availablc to the
remote-sensing user community. Some of these systems
arc described elsewhere in these proceedings, and price
information is readily available from the manufacturers.
It does seem appropriate, however, to discuss some
aspects of impiemienting analysis software on your own
gencral purpose digital machine, because  many
organizations alrcady have access to general purpose
computational facilities. Threc factors will be
considered: software availability, training, and personnel
requirements.

Computer algorithms proven to be cffective for the
analysis of remotely sensed multi-image data have been
reported in the literature. (See conference proceedings
listed in appendix A.)” Copies of these programs muy
sometimes be obtained from the authors at nominal
cost. Documentation varics, ranging from nonexistent to
good. A compleie, well-documented softwase system,
LARSYS, may be purchased by domestic organizations
from the LARS for $1000. This price includes source
tapes and over 3000 pages of documentation, consisting
of the LARSYS User’'s Manual. LARSYS System
Manual. LARSYS Test Procedures Manual, and LARSYS
Program  Abstracts.  Nondomestic  organizations  ihay
obtain - LARSYS through  COSMIC. Barrow  Hall,
University of Georgia, Athens, Georgia 30601,

The Laboratory for Applications of Remaote Sensing
also offers, on o wequest basis, a LARSYS Programing
Fducation Coune. This course, which might be more
adequately described as a consublting service, is designe
to take participants as far as possible into understinding
how LARSYS is propramed. Content and duriation ot
the course are variable depending upon the backprouad

Wo du not mean toimply that existing aleonithms are necesarify optionns of Tt confingad resedto R in datis provessing tecinigues
shoubd e curtated, O the contrasy . continged Wotk in tiis ares is cssential,
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and objectives of the participants. The course fee is
negotiated on an individual basis. Sumple fees are:
$2500 for a I-week course (8500 per day), $3200 tor a
2-week course ($320 per day), and $3900 for a 3-week
course (8260 per day). The thrust of the course is to
prepare individuals to install LARSYS modules on their
own computer.

Because it is easy to grossly underestimate the costs
assuciated with the installation of analysis software, it
seems appropriate to give some guidelines even though
they may in themselves be subject to a considerable
margin of error. Commentary will be restricted to
estimating personnel costs only. No attempt will be
made to account for compuier time usage or prorated
support of the computer facility. To provide a
perspective, several levels of analysis capability will be
discussed.

A single programer could probubly implement the
algorithms commonly used in remote-sensing analysis on
a general purpose miachine in 6 to 12 months. This
implementation would not be expected to include
user-uriented input-output routines or other programing
“frills.” Furthermore, probubly only one or two
individuals who were very familiar with the programs
would be able to use the algorithms for anulysis
purpuses. The personnel cost required to achicve this
capability. which might be described as a minimum
capability. could range from $25000 to $40000
depending upon the individual’s salary und supervisory
and overhead charges. Since this level of capability
would be highly dependent upon one or two individuals,
the associated cost is perhaps more propery interpreted
as an investment in the individual rather than in the
soltware.

Providing convenient access to a larger group of
anglysts, say 10 to 12 individuals, would require more
carcful  implementation.  User-oriented  input-output

wmats s well as caretul docomentation would be
recommended. 16 is ostimated that this intermediate level
of analysis  capubility would require 3 personnel
investiment of S 100 G0 or more.

As a final example, consider establishing what iight
be called a “full service™ remote-sensing data analysis
capability. Such a capability would inchude providing
preprocessing services (such as geometric correction and
multitemporat overlay) and several peciaized progran
adaptations. Al Jeast 2 to 3 years would probabty be
nevded to build up such o copability . Suceess would
require. hnddmg expertise in preprocessing apeeations,
system programing  capability, and routine seiviee
operations. One could  anticipate w0 S300000 1o
SSO0 QU mvestient to acinese “tuil sersiee” capabiiny

with an accompanying $200 000 to $300 000 annuul
personnc! budget.

Although subject to considerable interpretation, the
personnel costs quoted in these examples are estimated
as realistic lower bounds. Naturally, justification of such
expenditures would require lorge volumes of data
analysis. Alternatives to such a large expenditure are the
remote terminal approach, discussed in the last section,
or outside contractors to analyze the data.

SUMMARY

This papes has presented a survey and discussion of
the two components necessury for  bringing  the
remote-sensing technology which has developed over the
past decade to the user community. These components
are cducation and training opportunities and the
capability for anatyzing the data available from current
SCNSOT systeIms.

Education and trsining opportunities range from
self-study of the literature and attending conferences
and sympuosia to participating in intensive short courses
and  residence  progruns.  Options  for  establishing
numerical analysis capability include purchasing
specially designed hardware-software systems, accessing
via 4 remote tenmingl the LARS Earth Resources Data
Processing System . and implementing analysis software
an one's own general purpose computer.

This paper, alung with its appendixes, is intended to
serve as 2 guide to potentisd members of the
remote-sensing  community  secking a  deeper
understanding  and  involvement  in  remote-sensing
activities,
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System. LARS Information Note 031274,

Laboratory for Applications of Remote Sensing,
Purdue University.

U-3 APPENDIX A

REMOTE-SENSING LITERATURE

The following list of published materials was
compiled as an aid to persors new to numerical analysis
of remote-sensing data. The authors would appreciate
knowing about other available tutorial and technical
publications which might be of help to the newcomer.

Books

Alexander, Larry; Eichen, Leo: ot ol .: Remaote Sensing -
Environmental and Geotechnical  Applications,
Engincering Bullctin 45, 1974. Dames and Moore,
445 S. Figucroa St., Los Angeles, Calif. 90017,

Colwell, R. N, ed.: Manual of Photographic
Interpretation, 1960. Amecrican Society of
Photogranmmetry, 105 N. Virginia Ave., Falls Church,
V. 22046.

Estes, John K. and Senger, Leslie W., eds.: Remote
Sensing - Techniques for Environmental Analysis,
1923. Hamilton Publishing Company. Sunta Barba,
Calif. 93101.

Holz, Robert K.: The Surveillunt Science  Remate
Sensing of the Environment, 1973. Houghton Mifilin,
Boston. Mass. 02101.

Johnson, P. L., ed.: Remote Sensing in Ecology. 1969,
University of Georgia Press, Athens, Ga. 30601.

National Research  Council:  Remote  Sensing  With
Special Reference to Agriculture and Forestry, 1970
National Academy of Sciences. 2100 Constitution
Ave., Washington, D.C. 20037.

Pouquet. Jean: Les Sciences de fs Terra o L'heure dos
Satellites (Earth's Resources from Sacllite), 1974,
Transkation by 1. Reidel Publishing Co.. 306
Dartmouth St.. Boston, Mass. 021 16.

Reeves, R. G.. ed.: Mannal of Remote Sensing, 1975,
Amcrican  Suciety  of  Phoiogrammetsy, 108 N,
Virginia Ave.. Falls Chusch, Va. 22046,

Rudd. Robert: Remote Sensing A Better Vie, 1974,
Duxbury Press. 0 Bound Brook G, N. Scituate. Mass,
02006.
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Wolff, Edward: and Mercanti, Enrico P., eds.
Geoscience Instrumentation, 1974, John Wiley and
Sons, 605 Third Ave., New Yosk, N.Y. 10016.

Journals Devoted to Remote Sensing

IEEE Transactions on Geoscience Electronics
(quarterly): Institute of Electrical and Electronics
ngincers, 345 East 47 St.. New York, N.Y. 1001 7.

ITC Journal (five issues yearly): International Institute
for Aerial Survey and Earth Sciences, Enschede, The
Netherlands.

Photogrammetria (bimonthly): International Society for
Photogrammetry. P.O. Box 1345, Amsterdam, The
Netherlands.

Photogrammetric  Lngincering and Remote  Sensing
(monthly): American Society of Photogrammetry,
175 N. Virginia Ave., Falls Church, Va. 22046.

Remote Sensing of Environment (quarterly): American
Lisevier Publishing Co.. 52 Vanderbilt Ave., New
York. N.Y. 10017.

Journals Frequently Carrying Articles
on Remote Sensing

Agronomy Journal (bimonihly): American Sweiety of
Agronomy., 677 S. Sepoe Rd.. Madison, Wis. §3711.

Applicd Optics (monthly): Optical Society of America,
2000 L St. N.W., Washington, DL, 20036.

Aviation  Week  and Space Technology  (weekly):
MoGraw-Hill, 1221 Avenie of the Americas, New
York, N.Y. 10020,

Crop Science (haeuthly): Crop Science Soviety of
America, 677 8. Segoe Rd., Madison, Wis, $3711.

IEEE Transactions on Computers (monthly): Institnte
of Electrical and Electronies Engineers. 348 Fast 47
St New York. N.Y. 10017,
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Proceedings of IEEE (monthly): Institute of Electrical
and Llectronies Enginecrs, 345 Luast 47 St., New
York, N.Y. 100! 7.

Journal of Forestry (i wonthly): Society of American
Foresters, 1010 16€.0 St. N.W., Washington, D.C.
20036.

Journal of Soil and Water Conservation (bimonthly):
Soil Conservation Society of America, 7515 N.E.
Ankeny Rd., Ankeny, lowa 50021.

Optical Engincering (bimonthly): Society of
Photo-Optical Instrumentation Engineers, 338 Tejon
Place, Palus Verdes Estates, Calif. 90274.

Soil Science Society of America Proceedings
(bimonthly): American Society of Agroiomy, 677 S.
Segoe Rd.. Madison, Wis. 53711.

Reports

Bressanin, G.:and Erickson, J., et al.:
Data Processing Systems tor Earth Resources Surveys
Vol. 1 - Introduction to Preprocessing Technigues
Vol. 2 - Methods of Implementation
Vol. 3 Technicul Appendices
Vol.4  Summary
Val. 5 - Bibliography
European Spuace Agency. 114 Avenue Charles de
Gaulle. 92-Neuilly, France, 1973.
Laboratory  for  Applications  of  Remote  Sensing:
Remote Multispectral Sensing in Agriculture
Vol. | Reseuarch Bulletin 831, 1907
Vol. 2 Rescarch Bulletin 832, 1967
Vol. 3 Rescarch Bulletin 844, 1968
Vol. 4 Rescarch Bulletin 873, 1970
Agricultural Experiment Station, Purdue University.
W. Lalayette. Ind. 46207,
National Acronautics and Space Admmistration:
Earth Resources Aircralt Propgram Statns Review,
1908
Vol. | NASA TM X-02504.N71 /10120
Vol.2  NASA TM X-02505. N7t/ 147
Vol. 3 NASA TM X02500. N71/16b00
Second  Annuat Earth Resources Airciaft Program
Status Review, 1969
Vol. 1 NASA TM X-00913, N71/1925]
Vol 2 NASA TM X008, NT1H/11070
Vul. 3 NASA TM X.06481, N7I/1115]
Third Anmual Earth Resources Program Review, 1970
Vol. 1 NASA TM N.07303,N72/1224x
Vol 2 NASA TM X-67404, N72/ 12200
Vol 3 NASA TM X-a 7407, N72/122048

INn

Fourth Annual Earth Resources Program Review,
1972
Vol. 1 NASA TM X-68564, N72/29302
Vol. 2 NASA TM X-68397,N72/29327
Vol.3  NASA T™ X-68952, N72/29355
Vol.4 NASA TM X-68503, N72/29378
Vol.5  NASA TM X-68562, N72/29407
Advinced Scanners and Imaging Systems for Earth
Observations, NASA SP-335, 1972
National Techaical Information Service, Springficid.
Va. 22101.

Also  check reports  from  Agricultural  Experiment
Stations and Technical Bulictins from the US.
Geological Survey.

Proceedings

Amcrican  Society  of  Photogrammetry  Symposia
(annual, s aiannval, and special). 105 N. Virginia
Ave., Falls Church. Va. 220406.

Canadian Symposia on Remote Sensing:

First  Symposivm  Proccedings, Sept. 1972,
Information Center. 171 Slhater St.. Ottawa,
Ontario, Canada.

Second Symposium Proceedings, Mar. 1974, Canada
Remate Sensing Suciety. /o Canada Acronautics
and Space Institute. 77 Meteall St Ottawa.
Ontario, Canada.

International  Symposia  on - Remote  Sensing  of
Environment  {every IR months  since  1962):
Environmental Rescarch Institnte of Michigan. Ann
Arhor, Mich, 43107,

Machine Processing of  Remotely  Sensed Dt
Laboratory  tar Applications of  Remote Sensing,
Purdue University . W. Latayette, Ind. 46207,

1973 Conference IEEE Catalog No. 73 CHO
R34-2GE

1975 Conlerence JEEE Catalog Noo 75 CH
100000

181, 445 Toes Lane, Piscataway. N.J. O8XSS,

NASA (vaious symposia):

Intermational Workshop on Farth Resomees Suvey
Syatems. NASA SP-2K3 1971

Earth Resowrees Technodogy Satellite-1 Symiposivan
Proceedings, NASA TV Xaonl93, N73/16300,
1972,

Syimposiumi an- Significant Results: Obtained From
tarth Resonrees Technalogy Satellite-4. 19723

Vol | (A & BY  Sechnical Presentstions, NASA
Sp-227
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Vol. 2 Sunumary of Results, NASA TM X-66243,
N73/28389
Vol. 3 Discipline  Summury Reports, NASA

TM X-66284, N73/28405

Third Eurth  Resowrces Technology  Satellite-]
Symposium (Dec. 1973)

Vol. | (A & B) - Technical Presentations. NASA
SP-351

Vol. 2 - Summary of Results. NASA SP-356

Vol. 3 - Discipline Summary Reports. NASA SP-357

National Technical Information Service, Springficld,

Va. 22161.

Seminar in Applicd Remote Sensing, Public information
circular no. 3, May 1972, lowa Remote Sensing
Laboratory, lowa Geologizul Survey, 16 W. Jefferson
St.. lowa City, lowa 52240.

Shahrokhi, F., ed.: Remote Sensing of Earth Resources,
1972, 1973, 1974, 1975. Space Institute, University
of Tennessee, Tuilshoma, Tenn. 37388.

Thomson, Keith P. B.: Lane. Robert; and Csallany,
Sandor C.. eds.: Remote Sensing and Water Resources
Management,  1973. American  Water  Resources
Association, 200 East University Ave.. Urbana, 1N,
61801.

Bibliographies

Nagy, George: Digital Imuge-Processing  Activitics in

Remote Sensing for Eurth Resources. Proceedings of

the IEEL, vol. 60, no. 10, Oct. 1972, pp. 1196-12¢0.

National Acronautics and Space  Administration
(NASA): Remote Sensing of Earth Resources A
Literature Survey with Indexes, NASA SP-7036,
1970.

Technology  Application Center: Quarterly Literature
Review of the Remote Sensing of Natural Resources,
Institute for Social Research and Development,
University of New Mexico, Albuquerque, N, Mex.

Telespazio:  Data  Preprocessing  Systems for Earth
Resources Surveys, vol, § - Bibliography, 1973.
Prepared for European Space Agency. 114 Avenue
Charles de Gaulle, 92-Neuilly, France.

U-3 APPENDIX B

SYMPOSIA AND CONFERENCES

The following list includes the names of
organizations. contact pessons, and  briet remarks on
several renote-sensing conterences and symposia that
have been held on o regular busis in recent years.

Alberta Remote Sensing Center
205 100 Avenue
Edmonton. Alberta T5J0Z6
Canada

Lnviromnental Research hustitute of Michigan
0. Box 618
Amn Arbor. Mich. 48107

Laboratory Tor Applications of Remote Sensing. Purdue
Uniivessity
1220 Potter Drive
Weat Latayette, hnd. 47900

Univeisity ol Tennessee

Space Istitute

Tullahoma. Fenn, 3738X

Information regarding  proceedings  that  have  been
published from these conferences may be found in
appendix A.

Cal 8. Bricker, General Chainuan. Sympaosia r2ld every
IR months. Third Canadian Symposivm on Remote
Sensing  held in Septemiber 19750 Emphasis on
applicitions.

Dr. Jerald 3. Cook. T0th Intermational Symposium on
Remote Sensing of Environment hekd in October
1975, Remote sensing in peneral,

Dr. €D MeGillem. Progam Chainman. Secoid
Sympaniom - on Machine Processing o Remotely
Seosea Dot beld in June 1975 Emphasis on machine
progessig.

Di. F. Shabrohhic Fowth Annal Remiote: Sensing of

farth Resomees Conterence held in Masch 1975,
Remote seming in general.
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U-3 APPENDIX C
f REMOTE-SENSING SHORT COURSES

The infornution on courses regularly scheduled (table  offering short courses on a regular basis, have presented
C) is intended 1o bhe representative sather  than  short courses in the past and are prepared o do so in the

-4

exhaustive. Many remote-sensing  centers. while  not

NN

future when needed.

TABLE: (-1, COURSES REGULARLY SCHLEDULED

Location

Contact

Details and emphasis

District of
Comtmbia

Indiana

Kansas

Michigan

Mississippi

Oregon

Rulph Bernstein

¢fo Director,
Continuing Education

George Washington
University

Washington, D.C. 20082

D. B. Morrison
LARS/Purdue University
West Latayette. Ind. 47907

Dr. Richard Moore
Remote Sensing
Laboratory
University of Kansas
Lawrence, Kuns. 660044

Dr. Jerald J. Cook

Willow Run Labormories

Environmental Research
Institute of Michigan

P.O. Box 618

Aun Asbor, Mich. 48107

Dr. Gary W. North

Nutional Space
Technology Laboratories

LEROS Program

Bay $1. Lonis. Miss. 39520

Dr. Barry Schrampt

Eaviconmental Remote
Sensing Applications
Liboriony

regon State University

PEORTEY |+ LI B R X]
Coryalhs, Oecp. 97331

Digital image processing: 3-day course
was offered July 1975, Emphasis on
geometric and radiometric correction
and computer configurations for image
progcessing.

Introductory course on fundamentals of

remote sensing: offered first full week
of cvery month: enrollment bimited to
15 per course. Workshops emphasize
machine processing.

Radar short courses have been offered
in the past and will be in the future
when need and demand dictate. Course
notes are available for purchase.

Two courses on infrared are oftered
frequently in sunmmer in conjunction
with sununer school, University of
Michigan,

Various applications of remote sensing.
Twice cach month. 4-day courses are
oftered on a request basis, Limited

to 12 participants.

Diggtal processing of Landsat dafa
otfered yearly: 2abay comse:
participants limited 1o 30: cost $150
pl‘! ,“'l.\(ll[

-
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TABLLE G Concluded
Location Contact Details o Emphasis

South Dakota

->

Tennessee

Washington

e, David P, Paine
School of Forestry and
Lixtension Service
Oregon State University
Corvallis, Oreg. 97331

Dr. Donald Lauer
EROS Data Center
Sioux falls. S. Dak. 7198

Dr. Donald Moore

Retote Sensing Institute

South Dakota State
University

Broukings. S. Dak. 57007

Dr. F. Shahrokhi

The University of
Tennessee

Space Institute

Tullahoma, Tean. 37388

Dr. Frank Westerlund
Dept. of Urban Planning
University of Washington
410 Gould Hall

Scattle. Wash. 98198

Acrial photopaphy remote-sensing
short course offered anuually in March:
limit 40-84; cost $100 per person.
Organizing aerial missions, photograph
mensuration and multisampling, and
int:oduction to broader aspects of
ramote sensing.

Remote sensing in general. Two courses
tor international representatives will

be offered annually, spring and fall,
Subsequently. a course will be offered
quarterly for anyone interested.

Photuinterpretation especially. but
all aspects of remote sensing covered.:
starts in 1976 initially tor
representatives of domestic and
foreign governmental agencies:in
conjunction with EROS Data Center.
Training from 1 week to 1 year.

Remote Sensiog in peneral. Courses have
been offered on various aspects of
remote sensing in the past and will

be in the Tuture upon demaml.

“Retnote Sensing for Planners™ was
offered May 1975: attendance limited
o 306.
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