
THE PROCEEDINGS OF THE 
1/0RKSHOP ON 

REMOTE SENSING AND GEOGRAPH IC INFORMATION SYSTEMS 
fOR USE IN MANAGING 

THE ALBEr.ARLE-PAMLICO ESTUARY 
~ove~er 9-10, 1987 

Albe~ar le-Paml ic~ Estuarine Study 
and 

The Universi ty of North Carolina 
Water Resources Research Institute 



The Proceedings of the 
Workshop on 

Remote Sensing and Geographic Information Systems 
for Use in Managing 

Tne Albemarle-Pamlico Estuary 

~ovember g-10, 1987 
Raleigh, NC 

Sponsored bj: 

The Albemarle-Pam1ico Estuarine Study, 
a cooperative program of 

the U.S. ~nvironmental Protection Agency's 
National Estuary Program, 

and the llorth Carolina Oepartment of 
Natural Resources and Community Development 

and 
the Water Resources Research Institute 

of The University of ~orth Carolina 

Edited by the UNC Water Resources Research Institute 

i 
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This is the third in a series of special workshops conducted for the 
Albemarle-Pamlico Estuarine Study. The other workshops were on water quality 
and hydrodynamic modeling and on fish diseases. All of these workshops were 
held to clarify issues and needs in these subject areas and to establish · 
priorities for studies and programs. 

We want to acknowledge the inputs to this workshop by Karen Siderelis and 
Tom Tribble in the land Resources Information System office of the Division of 
land Resources. Their help and cooperation in developing the program and 
identifying expertise were valuable. 

The list of applications of remote sensing and geographic information 
systems is i r.1pressive and continues to grow. This growth coupled with the 
expected tenfol d increase in the next 10 years of cor.1puter power and greater 
access and convenience of computers make it an exciting time for professionals 
in information systems. 

We are especially pleased to have an impressive group of experts in this 
field t o participate in this workshop to suggest specific initiatives and 
strategies which might be undertaken as a part of t he Alber.1arle-Par.1lico 
Estuarine Study. We seek your recommendations for studies and programs that 
have potential use and application by the resource managers. In addition to 
specific studies and programs, you may have reco~endations for institutional 
a~d policy changes ~hich will enhance the use and application of rer.1ote sensing 
and GIS information. 

Managers of the Alber.1ar1e-?amlico Estuarine system must make tough 
decisions and take courses of action with limited data and information. Ve 
know thQt applications from remote sensing and GIS can benefit those r.19 nagers. 
You can suggest ways to i mprove the exchange and use of data and computer 
software, ways to achieve greater integration of information, and ways to put 
it into operational programs. 

let me review with you t he specific objectives of the workshop: 

1. To develop an understanding of the state-of-the-art 
in remote sensing and geographic information systems 
{GIS) and of the advantages, limitations, and 
processes of integrating remotely sensed data with 
other spatial data in a GIS. 

2. To assess the State's current capabilities in remote 
sensing and GIS that could be enhanced and utilized 
for developing and maintaining a land-use inventory 
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for the Albemarle-Pamlico region and for 
incorporating the data ir the APES data system. 

3. To explore approaches for using land-use information 
to address water quality, fisheries, recreation, and 
other resource management issues in the Albemarle
Pamlico Estuarine Study. 

4. To benefit from the experience of other agencies that 
have attempted similar programs. 

5. To recommend a practical strategy for implementing an 
operational program to develop and maintain a land
use inventory for the Albemarle-Pamlico Estuarine 
Study. 

iv 



lolorlr.shop Agenda 
Monday, November 9 

The Albemarle-Pamlico Estuarine Study and Requirements/Uses of 
Land Use and Land-Cover Data 
Ooug~as N. Rader, Study Coordinator •••••••.•••••••••••••••••••••••••••• Page 1 

Albemarle-Pamlico Data Hanagement Program 
Karen S1derel1s, D1rector, [and Resources Information Service •••••••••• Page 9 

State-of- the-Art and Summary of Issues 

Stuart Doescher, Eros Dat a Cent er •••••••.•.•.••••••••.••.•••••••.••••.. Page 15 

Stephen Walsh, UNC Chapel Hill ••••••• • •••.••.•••..••••.•••••••••••••••• Page 27 
In-House Programs, Capabilities, and Expertise 

Siamak Khorram, N. C. State University Computer Graphics Center •••••••• Page 31 

Farid Askari, N.C. State University Dept. of Marine, 
Earth and Atmospheric Sciences •••••••••••••••••••..•••••...•••••• Page 35 

Stephen Walsh, UNC-Chapel Hill Geography Dept •••••••••••••••••••••••••• Page 39 
Tom Tribble, N.C. Land Resources Information Service •••.••••••••••••••• Page 41 

Leon Danielson, N.C. State University Extension Economics & Business ••. Page 45 
Available Data Bases and Data Services 

N.C. Department of Natural Resources and Comr.1unity Developr.~ent & 
U.S. Geological Survey Cooperative Mapping Program 
Steve Conrad and Al Stevens .....•...•••••••..•.•••..••..••.••.....•••.. Page 51 
National Cartographic Information Center 
Al Stevens and Steve Conrad •...•..•..•.••.•••..••.••...•••••...••.•.••. Page 53 
EPA Region IV 
George Collins ...........................................•............. Page 57 

Cooperative Soil Survey Program 
Horace Smith ........•.................................................. Page 59 

National Wet l ands Inventory 
John Hefner ....•••...•.•...•.•.•.•••..•••.•.•.•..••...••••.•••....••••. Page 65 

Land Records Management Program 
Steve Conrad ........................................................... Page 69 

State Data Center 
Celia Fu11er .. ....•••••.•••.....•.•................ .................... Page 73 

v 



Workshop Agenda 
Tuesday. November 10 

Experiences in Remote Sensing in Estuarine Areas and 
1n lntegrat1ng Remotely Sensea Data 1nto a Geograph1c Information System 

Experience in Constructing a Digital Cartographic Data Base 
Al Stevens, u.s. Geological Survey, Eastern Mapping Center •••••••••••••• Page 77 

Experience in Identifying Critical Watersheds Using Remotely Sensed Data 
Charles Bostater, Univ. of Delaware College of Marine Studies ••••••••••• Page 81 

A GIS Approach to Understanding Biogeochemical Processes 
Carolyn Clark, lockheed Engineering and Management Services ••••••••••••• Page 87 

The TVA's Experiences with Spatially Complex Water Resource Problems 
frank Perchalski, Tennessee Valley Aut~ority •••••••••••••••.•••••••.•••• Page 91 

Estuarine Remote Sensing Using NOAA AVHRR 
Richard Stumpf, National Oceanic and Atmospheric Administration, 
Assessment and Information Service Center .••.••••..•..••••••....•••••••• Page 99 

Discussion and Development of Strategies 
tor Acqu1r1ng and Ma1nta1n1ng 
[and-Use Data and Remotely-Sensed Data 
for the Albemarle-Pamllco Estuanne Study .............................. Page 101 

Recommendations for Utilization of Remote Sensing 
and a Geographic Information System in the Pamlico-Albemarle 
Estuarine Study by Caro~yn Clark .•..••...•....•..•..••.•.•.•••..••• Page 117 

list of Participants .• :; •....••. : .•............•.••....•..•......•..••• Page 121 

vi 



list of figures 

1. Pamlico/Albemarle Spawning and Nursery Areas ••.••••• ••••••••••• Page 2 

2. Historic Oyster Ranges .......................................... Page 5 

3. A GIS conceptualized as a set 
of geographically registered data layers ••••••.•••••••••••••••• Page 16 

4. Conceptual GIS Model ••.....•..•••••••.•••.••••••••.•••..•.••.•• Page 18 

5. Three Raster Data Organizations •••••••••.•••••••••••••••••.•••• Page 20 

6. Two Vector Data Structures ..........................•.......... Page 21 

7. Spectral Sensitivity of Satellite Systems •..•..•...••.••••••.•• Page 23 

8. An Information System ................... ................... .... Page 50 

9. Status of Soil Surveys for 
t he Albemarle/Pamlico Estuarine Study Area •••.••••••••••.••••• Page ~0 

10. Digital Soils Status for 
t he Albemarle-Pamlico Estuarine Study Area ••••••••••••..•••.•. Page 63 

11. Mapping Status (orthophoto and cadastral) 
N.C. Land Records Management Program ..••••.•.••• ••••••• •••••. • Page 70 

12. A GIS approach to methane flux studies 
in the Florida Everglades ...•.. •...•.•.. •....••.•.••••••.••.•. Page 88 

13. Illustration of atlas format ..•.••••••.•....•..•.•..•.•.••••.• Page 92 

14. Chart of some da t a needs and possible data sources for use in a 
Geographic Information System for APES ..••••.••.•....•.•..•.•. Page 108 

15. Flowchart for utilization of remote sensing and 
a Geographic Information System 
in the Albemarle-Pamlico Estuarine Study ••••••••••••••••••••.. Page 120 

vii 



list of Tables 

1. Satellite characteristics •...•••••••••••••••••••••••••••••••••• Page 26 

2. U~C-Chapel Hill Cartography and Computer Graphics Laboratory ••• Page 40 

3. UNC-Chapel Hi ll Remote Sensing/ 
Geographic Information System Laboratory ••••••••••••••••••••••• Page 40 

4. System description -
North Carolina Land Resources Information Service •••••••••••••• Page 44 

5. National Cartographic Information Center Offices ••••••••••••••• ?age 54 

6. Data classification levels .••.•.• . •••..•..•••••.•.••••••••..• •. Page 82 

viii 



Albemarle-Pamlico Estuarine Study 
Doug 1a s Rader 

Study Coordinator 
This presentation is an overview of the Albewarle-Pamlico Estuarine 

System and some of the key processes that are the major focuses for management 
of the system. It will also include an overview of the ~peration of t he 
Albemarle-Pamlico Estuarine Study because we are interested in integrating 
remote sensing and geographic information systems into what we have already 
done. 

The Albemarle-Pamlico System is a very major estuary on the E~st Coast-
t he second largest in water surface area after Chesapeake Bay to our north. 
Throughout the drainage basin there have been very striking changes in land 
surface disturbance patterns. The nanagement of land-use change and its 
effects will form the focus for the Albenarle-Pamlico Study. 

Study Area Not limited 
to Coastal Fringe 

The study area itself encompasses roughly 31,000 square miles, comprising 
33 counties in ~orth Carolina and the Chowan and Back Bay drainages in 
Virginia. The Albemarle Sound to the north and the Pamlico Sound to the south 
are coastal lagoons with a number of tributaries, the most i mportant of which 
are the Neuse River, the Pamlico River, the Roanoke River, and the Chowan 
River . Currituck Sound in the extreme north connects with the Back Bay in 
Virginia . Also included in the system are Core Sound and Bogue Sound further 
south. 

One of the major tributaries, the Neuse River is a predominantly 
urbani zed stream in the southern part of t he study area. At times of low-flow 
at llew Sern , bet>;een 85 and 90 percent of the tota1 f; ow in the stream is 
waste. Another key tributary, the Pa~l ico River has recently b~en the locus 
for a great nun~er of environmenta l changes. 

As you can see, in this study ~<e are not looking only at the coastal 
fringe because an enormous nun~er of hunan impacts come from upstream. A look 
at the relative contributions of up-~asin and down-basi n effects nakes clear 
the need to insure intergo~ernmental cooperation throughout t he study area. 

Area Is Rich in Resources. 
Economically Crucial to State 

This area is enormously rich in natural resources related to the 
estuaries. The fishes and the human lifestyles that fishing supports are very 
important to the state of Nor th Carolina. Throughout the system are nursery 
areas for various kinds of economically important species, either anadronous 
fish upstream or brackish-marine species in some of the so-called primary 
nursery areas that fringe Hyde and Pamlico counties. (See Figure 1) 
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Figure 1 -
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Pamlico/Albemarle spawning and nursery areas: General 
depiction of major nekt on nursery and anadromous fish 
spawning areas in the Pamlico-Al bemarle complex for 
economically important species (N.C. Div. Mar. Fish. , 
unpubl . data) . The nursery areas for warm-weather 
spawned fish are mainly for weakfish and silver 
perch. Anadromous nursery and spawning areas are 
combined, but spawning areas are nostly upriver while 
nurseries are mostly do~nriver . (from Technical 
Memorandum N:·lFS-SEFC-175 , National Marine Fiseheries 
Service, NOAA, U. S. Dept . Commerce) 
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No one knows precisely how much of the fisheries productivity on the East 
Coast is supported by the Albemarle-Pamlico Estuarine System. The i mpl ication 
is that it is fairly high, especially for species like menhaden that are 
harvested all along the East Coast. All the little creeks and bays that serve 
as primary nursery areas are surrounded by wetlands that, prior to the mid-
1970s, had not been disturbed. A great deal of conversion of wetlands took 
place in this system between about 1975 and 1982-1984. 

This area is also enormously rich in shellfish resources, whether they 
are fringing saltmarsh oysters or scallops in Core and Bogue Sounds. 

Historically, the areas between the numerous tributaries were swamp 
forests, wetlands and pocosins. They have been changing t hrough time, but 
overall these areas are very, very low in elevation--not basin wide, but in the 
Albemarle-Pamlico peninsula in particular. (In Hyde County a dredged spoil 
mound is probably the highest point in the entire country.) 

land-Use Change is Overtaking Wetlands 
Fringing Nursery Areas 

However, change is overtaking these wetlands. Today t here is a mosaic of 
land uses t hroug hout the area, including, along with the residual swamp 
forests, agriculture and silviculture. Agriculture is now the predominant use, 
by land area, in the entire drainage basin for the Pamlico Sound. 

In the 1970s and 1980s, agribusiness came into the area in a big way, and 
there are ro ow enormous areas dedicated to megafarming with all its 
rami ficat ions and implications. Because this area is so low it is necessary 
to drain almost all the land before you can do anything with it. The very dense 
drainage systems that have been put into place have the potential to 
signific?ntly impact the nursery areas I described previously. Not all the 
relationships are well understood, but it is well understood that the drainage 
systems carry the bulk of the fresh water, sediments, nutrients, and toxicants 
coming off agricultura) and si lvicultural land to t he receiving streams and on 
to t he estuaries. In some areas the pumped drainage is very hig h in volume .. 

Drainage practices are subject to management , and if we can develop 
ecologically sound drainage teLhniques, we can go a long way toward reconciling 
important humans uses of the coastal resources. 

In addition, animal operations have exploded along the coast. Broiler 
and hog production are both way up from the mid-1970s. 

Next to agriculture, however, silviculture represents the major land use 
on the coast. A great deal of swamp forest clearing took place in the 70s and 
80s, and the paper and other silviculture- related industries are probably the 
major point source dischargers in the system. There are major paper-making . 
facilities on the Roanoke River, on the Neuse River, and on the Chowan River in 
Virginia. There is also a world- class phosphate operation on the Pamlico 
River, with a mine and processing facility. It is the largest single point 
source discharger in terms of volume of waste in the Pamlico System and one of 
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the largest open-pit phosphate mines in the world . It discharges approximately 
45 percent of the total phosphorus in the entire Albemarle-Pamlico system. It 
also has other important management implications. Other waste product s from 
phosphate mining are volumi nous . One of t he wastes is the phosphate clay or 
slime. 

Population of St udy Area Predicted to Double 
by the Year 2000 

Now, in addition to the large land conversions for agricultural and 
silvicultural purposes, the resort potential of the coastal area is being 
exploited , and large number s of marinas are opening. If you look at the total 
population in the East, there have been linear increases from the 70s--constant 
popul ati on growth. Some demographers predict that between now and the year 
2000, t he popul ation of the t otal study area wi ll double . The lesson from that 
is simple and provides t he primary impet us for t he study : change is coming, and 
now is the t ime to manage the change. 

Even with the economic foibles of the last few years there has been 
pretty much a constant increase in total harvested agricultural land in many 
counties in the study area. There has been a linear increase in the total 
number of major permits permitted for development in the coastal counties of 
North Carolina since 1983. It's obvious the area will continue to see more 
people, more development , more sewage . 

Environmental Tol erances of Sys t em 
Are Bei ng Taxed, 

Fish Har vest Decreases 

At the same time the change is coming, there is evidence that 
environmental tolerances in the system are being exceeded. There are evidences 
of environmental stress. A major one is eutrophication, visually evident by 
the nuisance growth of blue-green algae in several tributaries. The Chowan and 
the Neuse rivers have experienced blooms for several years, and last summer, in 
the Paml ico River, where the water is more sal i ne than blue-green algae can 
stand, there was growt~ of more salt- tolerant algae that exceeded the state 
standards for algal pigment by ten t imes . 

The consequences of oxygen absorption which that level of algal gro~th 
causes can be obvious. Between January and July of 1987 there were 37 total 
fish kills reported in the entire state of North Carolina . Of that 37 , 14 were 
in the Pamlico system. In addition to fish kills, there are several important 
diseases of fish and crust aceans that sometimes reach epizootic proportions . 
The most prevalent is ulcerat ive mycosis , a sore- forming disease which 
sometimes reaches 85 t o 90 percent incidence in ~enhaden schools in la t e spring 
and l at e fall and affects other commercially i mpor tant species such as 
flounder . There is also a gui ld of nine ot her bacteria, fungi, and viruses that 
infects all kinds of fishes in the ~lbemarle system with diseases called "red 
sore." This past summer we had an unusual outbreak of a crab disease called 
"burnt crab disease" or "bro~~ crab disease" that is caused by a bacterium 
which eats a~ay the carapace. This disease was centered in the Pamlico River . 
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Another consequence of development in this system, especially of nonpoint 
sources of pollutants, is the increase in closure of shellfishing waters 
because of contamination by fecal coliform. From 1971 to the present there has 
been a stepwise increase in closure due to contamination from residential 
sources. That doesn't necessarily mean that it is worse now than it used to be 
because there are institutional and administrative factors folded into these 
figures, but that conclusion is suggested. 

Further, viable oyster beds are shifting. Since World War II, there has 
been a 10 to 15 mile downstream shift. (See Figure 2) This is a complex 
indicator of change. Harvesting of oysters, sedimentation, and a variety of 
other f3ctors enter into this change. 

The total effect of all these factors on fisheries has been a stepwise 
decrease of harvest of all edible finfish in t he area adjacent to the Albemarle 
Sound since 1980. 

Another change that parallels those discussed above is the disappearance 
of submerged plants such as wild c~lery throughout the system. 

Nonpoint Source Pollution 
Resulting from land-Use Changes 

Drives [nvironmental Changes in [stuaries 

The impact of all these conditions is obvi ous: there is a great deal of 
anthropic stress on the system. We want to design a management plan between 
now and ~ovember 1992 to address these changes and to try to preserve the long
term productivity of the system. 

Most of these changes, pres~mably, are driven by nonpoint pollution 
arising from land-use conversion and its effects. The challenge is to manage 
land use: to evaluate the effects of land use and all its consequences for in
stream activities. 

One final special topic t hat is of great concern in t hi s reg ion of very 
low wetland s is the large deposits of deep organic soil (known as peats ). that 
are subject to mining. Several pe5t-mining projects are now pending t hat are 
subject to environmental manageme~t. 

The Albemarle-Pamlico Estuarine Study, we hope, will heighten public 
awareness of the value of the resources in the system and thereby bring about a 
consensus on management practices that will allow diverse public activities and 
private activities in the tributary areas of the system to coexist. In order 
to bring about this consensus, we must look at all t he ways people use and 
affect the system. This will include ex~mining the effects of fis hing on the 
resource itself and the effects of economi c change on the fishing indvstry. In 
order to produce an effective management plan, this study must be bcsed upon 
collaboration among academics, federal and state agencies, and the private 
sector--including agricultural and industrial interests. 

There is a great deal of wor~ being done by federal and state agencies in 
Nor th Carolina now that can contribute to this study. There is an ambient 
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(water qual i ty) monitoring network . Between now and March 1988 we must decide 
how best to expand and complement t hi s ne t work, possibly with a combination of 
continuous sensors and citizen monitoring , to produce a long- term dependable 
and supportable data base t o support remote sens ing and modeling in the system. 

The Albemarle- Pamlico Study has t hree main components: 

(1) Informati on acqui sition: We are currently funding 17 
research pro jects to get the information we need in 
order to make rational management decisions • 

(2) Information management: We are in the process of 
adopti ng the concept of integrated data management 
for study use. Karen Siderelis will address t hi s. 

(3) Public awareness building: This may be the most 
important part of t he whole t hing . We have five 
pro jects underway and will spend roughly $150,000 a 
year to promote publ i c awareness in t he system. 

Clearly , we need all the hel p we can get i n completing the study and 
constructing the management plan. We wi l l be grateful for your advice. 
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Albemarle-Pamlico Data Management Pr ogram 

Karen Sf derel is 
N.C. Land Resources Information Service 

(The N.C. Land Resources Information Service [LRIS] is the agency 
designated to provide comprehensive mapping and data management services for 
t he Albemarle- Paml ico Estuarine Study. LRIS is a unit of the N.C. Department 
of Na t ural Resources and Co~«unity Development.) 

The purposes of my presentation are to (1) review the data management 
program for the Albemarle-Pamlico Es t uarine Study, and (2) to summarize the 
availability and limitations of existing data for the region. 

We have developed an overall but general data management plan for the 
study that was endorsed by the study' s policy committee in June of t hi s year. 
Remote sensi ng fa 11 s under the umbre 11 a of data management so today I will 
emphasize the parts of our plan that relate to remote sensing. 

The overall goal of the data management plan is to provide management 
support for accompl ishing t he objectives of the overall study. We intend to 
furnish managers and scientists with information to aid in addressing a number 
of the issues that were outlined in the study overview previously presented. 

Our objectives are as follows: 

(1) Catalog and access literature and data about the 
region 

(2) Establish mechanisms for accessing, i ntegrating, and 
analyzing pertinent autom~ted data 

(3) Provide the resources for au toma:i ng existing data 
not currently automated and new data resulting from 
other study activities 

(4) Develop automated reporting and tracking systems that 
sumaarize the conditions in the estuarine area 

D~ta Management System Is Oesigoed 
for Flexibility, Acessibility. and Long-Term Utility 

The criteria around whi ch we developed the data management system 
included the following : 

(1) A geographic information system (GIS) must be an 
integral part of the Albemarle-Pamlico Estuarine 
management program. We felt that the capability for 
compiling, storing, and analyzing data for this 
purpose is an absol ute requirement. 
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(2) The .data management system must be designed to 
mi nimi ze duplication. We want to avoid as much as 
possible duplicating hardware, software, and data. 
We felt that bringing together all the data we coul d 
find about the area into one large data base is 
probably impractical. We will take the approach of 
leaving the data where it is and developing links 
with remote data bases, where practical. 

(3) Access to the system and to the data ought to be 
avail able both remotely and locally. We have 33 
counties and numerous managers distributed throughout 
the study area, and we decided we ought to provide 
them remote access to the data system. 

(4) The system must be flexi bl e to accommodate data needs 
as they arise and to accommodate the addi tion of new 
data throughout the study period. Related to t his is 
the abi lity to allow managers ad hoc query. 

(5) The system must be cost effective. This is 
pa rticulary true in the area of remote sensing. 

(6) The system utility must extend beyond t he five-year 
l i fe of the study . We want to establish programs 
that t he state can support over the long run. In 
regard to remote sensi ng , we have to develop 
practical, reasonable techniques. We cannot 
estaol ish a research program. We must have an 
operational program ba sed on t he kind of technology 
t hat can provide useful results. We need your hel p 
in identifying the tec hnologi es that are mature 
enough to provide the operational t Echnique s we must 
have. 

LRIS has about ten years ' experience in the operation of a geographical 
i nformation system. Unfortunately, remote sensing has not been a major par t of 
our- GIS. 

Data Base for Albemarle-Pamlico [stuarine Study 
Has Three Components 

The data base for the study will have three components: 

(1) An indexed catal og of literature and data about the 
area 

(2) Tabular data. This will be nongeographic data, and it 
may not necessarily be stored in one data base. 

(3) Geographi c data. This would include exis ting data i n 
LRI S about such t hing s as soils, political 
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boundaries , watershed boundaries , fisheries data 
related t o primary and secondary nursery area s and 
shellfi sh areas, drainage basins , monitoring sites, 
and ground cover. 

It is not known at t his point precisely 
construct t he management plan for t he study. 
will be integrated into the plan. 

what data will be required to 
As data needs are uncovered , they 

Some Data Exist Which Will Support 
Study Objectives 

Current availabili t y of data is better in some areas than in others . As 
regards land use , t he available data are unsatisfactory. We do have USGS data 
from the early 1970s for the entire state , including the study area , but we 
feel the data are old and that there are integrity problems t hat would require 
an unreasonable amount of computer processing to resolve. 

We also have data from an environmental geologic atlas produced by East 
Carolina University in t he early 1gaos involving interpretation of high
altitude phot ography. The data cover five counties in the study area--Da~e. 
Hyde , Tyrrell, ~ashington, and Carteret. The major problem we see with thi s 
data is that it does not cover the entire study area. 

A t~ird set of land- use information we have is for a 12-quad area in the 
western part of the study area. These data were developed for the s~ate's bid 
for the Superconducting Su per Collider Project . Agai n it does not provide good 
coverage, and again it is based on interpretation of high-altitude phot ography . 
largely becau se of digitizing costs , it would be very costly to e~pand t hi s 
Gata to t he entire study area. f r om investigating t hi s set of da ta we 
discovered that it costs about S100, 000 to Dap and digitize a 12-quad area 
using t~is technique. 

The ~ater quality data currently availabl e come from the Division of 
Environmental ~anagement's ambient monitoring program. OEM has 115 stations in 
the study area. In addition USGS has 35 stream- flow monitori ng locations 
t hroughout the study area and pl ans an additional 24 or 25 in t he region in the 
coming year. There are plans t o supplement t hi s network with a citizens 
monitoring program of perhaps 3500 stations. 

Discussion 

Question: Are the water quality monitoring stations in tidal waters? 

Rader: They are spread out. 
t ha t the sampling frequency 
sound, 

One of the probl ems with the current pr ogram is 
is very low, especially in t he open ~ ater of t he 

I tried t o pull t oget her all t he water quality data collected by those 
ambient stations since January of this year and got very little da ta from t he 
computer. Some of the stat ions have no records at all . 1 don't know whether 
the sampl es haven't been analyzed in the lab or whether t he data haven 't been 
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entered or what. However, some of the stations near regional offices have very 
good data. So the coverage is very uneven. 

We have a clear mandote, and most probably funds, to expand that network. 

Khorram: What types of data are collected? 

Rader: A fairly standard series of water quality data. Between now and Harch 
we have to formulate a comprehensive baseline monitoring plan. We hope to 
construct that monitoring program so we can integrate the expanded wet 
chemistry water quali ty data into remote-sensed water quality data. 

So, I would emphasize that we're looking not only at the possibility for 
remotely sensed land-use and land-cover data but also at hydrographic data. 

Khorram: Do the existing stations collect hydrodynamic data? 

Rader: Not really. 

Khorram: How far back to the water quality data go? 

Rader: Some of it goes back to the late 1970s. Some privately collected 
information exists, including some that was collected for the Texasgulf permit. 

Khorram: Are there any large vessels that routinely collect data in the 
estuarine system? lle're talking about a really dynamic environment, and the 
ability to move around the system and monitor conditions instantaneously might 
be helpful. 

Rader: Absolutely. In fact, for most of t he parameters concerned--dissolved 
oxygen, nutrient concentration, crlorophyll a--noninstantaneous records are 
almost meaningless. If you sample 20 mhutes later or a few yards away from a 
static site, you may get completely different nu~bers . There are very strong 
diurnal patterns in all three of the parameters I mentioned. 

We are faced with coping with this proble:n. Perhaps we can do that by 
getting data instantaneously from satellites or continuously from monitors and 
integrating the wet chemistry data into that. Obviously, the pro~lem with 
using 1arge vessels is cost. I understand the Chesapeake Bay Study has spent 
millions of dollars on their monitoring effort. 

Khorram: For a study of the San Francisco Bay done by USGS early 1970s, the 
decision was made to get a couple of large vessels--about a 120 feet or so--and 
equip them with all kinds of instrumentation for continuous monitoring as well 
as sampling and onboard wet chemistry analysis. Every two weeks they sent back 
the data. 

Comment: There would be problems in our estuarine system with vessels of this 
size. The waters are so shallow, any vessel larger than 24 feet is going to· 
run into lots of problems. 
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Rader: Also, the monitoring effort we initiate must be something the state has 
the money to sustain over the long term. We can expect about SlOO,OOO to 
$200,000 a year for the monitoring program at most, and that is not a lot. 

What we are trying to do is create a solution by combining layers of 
effort. That is one reason why I am so attracted to citizen lay monitoring. 

Comment: Digitizing data is very labor intensive and expensive and there may be 
loss of data in the process. There are alternatives, such as predigitized 
maps. 

Rader: We are working with EPA to obtain base maps at the 100,000 scale. 

Collins: We are acquiring the USGS data set on 1/100,000 hydrography, the LUDA 
data, digital elevation model data base, roads--the basic data sets for our 
whole region. These data sets will be available to the states in digitized 
form. TVA is digitizing t he general soils maps for all of North Carolina , and 
those can be acquired. So we have sone form of the basic data sets that Karen 
mentioned-- including monitoring sites, strea~s. We have seen the st2te of Utah 
use the com~ination of digital elevation nodel data, land-use data , and stream 
data to determine nonpoint runoff in a very effective way. 

Perchalski: In your cost data from the SSC proposal, do you have any 
information on •·hat the information e"'traction costs versus the digitizing 
costs were? It has been our experience that digitizing costs about three to 
four times as much as data extraction. 

Siderelis: To the best of my recollection the costs were about the same. I 
don't think we experienced that kind cf ratio at all. 

Perchal ski: What was your mapping cnit? 

SidereJis: T~ree to five acres. 

Perchalski: We're down to a quarter of an acre (TVA Soils mapping) , and 1 think 
you may find you need greater detail for nonpoint source information. When you 
talk about t/'.ings like anir.lal waste sites, you sometimes have to look at which 
sid~ of the barn the site is on. You need t o keep your objectives in mind. To 
solve nonpoint problems, you neej the capability to look at individual fields. 
lf )t's just a GIS exercise, it doesn't matter what you put into the system. 
But if you're out to solve problems , you have to have the right data on t he 
front end. 

A lot of the historical data we have came from dealing with point source 
probl ems, and that doesn 't tell you much about dealing with nonpoint sources . 
However , if you start trying to digitize all the i nformation you need, it 
quickly gets to be very expensive. We've been looking at some alternatives. 
You can do some on-the-ground , meaningful , publicly visible things without 
spending a lot of time or money. (See Perchalski presenta t ion) 
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State of thP Art and Issues 
fn Remvte Sensing and Geographic Information Systems 

Stuart Doescher 
EROS Data Center 

I will first identify some of the Geographic Information Systems (GIS) 
concepts and characteristics and discuss a GIS data flow, using the data flow 
in the EROS Data Center as a framework. I will not try to present any 
solutions but will present ideas for discussion. 

following a discussion of GIS, I will go into remote sensing in some 
detail , discussing some of the numerous data sources and processing 
requi rements. 

Basically t he GIS is multiple , registered layers of geographic data (See 
figure 3) either in vector (polygon , line, or point) format or raster (matrix 
or grid cell) format. In some cases the data may be in tabul ar format. The 
building of the data base usually has the biggest i mpact on the analysis 
capability and sometimes accounts for up to 80 percent of the total GIS effort. 

Another GIS concept is that of a nucleus of hardware and software which 
is responsible for building the data base, integrating data, providing analysis 
tools, outputting data, and providing Qn effective user interface. (See figure 
4) To use today's GIS, a person needs to know two t hings basically: He needs 
to know .. hat he wants to do arod how to do that job with the tools the system 
ma~es availab1e to him. 

Wature and Capabilities of Geographic Information System 
Are Deterffiined by Hard~are , Software, and Data Organization 

GIS characteristics are determined by the hard~are and systems software 
at the heart of the syste~ . t he orsanization and characteristics of the da ta 
base , and the output capabiiities. The usef~lness of the system can be gaugea 
by considering the following: 

(1) Input functionality for building of the data base , 
including how the maps are digitized and how data 
from other digital sources are brought into t he 
system 

(2 ) Query and analysis capabilities 

(3) Output- - map and report generation ca~abilities 

Data bases may be organized in several ways: raster, arc, vector, 
polygon, point, line . There is a lot of information availabl e in all these 
forms for use in geographic information systems. There must be a conpatibility 
between the data sources and the desired output. 

A raster data base is an array of grid cells in which each data value 
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that is within that grid cell has a particular attribute corresponding to it. 
(See Figure 5) That attribute could be reflectance value, brightness value, 
elevation, slope, land-cover classification or any number of other things. 

A vector data base is built of points and lines and is based on complex 
polygons . (See Figure 6) In this format, the attributes are usually handled 
in a separate tabular or relational environment. 

Integrated Raster and Vector Approach Captures 
Strengths of Both Formats 

There is a major advantage in working with raster. Usually, the 
algorithms used are r.~uch simpler to work with. That means that modeling within 
this data structure is easier to implement. The primary disadvantages of the 
raster format are that it requires more storage and the output is problematic 
in that it has the jagged-edge effect. 

The principal vector format a~vantage is that it requires less storag~ 
How~ver, the al gorithms that it uses are much more compl ex. Withi n vector 
analysis topology must be maintained and attributes must be handled separately 
so continuous data, such as elevation data, are not readily accommodated. 

At the EROS Data Center, we use a blend of both raster and vector to take 
advantage of the strengths of both formats. 

At EROS we do a large number of cooperative projects with other federal 
agencies, trying to solve their particular problems and trying to put them into 
an appropriate operational environment . This means we have to work with data 
from a large number of different sources. The data come to us in raster, 
vector, and tabular format, and we must support systems using all these 
formats. We provide raster analysis, vector analysis, and pathways to connect 
and integrate t hese and t he tabular or statistical data, as well as 
comprehensive output capabilities. 

The Kind of Remotely Sensed Data Needed 
Depends Upon the Goals of the Project 

Some sources for remotely sensed data are the Advanced Very High 
Resolution Radiometer (AVHRR) operating from the IIDAA satellite, (Hulti spectral 
Scanner (MSS) and Thematic Mapper (TM) operating from the Landsat satellite, 
High Resolution Visible (HRV) operating from the French SPOT satellite, and 
National High Altitude Photography (NHAP) and other aerial photography. There 
is also a variety of other SQurces. 

The different characteristics of each satellite instrument are shown in 
Table 1. Resolution is an important characteristic to know, and the resoluti on 
you aim for will depend upon t he nat ure of the study you are undertaking. 
Frequency of coverage is also an important consideration. Sometimes the length 
of the repeat cycle will be more important t han other factors. For example, 
you may need greater frequency of coverage to overcome the conditions of cloud 
cover. 

17 
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The AVHRR has about 1 kilometer resolution in terms of its footprint on 
the earth, It has a huge viewing angle , so it provides wide overall coverage. 
It does have the advantage of 12-hour repeatability, so if you need to do real
time monitoring in which you're not concerned about resolution but perhaps need 
to do a regional analysis, the AVHRR imagery may be appropriate. 

MSS has about SO- meter (one-acre) resolution with about 185 kilometer 
swath width and a repeat cycle of 16 days. TM has about 30-meter footprint, 
with a 185 kilometer path and a repeat cycle of 16 days. SPOT has both a 
multispectral and a panchromatic mode, The multispectral has a 20-meter 
footprint and the panchromatic has a 10-meter footprint. But the field of view 
or path is only about 60 kilometers and the repeat cycle is 26 days. 

Your requirements for remote sensing must come through some kind of 
analysis that includes consideration of resolution, coverage, frequency, and 
the specific information to be extracted from the data. 

Spectral Characteristics Should Also Be Considered 
in Choosing Source for Remotely Sensed Data 

Figure 7 is a summary of the significance of the spectral bands recovered 
from each of the satellite systems discussed. Characteristics expressed by 
AVH RR, for example, have significance in terms of turbidity of water, greenness 
of vegetation, and thermal values. MSS covers primarily the greenness and some 
of the turbid water indicators. The TM provides a much broader spectrum of 
coverage. 

There are, as I indicated, a variety of other systems up there, and in 
the future we will see a lot more, such as radar capability. It is anticipated 
there will be a commercial Landsat VI sometime about 1990 and other countries 
are expected to continue to put up new remote sensing systems. 

Your anal ysis of remote sensing requirement should inc l ude consi deration 
of what spectral characteristics your study needs to identify. 

For a flood monitoring study we have helped with in Kingsbury County, 
South Dakota, we used AVHRR to help monitor on a gross scale and to identify 
problem areas. We then use higher- resolution systems to focus in on these 
problem areas. AVHRR has very good mosaicking ability. 

For U.S. AID, we have been doing monitoring as part of a famine early 
warning program in some of the African countries. In countries such as Gambia 
and Senegal we have used AVHRR data values to monitor changes in greenness and 
provide U.S. AID with indications of vegetation decline. 

Using MSS data, we mosaicked seven scenes of the Denver, Colorado, area 
so that we could construct a l:lOOK map of the area. Using TM data, we have 
monitored the cooling pond at Chernoble, USSR. 
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Remotely Sensed Data Hust Be Preprocessed 
Before Info~tfon Can Be Extracted 

It is neccessary to get remotely sensed data into a format so it can be 
analyzed. "Preprocessing" is the term applied to getting the data ready for 
analysis. Preprocessing may include the following steps: 

* Radiometric corrections including (1) sensor calibrations; 
(2) destriping or noise reduction; and (3) contrast or edge 
enhancement 

* Geometric corrections including (1) systematic correction 
(taking out the skew of the earth's rotation and taking out the 
effects of the satellite's roll, pitch, and yaw); (2) control 
point selection (referencing to existing map or i mage in data 
base ) ; (3) relief correction 

* Acco~odating mosaicking--the ability to bring multipl e scenes 
t ogether is very important ano injects certain reQuirements: 
(1) tie point control (correcting the edge or border between 
two overlapping pairs) and (2) feathering 

* Resampling including (1) nearest neighbor; (L) bilinear 
interpolation; (3) cubic convolution; (4) restoration 

In the area of i mage enhancement for manual interpretation t here are 
several processes that can be used: 

* Racionetric, including (1) haze re~oval and (2) contrast 
enhancement 

* ?hysical Value Ca l cul ati on , ~ncl uding radiance measure~ent or 
albedo 

• Mathematical conversions, including (1) band ratios , (2) 
norralized difference, (3) difference images, (4) hue
intensity-saturation (HIS) 

* Statistical transformations, including (1) principle 
components , (2) canonical analysis, (3) tasseled cap 

As an example, to accomplish hue-intensity-saturation enhancement, a form 
of dimensionality reduction, you can take the t hree bands of the TM, transform 
them into color states (hue, i ntensity, and saturation), replace the intensity 
with new data values from a different source (say the SPOT pan chro~atic value ) , 
come back from the HIS phase into RGB and produce a TM/ SPOT panchro~atic merge. 
The original spectral information combined with the spatial i ntensity produces 
a good result for analysis. 
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In the area of multispectral classification, we attempt to group pixels 
into meaningful classes based on their spectral, and in some cases spatial, 
organization. 

In regard to raster data, t he issue of modeling is also relevant . 
Statistical and logical combinations within that raster framework let us 
develop models that try to predict what the effect will be from the different 
layers. 

Example Project Shows Capabilities 

A project we are working on with the Water Resources Division in 
Wa shington is aimed at determining irrigated areas and crop types. This is a 
pilot project from which we hope to determine the effectiveness of using 
remotely sensed data from TM and ~ISS in solving problems related to 
agricultural irrigation. Water Resources wants to be abl e to estimate the 
yearly water application rate and pumpage. We are using data from ~ISS in an 
effort to effectively discriminate between the land-cover classifications. We 
also have TM data for the same area and well-logged data about wells and data 
from groundwater maps. We were able to come up wit h three spectral classes 
encompassi ng land cover, soil type, and amount of rainfall that they want~d to 
work with. Those classes within t he area of irrigated land t urne·d out to be 
small grains, alfalfa, and a group called corn and ~Jtatoes. 

Th~ accuracy of MSS in crop i dentification was about 72 percent and for 
TK was about 71 percent. Accuracy for water-use category ( irrigated or 
nonirrigated) identification was about 84 percent for TK, but water-use 
category was not obtainable for 1·\SS. We were abl e to adequately mai ntain field 
boundaries with t he TM data. 

Discussion 

Question: What percentage of your effort goes irot o each pha se of constructing a 
geographic information system utilizing remotely sensed data? 

Doescher: It varies from project to project, but in a general sense, about 80 
percent of the effort is involved in gathering data and putting it into an 
effective data base. Building and maintaining t he data base is the major part 
of the effort. 

Question: Does EROS Data Center or any other federal agency have arrangements 
with the Japanese or Canadians to purchase satellite data? 

Doescher: Yes, we do. We have an agreement whereby federal agencies can 
purchase through us the Landsat MSS & TM through Earthsat and SPOT. 

Question: Are you making a transition from !DIMS to TAE/LAS and how far along 
are you? 
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Doescher : Yes , we are about 80 percent there . IDIKS has in the past been the 
main workhorse for our raster data analysis. ~e t hink we have full 
functionality in terms of LAS in the VMS environment now, but we're primarily 
overloaded in our systems so we go back to !DIMS. 
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State of the Art 
and Summary of Issues 

Stephen J. \Ia 1 sh 
UNC-Chapel Hi ll Department of Geography 

The management of the Albemarle-Pamlico Estuarine System is an imposing 
undertaking. The physical size and the biological-hydrological-societal 
comple~ity of the system combine to provide a significant challenge to our 
ability to identify and understand such compl e~ interrelationships and manage 
the system for ma~imum benefits to the people of Nor th Carolina and t he nation. 
The combination of remote sensing and geographic information systems (GIS) can 
contribute to the decision-making capability of the managers of this system. 

Converting Remotely Sensed Data 
into Useful Information 

Involves Several Steps 

Remote sensing systems borne in aircraft and on satellite platform$ 
capture data reflected from earth in analog and digital formats in various 
parts of t he electromagnetic spectrum. Computers can then convert this data to 
useful i nformation about terrestrial, hydrologic, biological, and 
social/cultural conditions and changes. The four type s of resolution--spatial, 
temporal, spectral and radiometric--serve as a guide for selecting the most 
appropriate remote sensing system for a specific biophysical resource invPntory 
and analysis. 

Converting raw spectral response data into useful information involves 
several steps, including preprocessing, enhancement and/or classification. 
Sophisticated approaches are in p~ace for each of these operations. 

Prior to data e~traction throug~ either ~nhancement or classification of 
remotely sensed date, certai n preprocessing procedures should be followed . 
Removal of banding or striping i n the data, checking for atmospheric caused 
biasing of t he data, and gcoreferencing of t he s~tellite scenes have become 
rather standard procedures in da ta preprocess~ng . Other preprocessing 
considerations involve t he normali1ation of solar elevation effects present in 
multitemporal data sets. Finally, preprocessing should include the conversi on 
of digital numbers for individual pi~els tc radiance values. This conversion 
is compl eted in order to transform the sensitive spectral channels to the same 
scale for direct comparisons among the channels. 

Data e~traction techniques include an array of procedures and 
alternatives. Principal components analysis, histogram equalization, channel 
ratio, and mean value of channels are but a few enhancement techniques 
available to the analyst. All data e~traction methods are designed to heighten 
the subtleties within t he data to more effectively assess biophysical 
conditions such as aquatic and ecological transition zones, spatially minor but 
significantly important locations of phenomena, temporal variations, and 
concentrations of selected variables. 
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Classification techniques include the supervised, unsupervised, and 
control clustering approaches with a variety of special treatments. 
Classification techniques, in general, are used to categorize landscape 
phenomena on the basis of similar spectral responses and to do so on a 
multitemporal basis and over a spatially extensive area. 

The results of enhancement techniques can be entered into the 
classification to increase the spectral dimensions available for landcover 
classification. 

Data Can Yield Info~tion about Landcover. 
Submerged Features. and Water Quality Parameters 

Similar to enhancement techniques, biophysical indices can be derived and 
applied to the satellite spectral responses to highlight specific landscape 
conditions, such as vegetation g.reenness and leaf area. Indices ca~ then be 
combined with the raw satellite spectral responses for added sensitivity in .the 
classification process. Enhancements and the application of vegetation indices 
can be applied as stand- alone techniques for appraising biomass fluctuations 
within watersheds and between watersheds on a spatial and temporal basis; 
assessing the location and character of submerged phenomena and shorelines; and 
for defining the distribution and quality of aquatic vegetation. 

Remotely sensed data can be applied to the assessment of landcover type 
and condition within watersheds and subwatersheds within the Albemarle-Pamlico 
Estuarine System. Within the estuaries themselves, remote sensing can be used 
to evaluate the distribution of water quality parameters such as chlorophyll a, 
total suspended sediments, turbidity, and to a lesser degree of exactness, 
salinity. The process involves ·the collection of actual water samples 
coincident with the time of satellite overpass. The collection of sampl es 
could be made at existing water sampling stations distributed throughout the 
estuarine system or at project-specific stations lo!ithin the estuaries. In the 
latter situation, ascertaining one's location lo!ithin the water body can be 
difficult. Generally, triangulation of the sampling site can be accomplished 
t hrough telemetry devices and shore installations. Bottom reflection in · 
shallow waters is a critical concern when relating such water quality measures 
to spectral responses of the satellite data. 

After water sar.oples are collected and analyzed, laboratory data can then 
be related to satellite data. The remotely sensed data must be preprocessed, 
and generally a 3 X 3 pixel window is used to coincide the location coordinates 
of the water sampling st ations and the extracted spectral responses. 

Mathematical Models Using Remotely Sensed Data 
Can Predict 

Relationship Among Landcover. Weather and Hydrologic Conditions, 
and Water Quality 

Simpl e and multiple regression analyses can be applied to evaluate the 
most useful spectral channels of the remote sensing device for explaining the 
highest level in the variability of the water quality parameter under 
investigation. The statistical models should be tested and cali brated before 
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they are applied to the remaind~r of the study area to characterize the spatial 
significance of each water quality element. Multitemporal analyses can be 
compl eted to define some baseline measure of water quality parameter 
concentrations and distributions. Models can be developed containing remote 
sensing i nputs t ha t relate landcover conditions, meteorologic values, and 
hydrologic flows to water quality conditions. 

Statistical regression models of water quality parameters have been 
developed based exclusively on remote sensing measures. Often, however, a 
variety of biophysical variables can be incl uded in mathematical or empirical 
models. For example, the Universal Soil Loss Equation has been applied to the 
evaluation of sediment loss within watersheds and subwatersheds. Remote 
sensing has been applied to the equation in the form of landcover coefficients. 
Soil, terrain, meteorology, and land conservation practices are merged with the 
landcover da ta to evaluate sediment loss and to suggest landcover and land 
conservation modification strategies to reduce sedi ment loss to th~ hydrologic 
system. Models and the spatial significance of variabl es can be developed .and 
assessed t hrough the use of Geographic Information Systems. 

Geographic Information System Allows 
Integration of Data from Disparate Sources 

1nto Comp rehensive Data Set 

With t he use of a GIS, managers can correlate landcover and t opographic 
data, for exampl e, with a variety of environmental para meters relati ng to such 
indicators as surface runoff , drainage basin acreage, and terrain 
configuration. This approach permits water quality data from various sources 
to be i ntegrated into a comprehensive system capabl e of com~ i n i ng and cross 
referencing such dive~se elements as conventional maps, satel lite and aircraft 
analvg or digital data, and tabul ar data obtained remotely or i n-situ. The 
advantages of archi vir.g data in a GIS include ease of retrieval, variety of 
output products to fit almost any need, abi l ity to discover and displ ay 
i nformation gained by test1ng t he interactions between natura l resource 
phenomena, and t he capabi l ity to organize and appraise variable coefficients 
for predictive models. 

In designing a GIS, a nost of technical and administrative issuer must be 
confronted, including questions of appropriate data structure and organization, 
required spatial and temporal resol utions and data coverage, data quality 
standard s and methods of error assessment, data processing facilities and 
strategies, and analytical tec hniques and graphic requi rements. Administrative 
considerations include questions of personnel, space, funds, and the user 
community. 

Both the manual and t he automated approaches to GIS can be applied. The 
manual approach involves t he physical overlaying of cartographical ly prepared 
map shee ts t hat indicate a certain spatial element of the phenomena or problem 
addressed. The manual overlay approach to data synthesis, however, is plag·ued 
by the excessive time required for initial map generation and map updates, data 
storage inefficiencies through the analog approach, and the complexity of 
integrating spatial and nonspatial i nforma t ion through the development of a 
number of thematic anP '~g ov!rlay~ . For t hese reasons, the integration of 
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numerous variables from a variety of formats representing a complex spatial 
pattern and demanGing highly analytical data manipulations warrants an 
automated computer-based overlay and analysis approach. 
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Programs, Capabi l ities , and Expertise of t he 
North Carolina State Universi ty 

Computer Gr aphics Center 

Siamak Khorram 
NCSU 

The Co~puter Graphics Center was established in 1983 as a university-wide 
center and conducts and facilitates research in the areas of remote sensing , 
image processing , Geobased Information Systems , and database management 
systems. I , as the director report directly to the Provost even though 
academically I am in two department (Forestry and Electrical and Computer 
Engineering). We have a variety of research projec t s at CGC rangi ng fr om North 
Carolina s ites to other places in t he Uni t ed St ates and the wor l d. 

Our staff consists of about 20 people, almost equally divided int o 
computer specialists--systems analysts , systems programmers, electronic 
technicians, and so forth- -and discipline specialists , whom we call remote 
sensors . We have people involved in forestry applications, wetland 
appli cations, land use/land cover applications, and water resources 
applications , which primarily deals with water quality. We also have a 
database management system team, whi ch deals with a large number of princi pal 
investigators around the count ry t o develop large databases on acid rai n 
research. 

The main computer in our system dedicated t o remote sensing is the VAX 
11/780 which has about 16 megabytes of memory. It is linked to a nurn~er of 
national networks as well as the Triangle Universities Computation Center by 
broadband. We also have di~logue capabilities with some local and remote 
users . Through the ETHER llET we are connected with other canpus facilities. 
lie have whatever is needed in terms of ;>eripheral s-- tape drives, disk drives, 
printers, plotters and so fo r th. A number of s~aller ·cornputers in our center 
are up and operating for vari ous research appli•ations. 

Image Processing , GIS 
M'e Int egrated by In-house System 

Our system is divided into two kinds of activities: 
* image processing. For image processing we use a work station, 

the IKONAS Display Processor. It has 1024 X 1024 resolution 
capability and is software switchable so that it displays real 
color and can be used t o produce color graphic overlays for GIS 
systems. You can display political and geographic boundaries , 
soi l data , or any ot her ki nd of digitized da t a , It connect s 
through the vector to raster conversi on and is di splayed on top 
of the previous data . These displays can be reproduced in the 
form of slides or in some cases 5" X 7" t ransparencies or 
negatives by the matrix color graphics camera system. 

* geographi c information system. The GIS is partially married to 
the image processing activity by software developed in-house. 
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Our GIS work station is a Tektronix 4105A with Strings package. 
We are also in the midst of acquring ARC/INFO. 

Our systems software includes the VMS 4.4 operating system; a FORTRAN 
compiler, a "C" compiler and DECNET. 

Major applications software that we support includes the following: 

* Oracle Relational Database l~anagement System. We are 
responsible for designing , developing, and managing a data base 
management system to integrate GIS kinds of information, 
meterological data, control exposure experiment data, and field 
data for the $34 million National Acid Precipitation Assessment 
Program (~APAP), which involves more than 100 principal 
investigators collecting data from a variety of sites in the 
eastern United States. We are responsible for very fine 
validating and for what EPA calls QA/QC--quality 
assurance/quality control . Information for this project must 
stay constantly available on line. For t hi s project we have 
modifi ed the Oracle Relational Database ~lanagement System and 
linked it to the GIS . 

* Transportable Applications Executive (TAE) coupled with the 
Image Analysis System (!AS). !AS is the new name for LAS, 
which Stuart Doescher mentioned in his presentation. We were 
one of the few centers to interface with the Century Computing 
firm which developed TAE and !AS for NASA's Goddard Space 
Flight Center. Since we did work with them, they let us have a 
copy of !AS and TAE version 1. We have replaced all our image 
processing software with u.ese. Other organizations running 
t hese systems are EROS Data Center, Jet Propulsion Laboratory, 
l.!niversity of Miami . and NASA installati ·Jns. 

* HACKSAT Image Processing System. This is a system we developed 
in house to use ·for projects of local i nterest in which there 
is a need to develop a specific image classification algorithm 
to isolate a particular type of land cover and break it down 
into subcategories. For exa~pl e this system could be used to 
distinguish between pavement and concrete to pick out a mall 
area, for instance, or to distinguish between pine and hardwood 
forests. We developed this software because part of our 
mission is to develop operational capabilities. 

* Strings R is a geobased information system. 

As mentioned previously, we are acquiring ARC/INFO. 

We also have some utility software for producing graphs or dealing with 
libraries such as the International Math. Statistics library (IMSL), and we 
continually revise and develop new software to meet format conversion, data 
integration, and other needs. 
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We have the capability to link with LRIS in terms of data exchange so 
preprocessed and classified remotely sensed data can be imported from our 
system directly into the system at LR!S to be integrated into a GIS system. 

Current Project Incorporates Remotely Sensed Data 
fnto Water Quality Model for N.C. Nutrient-Sensitive Waters 

Since the establishment of the NCSU Computer Graphics Center about five 
years ago, we have done 22 remote sensing research projects. The primary area 
of our work has been water quality studies, beginning with water quality 
modeling and going to water quality mapping and to water quality monitoring. 
We have done projects on both the West Coast- -San rranci sco Bay and Delta--and 
East Coast--the Neuse River Estuary and Albemarle and Pamlico Sounds. 

The Neuse River Estuary project was the first project we sought in North 
Carolina and was funded by the Water Resources Research Institute. We looked 
at the Landsat Multispectral Scan data and coupled that with simultaneous data 
on a number of water quality parameters, in an effort to determine how to go 
about developing water quality models from remote sensing data. We built on 
that to do a project funded by the Division of Environmental Management of NRCD 
which we are in the process of writing a final report on. This project is 
Water Quality Modeling of Nutrient Sensitive Waters of North Carolina from 
Landsat-TH Digital Data. For this particular project, the term nutrient
sensitive waters includes the Albemarle Sound, the Pamlico Sound, the Neuse 
River Estuary, the Pamlico River, part of the Chowan River, ralls of the Neuse 
Lake, and lake Jordan. Water quality parameters we are mapping are salinity, 
chlorophyll concentration, total suspended solids, and turbidity. In some 
cases, we are collecting temperature data but really the gradients are not 
there. 

Also, we are J"lW in the process of developing water quality models for 
the San Francisco Bay and Delta from landsat- TN and Airborne Ocean Color Imager 
for a number of federal and Californil agencies and developing water quality 
modeling for Venice Lagoon from Landsat-TM data for the Italian t<ational 
Research Council and water quality modeling of Augusta Bay (an industrialized 
bay in Sicily). In addition, we are one of 2Z PEPS projects funded by the 
French to compare the SPOT data with landsat-H\ data. We are looking at how 
useful these data sources are for co~nercial forestry inventory al ong the ~orth 
Carolina coast. 

By the way, I am glad to say to you, that landsat Thematic Mapper 
provides much better and much more reliable information for some of the 
purposes you have, including land use/land cover and more i mportantly water 
quality monitoring, in spite of the fact that SPOT has 10- meter panchromatic 
resolution and 20-meter multispectral resolution. 

We are also mapping the land use/land cover of Sicily from Landsat-TN and 
MSS data and developing a remote sensing center in the University of Cantania, 
Italy, and transferring remote-sensing technology. That project has a water 
quality component which identifies how water quality is related to the land use 
around it. 
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Another project in which we are involved is a multidate study of spruce
fir decline in the Black f1ountains of North Carolina using landsat-TM digital 
data . It is funded by the National Vegetation Survey, part of NAPAP. It 
includes the years 1983-87 over the southeastern Appalachians, and the first 
phase is the Black Hountains. We are to map the dar.tage done to fir forests by 
acid rain problems. 

Our database management system projects f unded by t he Spruce Fir Research 
Cooperative and the Southern Commercial Forest Resources Cooperative contain 
information on the field data from the entire eastern United States study sites 
and data from very large experir.tental NAPAP projects. 
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Remote Sensing Experience and Capabili t ies of 
North Carolina State University' s 

Department of Mar ine, Earth, and Atmospheric Sciences 

Farid Askari 
NCSU 

Remote sensing data can be a valuable tool for monitoring the conditio.;s 
which relate to fish recruitment, water quality, and sediment transport. The 
types of satel lite remote sensing data available to us include the advanced 
very high resolution radiometer (AVHRR) data which is received at NC SU on a 
daily basis, seven and one-half years' of data from the Coastal Zone Color 
Scanner (CZCS) archived at the Satellite Data Services Division of NOAA, and 
the Landsat thematic mapper (TM) received every 16 days . 

ExaMination of Water Quality Factors 
S~ould Include Hydrodynamics of System 

Discussion in t his workshop has centered on t he inpact of land use and 
drainage on water quali ty in the Albemarle-Pamlico Estuarine System. In order 
to properly address the water quality characteristics in the system, one must 
also consider the effects of the wind-driven circulation and t he tidal exchange 
of water mass between the sound and the coastal ocean via the barrier island 
inlets . The wind-induced currents and .ea level are directly responsible for 
salinity/temperature fluctuat i ons inside the sound and the primary nursery 
areas. These actions also create pathways for fish migration, influence 
movement of sediments, and modify the hydrological regime of the rivers. 

We saw fror.~ the first s pace photographs of the Uorth Carolina coast taken 
by the Apollo 9 Astronauts evidence of plume-like patterns pouring out of t he 
inlets into t he coastal ocean. Originally, these plu"e patterns were explained 
only as tidal-ebb flow currents , traveling as jets. However , we have 
discovered t hat in addition to flooding and ebbing tides, nonlocal forcing or 
oceanic-to-estuary sea level pressure gradients !nduced by the wind can drive 
currents in and out of the sound. 

AYHRR I~agery Can Furnish Accurate Information 
on T~perature Differences That Reveal Hydrodynamics 

Satellite AYHRR inagery has provided us ~o~ith a unique opportuni ty to 
r.~oni tor t he sea surface te~perature distribution both inside and outside the 
sound. Satellite Imagery clearly shows that, depending on the time of the 
year, there can be noticeable differences in horizontal temperature inside t he 
sound . For example in the January 21, 1g86, image we can see the relatively 
cooler Virginia coastal waters (10-11 degrees C) entering the sound via the 
Oregon Inlet, and relatively warmer Carolina coastal and Gulf Stream waters 
(1g-2o C) entering from the Ocracoke and Hatteras inlets . Temperatures inside 
the sound ranged between 6 and 9 degrees C. Distinct pockets of cold water (6-
7 degrees C) are found to the east of Bluff Shoals, with the tenperature rising 
to about 9 degrees C to the ~o~est. In the October 1986 AVHRR image, we can see 
an interesting example of a warm water plune pouring into the sound through the 
Ocracoke and Hatteras inlets. Finally, during t he QOnth of June, when the air-
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sea temperature differences were at minimum, we can see from the AVHRR image a 
uniform temperature pattern across the sound. 

With the advent of the newly developed atmospheric correction procedures, 
we are now in a position to calibrate the sea surface temperatures down to a 
0.2 degrees C accuracy and to moni t or temperature fronts, cold-warm pockets, 
and plumes, which provides essential information to the managers of estuarine 
resources. 

We should also take advantage of the wealth of information that was left 
behind from the CZCS of the Nimbus 7 satellite. During its seven-and-one
half-year life span, the satellite collected data in the 443, 520, 550, 670, 
and 1150 na~ometer ranges, and to date numerous algorithms have been developed 
to derive from this data water quality parameters such as chlorophyll-a 
concentration, total suspended solids, and the attenuation coefficient. 

Spatial Patterns Can Help Identify 
Trends and Causation 

An important issue here is that the great accuracy of the values of the 
estimated parameter, i.e., the absolute concentration of chlorophyll-a, i3 not 
actually necessary. Rather, the historical data sets should be examined for 
seasonal and/or monthly trends or episodic events, a~d the various causal 
relationships and critical periods for future studies should be identified . 
Further, the spatial patterns (i.e. patches of sediment) derived from the 
satellite imagery should be combined and compared with the results of the 
existing three-dimensional, time-dependent hydrodynamic model for the sound and 
the evolution and movement of the patterns should be tracked. This combination 
can be very powerful in identifying the sources of sediments--whether they come 
from rivers or tidal action or result from resuspension. 

Remotely Sensed Data Must Be Comple~nted by 
In- situ ~ater Quality Sampli~g Data 

Before developing a remote sensing-aided water quality monitori ng 
program, a comprehensive in-situ water quality sampling effort must be 
undertaken. Ideally, this sampling program should be conducted concurre11tly 
with aircraft or satellite data-acquisition overpasses. With the experience 
gained through the water quality programs conducted in the past in the 
Chesapeake Bay, Delaware Bay and Neuse River, we have learned that the 
knowledge of the physical-optical properties of the water column are absolutely 
essential to understanding the remote sensing data, and furthermore are 
necessary for developing bio-optical algorithms which are stable in time and 
space. It has been demonstrated that the remote sensing procedures which rely 
strictly on correlation techniques break down when extrapolated over time and 
space. However, the algorithms which are constructed based on the physical 
optics of the water column work remarkably well time and time again. The 
optical measurements are relatively inexpensive to obtain. A submersible 
spectro-radiometer is used to measure the spectral distribution of light as a 
function of depth. This information coupled with the other water quality 
parameters such as concentration or grain size distribution set the foundation 
for developing site-specific algorithms. 
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Discussion 

Khorram: I would just like you to clarify the point about problems with 
transportability of models. Perhaps you can predict cholophyll concentrations 
on a date within a system, but how transportable is the model from one area to 
another and from one day or week to the next? 

Askar1: If you have an image you have calibrated using site samples, you have 
integrated the atmospheric effect into your signal, so the algorithm you derive 
may not be applicable to the next day or a week from now because you do not 
account for atmospheric variables. When you take the entire atmospheric signal 
out of everything and base your calibration on optical characteristics of the 
water column, you do start with an algorithm that's transportable in time and 
space. 
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Programs. Capabilities. and Expertise 
of the Department of Geography 

of the University of North Carolina at Chapel Hill 

Stephen Wa 1 sh 
UNC-CH 

The Oepartr.~ent of Geography at the University of tlor th Carolina at Chapel 
Hill offers course work and research opportunities in conjunction with advanced 
degrees in geography that focus upon the use of Geographic Information Systems, 
remote sens ing, computer cartography, and manual cartography for enhanced 
training in physical geography, social/cultural geography. resource management, 
and spatial analysis techniques. 

The Department operates Spatial Analysis Laboratories that include a 
Cartography and Computer Graphics Laboratory (Table 2) and a Remote 
Sensing/Geographic Information System Laboratory (Table 3). Both labs are 
concerned with the capture, storage, manipulation, analysis, and display of 
spatial data sets in support of geographic research and instruction. 

An assortmen t of computer software r.~appi ng packages including PCf·IAP, 
ATLAS, SURFER, GOLDEN, and HAP are avail able to the labs. A hos t of other 
packages, maintained on the university mainframe computer, are utilized by the 
computers within the labs. Those packages include SURFACE II. SYtWU , SYf'oAP, 
SASGRAPH, POLYVRT, and CALFORM. Statistical packages also are available as 
well as compilers and interpreters. 

The Remote Sensing/Geographic Information System lab operates two 
principal GIS software packages. ERDAS is a satellite image processing 
softwa re pac~age as well as a raster-based GIS. Other software modules permit 
computer tape input and output, use of grapt•ic digitizers for data capture, and 
output of da ta to graphic screens, line printers, an~ color ink-jet printers. 
The ARC/INFO soft.,•are pac kaye developed by ESRI ( £nv i ronmenta 1 Systems Research 
Institute) and the two modul es NETWORK and TIN serve as the primary vector
based GIS software. 

Both labs are linked through an etherne:/broadband approach for rapid 
transfer of da ta sets of significant sizes betw!en each lab and thei~ computers 
and to other remote computers within the univers i ty cohlmunity, state 
government, and elsewhtre. 

Applications of remote sensing and Geog~a phi c Information System 
technology have included the assessment of forest practices throughout a one 
million acre forest; statistical modeling of evapotranspiration and drought; 
assessment of nonpoint source water pollution; wildlife habitat mapping; coal 
strip mine reclamation; and periglacial modeling arid water quality evaluation 
to mention just a few of our prior activities. Research has also focused on 
the assessment of data qual ity and verification within GIS analyses and the use 
of the Advanced Very Kigh Resolution Radiometer (AVHRR), Landsat Thematic 
Mapper {~POT), and SPOT High Resolution Visible (HRV) data for studie s relat~d 
to soil moisture, plant biomass, forest characteristics and drought indicators. 
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Grant funds have been obtained from a host of state and federal 
organizations, including the National Science Foundation and the nationa'l 
Aeronautics and Space Administration. 

TABLE 2 
UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL 

Cartography and Computer Graphics - Principal Facilities 
Tektronix 4907 Disk Systems (3) 
Tektronix 4054 Graphics Terminal 
Tektronix 4051 Graphics Terminal 
Tektronix 4663 Interactive Digital Plotter 
Tektronix 4956 Graphics Tablet 
Tektronix 4631 Hard Copy Unit 
IBH-XT Nicrocomputers and Image Writers 
Hacintosh l·licrocomputers and Image Writers and laser printers 
~lac Intosh 2 Microcomputer 

TABLE 3 
UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL 
Re~te Sensing/GIS - Principal Facilities 

DEC MICROVAX II computer system 
DEC Tape Drive, 9 track, 1600 bpi 
DEC LA50 Line Printer 
DEC VT220 Operator Terminal 
i'ektronix 4696 Color Ink-Jet Printer 
Calcomp 9100 Graphic Digitizer 
Gould FDSOOO Image Processing System 
IBM- XT l·licrocomputers and Image \lriters 
Mac!ntosh 11icrocomputers and Image Writers and laser printers 
ERDAS Image Processing and GIS software 
ESRI ARC/INFO GIS software 
ESRI TIN arod II£TWORK GI~ software modules 
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Programs, Capabilities, and Expertise 
of the N.C. Land Resources Information Service (LRIS) 

Tom Tribble 
LRIS 

The N.C. Land Resources Informetion Service is an agency of the Divi sion 
of Land Resources located in the Department of Natural Resources and Community 
Development and headquartered in t he Archdale Building. Esteblished in 1977, 
LRIS operates the Geographic Informat ion System for the State of North 
Carolina, which was one of the first states to have a fully operational, 
centrally located GIS. 

Our basic role is to develop and maintain a statewide digital 
geographical data base on land resources information and to provide GIS 
services to other government agencies. We are primarily a project-oriented 
agency and have done a great deal of work for the federal government, state 
government , and local and county government agencies. We occasionally do work 
for the private sector, but that is not our primary role. LRIS is a receipts
funded agency operating on a cost-recovery basi s. 

LRIS has been designated the primary computer system end deta managemen~ 
center for the Albemarle-Pamlico Estuarine Study (APES) . The university 
reseerchers and the ftderal and state agencies involved in the study will use 
the LRIS computers and staff resources to accomplish data menagement for the 
study. 

North Carolina Will Benefit from Using LRIS 
for APES Data ~anagement 

We feel that the state of North Carolina and the APES will receive 
several benefits from the service of LRIS to the APES. 

First, there is an infrastructure alre<dy available at LRIS in the form 
of staff, facilities, and procedures for operating the system. Tne primary 
advantage of this infrastructure is that APES will avoid t he cost of 
establ1$hing a new system for the study, as some other National Estuarine Study 
programs have had to do. The second benefit is that the system will support an 
effective interface with existi ng computer systems, and, perhaps through the 
APES, we will upgrade our communi cations capabilities to provide interface with 
end users and existing systems that support major data bases relevant to the 
study. 

Secondly, LRJS has a fairly large existing data base on the coastal area, 
and we are continually adding to that data base from sources separate from the 
APES study. 

Another advantage of using LRIS for t he APES is that the system developed 
will have long-term utility. At the conclusion of t he APES, the State of North 
Carolina will have t he responsibility of implementing the management strategy 
developed t hrough the study, and the data base being developed now must be 
available to managers of estuarine resources. 
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LRIS System is Vector-Based 

The main computer in LRIS is a Data General MVBOOO-II super minicomputer. 
We have two other smaller systems associated with the main computer that 
primarily support geographic data capture. ( See Table 4 for system 
description) The system will be expanded by the addition of memory, disk 
storage, and data ports as required by the APES. 

Communications hardware is either already in place or scheduled for 
installation. We currently support comr.~unications among the various components 
of the system at LRIS and with the state IBM 390/400 through the state data 
communications network. 

LR!S started its GIS system with COMARC software, a package that most of 
the forestry companies- -early practitioners of GIS--used, and a package that, 
at the ti me, gave us the capabilities we needed. We realized several years ago 
t hat we wonted to take a different direction, and within the last year we've 
installed ARC/INFO. 

I'd like to emphasize the fact that ARC/INFO is a vector-based system, 
and that all the data we have and the work that we do has been in a vector
based format as opposed to raster format. The point needs to be made that 
remotely sensed data for the APES will need to be converted to the vector 
format so that we can use it :n conjunction with the other data that is already 
available. We also have ARC/INFO/TIN and Interactive Surface ~lodeli ng (ISM) 
software. 

Our staff of 15 fulltime people is organized into three units: a GIS data 
base management and research uni t, a programming and system management unit, 
and a production staff. The staff has about 50 years of experience in GIS as 
well as background in geography, remo te sensing, computer science, archeology, 
parks and recreation, forestry, soil science, natural resource ma nagement. 
Alt~ough our expertise is in GIS and not in "-Odeling or in na tural resource 
management, we find that we must have this variety of backgrounds tc help t he 
users understand what the s~stem can oo. 

[xisting Data Base Includes Layers 
Useful for AI'ES 

In our data base we have a variety of data including county and municipal 
boundaries , primary road networks, geology for the entire state, census 
boundaries- -which will be useful for this study in terms of demographics, 
federal properties, and a few others. 

One of the projects we are currently involved in is a cooperative project 
with the u.s. Geological Survey to digitize 7-1/2 minute quad base-map data for 
the state for incorporation into the National Digital Cartographic Data Base. 
We have been working on the project for about si~ years, and we are the only 
state that has such an arrangement with USGS. Fortunately, most of the work we 
have done on this project has been in the coastal area of the state. We have 
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completed more than 100 quads, almost all located within the APES area . We 
hope to accelerate this project so that we will have full 7-1/2 minut e coverage 
of the area within a couple of years . In the meant ime, EPA Region IV is 
acquiring the USGS 1-t o-100,000 scale base map data--hydro and transportation-
which will be available to NRCD. 

Anot her ongoing project that has produced a great deal of data for the 
study area is the llutrient- Sensitive Watershed Program work. The t hree areas 
currently designated nutrient- sensitive watersheds are the Chowan River , Falls 
of the Neuse Lake, and Jordan Lake watersheds . Most of these watershed areas 
fall wi t hin the area of the APES. We have been digitizing detailed soil survey 
informati on within those watersheds . 

We have also worked very closely with the Di visi on of !·Iarine Fisheries to 
capture data on the state's fishery nursery areas. The primary nursery areas 
have been mapped and t he informat ion is in our system. Secondary nursery areas 
have been mapped and the data will go into the system shortly. We also have 
data layers on shellfishing areas , biological moni toring stations, some 
seagrass beds , and some limited land-use data within t he APES area. 

LRIS is affiliated with t he State Data Cent er, and t hat affiliation gives 
use access to U.S. Census Bureau data. This will be very important for 
demographic studies to assess t he impact of growth . 

Discussion 
Questie>n: Would you review wha t kind of land-use data you have for the study 
area. 
Tr ibble: There was a traditional manual remote-sensi ng land-use inventory done 
in 1982 from t:HAP phot ography for five counties in t he APES area, four of which 
are in the actual Albemarle- ?amlico peninsula--Dare, Washington, Tyrrell and 
Hyde as well as Carteret. The i nventory was mapped on 1-to-24, 000 scale quads , 
and we digitized directly from that. Jt is very detailed, down to USGS level 
t hree and four classifications. There's a lot of data there . 

We also have the twelve quad photo interpretation for ~n area including 
Person, Granville , northern Durham counties, which is the westernmost part of 
t he study area, done for the Superconducting SuperCollider proposal. It was 
done i n 1984 , I believe. It was done fr om NHAP photography on a 1-to-58, 000 
scale , which is pretty detailed. 
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SYSTEM DESCRIPTION 
North Carolina land Resources lnforr:~atlon Service (September, 1987) 

The land Resources Information Service (lRiS) currently sup;>orts four computer systems. 
The systems are described below. 

1. Data General MVSOO·II super mini· 
computer with 

6 megabytes of memory 
floating point processor 
16 asynchronous data ports 

Per ipherals: 
1600/800 b.p.i. tape drive 

line printer 
Calcomp plo11ers pon, 1044) 
Tektronix colcr gra;>hics 

terminals (<105, 4109, 4207) 
Calcomp digHizing 

tables (6000, 9100) 
Data General al;>hanumeric terminals (6053) 
Tektronix color inkjet plo11er (4696) 

System software: 
AOSNS operating system 
Fortran 5 compiler 
Fortran 77 compiler 
Xodiac/X.25 networking and communications 
SNAISDLC/RJE!3270 communication 
(connects to State's 13M mainframe) 

GIS Software: 
ESRI's 
ARC/INFO 
ARC/INFO/TIN 
COMARC'S (formerly) 
CIMS digitizing 
PLN (polygon, location, network) 
GRID 
TOPO 

2. Data General Eclipse S/230 minicomputer with 
3 /t, megabyte of memory 
96 magabytes of disk storage. 
8 asynchronous ports 

Peripherals 
800 b.p.i. tape drive 
Tektronix graphics 

terminals (4010, 4012) 
Calcomp digitizing fables (6000) 
Nicolet Zela plotter (3600S) 

System Software 
AOS operating system 
Fortran 5 compiler 
AOSSORT 
Xodiac/X.25 networking and communications 

GIS Software 
COMARC's (formerly) 
CIMS digitizing 
PLN (polygon, location, network) 
GRID 
TOPO 

3. Digital LSI 11 /2~ microprocessor with 
64 kilobytes memory 
2 500·kilobyte, eight·inch flop;>y disk drives 
20 megabytes hard disk storage 

Peripherals 
Visual 550 gra;>hics terminal 
Altek Datatab digitizing table 

System Software 
RT·1 1 operating system 

GIS Software 
GeoBased System's 
STRINGS dig~izing and editing 

4. Digital MicroVax II with 
9 mega't>ytes of memory 
318 megabytes disk storage 
8 asynchronous data ports 

Per ipherals 
Tektronix color gra;>hics 

terminal (41 11) 
Matrix 6000 color 

g'a;>hic recorder 
Digital al;>hanumeric 

terminal (VT 220) 

System Software: 
Micro VMS 
Va:< Fortran compiler 

Soflwa re 
Dynamic Graphics' 
Interactive Surface 

Modeling (ISM) 

System description: North Carolina Land Resources 
Information Service 
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The Economics of Information 

leon E. Danielson 
North Carolina State University 

Department of Economics and Business 

My comments will be focused on two topics: (1) us ing geographic 
information systems to incorporate economic incentives to clear and drain 
poorly drained coastal soils, and (2) applying economic principles to 
development of data, information, and information systems. 

Economic Incentives to Convert Poorly Drained Soils 
Can Be Mapped for Integration into GIS 

A topic of major interest in recent years has been the conversion of 
wetlands and poorly drained soils to farm and forest land because of the 
potential negative impacts such activities may have on the coastal fishery. In 
particular, special attention has been given to economic incentives to clear 
and drain coastal wetlands because of the importance of landowners' economic 
goals in using t heir land, and because of the importance of federal income ta~ 
and agricultural price and income support policies in helping establish the 
level of these incentives. Thus, it is not adequate to merely estimate the 
productive potential of undrained wetlands to predict conversion pressures on 
wetlands since economic factors also play a major role in decision making. 

To further understand this process, economic models have been developed 
to estimate the economic incentives to clear and drain coastal pocosin wetlands 
as a function of a variety of relevant production characteristics and federal 
tax policies (capital gains rates, deduction of expenses of clearing and 
draining, tax credits, marginal tax rates, reforestation credits, etc.) and 
agricultural price a~d income supports. 

Once t hese incentives are esti ~ated at the detailed soils series level it 
i~ possible to generate overlays using geographic information systems to show 
where wetlands of varying conversion incentive levels are located, and whether 
they are in i~ediate proximity of primary nursery areas and other areas of 
environmental concern. If they are in close proximity, t hey are more apt to 
impact the fishery area. Conversely, if they are not in close proximity to 
nursery areas or other areas of environmental concern their conversion is less 
apt to i mpact t he fishery. Such mappings can also present a clear picture of 
the magnitude of acreage possessing selected conversion incentive levels. This 
information, both the magnitude and location of wetland acreage that is 
profitable to clear and drain under a variety of price and income conditions, 
should be useful in deliberations of citizens and policy makers involved in the 
wetland conversion issue. 

To Get the Greatest Data Value. 
Kno~ When You Have Collected Enough. and 

Allocate Sufficient Resources for Analysis 

Before discussing the application of economics to generation of 
information for use by policy makers, it is essential that certain definitions 
and key principles be understood. 
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Economics: Wunderlich and Hoyer ("Economics of La nd Information." NGS/UW 
Conference on Land Information Systems, Madison, WI, December 19B6.) define 
economics as "a body of principles to explain t he processes of choice." 
Behrens (John 0. Behrens. "Cost Considerations in Designing Land Information 
Systems." in The Economics of Land Information: A Symposium of The Institute of 
Land Informat1on. lfie !nst1tute of land !ntormat1on. Wash1ngton, DC.) expla1ns 
that ''econom1cs ••• involves making choices, not only among goods differing in 
value, substance, and profusion, but also among courses of action ••• " 
Textbooks often explain that economics is a "way of thinking." 

Because development of data systems, collection of data, and development 
of information are costly and because t hey typically occur under situations of 
a limited budget, economic principles are useful in making choices about what 
data to collect, the level of accuracy of the data, the extent to which data 
are analyzed to create information for policy makers, and related alternatives. 

Needs vs. demands: Demands for automobiles, clothes, beach houses, or 
data and information are often mistakenly thought of as needs. However, needs 
imply that t he item is acquired regard1ess of its price, or that it can be 
purchased at zero cost. Demands recognize that items are not free, that they 
can be purchased only by foregoing something else, and that there are trade
offs when spending decisions are made. Demand is the set of quantities that 
will be purchased at alternative price levels. Relative to demands, t hinking 
in terms of needs results in excess consumption, whether it be automobiles, 
clothes, or data and information. 

Data vs. information: Choices in creating land information systems are 
made at several different levels, including at least three: system level (e.g. 
whether multipurpose or single purpose), media level (types of output e.g. 
maps, tables, photos , hard copy vs. screen output), end message level (text, 
sentences). Levels one and two primarily involve creation of data. In level 
three data is processed into mes ~ages for decision makers to use through 
analyses and interpretation . (See f igure B) Planners often focus upon the 
system and the media , whereas user; focus on the message. It is important to 
realize that all three levels are essential if information rather than data is 
to be produced, and if the results of the ~fforts are to be useful to policy 
makers in making decisions. Most importantly, if information systems are to 
have greatest value, information must be produced rather than simply data. 

Cost and value of data and information: More is known about the costs of 
data collection and information generation than abcut its value. Costs are a 
function of a variety of factors including the level of accuracy desired, local 
conditions, the availability of pre-existing information, technology, equipment 
available, and expertise. Other costs, such as for training, da ta base 
maintenance, updating and overhead should not be overlooked. Because costs are 
easier to measure than value there is a tendency to overly dwell on cost
related goals such as producing a predetermined set of data at least cost, 
maximizing accuracy with a given budget, or minimi zing the number of sample 
points to get some level of accuracy. 

But this is focusing on the trees rather than the forest. How i mportant 
is great accuracy or cost-minimization if the wrong data is collected or if it 
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means other sets of data with possible high value cannot be collected? Or, how 
valuabie is accurate, efficiently obtained data if the analyses to convert data 
to information for policy making are not made? 

Development of an optimal data system must include estimation of the 
value of data as well as its cost. This allows for collecting information of 
greatest value with the funds available, for making cost-value trade-offs among 
alternative data sets and among alternative levels of accuracy and helps insure 
that the wrong data is not collected. 

Understanding Public Good Characteristics of Information 
Can Help Avoid Providing Too Little Information for Decision Makers 

Diminishing returns: In production of most products, successive increases 
in the level of one input while holding all other inputs constant results in 
small er increases in output. The returns to, or value of, increasing amounts 
of information vary in the same way. That is, as more and more information is 
produced to answer some specific question the value of the additional 
information increases at a less than proportionate rate. At some point, the 
value of the additional information may be zero or less. 

Increasing costs: On the cost side, the cost of additional info~mation 
increases at an increasing rate. If t he concern is with increased accuracy of 
data, the cost of successive one percent increases in accuracy becomes more anj 
more expensive. As 100 percent accuracy is approached the cost of additional 
accuracy will likely become prohibitive, although excessively high cost may be 
incurred much before that. Amounts of information would behave in the same 
way, with the cost of increasing amounts of information becoming more and more 
expensive and, at some point, becoming prohibitive. 

The optimal amount of information: The optimal amount of information is 
reached when the value of the marginal unit of information is equal to its 
cost. Under sit uations of increasing costs ana diminishing returns, the value 
of additional information would exceed its cost if less t han optimum 
information was provi ded; and providing too much information w~uld result in 
providing data whose cost exceeds it~ value at t he margin. Thus, focusing on 
both cost and value of information, rather than solely its cost, allows for the 
realization that increased accuracy, or increased amo unts of info,·mation are 
valuable, but only out to a certain point. Similarly, if the choice is between 
spending additional money on the collection of more data versus spending the 
money to have the data analyzed more fully thereby providing better information 
to policy makers, the choice should be made based upon a comparison of net 
benefits of the two options, not merely on which costs less. 

Technological improvements: As noted above, the costs of generating data 
and information are dependent upon the level of technol ogy, equipment 
available, and related technological parameters. Development of geographic 
information systems that run on microcomputers is a good example of new 
technology that will greatly improve data generation capabilities. 
Technological improvements typically reduce t he costs of obtaining data of a 
given accuracy or reduce the costs of getting additional data items. Thus, 
over time the optimal amount of information produced may increase since the 
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cost curve has shifted downward while the value curve is assumed to remain 
unchanged. 

Public good characteristics of information: The information of interest 
in the context of the Albemarle-Pamlico Estuarine Study has public good 
characteristics because once available, use by one person or agency does not 
reduce the value or amount of information that is available for others to use. 
In this situation, economic theory tells us that t he level of information 
produced will often be below optimum. This occurs because the information has 
value to all potential users. That is, when the costs of additional 
information are compared with its value to determine when increased costs just 
equal increased value, it is the sum of values over all users that must be 
used, not ~ust one user. This principle is important because it can help avoid 
under-provision of data and information for use in decision making. 

~hen cost of data exceeds value: When economic principles are being 
followed in designing a data information system t here may be cases where the 
cost of the data exceeds its value. Realization of this may help avoid 
expenditure of money on information that is worth less than its cost, t hus 
leading t o increased efficiency. However, t here is an i mportant point that 
involves the nature of a public good, the cost of the data, and fee setting 
that also deserves emphasis. When datd is available to be shared eQually among 
many users the cost of the data should likewise be ~hared by the users. This 
means the data will be available at relatively low cost to many users, thus 
leading to greater conversion of data to information for decision makers than 
if it were more expensive. The essence is t ha t care should be taker. that 
public data is not made available at costs which are excessive and which 
therefore would otherwise result in under-ut i1 i zat ion of t he data. 

There Are Several ~ays to Esti~ate 
Data Value 

The economics of information is a relati vely new field of iroQuiry and the 
t heory is more advanced than is the application. However, understanding the 
pri nc i p 1 es of economics as applied to information systems will contribute to 
improved decision making, at least incrementally. 

As noted , cost information is more readily available than is value 
information. Thus, it is important that efforts be continued to improve 
estimates of information value. Two currently available methods of obtai ning 
value information are surveys of users in contingent valuation studies, and 
estimation of costs foregone because of the availability of new information. A 
third method that is more applicable to private data markets is esti mation of 
the value of information in private transactions. 

Because the principles of economics are not yet well applied to 
information systems, the following general assessment of data and information 
generation projects may apply in North Carolina and elsewhere: 

(1) Substantially more money is spent on data collection 
than on analyses by whi ch data is converted to 

48 



information; therefore, a shift of emphasis may 
improve information value; 

(2) The principles of diminishing returns and increasing 
marginal costs of data collection are only generally 
acknowl edged so that costs of increased data often 
exceed the value of the data and information 
generated; 

(3) Data that has public good characteristics are 
probably under provided; 

(4) Efforts to estimate and incorporate the value of 
information would improve the allocation of scarce 
public dollars available for data collection; and 

(5) In some cases data access is overpriced thus 
precluding analyses that would produce additional 
information for decision makers. 
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Figure 8- M inforJnation system (from "The Demand for Water 
Resources Information: A Conceptual Framework and 
Empirical Investigation , " e PhD dissertat ion by Car l 
T. Osborn at the Department of Agricultural 
Economics, Blakesburg, VA, 1986) 
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N.C. Department of Natural Resources and Community Development, 
U.s. Geological Survey 

Cooperative Mapping Program 

Steve Conrad 
N.C. NRCD Division of Land Resources 

One of the primary missions of t he u.s. Geological Survey has been 
national responsibility for· topographic maps. Under the National Topographic 
Mapping Program, the U.S. Geological Survey prepares, publishes, and 
distributes maps of the National Topographic Map Series covering t he United 
States and outlying areas. 

In developing the program, needs for mapping are evaluated according to 
relative i mportance and urgency. New projects are added annually to the extent 
available funds and capacity will permit. Although new areas in the program 
are generally selected from those requests having the highest composite 
priority , and effort is made to insure t hat new work financed by appropriated 
federal funds is equitably distributed throughout the country. 

Federal map- using agencies arrange their mapping requests ~n order of 
priority or urgency and annually present this i nformation to the Geological 
Survey. 

State agencies present t heir needs for topographic maps to the Geological 
Survey either directly or t hrough State ~lapping Advisory Committees, who 
evaluate the relative priority of topographic map needs within t heir states and 
advise the Survey periodically. 

Counties, municipalities, and non-governmental groups also request 
mapping, and their needs are considered in developing the national program. 

For some mapping pro jects, state or loral agencies share the cost of 
mapping equally with the federal government. These cooperative projects 
expedite mapping i n areas of particular i nterest to the cooperating agency and 
help expedite t he Nat~ona l Topographic program 

The North Carolina Cooperative Program 
Has Producec! 

7-1/2 Minute Quadrangle Maps Covering the Entire State 

North Carolina has from time to time cooperated financially with the 
Geological Survey almost from the time USGS started topographic mapping. The 
North Carolina Geological and Economic Survey cooperated in a topographic 
mapping program in 1897 and from 1902 through 1910. From 1946 t hrough 1952 
cooperation ~as ~ith the Division of Mineral Resources in the Department of 
Conservation and Development. Cooperations was resumed in 1962 with the 
Division of Mineral Resources and has continued to the present time through ·the 
Geological Survey Section, Division of Land Resources, Department of Natural 
Resources and Co~"unity Development. 
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Prior to 1962, the cooperative program was sporadic, and relatively small 
sums of state funds were allocated for topographic mapping. consequently, most 
of the state was not covered by topographic maps. Exceptions were the western 
part of the state, mapped by the Tenne ssee Valley Authority, and the Eastern 
Seaboard, mapped by the USGS primarily for defense purposes during World War 
II. 

Beginning in 1969, the state undertook a substanti ally increased 
cooperative program to accelerate topographic mapping to provide complete 
coverage of modern topographi c maps at the 7-1/2 minute scale. The General 
Assembly appropriated $100,000 for each year of the 1g69- 71 biennium. In 1973, 
the appropriation was i ncreased to $310, 000 per year and remained at that level 
until about fo ur years ago when it was reduced to about $220,000 per year. 

As an interim measure to provide useful 7-1/2 minute quadrangle maps ~or 
the entire state, a cooperative orthophotoquad mapping program was initiated in 
1973. A five-year update of the orthophotoquad program will be completed in 
fiscal year 1988. 

As a result of the cooperative program with the U.S. Geological Survey, 
North Carolina now has complete coverage of the state with 7-1 /2 minute 
quadrangl e topographic maps. The final maps are sc heduled to be printed this 
year. 

Recent discussions with the USGS nave resulted in a tentative five-year 
plan to continue the cooperative mapping program. Major elements of the five
year plan include completion of the orthophot oquad update, photo revision, 
l imited revision , complete revision of some of the older maps, and i ni tiation 
of l OOK scale mappi ng i~ both pri nted and digital format . 
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National cartographic Information Center 

Alan R. Stevens 
Eastern Mapping Center, USGS 

Prior to becoming part of the Eastern ~lapping Center, I was chief of the 
National Cartographic Information Center (NC!C) in Reston, Virginia, In 1972, 
an executive directive instituted a task force of civilian and military 
managers from all major federal mapping agencies to assess the health of 
mapping activities throughout the federal community. One of the task force_ 
recommendations was to create a national clearinghouse for cartographic 
information. Another was to develop digital mapping capabilities within the 
federal sector. 

NCIC was instituted in 1974 and assigned administratively to the national 
Mapping Division (Nl10) within the U.S. Geological Survey. Its mission is t o be 
a cl~aringhouse for information on all cartographic products for the general 
public as well as other federal and state agencies and the private sector. Its 
focus is national, i.e., NCJC collects information on cartographic products 
from all the federal , state, regional, and local agencies and private firms it 
can. 

While the focus may be limited to national coverage, the focus on 
cartographic products is all encompassing. This includes maps, charts, aerial 
photography, satellite imagery, digital data, geodetic control, atlases, 
textbooks, software, etc. While NCIC is headquartered in the USGS Reston 
facility, people may call in or write to one of many USGS offices across the 
country to receive assistance. 

In addition, tne NCJC has developed 58 state affiliated offices across 
the nation. North Carolina's Land Resources Information System ( LRJS) is an 
example of a well-run full facility state affiliate office. 
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National Cartographic 
Information Center 

U.S. Geological Survey 
507 National Center 
Reston, Virginia 22092 
Telephone: 1-800-USA-MAPS 

National Cartographic 
Information Center 

U.S. Geological Survey 
1400 Independence Road 
Rolla , Missouri 65401 
Telephone: 314-341-0851 

National Cartographic 
Information Center 

U.S . Geological Survey 
Denver federal Center 
Denver , Colorado 80225 
Telephone: 303- 236-5829 

National Cartographic 
Information Center 

U.S. Geological Survey 
345 Mi ddlefield Road 
t·1enlo Park, California 94025 
Telephone: 415-329-4309 

Table 5 
NCIC Offices 
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National Cartographic 
Information Center 

U.S. Geological Survey 
National Space Technology 

Laboratories 
Building 3101 
NSTL Station, Mississippi 39529 
Telephone: 601-688-3544 

National Cartographic 
Information Center 

U.S. Geological Survey 
4230 University Drive 
Anchorage, Alaska 99508-4664 
Telephone: 907-271-4159 

National Cartographic 
Information Center 

Tennessee VAlley Authority 
200 Haney Building 
311 Broad Street 
Chattanooga, Tennessee 37401 
Te 1 ephone: 615-7 51-~IAPS 



Goal Is to Gather and Digitize 
Elevation and Horizontal cartographic 

Data for Country 

One of the National Mapping Division's missions is to complete the 
national coverage of its primary product--the 7-1/2" quadrangle series. Within 
recent history, the Survey has become much more diversified to include, among 
many other products, the collection, processing, and archiving of cartographic 
data in digital form--both elevation and horizontal data. The type of data 
collected and/or distributed can be seen below. 

Digital Data Distributed by 
the National Mapping Division 

* Digital Elevation Data derived from: 

- 1:24,000-scale maps 
- 1:250,000-scale ma ps (DMA) 

* Digital Line Graph data derived from: 

- 1:24,000-scale maps 
- 1:1,000,000-scale maps (Census) 
- 1:2,000,000-scale maps (Atlas) 
- Land use/land cover maps 

* Geographic Names Information System (GillS) 

* Ot her Special Products 

Elevation data is typ~cally referred to as digital elevation models (OEM) 
and consists of elevations spaced uniformly across the quad. Horizontal data 
is commonly referred to as digital line graphs (DLG) and the data collected 
consists of hydrography, transportation, boundaries, U.S. Public Land Survey 
System (USPLSS), surface cover , etc. 

The success of collection of DEHs and DLGs varies from data type to data 
type. For instance, complete coverage exists for OMA elevation data at 
1:250,000 scale, 1:2 mi llion-scale OLG data, and for all of transporta tion and 
hydrographic OLG data of the 1:100K-scale map series. In contrast, the land 
use/land cover data (LU/LC) is about 50:t complete and the 7-1/2" quadrangle 
elevation data is only about 25t complete. Actually, there is a fair coverage 
within the east coast states and t he Albemarle-Pamlico Estuary study area is 
liberally covered. 

Sur.~mary 

One of the 1 ong-term goa 1 s of the tmo is to convert from a mission whose 
primary focus is on new mapping to one of rev1s1on. Further, t he goal is to 
conduct this revision more frequentl y and by using digital techniques. As a 
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result, there e~ist two prerequisites: (1) to develop a comprehensive digital 
revision scheme, (2) to collect and archive digital cartographic data for the 
most current mapping coverage of mapping of the U.S. Geological Survey, 

Discussion 
Siderelfs: Are there plans to collect the elevation data for the 1:100,000 
maps. 

Stevens: Yes, we do have plans to collect that data, but they are not nearly 
as elaborate as the plans to collect the horizontal data. One of the problems 
is that we have to get the elevation data by collecting contours, putting them 
in DLG format and then converting to OEM. We are starting to get this effort 
operational, but we are not very far along at this point. 
Siderelis: Are you planning to do anything about political boundaries? 

Stevens: Yes, this is similar to the question above on hypsography. It is the 
Division's goal to collect and archive all data for the lOOK series including 
political boundaries. As above, we will not collect t his data with the fervor 
that we collected transportation and hydrography because the priority is not as 
demanding as the Census project. 
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Data Bases & Services Available 
from EPA, Region IV 

George J. Collins 
EPA Office of Integrated Environmental Analysis 

First, the objectives of the Albemarle-Pamlico Estuarine Study need to be 
restated; then the role of remote sensing and GIS in achieving the study 
objectives can be more appropriately evaluated. 

The law which authorizes the National Es tuarine Study Program obliges the 
Albemarle-Pamlico Estuarine Study to develop the capabili ty t o do the 
fo l lowing: 

1. identify and prioritize the problems in the estuary 

2. relate these problems to causes and recommend what 
actions are needed to solve the environmental quality 
problems 

3. track environmental trends 

4. evaluate effectiveness of past control activities 

These should be objectives of all estuarine studies, and the s uccess of 
studies can, and will, be judged in terms of developing the ability to analyze 
data to achieve these objectives. 

EPA has developed an "in-house" GIS which has the ability to analyze data 
for your study objectives. The system provides automated techniques to 
di splay al l water moni toring stations and to identify and prioritize all water 
quality violations on a co~puterized map. Permits can be overlayed to help 
determine if the cause of problems are point or nonpoint . Computer maps for 
violations of diffe rent time fra mes can be generated to track progress. 
Violations are ranked by size to prioritize problems. The system can handle 
biological data as well. 

Rather than "reinvent t he wheel," the existing GIS capabi lity can be 
used. This will avoid spending addi tional money to develop something which has 
already been developed to accomplish the ob jectives of this study. The system 
works on EPA's computer, and the software is developed. Only terminals are 
needed. 

The work t ha t has been done using this system is being used by EPA and by 
the states. The data and the system are availabl e to t he Albemarle-Pamlico 
Study. Data collected for the study and existing state and EPA data on 
permits, biological and chemical monitoring, grants, and so fort h can be 
integrated and analyzed together using existing software to achieve the above 
four objectives. 

As was pointed out in an earlier presentation at this workshop , most 
studies collect significant amounts of data but few analyze it and present it 
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to m3nagers in a useful form, It is in the area of data analysis that the 
Chesapeake Bay Study has fallen short, and this shortcoming has caused other 
problems. Their experience should serve to guide t his study toward better data 
analysis. 

success of the Albemarle-Pamlico Estuarine Study will be judged on the 
basis of developing the capability to meet the above four objectives and on 
developing a data management system that helps track these objectives. 
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The Cooperative Soil Survey Progra~ 
Horace Smith 

USDA Soil Conservation Service 
Soil surveys are nade to provide a description of the soils of a 

certai n area, their location, and a discussion of the suitability, limitations, 
and management of the soils for specified uses. 

Many factors about the soils are addressed in the North Carolina 
Cooperative Soil Survey. For example, soil scientists observe the physical 
landscape features such as t he steepness , length, and shape of slopes; the size 
of streams and t he general pattern of drainage; the kinds of crops and native 
plants growing on the soils. They dig many holes to study the soil profile, 
which is a sequence of natural layers, or horizons, in a soil. The soil 
profile extends from the surface down into the unconsolidated material from 
which the soil fo;·med. 

The soils in a survey area orcur in an orderly pattern t hat is related t o 
t he geology , t he landforms, relief, climate, and the nat ural vegetation of the 
area. Each kind of soil is associated with a particular kind of landscape or a 
segment of the landscape. Understanding of this soil-landscape relationship 
and on-site observations of soil profiles, enables the soil scientist to 
predlct the kinds of soils and to draw their bounJarles on aerial photographs. 

Soil Survey in North Carolina is a Cooperative Program 
The Cooperative Soil Survey Program in llorth Carolina is a joint eff.Jrt 

among the USDA Soil Conservation Service, the N. C. Department of Natural 
Resources and Co~unity Development, North Carolina State University , the N. C. 
Land Resources Information Service , N. C. A&T State Univers ity, the U.S. Fore st 
Servi ce , EPA, and several other fede ral , state, and loc~l agencies. 

A soil survey basically provides information on t he top five feet of soil 
of the earth' s surface. In a publ ished survey , data is provided in tabular 
format t hat shows different physic~l and chemical properties of the soil 
1ncluding permeability, avail able wa ter capacity, soil reaction, shrink-swell 
potential, corrosion potential for uncoated steel and concrete, erosion 
factors--K and T {T is soil loss tolerance of the Universal Soil Loss 
Equation), and organic mat ter. Also provided is a table that 
interprets soil conditions for use of septic tanks, sewage lagoons, and other 
sanita ry facilities . Tables that rate t he soil for cover material, hydrologic 
conditions, flooding, high water table , and other factors are also provided in 
t he soil survey. 

Soils Information Available for ~ost of 
Study Area 

Soil survey information is available for most counties in t he Albemarle
Paml ico Estuarine study area. Some of the published surveys are old ones. The 
maps in t he old surveys are good, but t he interpretations are somewhat 
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outdated, and we want to go back and update those surveys. Seventeen counties 
have published soil survey reports. Eleven counties have field mapping 
completed and are awaiting publication. Five counties have soil surveys in 
progress. One county does not have a soil survey in progress. (See Figure 9) 

The Land Resource Information Service and others are working with 
individual counties to digitize their resource information, which includes soil 
survey information. This approach is strongly endorsed by the N.C. Cooperative 
Soil Survey. The LRIS status map shows the counties in the study area that 
have digitized soil map information. (Figure 10) 

Soil survey base maps will 
approved for publication. Newer 
a suitable base for digitizing. 
base, needs to be transferred to 

be made available for GIS use when they are 
base maps are now ortho photography, which is 
Soils information on the older, non-ortho 
ortho base if digitizing is planned. 

Since soils are a major cowponent of the landscape, knowledge of their 
location and responses to the various l~nd uses is invaluable to management 
processes. Information can be used to plan the use and management of soils for 
crops, pasture, and woodland; as sites for buildings and sanitary facilities, 
highways and other transportation systems, parks and other rec~eation 
facilities; and for wildlife habitat. It can be used to identify the 
limitations of each soil for specific land uses and to help prevent 
construction failures caused by unfavorable soil properties. 

Planners and others using soil survey information can eval uate the 
effects of specific land use on productivity and on the environment in all or 
part of th~ survey area. The survey can help planners to maintain or create a 
land-use pattern that is in harhlony with nature. 

Discussion 

Tribble: The General Soils f'oap Data Base, which I believe is in digital format, 
has been completed by the Soil Conservation Service and will be available 
fairly soon. That data may be at an appropriate scale to use for certain 
applications for the Albemarle-Pamlico Estuarine Study. 

Smith: Yes, we're working on that now and have a January deadline to get the 
material back to TVA for digitizing. That data will be tied to an 
interpretation base, which will have the interpretations that we provide for 
detail maps. We don't have the capability in the state office of digitizing, 
but we will be experimenting with digitizing at the field level in the near 
future. We're thinking about using the project survey in Granville County as a 
guinea pig, and we hope to provide them with the tools for digitizing at the 
field level. We do have the capability of digitizing at the regional office in 
Ft. Worth. 
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Question: Are Natural Resources Inventory data available for the study area? 
If they are I would think they would be very helpful for the study. 
Smith: The 1982 data are public. We're in the process now of finalizing the 
1987 data. but it's not in digital format. 
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The National Wetlands Inventory in 
Horth Carolina 

John M. Hefner 
u.s. Fish and Wildlife Service 

The U.S. Fish and Wildlife Service is conducting an inventory of wetland 
and deepwater habitats of the United States, the purpose of which is to provide 
land managers and ot hers with information on the type, location, and e~tent of 
wetlands and other water resources. Because eastern North Carolina represents 
the last coastal zone area in the country to be i nventoried and mapped, th~ 
National Wetlands Inventory (NW I) has identified mapping of the area as its 
highest priority in 1988. 

Current Inventory Is Fourth 
But First to Produce Maps 

The current inventory is the fourth wetland inventory to be conducted by 
the federal government. Inventories accompl ished by the Department of 
Agriculture in 1906 and 1922 were designed to identify wetland's which could be 
modified or drained for agricultural development. A previous inventory by the 
U.S. fish and Wildlife Service was conducted in t he middle 1950s to identify 
important wildlife habitat, especially for waterfowl. These earlier 
inventories differed from the current project in t hat maps were not produced. 

The NWI was begun over t hi rteen years ago 
hie rarchical wetlands classification system and 
sensing technology to be used for the project. 
1978. 

with the development of a 
the selection of a remote 
Operational mapping began in 

Photo Interpretation Is Being Used for Current Inventory, 
But Satellite Data Could Track Subsequent Changes 

Because of the magnitude of the task of inventorying wetlands across the 
entire United States, the project clearly required the utilization of remote 
sensing technologies. In preparation for operational mapping, both the manual 
interpretation of high altitude aerial photography and computer (automated) 
cnalysis of Landsat imagery was tested . Comparisons of these techniques were 
carried out in the prairie pothole region of the Dakotas and over a large 
portion of Alaska. The manual interpretation of aerial photograp~y was found 
to be superior to the use of Landsat imagery since it allowed greater detail, 
below one acre for 1:60,000 scale photographs compared to perhaps 10 to 15 acre 
minimum sizes on the satellite images. Likewise, the ability to differentiate 
various types of wetland was much greater using aerial photographs. 

Although the inventory is now being conducted through the interpretation 
of aerial photographs, usually color infrared at a scale of 1:58,000 , there 
appears to be great potential for automated activities using satellite data. 
Its greatest utility may ultimately be for monitoring changes in areal extent 
or classification of wetlands after traditional NWI mapping has been compl eted. 
The NWI is now participating with Ducks Un limited in a major study to test new 
Landsat technologies for inventorying and monitoring wetlands in the central 
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prairies of the United States and Canada. Recent results indicate that 
limitations still exist particularly f~r identifying small wetlands less than 
five acres in size. 

Interpreters Work with Biologists 
to Classify Wetlands 

The wetlands inventory in North Carolina, as in most of the United 
States, is being conducted with the help of contract personnel which augment 
the small U.S. Fish and Wildlife Service staff associated with the NWI. Once 
suitable aerial photography is obtained, usually through the National High 
Altitude Photography program of the U.S. Geological Survey, there are seven 
major steps in the mapping process. They are: 

* field investigations 

* photo interpretation 

* review of existing wetland information 

* quality control 

* draft map production 

* interagency review 

* final map production 

Field investigations are conductP.d to obtain specific information on the 
variety of wet l ands withi n the map area. In this manner photo i nterpreters 
become familiar with the various signatures of the different wetland types as 
they appear on t he photogr~phs. Interpretation is done whi l e viewi ng the 
photographs stereoscopically t hrough f'ur power optics. Delineations are made 
on a clear plastic film attJched directly to the photographs. The interpreters 
not only draw boundaries !Jetween wetlonds and nonwetlands but also assign a 
classification to each wetl and. During photo interpretation, biologists 
examine existing wetlJnd i nformation found on topographic maps, in soil 
surveys, in special reports, and in other sources. Once i nterpretation is 
compl ete, the work is revie~ed and checked for accuracy, completeness, and 
consistency with NWI specifications by U.S. rish and Wildlife Service personnel 
in the regional office as well as project personnel located at the central 
project facility in St. Petersburg, Florida. 

After acceptable review of the photo interpretation, wetland delineations 
are transferred and adjusted to fit standard U.S. Geological Survey 1:24,000 
scale topographic map bases. The composite draft maps, showing topographic and 
cultural features as well as wetland boundaries and classifications, are t hen 
available for distribution and review. Draft maps are distributed to agencies 
or individuals who have expressed an interest in reviewing and commenting on· 
their accuracy. This interagency review process has resulted in significant 
improvements to earlier map products prepared in North Carolina. After 
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approximately a year review period, comments are collated and the final 
editorial corrections are made to the maps. 

The NWI has developed three modes of distribution for map products. 
Public agencies are supplied we t land maps at no charge from the NWI. Secondly, 
arra t•gements have been made with 22 states to make maps available at a nominal 
duplication charge from state distribution centers. Thirdly, NWI maps can be 
purchased from the U.S. Geological Survey by calling 1-800-USA- MAPS. During 
the period from July 1 to September 30, 1987, 16D different organizations 
ordered 3,252 maps through this outlet. 

Draft Maps for All APES Area Wetlands 
To Be Available by Fall of 1988 

The NWI has completed maps for 51 percent of the lower 48 states. 
Inventory efforts in North Carolina have been concentrated primarily in the 
lower coastal plain and in the Raleigh area. At present, 32 final maps are 
available, 82 draft maps are being reviewed, and 75 addi t ional maps are in 
cartographic preparation. Most of the mapping has been cooperatively sponsored 
by the Army Corps of Engineers, the Navy and Marine Corps, and the North 
Carolina Department of Natural Resources and Community Development (NRCD). 
Assistance in the draft map review process has been provided by a variety of 
state and federal agencies. A cooperative agreement between the NRCD and the 
U.S. Fish and Wildlife Service has been initiated to lend assistance and 
quality control review throughout the map making process. 

Completion of wetland maps within t he coastal zone of North Carolina is 
of highest priority for the NWI in 1988. Because of uncertainties related to 
cooperative funding, the U.S . Fish and Wildlife Service will unilaterally fund 
mapping of the area. Work is planned for 199 new maps, beginning with the 
northeastern counti es surrounded by Currituck Sound, Albemarle Sound, and the 
Chowan River. Craft maps should be available by fall 1988. With the 
completion of this new napping, nearly 40 percent of the state will have been 
surveyed. 

Usefulness of Maps Can BP Increased 
by Digitizing 

Wetland maps have proved extremely useful for resource management. In 
fact, over one hundred uses have been documented. However, they do not meet 
the needs of many planners and managers requiring acreage data, particularly on 
a county-by-county basis. Having maps of just one scale, 1:24,000, often makes 
comparisons with other land cover and land use ~aps difficult. Converting the 
maps to digital data for computer analysis would overcome both these 
limi tations and would enhance the overall utility of the maps as well. From a 
digital format, custom maps cou1d easily be prepared, other map data could be 
compared with wetland information, and acreage statistics could be generated to 
meet specific study and management requirements. Although the digitization 
process is expensive, the array of users that could benefit from the digital 
data seems to make it extremely worthwhile. 
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Finally to -increase the availability of NWI products, a state wetland map 
distribution point at which maps could be obtained quickly and at a reaso~able 
cost should be established. Fees for map products could be designed to fully 
compensate the distribution center. Logical placement of the center appears to 
be within the Land Resources Information Service of NRCD. 
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N.C. land Rec0rds Management Program 
Steve Conrad 

N.C. Division of Land Resources 
The North Carol ina Land Records r~anagement Program was created in 1977 by 

t he General Assembly. Originally located in the Department of Administration, 
it is now part of t he Geodetic Survey Section of Division of Land Resources in 
t he Department of Natural Resources and Community Development. It currently 
has a staff of four professionals. Current legislation contains a sunset 
provi sion requiring the program to end in 1991. 

The goal of t he program is to provide technical and fi nancial assistance 
to counties to moderni ze and standardize local land records . As sistance is 
provided in four major areas: 

* base mapping 
* cadastral (property boundary line) mapping 
* a standardized system of parcel identifiers 
* automation of land records 

t~atctoing grants in the amoun t of S2,764,459 have been provided to 70 
counties. Funds (currently S325,DOO per year) are a~located on a prorated 
formula of funds available and the total cost of the counties' documented 
eligibility for funding in the fiscal year t ha t funds are requested. Wi th 
l i mited funds available in 1986-87, the prorated amounts were modified by the 
imposition of a "ceiling" of S8,000 per county. An awards connittee composed 
of one representative from DOA, Cultural Resources, Revenue, and two from NRCD 
meet and make r~ommendations on grant awards to the secretary of NRCD. 

Counties Can Receive Technical Assistance 
Since the program began in 1977, technical assistance has been provi ded 

to 85 counties. This assistance has i ~cluded the fol lowing areas: 

* mapping--RFPs, contracts, specifications, map editing, map 
maintenance training (workshops and schools) 

* management audits of register of deeds offices 

* automation-- parcel identifier inde~ing, computer software 
(register of deeds, ta~ billing and collection, planning, 
building permits, revaluation) interactive graphics mapping 
systems , mi crofilm reader printers, computer output microfilm 
(COM) 

A number of states and counties outside llor t h Carolina have received 
assistance from the program. Most requests have been for our mapping 
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specifications and documentation on the Orange County system of land records 
rnanage~ent. 

Orthophoto and Cadastral ~aps Complete 
for 30 Counties 

The types of maps being developed are orthophoto base maps prepared using 
state plane coordinate, the official survey base of North Carolina, and 
cadastral maps of all parcels in the counties . Interest has been generated in 
soils mapping as an additional layer of data. These soils data can be utilized 
in the octennial land revaluation . Other types of maps that are being prepared 
include maps of utilities (water, sewer , gas , power), flood plains, and 
topography. Digital mapping is also underway. 

Currently mapping has been completed in 30 counties and is underway in 36 
counties. The program has no mapping activities underway in 3~ counties . (See 
Figure 11 ) 
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State Data Center 

Celia Fuller 
Information Consultant, SDC 

The State Data Center is a federal/state cooperative program initiated in 
the late 1970s by the Bureau of the Census. It is located in the Office of 
State Budget and Management and is a clearinghouse for demographic and economic 
data for the State of North Carolina. 

The State Data Center is really a loose association of three groups, each 
with an independent function and a commitment as part of the center. The lead 
agency is the Office of State Budget and Management, 3nd the t hree coordinating 
agencies are the Land Resources Information Service (LRIS), t he State Library, 
and the Institute for Research in Social Science {IRSS). 

Each coordinating agency serves a special function. The State Library 
houses the census reproducible maps and the census publications and microfiche 
products. IRSS maintains a tape library of census products to serve primarily 
the academic community. LRIS, as the newest coordinating agency, is working 
toward integrating census data into Geographic Information Systems. 

Regional Affiliates Can Provide Census Data 
on Regional and County Levels 

At a third level in the State Data Center organization are affiliate 
organizations. There are 18 Lead Regional Organizations and ten libraries 
which serv~ different regions within the state. Each affiliate has and can 
disseminate all the census data about its region. 

The State Data Center has two major functions: (1) to be t he 
clearingh9use for census information and (2) to be statistical coordinator for 
the state. 

We receive the census tapes and other products from the 1980 decennial 
census, from the economic census and the agri c •J l tura 1 census {which are 
conducted every five years), and from a large variety of annual surveys. We 
also distribute data for the Bureau of Economic Analysis and have annual data 
available at the county level. 

The 1980 Census provides data not only about the number of people in an 
area but also detailed data about where they work, what their jobs are, their 
education, t heir income, their commuting patterns, their migration patterns , 
and a great deal of information about their housing--whether they rent or own, 
what kind of sanitation facilities they have, how many vehi cles their housing 
unit has, and many other things. The information is available on a number of 
fairly small areas--county, city, and township level, and, in rural areas, 
enumeration district level. In the urban areas data is collected by census 
tracts, which are further subdivided into block group data and individual b1ock 
data. 
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The State Data Center produces technical reports about particular topics, 
such as ~orth Carolina co~"uting patterns , in which we take information from 
the census and try to make it more usable. 

Publications Present Data Analyses, 
Announce Series Availability 

In our function as statistical coordinator for the state, we publish 
frequently requested data in one place. We survey as frequently as possible to 
produce documents in which we put t ogether data series from a variety of 
different sources . Normally, county-level data is the most frequently requested 
geographic unit so that is what we publish mos t often. However , there are 
tables available at the place level. Examples of these publications are the 
Statistical Abstract--last published in 1984, the Profile of North Carolina 
Counties-- published as a full edition every five years with an annual ~pdate, 
the State Data Center Newsletter--published about three times a year and 
provided free of charge to anyone who is interested. In our newsletter, we 
highlight data about North Carolina and announce publications and statistical 
series that are available. 

The State Data Center also serves as distributor of two other kinds of 
information produced in the state budget office: (1) current population 
esti mates and projections, and (2) economic forecast for the state. 

County Profile, Population Data Available 
On Line through State Computer Center 

t!e are also working on a register , which is a listing of all statistical 
series produced in state government that we have cataloged. We have this 
information in a data base and can, ourselves, use the information now, but we 
hope to hsve it published in a few months. The data base includes subject, 
description , the smallest geography for which it is available, when the series 
started, how frequently it is produced, any publications , and the agency and 
contact person .. itn a telept.one number. We thin~ the register will be helpful 
in identifying who in state government has specific information needed by 
people doing studies such as the Albemarle-Pamlico Estuarine Study . 

An on-line data system we call LINC (Log Into ~orth Carolina) became 
operational this year on the state computer center mainframe. Anyone with 
access to the state computer center can obtain a number and documentation from 
us to access this data system, which contains all the infornation in the 
Profile of North Carolina Counties and a number of other things, including the 
latest population estimate and projections. Mos t of the series on LINC are at 
the county level, but we do have some municipal data available as well. The 
benefit of having this data on line is that it is more up to date than 
published data. 

At the State Data Center, we work as much as possible by taking phone 
calls and trying to respond by phone using publications , microfiche, and other 
data sources. If we cannot provide the information needed that way, we will 
provide photocopies at a small charge above a certain nunber. When computer 
processing is required because something is on tape but not in published form, 
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we charge for computer and programming t ime above a certain amount. Someone 
working in a county and needing county Ja t a should call the local affiliate 
before calling the state office. 

Discussion 

Question: You archive no information on land, water, or air related data? 

Fuller: No 

Stewart: What about data on second home development and tourism? 

Fuller: There is some information in the census data on second homes, but not 
much. The other data that might be useful in that regard are the data on 
building permits, which the Census Bureau publishes monthly and annually. 

Rader: How do you handle unpublished reports from sources such as NRCD and 
unpublished theses at universities? Will they be listed in the register? 

Fuller: The register contains information we got back from state agencies in a 
survey done two years ago. lie did not survey the universi t y system. If the 
report is a publi cation, we may have it, and it should be in the State Library. 
In that case it will be cataloged. But if it is a data base or an unpublished 
report, we will have only a listing -- and then only if the agency identified 
it. Si nce t his register represents a first effort, there will undoubtedly be 
gaps. Our hope is that over the years, we will be able to fill in the gap~. 
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U.S. Geological Survey Eastern Mapping Center: 
Experience fn Constructing a Digital Cartographic Data Base 

Alan R. Stevens 
Eastern Mapping Center, llational l'.apping Division 

U.S. Geological Survey 

The purpose of this presentation is to discuss the cooperative project 
between the U.S. Geological Survey (USGS) and the Bureau of the Census . The 
Census project is an example of one me thod of populating data bases to support 
Geographic Information Systems (GIS) . It will also help to explain some USGS 
techniques for collection, processing, and archiving digitel cartographic data. 

As described in my first presentation, two of the reco~"endations that 
came out of the Federal Mapping Task Force were (1) to develop a National 
Cart ographic Information Center (NCIC) and (2) to institute a new program to 
collect, archive, and use digital information to prepare USGS maps. 

The NHD's digi tal program has been under development and operating for 
about 10 years . Recently the Division has conducted a searching analysis 
relative to experience with data collection, processing, and archiving. Out of 
that self-analysis came several observations and reco~endations . One such 
observation was that t he National Mapping Program was nearing completion of 
one-time coverage of the 7-1/2" quadrangle series with about 92~ coverage of 
the conterminous United States. The resultant recommendation was to refocus 
our efforts toward t he use of digital production techniques to revise all of 
our products . In order to do this, it is necessary to convert all existing 
graphic products to digital form. Accordingly, a second recon"endation was to 
collect selected categories of cartographic data in digital form and develop 
and copulate a nationally oriented data base with the resultant data--the 
National Digital Cartographic Data Base (NDCDB). 

Therefore, one of the Divi sion's major tasks is t o digitize all data that 
has already been compileo in map form. All four NMD production centers are 
cooperating in this effort as is the Land Resources Inforr-ation System of the 
State of North Carolina. All such data colletted in accordance with our 
standards is entered into the NDCOB. 

Several different techniques are used to capture and process the digital 
cartographic data , but I would ra t her discuss that in the context of a 
cooperative project between the USGS and the Bureau of the Census. 

Census Project Was to Build Data Base 
to Produc~ Enumerator Maps 

The Bureau of the Census was not satisfied with the manner with which the 
enumerator maps were gathered and/or prepared for the 1960 census. The census 
enumerator maps are a primary tool for conducting a census. In t he past, 
virtually any map at any scale was secured and cut and/or pasted together for 
coverage of any one of thousands of districts t hat make up the United States. 
They were then used by field enumerators in door-to-door data collection. 
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As an outgrowth of this prior experience, Census officials proposed the 
creation of a nationwide digital data t:>ase from which one could extract 
eloquent parts at a size and/or scale appropriate to area(s) in question. The 
USGS agreed to assist in this ma ssive undertaking. Specifically, the agreement 
focused on the completion of transportation and hydrography , graphic overlays 
for all 1:100,000=scale maps , ·and the collection, processing, and archiving of 
digital data associated with both overlays at that scale by spri ng/summer of 
1987. 

The 1:100,000-scale series was selected for several reasons. First, the 
task was accomplishable. There are 1,823 1:100,000-scale quadrangles that 
cover the conterminous United States. In contrast, t here are about 55,000 7-
1/2" quadrangles that cover the same area. This 1 arge number plus the 
increased level of detail associated with t his scale, would have created an 
impossible task for the given timeframe. Secondly, t he 1:100,00-scale series 
was originally designed to simplify digitizing--roads are not cased, lines were 
not symbolized, etc. 

As st.ated earlier part of t he goal was to digitize t he transportation and 
hydrography overlays . This actually was further subdivided into three subsets 
consisting of hydrography, roads and trails, and miscellaneous transportation. 
The miscellaneous transportation consists of railroads, pipelines, transmission 
lines, airports, ports, and related facilities. Different procedures were 
followed for each as described below. 

Miscellaneous Transportation 

Because the miscellaneous transportation overlay is not very dense, each 
quadrangle was digitized using manual line following procedures. This 
procedure results in vectorized data. Once collected, t he data was plotted for 
visual inspection. Having passed this and a subsequent software check, it was 
sent to the data base for archiving. 

Roads and Trains , and Kydroyraphy 

Due to the density of data , bot h the roads ond trails, and hyGrography 
layers were digitized using raster sc~~ning techniques. After some c.anual 
annotation, each overlay was placed ~n a cylindrical drum which ~pins past an 
eye that records the data i1; a binary form. 

Conceptually, this is much like viewing each quadrangle as a piece of 
graph paper with thousands of tiny squares called cells. Further, the process 
of scanning is similar to painting the map by filling in each cell in 
accordance with the type of data that falls within each cell. The resultant 
scanned data creates lines that are made of a series of cells. The lines 
appear to have rough edges due to the fact that they are made of a series of 
squares. 

After the collection process, the data is edited to correct geometric 
inconsistencies. As with the manual digitizing, this data is plotted for a 
visual inspection and subsequently, it is vectorized, i.e., the lines are 
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thinned to one cell width. This is followed by some additional processing and 
the data is ready for tagging. 

Tagging is the act of assigning attribute codes to all points, lines, and 
areas. Essentially, t here are two major philosophies for digital data capture 
and use. Each individual category of data could be collected in individual 
layers, e.g., each class of r oad could be captured separately as could each 
trail, all gas lines, all transmission lines, etc . Conversely, one can capture 
all types of transportation and provide an elaborate scheme for identifying and 
separating each. The ·usGS has chosen the latter for long-term implica tions. 

Correspondingly, the ne~t step in the census process was to assign 
attribute codes to each quadrangl e overlay using interactive edit stations. As 
before , the data is then subjected to further checks and forwarded t o the data 
base for archiving. 

After all three layers have met final USGS edits, they are sent to the 
Census Bureau for a final test, i.e., to insure that all layers are vertical 
and horizontally integratable . Tne Bureau of Census will add additional data 
to develop a seamless nationwide data base. Although it is too early to draw 
conclusions, every indication is that this data base will vastly improve the 
enumeration proc~ss. 

Su~mary 

In July of 1987, all 1,823 quadrangles of data successfully passed final 
muster. As a result of this cooperative effort, the USGS has populated the 
NDCDB with national coverage of the 1:100,000-scale data for transportation and 
hydrography. All such data is available for sale to the publ ic in 30' X 30' 
blocks. further infor~ction on t hi s data and all USGS digital data may be 
obtained by contacting the National Cartographic Information Center, U.S. 
Geological Survey, 507 llational Center, Reston, Virginia 22092, telephone (703) 
860-6045. 

The e~ergence of the GJS technology offers vast new horizons certainly iP 
the world of resource management from a local/regional context to global 
perspective . Happing scientists have learned that the GIS is only the tip of 
the iceberg. It is essentia l that an elaborate base be developed first. A 
massive collection and processing effort must proceed, and the N11D is committed 
to collecting ~nd distributing the highest quality data possible. 

These more elaborate resource intense procedures make the processing of 
data in Geographic Infornation Systems much more efficient. The USGS is 
convinced that the future of the mapping industry resides in the ability to 
provide assistance to other federal and State as well as the private resource 
managers by being able to conbine their data with selected base cartographic 
data to improve decision making. 
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University of Dela~are College of Karine Studies: 
Experience in Identifying Critical Watersheds 

Using Remotely Sensed Data 

Charles Bostater 
University of Delaware 

Before getting into our work in the Delaware Bay, I would like to make a 
recommendation from past experience. Having worked in the Chesapeake Bay 
program, I am aware that trying to control point and nonpoint sources and 
trying to justify that control by establishing a link between the pollution 
sources and the decline of a living resource is very difficult. It is 
especially difficult to go to zoning people and the state legislature for 
authority and money for the controls with weak causal linkages. One thing that 
prevents us from establishing strong links between pollution and estuarine 
decline is lack of the right kind and quantity of monitoring data. I see a 
real potential for the use of remote sensing for providing input to conceptual 
or numerical models--the hydrodynamic models, watershed models, water quality 
models, and the living resources models. 

It takes a great deal of very clear thinking to define the kinds of input 
that will support the capabilities for dll these kinds of modeling--potential 
loads, the effect of these loads on water quality in terms of dissolved oxygen, 
and the link to living resources, which is really critical. 

One objective of estuarine studies is to prioritize watersheds by their 
contribution of nutrients to the system so that relevant land- use activities 
can be controlled. But we have to consider the economic impact~ of whatever 
control measures we recommend and be able to justify these meas~res 
quantitatively. 

High Resolution Is Needed to Support 
T>ibutary Waste Load Allocation Kodels 

Waste load allocation in tributaries is based upon basic tra~sport and 
water quality models. These models take into a~count time rate of change of 
concentrations as a function of diffusion, perhaps settling; advection; and 
tidal conditions in the tidal areas; winds; so~rce sink terms or point/nonpoint 
source loads. In the end, this is what we want to be able to describe w~th 
some degree of specificity so we can say with some authority that a specific 
amount of point/nonpoint source load that will produce a specific level of 
dissolved oxygen and a specific level of chlorophyll, which we believe to be 
related to impacts on living resources. It comes down to being quantitative. 

The initial boundary conditions for these kinds of models can be provided 
by mapping information. But there is a difference between mapping 
concentrations and modeling concentrations. Mapping algorithms are not models. 
In mapping, you take an existing set of data from five or ten monitoring 
(ground truth) stations and generalize to the rest of the area. To develop 
models you need higher resolution data supported by monitoring data that will 
allow a tight coupling of the physical, hydrological and optical 
characteristics of the system. 
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Classifications levels for Remotely Sensed Data 

level I level II Level III 

urban and built-up land _ 

agricultural land ---- ~pland 
sture 
chard 
her 

f"7rop types 
l..::.op condition 

forest land ~-------Eiduous ffitree types 
condi tion 

ergreen _______ tree types 
conditfon 

xed 

barren l!nd -------!~and 
rock 
other 

wet1and _____ _____ 1sa t water 
ma rsh - --- ----1 Spartioa alternitlora 

Spartina patens 
Distichlis spicata 
Phragmites communis 
Iva frutescens 
Seccharis halimifolia 
~:inor Specfes 

fres~ ... ater 
marsh 
nor. -.egehted ___ __ r;.;l ~er 

~dal tlevation 
we~ land 

water ___________ type (stream, lake, etc. 

Table 6 -

water masses - - ---l turdibity 
chlorophyll 
acid dumps 
sludge dumps 
circulation 
temperature 

sea state -------1fiiind waves 

tE
j internal wa ves 

hydrography -------1· shallow waer 
deep ~·ater 

Data classification levels 
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In our efforts to protect living resources, if we must go to court or to 
the state legislature, regardless of the direction we take, we have to have 
scientific credibility, which can be translated to the support of scientists. 
So, I recom»end strongly that you give a lot of thought up front to defining 
the different kinds of remotely sensed data available and to developing the 
monitoring system that will support various kinds of models that, in the end, 
can provide the kinds of quantitative loading estimates that scientists can 
support. 

Knowledge of Physics of Estuarine System Is Crucial 
to Extracting Accurate Information from Remote Images 

In the Delaware, we have been w'rking with data from Thematic Mapper that 
let us look at the interaction between the shelf and Delaware Bay in terms of 
temperatures and fronts. This information is valuable only if it means 
something to the managers of the resource who must make decisions about point 
and nonpoint sources. ~e must be able to extract the biological meaning from 
the images, to identify and estimate the export and import of nutrients 
associated with fronts. We can identify frontal regimes, suspended sediments 
along the shoreline, and so forth, but unless the spectral and spatial 
resolution are great enough, we cannot identify where the sources are coming 
from. It is crucial to think about the physics of the individual system, or 
the algorithms you develop may point to the wrong conclusions because they fail 
to take into account simple facts of bathymetry. Think carefully before you 
relate statistical {mapping models) and remotely sensed data to the physics and 
the biology of your system. 

It is possible to use different dates of satellite information to 
increase classification accuracy. In this regard, think about storing not only 
your final product but also original information so that you can always go back 
and maintain a connection with your radiance or digi•al data. Various 
algorithms will be developed and you will need to go back to your original data 
as algorithms and application requirements change. 

Remotely Sensed Data C~n Provide Input for 
Various Models and Mapping Efforts 

In the area of remote sensing, you can use watershed analysis as input 
into a hydrodynamic model for an estuarine area where you may be interested in 
the resuspension of sediment and how tidal circulation effects the distribution 
of po 11 utants. The input that remote sensing can provide for the hydrodynamic 
mode1 can also be used for water quality modeling. Remote sensing can also 
provide mapping information on the monitoring program--mapping of chlorophyll 
and suspended sediment- -and mapping of their association with living resources. 

To date, remote sensing has not been applied to mapping living resources, 
and I think that is where the rea 1 importance in the future wi 11 1 i e because of 
the connection, t~e link, that needs to be made to protect the living 
resources. In order to use remote sensing for this purpose, we need ~igh 
resolution- -spectral, radiometric, as well as spatial--remotely sensed data. 
We need to be able to look into the spawning and nursery grounds and be able to 
estimate what the concentrations of suspended materials are there. One way in 
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which AVHRR data can provide us data about living resources is by revealing 
fronts along which fisheries migrate up and down t he coast and into estuaries . 

At t he beginning i t must be asked wha t level of input will be needed. 
There may be mul tiple uses of t he information, and it is possible to go great 
detail , (See Tabl e 6) It may be desirable , for i nstance t o break urban int o 
several other categories-- resident ial , commercial , t ransportation and so forth. 
Or , with wetlands , you may want to break marshes down into spartina , 
phragmites, all the different groups . You need to keep your ultimate goals-
for instance , making the link between water quality and economic co~"unity 
development- -in mind as you plan for acquiring remotely sensed data. 

Remote Sensi ng Signals Are 
Si gnatures of f undamental Physi cal Pr operties 

We can use AVHRR data t o look at turbidi t y, but will this level of data 
provide you information to pinpoint the critical ~:atershed for point or 
nonDoi~t sources? I am working on a project in which we are using this kind of 
imagery to co~pare eutrophication susceptibility of several estuaries on the 
Atlantic Coast of llorth America . We are using different inagery--AVHRR, TM, 
SPOT, CZCS-- to give us the range (small to large) of spatial resolution that 
will take us back to the "cri t ical watershed concept." 

If we are interested only in l and use , we may need only TM resolution and 
may need only one image in a year . But when we l ook at estuaries , we need the 
high spectral resolution , high radiometric resolution , and perhaps high spatial 
resolution. So, we face a change in the kind of imagery we may need when we 
move from land-based concerns to water-based concerns . 

In the Delaware, we are involved in another project in which we are using 
historical TM, MSS, ar.d AVHRR data and using existing algorithms to rap out 
suspended sediments , chlorophyll , and using published and newly developed 
algorithms to look at how these parame~ers- -chlorophyll and suspended 
sediments--varied in time . We are also in the process of collecting new ship 
data and using historical ship data for the development of new and improved 
algorithms which are based upon-- not statistics, not regression--but the 
radiative transfer problem. We are looking at t he spectral signatures of water 
attenuation with the goal of developing and verifying new algorithms t o be used 
with historical data , but based upon funda mental mathematical physical 
principles, not just statistical regression-based models . 

We are interested in the signal coming out of the water--the upwelled 
energy, t he backscattered light. The light coming into the water is scatt ered 
downward and absorbed and is scattered bac k out of the water . It is t he 
character of the ratio bet ween backscattering , absorbtion , and scat tering--the 
ratio bet ween what goes in and wha t comes out, t hat we are interested in . This 
is the irradiance reflectance. There are ways of solving differential 
equations to show how those signals are signatures of fundamental chemical and 
physical properties. You can do statistical (photon) Monte Carlo simulation to 
determine if your estimates are reasonable. There are relationships like t hi s 
in which we can determine the attenuation of light in the water and the 
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backscattered coefficient as a function of different concentrations-
concentration 1 or concentration 2. We can invert and solve the problem for 
concentration 1 or concentration 2, corrected for the presence of chlorophyll 
or sediment, as an example. 

Monitoring Should Support Coupling of Optical Properties 
and Remotely Sensed Data 

In using remotely sensed data for studying estuaries, we need to think 
about how we can put together a ~onitoring program t hat allows us to get 
specific algorithms tied into specific satellites for determining optical 
properties. In the Delaware program we use a light meter that is simple to 
operate. We look at the upwelling and downwelling l~ght above the water and 
below the water as a function of depth of the water column and develop high 
spectral resolution attenuation coefficients. Typically what we find is that 
the attenuation coefficients vary as you go from coastal into estuarine 
conditions. In the estuarine environment, light attenuation is much greater 
and is different, being a function of w~ve length and water type, i.e. 
dependent upon water quality characteristics. 

We are developing attenuation coefficients which we will use over a 
period of time to refine our water quality algorit hms based on physics to be 
used in mapping and for water quality modeling. I would urge you to develop 
improved models for describing Albemarle and Pamlico Sounds hydrological · 
optical properties. You may not be able to do that initially, but as you design 
your modeling program, think very carefully about the value of col l ecting this 
information, You may not use it in this program, but ten years from now, these 
simple mea:~rements will be extrPmely valuabl e. I wish I had reco~mended this 
as part of our monitoring strategy for the Chesapeake Bay. 

Dhcussion 

Question: lolith the class·ific·ation approach ir. the estuary, what level of 
classification do you think you were able to go with, for example, the MSS? 

Bostater: There are existing algorithms that will allow us to make turbidity 
and chlorophyll estimates. light attenuation, I believe, we can do very weil, 
given sufficient ground truth information, If you are willing to back off the 
satellite to t he point of developing light attenuation--because that is what a 
lot of this is based upon--you can also go to the point of relying on known 
water pollution functions relating light attenuation to chlorophyll 
concentration and productivity, You can decouple yourself from remote sensing 
very quickly if you want to, But you require it to estimate the light 
attenuation coefficient. 

Question: So you were able to get t hrough level 2 and you are pushing at some 
of the extremes in terms of level 37 

Bostater: Yes. 
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Astarf: With the light meter, what band width were you sampli ng in? 

Bostater: What we are using now is a ten nanometer band width. 

As~ar1: How do you spatially sample optics? 

Bostater: In the Delaware we are using about 10 to 15 stations. We have just 
begun this so we have information from only two cruises. We are also going 
across the estuary looking at conditions from the shallows to the deep. 

I believe t hat it is possible to do these detailed spectral attenuation 
measurements in a program like this to provide, especially in the long term and 
in the short term, the capability to use TM or MSS to look at water quality in 
the nearshore environments where local watershed impacts may be seen. In 
Maryland, I was involved in doing recruitment studies, trying to deter~ine the 
impact of water quality on the recruitment of living resources. If we had this 
kind of information about the habitat and spawning areas, it would have been 
very he 1 pful. 

Another approach to t hi s is time series measurements. You place an 
instrument out in the field and let it continuously collect data. The problems 
with that are that you have to have people going out into the field cleaning 
t he probes and so forth. That approach will give you the temporal resolution 
but it will no t give you the spatial resolution which, I think, planning people 
need. There are a lot of time series studies we can do to figure out diurnal 
fluctuations. There are also charged coupled video devices that will probably 
prove to be extremely useful for fixed platform or low altitude surveys. 

Bisterfeld: Are you saying that we can confuse resuspension of sediments with 
an immediate nonpoint source runoff problem? 

Bostater: Hith current techniques, you can estimate t he concentration of 
suspended sedi ments. But when you interpret the figures, you must say how much 
of t he sedi ment in the water column has been resuspended by tidal curre nts, how 
much by fronts due to the bathymetry of the system, and how much by wind. And, 
when you map water quality parameters, you have to ask how t he distributions 
are related to resuspension, winds, stratification, and fronts, and how much is 
due to point or nonpoint sources. When you interpret imagery, you must be 
aware of the dynamics of the system. 

Question: What degree of complexity is added by the fact that the Albemarle and 
Paml ico are both very shallow bodies of water? 

Bostater: That has to be taken into account. 
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A GIS Approach 
to Uuderstanding Biogeochemical Processes 

Carolyn A. Clark 
Lockheed Engineering and Manage~ent Services 

This study represents the remote sensing portion of a project conducted 
over several years in the Florida Everglades llational Park to advance our 
understanding of the increasing concentration of methane ( CK4} in the 
atmosphere. The project has been funded by NASA headquarters as part of its 
Biospheric Research Program and has been conducted by a consortium of 
scientists from the National Park Service, Langley Research Center, and NASA 
Earth Resources Laboratory in Mississippi. 

The objectives of t he remote sensing portion of the project were to 

1} exa~ine capabilities of current remote sensing 
instruments to delineate wetland vegetation types 
found to be significantly correlated with methane 
flux ; 

2} develop and test a Geographic Information System, 
within the context of a pilot experiment, for 
estimating methane emissions from wetland ecosystems. 

Examining Capabilities of Three Remote Sensing Syst~s 
Was One of Project's Kajor Tasks 

The pi1ot experiment was conducted in the Everglades National Park and 
compri sed two major tasks: 

1} conducting comparative analyses of them~tic mapper 
(Tl1}, multispectral scanner (MSS), ar.d advanced very 
high resolution radiometer (AVHRR) mapping results to 
determinE the utility of each fo< biogeochemical 
studies; 

2} developing a spatial data base combining geobased 
information (su•face cover, i nundation, t opography} 
with grour,d-bas~d methane f1 ux measurements. 

Aerial color infrared photography taker> with a Wi1d RC-9 (or si mil ar 
aerial ~apping camera) was made of the Everglades National Park. Thi s imagery 
was used for setting up a sampling strategy, for locating ground plots, and for 
assessing accuracy of digital TM, MSS, and AVHRR imagery. 

Remotely Sensed Data Yielded Local Vegetafve Cover Hap; 
In Situ Measurements of Kethane Flux 

Showed Positfye Correlatfon with Kajor Vegetative Cover Types 
A TI·I-derived surface cover stratification was made of Shark River Slough. 

This map was developed specifically for the pilot met hane emissions experiment 
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and was provided to the field team tc guide C~4 sampling missions. A spatial 
model of methane emissicns was made for Shark River Slough based on in situ 
methane flux mea surement s. This noninteractive model was partitioned into 25m 
cells, whose outputs, according to measured methane flux rates, were summed to 
produce an overall methane emission estimate for Shark River Slough. The model 
is show in sc hematic in Figure 12. 

Other Factors Affecting Methane ~issions 
Were Overlayed To Esti~te Rates 

TM and r~ss surface cover maps with areal extent estimates of each cover 
class were made. In situ methane flux rates were found to have a positive -
correlation with major vegetative cover types (swamp forest, sawgrass, 
sawgrass/spi kerush, sawgrass/cypress, cypress s~o~amp, and mangrove). By mapping 
areal extent of significant cover tyoes, overlaying topography or inundation 
boundaries, flux rates per cover type, and significant ambient temperatures, 
estimates of methane emission rates could be extrapolated. 

Estimates Were Expanded to Regional Scale 

To expand to a regional scale, AVHRR surface cover maps were made with 
areal exttnt estimates of significant vegetative types. These were to be used 
to expand the methane flux rates from the Everglades across the Gulf Coast. 

From the ground data (in situ methane flux rates, inundation boundaries 
from topography and Park Service precipitation records, ambient temperatures) 
and the areal extent estimates of vegetative cover types, a digital data base 
was established to develop transfer functions relating gas flux rates to the 
appropriate envi ronmental parameters in the data base. 

89 



The Tennessee Valley Authority's 
Experiences with Spatially Complex Water Resource Problems 

frank Perchalski 
TVA 

The Tennessee Valley Authority, in cooperation with the Soil Conservation 
Service and several Tennessee Valley region states, has recently applied an 
aerial photography-based data-collection approach to the solution of several 
water resource problems. The primary conclusion from our experience, so far, 
is that there are significant misconceptions about the usefulness of existing 
data in solving problems on the forefront of water resource management . These 
concerns probably apply just as strongly to most environmental monitoring 
activities. 

Much of the data which can be handled easily in a GIS has been collected 
to evaluate problems with relatively simple spatial components and is usually 
inadequate for solving problems with more complex two- and three-dimensional 
distributions and interactions. Existing data may be helpful in identifying 
regional consequences of pollution, but different and more spatially complex 
data are needed to evaluate local effects and to mitigate source problems, 
particularly problems related to nonpoint sources and groundwa~er. 

lie have found that information extracted from stereoscopic analysis and 
interpretation of conventional aerial photography can supplement traditional 
map information with valuable spatial detail and spatial relationship data. 

Existing Data Bases round Inadequate for Goals 
of Duck River Water Quality Project 

The inadequacy of existing data bases for dealing with nonpoint and 
groundwater problems became apparent when our staff began inventorying data on 
locations and distribution of nonpoint sources of water pollution for several 
subwatersheds of the Duck River Watershed in central Tennessee. It was our 
i ntention to use existing data bases to develop water quality sampling plans, 
to pri oritize subwa tersheds and sources within t he subwatersheds for 
establishment of best management practices t o help mitigate water quality 
problems, and to design a monitoring program to document the effectiveness of 
the mitigation efforts. 

Several alternative approaches are typically available for evaluating 
nonpoint source problem areas: (1) generalizations based on knowledge of soil 
types and their characteristics and distributions, (2) statistical sampling of 
condi tions, (3) extensive field data collection, and (4) remote sensing data 
collection and information extraction. 

Since remedial actions and follo~up monitoring were anticipated, the 
first two data collection strategies did not appear to be appropriate. 
Statistical summaries and generalizations about nonpoint source distributions 
and conditions would possibly have provided an overview of the watershed but 
would not have permitted t he design of a sampl ing and monitoring plan or the 
planning of remedial actions. 
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Figure 13 - Illustration of TVA land-use inventory atlas fo~t: 
Each polygon contains a number representing a land
use or land-cover category. Fields with erosion 
potential also contain a second nuQber, representing 
the number of the field on a particular aerial 
photographic base map and corresponding 7 -1 /2" 
quadrangle. 
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The staff then compared annotated 
photographs and found a large number of 
indicating that an extensive field data 
order to make the country maps useful. 
major field data collection project. 

county maps to high altitude aerial 
discrepancies between the two, 
effort would have to be undertaken in 
Time and budget constraints precluded a 

Photoanalysis of 1:24.000-scale Infrared Aerial Photos 
Served to Locate Nonpoint Sources 

All of these considerations led to the decision to supplement existing 
information with a detailed aerial photographic data collection effort. A 
smaller aerial photographic inventory conducted on the Bear Creek Floatway 
watershed in northwestern Alabama served to test some procedures and products 
which we eventually used for the Ouck River project. 

The primary data source for t he Duck River nonpoint source inventory was 
newly acquired 1:24,000-scale infrared color aerial photographic 
transparencies. These were analyzed stereoscopically, using mirror 
stereoscopes with 3X and 6X binocular attachpents. Features were annotated on 
clear plastic overlays attached to the transparencies. 

Through analysis of the aerial photographs, several kinds of nonpoint 
sources of possible water pollution were located ana identified. Incl uded were 
the effects of surface mining, septic system failures, animal waste sites, and 
soil erosion. The first t hree categories were fairly routine data er.traction 
exercises. The soil erosion i nventory however, presented some original 
difficulties. 

Universal Soil Loss Equation was Combined with Aerial Photography 
to Quantify Soil Erosion 

Initially, it was assumed t hat stereoscopic analysis of t he relatively 
large scale aerial photographs would allow for almost i mmedi ate recognition of 
areas with actual or potential soil erosion problems. It soon became obvious 
t hat not all potentially erosion prone areas were being identified. The 
analysts were not "seeing" all of tf'le erosi on features. And, although some 
areas were obvious, it was difficult to quantify t he amount of soil loss being 
experienced in an area. For many areas experiencing significant soil loss, t he 
aerial photographic method provided no reliable clues upon which to make 
quantitative judgements. 

A method was needed, t herefore, to derive quanti tative soil erosion 
information, using a combination of aerial photographs and other available 
i nformation. A method was developed, in consultation with Soil Conservation 
Service district conservationists, whereby the Universal Soil Loss Equation 
{USLE) could be appli ed to each agricultural field. This was done by deriving 
and combining pertinent factors from existing county soils maps, aerial 
photographs, and j udgement of the county conservationists. 

An intermediate product, whi ch was the primary spatial reference, 
consisted of county nonpoint source atlases. The located and identified 
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sources were transferred from the annotated infrared color aerial photographs 
to clear plastic overlays attached to black-and-white enlargemenis of Na t ional 
High Altitude Photography (NHAP) Program aerial photographs. The NHAP 
enlargements were at a scale of 1:24,000, which allowed overlays to also be 
used with the corresponding 7-1/2 minute topographic quadrangles. Figure 13 
illustrates the level of detail contained on the inventory atlas sheets. Each 
polygon contains a nu~ber representing a land use or land cover category. 
Fields with erosion potential also contain a second number, representing the 
number of the field on a particular aerial photographic base map and 
corresponding 7- 1/2 minute quadrangle. 

Three factors used in the USLE were derived directly through analysis of 
the aerial photographs. In the basic USLE equation, where 

R x K x (LS) x C x P = tons/acre/year of soil erosion 

the length and slope factor (LS) , cover and cropping system factor (c) , and 
farming practice factor (P) were determined for each field using the aerial 
photographs . The rainfall factor (R) for each county and the soil erodibility 
factor (K) for each soil type were prodded by the district conservationists. 

USLE factors for each agricultural field in each 7-1/2 minute quadrangle 
were entered i nt o computer files and the USLE was calculated for each field, 
with corresponding codes which cross-r~ferenced each field t o its location on a 
7-1/2 minute quadrangle and within each county. A notation (G) for each fielc 
was also included to record the presence or absence of observable gullies. 

The analysis staff was provided the following materials for invent orying 
each 7-1/2 minute quadrangle: 

* stereoscopic infrared color aerial photog~ap~s. at a scale of 
1:24,000, and clear plastic overlays 

* black-and-white, 7-1/ 2 minute quadranglE-centered, ~ HAP aerial 
photographic enlargements, at a ~cale of 1:24 , 000, and clear 
plastic overlays 

* 7-1/2 minute topographic quadrangle~ 

* blank coding s heets 

* copies of the land use and land cover classification scheme, 
list of erodibility factors for each soil' type, and length and 
slope fa ctor (slope-effect) chart 

* soils map 

* miscellaneous analysis and drafting materials and equipment 

The procedure used for the production of t he atlas sheets and the tabular 
listing for each field and its corresponding soil loss consisted of the 
following operations: 
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* land uses and land cover types were delineated on the aerial 
photographs, including individual fie ld boundaries 

* land use and land cover annotations and field boundaries were 
transferred to the aerial photographic base map overlays 

* fields, which had cover and cropping factors indicating soil 
eros ion potential, were consecutively numbered on each base map 
overlay 

* field number, rainfall index, and cover and cropping system 
factor were entered on coding sheets 

* fields were again examined stP.reoscopically on the aerial 
photographs to determine slope length, degree of slope, farming 
practice, and presence of gullies 

* length of slope, degree of slope, farming practice factor, and 
gully condition were entered on coding sheets 

*each field was compared with the soils map, and t he appropriate 
label and soil erodibility factor were entered on coding sheets 

* the area of each field was measured using an electronic 
p~animeter , and the value was e .. tered on coding sheets 

* coding sheets were entered into the computer files, USLE 
calculations were made, and sum~ary sheets were printed 

* atlas sheets and tabular computer summaries were assembled by 
county 

The result of the soil loss analysis was tabular data listing USLE 
factors and resulting soil loss esti mat~s for each agricultural field in the 
,-atershed, Using the tabular information, soil loss could be estimated for any 
area, from a~ i ndividual field to county or subwatershed size areas. Since 
each field has a uniQue , but correspondi~g. nurnbtr on both the tabular computer 
sum"aries and on the 7-1/2 minute Quadrangle atlas sheets, other detailed 
analyses of spatial relationships for rather large areas are also possible. 

Cost of Nonpofnt Source Inventory Was low, 
But Digitizing Must Be Done for Use in GIS 

The Duck River project inventoried nonpoint sources for approximately 
1,036,000 acres in four months at a total cost of $58,700 (about six cents per 
acre), which included the acQuisition of new 1:24,000-scale infrared color 
aerial photographs, The cost per acre for the soil erosion inventory alone was 
less because t he total inventory included animal waste sites and the connection 
of each animal waste site to the Duck River with a detailed surface water 
drainage line. 
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At the conclusion of the inventory, copies of the atlases and tabular 
summaries were presented to each of the four counties in the study area. 
Recent indications are that the information is being used to a greater extent 
than originally anticipated. Initial field checks of t he data were wi t hin the 
erosion ranges shown by the inventory; therefore, t he inventory information is 
being used for planni ng without significant additional field verification. 

Information produced by the project is reduci ng the amount of time 
necessary for fie l d data collection for water resource analysis. Kowever, more 
time is required to evaluate the i nformation content of t he atlases. The next 
major change will result when t he inventory information is digitized and stored 
in a Geographic Information System. Thfs will enable the water resource 
investigat or to s ignificantly reduce the office time necessary to analyze the 
inventory i nformation and to develop mitigation and sampling plans. 

A test in one watershed using the full approach--from aerial data 
col l ection t hrough anal ysis of resul t i ng i nformati on us i ng an aut omated mappi ng 
system- -shows t hat once drai nage and animal waste ~ite data are i n digital 
form, t~e water resource analyst can plan an optimum water sampl ing plan to 
support moni t oring and remedial action in j ust a few hours. 

Duck River Project Indicates 
GIS Capabilities and Needs 

The Duck River experience and other nonpoint source i nvent ories make t he 
followi ng apparent: 

1. Existing data is not adequate to char acterize 
nonpoint source water quality problems. 

2. Coll ecting the rig ht data s impl ifies t he analysis. 

3. Detai l ed information can be collect ed accurately and 
cost ef fectivel y t hrough t he analysis of aerial 
phot ography. 

4. Geographic information system technol ogy provides a 
t ool to reduce data analysis time and support much 
more complex analyses, but the technology is still 
not widespread and t he loading of data is still 
expensive. 

These and other experiences also indicate that local governments collect 
most geographic i nformation, and t hat little of t his i nformation is available 
to or used by anyone other t han the collecting agency. Local governments 
should be responsible for the primary collection and maintenance of geographic 
information because data, even if they are to be shared, must be col lected to 
meet t he demands of the most detailed user. Kowever, local data are often not 
well organized and may be dispersed in many different agency files. An · 
al ternative to havi ng multi ple agencies each coll ecting and mai ntai ning the 
same i nformat i on may be i ntegration of locally col l ected dat a into a 
multipurpose automated land information system. 
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Today, there are two types of Geographic Information Systems: land 
records systems, generally related to ownership and parcel records; and 
resource manage~ent systems, generally at smaller scales and only tied to 
geographic coordinates. There is a need to integrate these two approaches. 

There is also a need for more economical collection of geographic 
information in digital form. The two approaches to digital data collection are 
1) the use of multispectial scanners or ceo cameras to collect digital images 
and 2) manual interpretation of a photographic image and digitizing of t he 
results. In the short term, more detailed and accurate data can be obtained 
through manual interpretations, but there is a need to develop more efficient 
ways of loading the results of the interpretations into computer files. 

Another major need is to develop a more multipurpose approach to r-ca 
collection and GIS development. Although there are many technical probl ems, 
multifunctional problems are the most serious at this time. Ways must be found 
to meet special purpose needs t hrough general purpose data collection programs, 
to share data between different levels of government, and to generalize large 
scale data to meet small scale requirements. This could help bring about the 
true integration of planning and resource management and local land information 
systems. 
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Est~arine Remote Sensing 
Using the NOAA AVHRR 

Richard P. Stumpf 
National Oceanic and Atmospheric Administration 

Assessment and Information Service Center 

IHthout synoptic water data, estuarine researchers and managers cannot 
easily place sampl ing stations in context, namely establish whether a station 
represents a large area of an estuary or an isolated patch. However, in all 
but the smallest estuaries, shipboard sampling cannot provide the frequency of 
synoptic data needed for studyi ng or modeling the distribution of material and 
water masses. Imagery acquired from satellites can provide required synoptic 
data about indicators such as temperature and suspended material. 

Gordon and Morel have shown t hat satellites can be used to estimate 
oceanic chlorophyll using the Coastal Zone Color Scanner (CZCS). ("Remote 
Assessment of Ocean Color for Interpretation of Satellite Visible Imagery," 
Lecture Notes on Coastal and Estuarine Studies. Springer-Verlag:New York, 
1983.) 

Strong and McClain demonstrated in 1984 that sea surface temperatures can 
be estimated using the Advanced Very High Resolution Radiometer (AVHRR). 
("Improved ocean surface temperatures from space--comparisons with drifting 
buoy s." Bull, Ar.leri can l·leteorolog ical Society: 65:138-142.) 

The abi l ity to estimate estuarine suspended solids using Landsat was 
documented in 1979 by Munday and Alfoldi, and, more recently, Stumpf showed 
that estuar ine suspended solid s could be estimated using AVHRR data. 

Landsat imagery has been used predominat~ly in estuaries because of its 
very high spatial resolution. Unfortunately, the sampling frequency is, at 
best, only two scenes per mon th at $600-$3,300 per scene (depending on 
resolution), greatly limiting t he use of the data in studying estuarine 
variability. The AVHRR, by providing daily coverage that costs $20-$100 per 
scene, has greater poter.tiai in t he study of estuaries. 

Over t he past t~o years, the Assessment and Information Services Center 
has been working on techni que s to obtain useful data on estuaries from sens~rs 
such as the AVHRR. The information obtained from the AVHRR , in particular, is 
being combined with data from other satellites and sources, to help in the 
study of various estuarine problems (Johnson et al., 1986). The status of the 
techniques used to obtain information from the AV HRR data will be summarized in 
this paper. 

AVHRR Offers Six- Hour Te~poral Resolution. 
Data from Visible. Near-Infrared. and Thermal Bands 

The AVHRR onboard the NOAA meteorological satellites, collects one 
daytime and one nighttime scene of any region every day. With two satellites 
operating, 6-hour temporal resolution is possible for temperature, and twice 
dai ly imagery is possible for water color and t urbidity. The sensor pixel 
width is about !.l krn, Therefore, the AVHRR can be used to investigate 
estuaries wider t han 4- 5 km and having areas greater than about 30 km2 . 
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The AVHRR provides data from 3 thermal (emitted) and 2 reflected radiance 
channels. The thermal data derived from the three therrnal-IR channels are used 
to obtain sea surface temperatures corrected for atmospheric distortion. The 
temperatures are measurable within about plus or minus 1 degree C, but 
gradients of 0.25 degrees C can be detected. Sea surface temperature 
measurements from the AVHRR have been well documented over the 7 years the data 
have been collected (cf. Strong and McClain, 1984). Determination of water 
reflectance and color from channels 1 and 2 is a more recent development. 

The visible and near-infrared bands can be used to determine both water 
reflectance, which can be used as a measure of turbidity (i.e. light 
attenuation) or suspended solids, and water color, which varies with the 
presence of pigments. The inclusion of atmospheric and sun angle corrections 
in the algorithms permit comparison of reflectances obtained from different 
scenes and from different sensors. 

Stumpf (1987) has shown that a single form of nonlinear relationship can 
be used to equate reflectance with sediment concentration for typical estuarine 
conditions. The use of this relationship greatly reduced the quantity of 
calibration and verification data--in particular one calibratio·n can apply to 
most of an estuary for several scenes or even several months of data. The use 
of this relationship further allows for adjustment of calibration coefficients 
for changes in the composition of the suspended materials. Estimates of 
suspended solids through this method can be accurate to within plus or minus 
30% fo~ average conditions. 

Water color can be used to identify strong estuarine algal blooms during 
the summer. In addition, work in Chesapeake Bay has shown that water color, as 
measured by the AVHRR, has the potential to provide estimates of the 
chlorophyll concentration in tu~bid surface waters. Additional calibrations 
are b~ing made to evaluate the range of conditions for which reliabl e estimates 
of ~hlorophyll can be made. However, the detection of blooms alone is valuable 
information. The sensor can provide greater information than in-situ data on 
the areal extent of a bloo~ and, when information on chlorophyll is obtainable, 
the sensor data can provide the a~proximate quantity of algae within the bloom. 

AVHRR Data Can Provide 
Accurate Extrapolation of In-situ Data 

Using imagery of estimated temperature, sediment, and algae 
distributions, the AVHRR can be used to identify and study spatial and temporal 
variations and events in estuaries of moderate size, such as Albemarle and 
Pamlico Sounds. While satellites such as the AYHRR cannot provide the variety 
or accuracy of measurements obtainable from s hip, they ton compl ement shipboard 
measurements by providing detailed spatiai and temporal information, as well as 
accurate extrapolation of in-situ data. The imagery can also be used to detect 
surficial circulation patterns induced by changes in river discharge and wind 
stress, allo~ing the potential use of this data in initializing and verifying 
models of the system. In addition, by showing spatial distributions and 
variability, the satellite imagery can be used to improve the efficiency of an 
in-situ monitoring program. 
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DISCUSSION AXD DEVELOPMENT OF STRATEGIES 
FOR UTILIZING REMOTELY-SENSED DATA 

AND A GEOGRAPHIC INFORMATION SYSTEM 
FOR THE ALBEMARLE-PAMLICO ESTUARINE STUDY 

Statement of Problems to Be Addressed by APES 
and ~orkshop Objectives 

Doug Rader 

We have two very clear goa 1 s from the Clean 14ater Act and our designation 
package signed with EPA. This is what we have to do. 

By October of 1990, we have to characterize status and trends in water 
quality and living resources and identify probable causes of envircnmentally 
significant changes. 

That has two major components. The first is characterization of 
envi ronmentally significant processes and estimation of their effects. These 
processes fall into two categories: 

I. Watershed and cumulative impacts 
a. land use conversion 
b. nonpoint source pollution 

II. Instream water quality 

a. eutrophication 
b. anoxi a/hypoxia 
c. sediment effects 
d. toxicant effects 

Once we've characterized the situdtion as it is, we must identify critical 
areas t hat are subject to wanagement decisions. Once we know what the critical 
areas are, we can concentrate our efforts in t hese areas. Some of t hose . 
critical areas we know now--the use i ntensive or resource critical areas--and 
we can begin t o develop management plans for t hese areas. We have a policy 
mandate to begin doing thot. 

But our knowledge of the entire system is not nearly to that point yet. lie 
know that the main stem of the Pamli co River has a guild of 10 or 15 
significant environmental changes t hat have occurred in the last 15 years. lie 
know that similar conditions exist in the Neuse River and Chowan River and 
other tributaries. We can draw the arrows t o the problems. But we have no 
idea about how to allocate, either geogra~hically or topically--that is by 
process, effort or money to solve the problems. 
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What we hope remote sensi119 applications can do is identify those 
concentrations of land use in close proximity to problem waters so we can 
target scarce money on the vulnerable areas. 

One major thing we hope comes out of the study is a regulatory management 
program that will let us address cumulative impacts of land-use change. Right 
now we have no hope of evaluating, much less regulating. 

It has always been my concept that we must go about t his by first 
identifying critical areas instead of applying control measures uniformly 
across the entire basin. Keep in mind that by critical areas I mean both those 
areas where concentrated land-uses create problems or those areas that are 
critical to some resource tha t is threatened, such as primary nursery areas for 
shrimp. In some cases the two will coincide. 

Once these areas have been identified the next step is to have some logical, 
consistent way for estimating with some accuracy what the effects of given 
management strategies will be. 

So the first major part of the study involves (1) characterizing processes 
and effects, (2) identifying critical areas, and (3) evaluating the likely 
effects of alternate management strategies. 

Once this part has been done--but no later than Uovember of 1992- -we must be 
ready to implement a control/management program, either in key wttersheds or 
basinwide, for the long-term. That involves long-term information management 
with modest support--that is reduced federal support. And realistically, we 
could be talking about not more than $400,000 to $500,000 for the entire data 
program at that point, including monitoring, remote sensing, and 
administration. 

The last t hing we must do is test the effectiveness of our management 
strategies--that is evaluate how our control measure have helped. I think given 
the variability in the system it may be impossible to do this evaluation, but 
we're required to try. 

Since it is the nonpoint source relations that predominantly drive the so
called environmental problems of the estuarine system we must have some tools 
to address nonpoint source problems . We are looking to your expertise to tell 
us what kind of help we can ~ealistically expect from remote sensing and 
Geographic Information System technolo~y. 

We need for this wo.·kshop to: 
1) produce a set of concrete recommendations about the possible 

integrations of a remotely sensed data base into a Geographic 
Information System that will let use address the management of 
nonpoint source relationships; 

2) define how our need to construct models for regulatory and 
management purposes imposes certain data collection 
requirements and ho~ our data collection requirements should 
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influence the design of our comprehensive monitoring program; 

3) describe a system which fulfills the specific goals of this 
study and is, at the same time, adequately worthwhile and 
sufficiently economical to gain state s upport over the long
term. 
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Conrnents Rele\'ant to Study Goals and 
Objectives of Remote Sensfng/GIS for APES Study 

Perchalsk1: TVA managers have tried to address similar problems in one of the 
world's largest river systems, and we're having a complete rethink of some of 
our concepts. There are no water quality problems. There are only land-and
water quality problems. You cannot address water quality as if it were 
independent of what's happening on land, and we know how to tackle problems on 
1 and. 

If we have pesticides in the sound, are we going to spend the next decade 
trying to decide where the pesticides go, how they move, what their effect in 
the sounds is, when tomorrow, we can start controlling the sources of the 
pesticides on the ground? 

Rader : We are required to characterize the situation as it exists--to identify 
which parts are becoming worse , which are becoming better, where the critical 
areas are that are subject to management. That way we can target our money 
where it will do the most good . 

Perchalsk1: Yes, but I'm afraid the direction I see is t hat you'll spend yocr 
money trying to document t hat you have a problem when you could spend a lesser 
amount to eliminate the problem. 

Rader: We don't have t he option of not documenting. It won't work in this state 
from a policy standpoi nt. And , we've signed a docur.~ent saying we'll do if. In 
some cases we've already had success in documenting problems and allocating 
money to bear on the problems. 

The Agricultural Cost Share Program was created to address nonpoint source 
problems, and great amounts of money have been put i nto that program. However, 
the way it really works is that the people who yell the loudest or are the 
least resistant to change or who have the least personal i nterest in t he 
problem are t he subwatersheds within counties where the money goes. It's a 
first-co~e, first-served kiod of arrangement. Instead, it should be targeted 
where the real problems are. What I hope a remote sensing application can do 
i s document t he problem areas so money can be effectively targeted. 

****** 

Perchalski: In t he long-term the key to any nonpoint source control is 
education of t he public. They have to do it, not you . You can't force all 
t hose farmer s to control runoff. Loading s from watersheds can be calculated 
using Universal Soil Loss equation (gives you a pounds- per-acre- per-year value ) 
and to do these calculati ons (wi th dollar constraints and t ime constraints) you 
need to use the less high-tech methods. We're talking about doing Universal 
Soil Loss Equations per field at a cost of 25 cents an acre. 

Tribble: I have s.erious ques tions about the TVA cost figures. There's an 
infrastructure in terms of staff and capital investment a¥ailable to TVA that 
is transparent. For our prograQ to get up to that level will take a lot of 
time and money. 
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Pacfocco: When it comes to the management part, I think a lot of what is being 
said is out of the ball park. If you want money and legislation to do your 
work, where are you going to get it? You are not going to impact the General 
Assembly with data no matter how much data you bring. Local governing bodies 
will impact the General Assembly's decisions. I'm not discounting the value of 
data, but I think you're coming at the management part by the back door. I 
think when you start recommending management strategies, that's when your local 
people will be your biggest supporters. 

Bisterfeld: To me, that's exactly why you have to characterize the status and 
the trends. 

Perchalski: We have a way right now to find out the effects of remedial work in 
a subwatershed so that the local people say "Yes, this worked. It cleaned up 
the stream in my backyard." That's when the legislature gets on your side. 

Participant: In order to know what you need to do on the land, you have to know 
~>.·hat the problem in the water is. Is it ni trogen , phosphorus, sediment, 
toxics? So, on the water quality side, you need that status and trends. On 
the land side, the gentleman from TVA sounds like he has a reasonable approach. 
So, remote sensing may be useful in he~ping you pick up land-use changes, then 
you can use the low-tech approach to go into those areas to see what has 
happened--that is has the farmer changed his crop or what. 

Pacfocco: Local agencies can tell you whether the land use is changing though. 
You can get your SCS people, your ASCS people, your Extension people, and 
information maintained by the counties and you can tell exactly where the land 
is changing, because you don't have that much urban development. from these 
sources, you can practically draw a land-use chart every year. 

Stewart: Just what kind of water quality data is remote sensing going to give 
us t hat can be helpful? 

Khorram: I would hope that whatever kind of rer.1ote sensing data is collected 
will be coupled with basic conventional biological studies done on the sites by 
biologists and water-quality specialists. These people can tell us that, for 
instance, we have a phosphate problem. Then t he remote sensing data land
use/land-cover map can allow us to connect the phosphate problem with a type of 
land-use or land-cover so we can draw conclusions about t he mechanism for the 
problem. 

Doescher: Remote sensing data does not stand on its own. It has to be 
supported by data from many different sources. 
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Summary of Remote Sens1ng/GIS 
Concepts and Perspectives 

Stuart Doescher 
During the course of t his workshop, we have gotten a good definition of 

the basic requirements for planning the remote sensing/G!S elements of the 
Albemarle-Pamlico Estuarine Study. 

First, we must identify our particular need. Our need is to solve 
environmental problems in the estuaries. 

Second, we mus t determine what data and what kind of modeling is needed 
to make this sol ution possible . We can determine what our fundamental data 
layers should be by determining the data needed for the modeling that must be 
done. 

Two of t he fundamental data layers that are obviously needed are (1) 
land-use/land-cover and (2) water quali ty monitoring . We have discussed a 
variety of other data in t his workshop, but if we are going to identify 
accompli shabl e objectives, it is necessary to narrow t he domain to fundamental 
data layers. 

An important factor t ha t we need to realize is that t here is a spectrum 
of interests in regard to the data to be collected. There are those ~ho are 
i nterested in basic research and development, and we must realize that while we 
don't have in place all the science needed to solve these problems , there is a 
continuing need for funda mental research and for data to support that research. 

There is also an applied research interest. On the applied side, people 
want to take some of the fundamental data and start working on pilot projects 
or on concepts to see if t he fundamental research makes sense when appli ed to 
specific fields. 

There is also an interest in routine appl ications. People want to take 
t he basic research and the applied research and routinely ~reduce and/or refi ne 
usaol e products such as maps. 

Another interest is 
the "what if" questions. 
databases also. 

i n policy-ma~i~g information--i nformation to answer 
Data to s upport this kind of queryi~g must be in our 

The APES information syste~ must accommodate all these interests. 

T~rough this workshop, we have also seen a spectrum of techniques. There 
are older techniques that have been and continue to be used very effectively. 
These techniques-- such as aerial photography--have an appropriate place. There 
are new techniques-- such as GIS systems- - in place. There is also the promise 
of future tec~oniques. We know things will continue to evolve and be refined. 
The information system that is developed in support of APES mus t be flexible 
enough to take advantage of appropriate old and new techniques as well as 
future techniques as t hey are availabl e. 
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Sveakers at this workshop have also made it obvious that there is a 
spectrum of available data in terms of spatial, spectral, and temporal 
resolution. 

We, as e~perts in remote sensing and Geographic Information Systems, must 
focus on identifying for the directors of the APES study, which of the 
techniques and which resolutions will yield the land-use/land-cover and water 
quality data they need to satisfy the spectrum of interests. We must also g~ve 
the directors of the study some idea of the costs involved in collecting and 
processing the data needed. 

107 



- ·-- -·-·--·· 

INFORMATION GOALS 
LAND-USE 

CHARACTERISTICS 

OF DATA NEEDED ' 'C'!~ ' TO REACH ~ 
INFORMATION 

PATTERNS IN 
WATER QUALITY 
Spatial, spatial ,tm;>oral 
distribution of 
{1) temperature, 
(2) salinlty, 
(3) turbidity, 
(4) chlorophyll A, 
(5) total suspen<led 

solids. 
GOALS a \ ~ 

r----.~--.---~---------------
CLASS1FICATION 
LEVEL 

SPATIAL RESOLUTION 

SPECTRAL RESPONSE 

TIMELINESS: 

·Frequency 
(H· rlO"I :a!' rea~.~me) 

• Soasonal 

ACC.EPT ABLE 
ACCURACY 

SOURCE 

COST 

• Proetssing 

II+ 

5-10 
ac.·e:s 

Syrs 
at l·yr 
in~e!VaJ 

lee'·onl 
leal-off 

TM 

!> :r-
::0 
m 
> 
0 
< 

~ , 
m _o 
a> 
m 
z 
C> 
z 
~ 
m 
C> 

~ ..... 
m 
0 

z , 
::0 
0 
0 
m 
(I) 

"' -8 
" ::;: 
< 
0 
:0 
p .., 
"i 
0 
r 

~ 

Biweekl)" March· 0:\~~~ 
Monthly dJrin~ winter 

75•/c • goe~ de;>e"l' ~;on 
pa·a-neter 

AVHrt~ fo·t·e~~s: 

Trl fo· no,-:o-.n; 1"\d 
f~:row'"\:; u:l s:.e:.r:: e.:e,:s 

Figure 14 - Chart of some data needs and possible data sources 
for use fn a Geographic Inforu.ation System for APES 
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Development of Chart of Data Heeds. 
Characteristics. and Sources 

Stuart Doescher. Discussion Leader 

(In this rather brief session an effort was made to reach consensus 
on the data needs of the Albemarle-Pamlico Estuarine Study and to 
bring closure to the two-day workshop. Due to the rapid pace of 
the discussion, not every co~ment could be recorded. Because of 
the somewhat selective nature of the transcription and a strong 
effort by the discussion leader to keep the discussion focused and 
avoid side issues, some comments may seem to be out of context. 
However, what follows generally represents the direction of the 
discussion.) 

As a method of providing the advice needed , I ask all workshop attendees 
to participate in the development of a chart (See Figure 14) which identifies 
data needed for modeling and for a Geographic Information System for use in the 
Albemarl e-Pamli co Estuarine Study, s peci fies the relevant data characteristics, 
and identifies which remote sensing sources can provide the needed data. We 
also wish to say something about the relative costs of each source. 

This chart has two major data-need headings, as suggested by Doug Rader 
in his statement of problems: (1) land-use and (2) water quality. These 
headings are at the top of the chart. On the left side of the chart are the 
data characteristics that may be relevant and important. Now, we want to 

(1) decide what data layers we need under each major 
heading, 

(2) fill in the chart with specific recor~endations as much 
as possible . 

Discussion During Chart Development 

Askart: On land-use, you can start with baseline data, which you get from low
altitude. Then you can say how that land-use is changing. High-altitude or 
satellite data can identify change. Then you can say what those changes are. 

Doescher: So one of the primary things we want to know about land use is change 
or conversion. 

Partfcfpant: Well , we need the baseline first. What is that baseline? It 
sounds like a lot of it is agriculture. It's not sufficient to draw lines 
around agriculture. We're probably going to want to draw lines around tighter 
groupings. Do we want to categorize the major categories of land-use? 

Doescher: If we talk about categories of land-use, there are levels I, II, and 
II I. 
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Participant: In terms of agriculture, we need something more refined than 
level I because the fields are going into the water. 

Doescher: Based Dr. Bostater's chart of data classification levels (See Table 
6, page 82}, I would say we need level II plus. 

Askari: The land- use data should be divided into static and dynamic factors. 

Doescher: But if we get two cuts in time--a before and after--won't that take 
care of both? 

Khorram: But if you want to talk about two different dates in respect to 
conversion, t hen you are limited by the availability of the remote sensing 
data. 

Doescher: O.K., but let's worry about t hat when we start specifying the 
Source. Maybe we will have to go to other data sources depending upon the 
historical difference we get. Do we need point-source data as part of the 
land-use data? 

Askari: That comes from your GIS. 

Doescher: But I have to get it into my GIS. I don't have one yet. I don't 
have anything yet. So we need to get point source data because that is not part 
of the conversion problem . It is an entirely different contribution factor. 

Clark: If what Doug Rader said is true about major watersheds and priori tizi ng 
those in te rms of the impact they have on the t otal system, it looks as if one 
aspect of the land-use data you need is a definition and prioritization of 
watersheds. 

Doescher: That naturally falls out. So we need watersheds as another layer of 
information under land use. 

Participant: What is a point source? Are large animal feed lots considered 
point sources? 

Rader: There's a gray area, but basically we're talking about permitted point 
sources such as pulp mills. 

Doescher: What else do we need under land-use? 

Siderelfs: What about hydrology, geology and such? 

Doescher: Those are important elements within your data base that are needed in 
terms of modeling . But here we're trying to crystalize land-use data . Now, 
what about water quality. What parameters do we need. 

Khorram: You need to break it down into parameters of interest. What do you 
want? Turbidity, sedimentation, chlorophyll, biological activity, saltwater 
intrusion into freshwater areas? 
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Doescher: What I want to do is monitor, right? 

Khorram: I t hi nk these parameters can be divided into physical, chemical, and 
biological factors, keeping in mind that these factors interact with one 
another at all times. 

Askarf: You need to specify t he concentration of t he parameter. Water quality 
monitoring is fundamental research. You can't get some of this i nformation 
without it. 

Doescher: But our goal is to get very quickly to a routine application. We 
have to establish a monitoring program very quickly. 

Askarf: The only way you're going to address those water qual ity parameters is 
to discover some patterns . You can't get down to the specifics--the 
concentrations--on a routine basis. 

Doescher: So, we'll talk 'in terms of pattern s in water quality. Now let's try 
to fill in this chart. Let's start with land-use conversion. This means that 
we have one use at level II classification at time, t. We want to see what 
that new level II classification is at time, t+. What resolution do we need to 
give us this information? Give me a rang~. 

Khorram: 5 to 10 acres. 

Doescher: What spectral respo~se7 

Khorram: That should be a function of technique development--what kind of 
information you want. 

Doescher: We'll pass that characteristic for now. 1\ilat about frequency? 

Participant: One year. 

Doescher: In what time fra me? 

Participant: In most places, land is being converted quite rapidly. rive years 
should be more than su~fic1ent. 

Siderelis: But do we have five years of historical data. 

Doescher: We'll put down every year for five years, but we'll understand that 
cost factors may cause that to be refined. 

Doescher: Does seasonal coverage- -leaf-off/leaf-on- -make a difference in this 
particular scenario? 

Participants: Yes 

Doescher: ~ow, with these decisions made, does a particular data source come 
to mind? t1y impression is we're looking at MSS or TM with a lot of supporting 
data- -classification, field checking, and so forth. 
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Participant: You're going to need TM. MSS won't do it with the resolution 
you've specified. 

Doescher: Ttt, costs more. 

Khorram: If you're going to be spending the time and money, you might as well 
do it right. 

Doescher: TM costs more. ~ot just the original acquisition but all the follow 
up work. But that is where I'd aim. O.K. what about accuracy. If I look at a 
spot on that resolved map and I ask what is the percentage of chance that I'm 
going to be accurately identifying a land-use or cover, what percentage am I 
willing to accept? 

Khorram: Somewhere between 75 and 85 percent, overall. That's pretty good. · In 
terms of land-use conversion, that's going to yield a much higher degree of 
accuracy, 90 percent or better. 

Doescher: Let's talk about point sources. 

Stewart: Point sources are already reasonably well mapped. 

Khorram: Point sources need to be integrated so that the GIS can have an 
overlay of point sources. 

Rader: OEM is already doing that. 

Doescher: What about watershed and drainage basins? 

Tribb1e: Basically that is planned also. 

Doescher: What's the methodology planned? Is it aerial? 

Tribbel: Topo. 

Siderelis: DLGs. 

Doescher: Will that integrate into what we have here? 

Khorram: To be compatible with your level II land-use conversion data, you 
need probably five stream orders, all the way from major to tributaries. 

Siderelis: We hope to use hydro from lOOKs initially and fairly quickly 
replace those ~ith 7 1/2 " DLGs. What we did for the SSC land-use/land- cover 
inventory was use the DLG information as a template. Then when we identified 
water bodies that were not on 7 1/2" quads, we included those in the land
use/land-cover with about a three acre minimum waterbody size. 

We have not totally agreed that this is the way we'll do it for APES, but it 
did work out for sse. 
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Tribble: The advantage is that the lOOK data is there, 

Participant: If you're talking three to four acres, lOOK doesn't give you 
that. The 7 1/2" ought to get you there though, 

Siderelis: The real goal is 7 1/2 ", 

Paciocco: I think the real concern that we living on the coast have is that we 
get the lectures on water quality, and no one is looking at what is being done 
upriver before t he water g~ts to us. We've researched Te~asgulf to death, If 
we spend all this time researching downstream, and there's still more we need 
to do, But t here's a lot of trouble up river that has not been touched on this 
chart. 

Doescher: What about the point sources, What do you have. 

Rader: At this point all we have is permitted point sources. We're trying to 
distinguish permitted from discharging. There are some areas where 
agricultural drainage is effectively point source discharge , but that's not 
addressed through the permitting system, 

Doescher: Let's turn to the other si de of the chart, What dow~ mean by water 
quali ty patterns? 

Khorram: Spatial and spatial /temporal distribution of water quality parameters 
of interest. 

Doescher: ~hat are some of those water quality parameters of interest? 

Participants: Temperat ure , salinity, turbidity, chlorophyll A, suspended 
solids. 

Doescher: In my op1n1on, this is defiritely classification 1evel II or III. 
h'hat resolution do we need to monitor these ratterns? 

Participant: Resolution is more than spatial res~lution, There's also 
radiometric resol utior., 

Doescher: O.K., so we need to add characteristic called Spectral Response. 
Now, let's look at each of these parameters a~d you tell me which I can get 
with various sources? What can I get with AVHRR? 

Astari: Temperature and cholorphyll. 

Participant: Turbidity and total suspended solids. 

Doescher: So all I'm missing with AVHRR is salinity. What can I pick up with 
MSS? 

Askari: There are questions about temperature and salinity. 

Doescher: What about TM? 
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Participant: All five, with a question about salinity, Salinity is the 
hardest one on both the MSS and the TM. 

Doescher: What about aircraft. 

Askarf: All, better than satellite. 

Participant: It's more expensive though, 

Doescher: Are there other kinds of sources. 

Askari: CZS. (Coastal Zone Scanner) 

Doescher: That's out of date. 

Askar!: It can give us (historic) trends. 

Doescher: How far back do we want to go with historic data? 

Participant: As far back as the land data. 

Doescher: I think 
1 and-use change. 
your data in terms 

Askari: Biweekly. 

you do want your trends so you can compare it with your 
What about t he monitoring issue? How fre quently do you need 
of water quality monitoring. 

Doescher: All year? 

Participant: In the Chesapeake Bay they monitor twice monthly from March to 
October and then, if tf~y don't see anything happening , once monthly through 
t he winter. 

Rader: For some parameters of intPrest 20 minutes is too long. 

S~wart: We're talking about patterns, though. 

Doescher: What about accuracy? 

Khorram: Depends on the parameter of interest and your objectives. You can 
have two boats side by side measuring chlorophyll, and if you get 75 percent 
accuracy between the two, you're doing well. However, if you're talking about 
turbidity, if you don't get mc~e than 90 percent, you're missing the boat. So 
the accuracy should be a range from 75 to 90 percent. 

Participant: The accuracy is also a function of the number of point samples 
that are taken. If we have very few point sampl es, they better be right. 

Khorram: You really need to couple the two in order to be able to associate 
any accuracy with the monitoring. 
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Doescher: When we get do~n to costs, too, we have 
cost includes t he original cost and support data. 
in terms of water quality. I ' d aim at AVHRR. 

to always re~e~ber that data 
Let's try to target a source 

Participant : It won't give you what you want in terms of spatial resolution. 

Participant: When we say bi-weekly on the water quality sampling, it doesn't 
~ean we need satellite overpasses to coincide with the sampling. The biweekly 
sampl ing would be used to draw biological trends and the data to highlight 
critical time periods where overpasses are appropriate to get the larger 
spatial distribution. 

Doescher: Can I couple TM for monitoring with AVHRR for trends? 

Khorram: I really think you need to approach this like land cover . You need 
both. You need either AVHRR or TM to give you the overall patterns and trends, 
t hen you need TM coupled with surface measurements, in addition to the 
stationary water quality monitoring stations to give you what you want. Even 
then , I'm not sure you're going to get a lot of useful information out of it. 
I am sure A\'HRR will not give you the spetial resolution that you need. 

Sidereli s : I think we have to consider the cost when we start talking about 
coupling TM with biweekly monitoring. 

Doesc her: I think what he's saying is look at (fairly fnexpensive) AVHRR for 
your trends, then when you have specific identified problems t hat you want to 
analyze, look at TM. 

Tribble: Let me ask this. AVH~R has to be processed on a daily basis . How 
expensive and time-consuming is that going to get to be. 

Doescher : This is not very high resolution data and it can be processed fairly 
quickly . 

Askari: I'd like to emphasize the point made by the gentleman from the 
University of Delaware. You are really going to get more for your m~ney as far 
getting water quality pararnetes from a boat, if you nail the physics of the 
system down. You need to study the optics . If you just keep sending a boat 
out everytirne a satellite passes over, you are going to calibrate one image at 
a time. Your algorit~as are going to break down in time and in space . It will 
be much more cost effective in the long term when you're establishing the 
monitori ng system, if you go out two or three times during typical conditions 
and once and for all nail the optics down and find out what t he spectral 
distribution of light in the water column is. 

Doescher: In all this, we're taking cnances. I don't think the program can 
afford this level of fundamental research . 

Participant: One of the things we haven't talked about that affects all these 
other factors is precipitation. We need to think about some kind of 
climatological study. We're going to need it for base run-off studies, for a 
lot of different things . 
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Tribble: There are a number of layers of data that will be involved in the 
study that won't 'be acquired through remote sensing. 

Khorram: That's a good point, t hough. In order to use land-use/ land-cover 
studies and do water quality studies and couple them together, you must have a 
watershed characterization baseline to build on. 

Participant: I don't mean just precip for a time period. I mean a basin study 
of hydrologic events, of runoff curves, and so forth. These kinds of things 
will really help in our modeling to tie erosion potential to land-use 
activities. 

Doescher: I don't know if we've come up with any real solid recommendations. I 
think we have have scoped the level down, narrowed the focus. Please send any 
additional t houghts and recommendations you have to the workshop coordinators. 
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Recommendations for Utilization of Remote Sensing 
and a Geographic Information Syste. 

fn the Pamlico-Albemarle Estuarine Study 

Carolyn Clark 

PROJECT PLANNING 
1. Define the problem 

Identify the conditions that will be managed for, i.e. 
pristine conditions, maximum unchecked utilization (and 
resultant degradation}, the best compromise between 
utilization and conservation of environmental and 
ecological integrity, restoration if degradation has 
been severe, etc. 

2. Characterize current status of land use, land cover, 
and water quali ty. 

3. Characterize trends in water quality and living 
resources. 

4. Identify environmentally significant changes/probl ems. 
5. Identify probable causes of environmentally significant 

changes. 
6. Determine remote sensing data requirements, i.e., 

scale, resolution, frequency of coverage, multi-sensor 
combinations . 

7. Determine data processing and digitizing requirements. 

8. Determine other data needed for inclusion in GIS 
(Vector format) needed to do mode li ng. 

9. Develop interactive models based on observations and 
measurer.~ents. 

GIS AND REHOTE SENSING REQUIRnlENTS 

Since LRIS will do data management for the APES and will 
develop, operate, and maintain a statewide GIS, the APES GIS shoul d 
be compatible in every way with the State GIS to effect efficiency 
and cost effectiveness. 

It is suggested that project planners review the October 1987 
issue of Photogrammetric Engineering and Remote Sensing. In 
addition, it is suggested that project planners contact the 
Mississippi Institute of Technology Development, Center for Remote 
Sensing (Scot Madry, 601-688-2864} and/or the Earth Resources 
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Laboratory, NASA, at NSTL, MX (David Brannon, 601-688-2042). They 
have developed the digitizing, registration and overlay 
capabilities to ef fect a good GIS, and have cooperative work 
mechanisms set up. Planners should confer with Geobased Systems of 
Research Triangle Park and have them use some existing data for 
demonstration of their capabilities. 

DATA COLLECTION 
A. Based on APES goals and objectives, assemble all available data: 

1. Existing aerial photo coverage from the National 
Cartographic Information Center (1-800-USA-MAPS) 

2. USGS 30" series, orthophcto maps, and 7 - 1/2" quads and 
digitized soils maps 

3. National Wetlands Survey (1:24,000 scale maps) 
4. NHAP photos (most current) 

S. EPA base maps (1:100,000) 

B. Determine compatibilities and usefulness of information. 

C. Determine gaps in information. 

D. Determine resolution of remote sensing data needed to map, 
inventory, detect change, and model the processes that cause 
probl ems. 

RE~IOTE SENSING SUGGESTIONS 
1988 Aerial color infrared p~otography (1:24,000 to 

1:32,000) preferable. A su~mer acquisition and a 
winter acquisition in 1988 would be best for land 
cover/l and use, however, 0ne acquisition at a smaller 
scale would suffice. 

1988 A summer TH acquisition rroces~ed for a full 
resolution, false color infrared image. The digital 
image should also be processed (classified and labeled) 
and entered into the GIS. 

1988 AVHRR data processed the same as the TM to see "the big 
picture." MSS is not reco~m~ended because it has no 
thermal data. 
Use subsequent AVHRR acquisition to detect change. 

Use subsequent TM (quarter scenes) to analyze change. 
Aerial color infrared photography (1988) can also be 
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used to study change. 
Aerial CIR photography can be used when doing ground in 
situ sampling of any environmental parameters , to 
select and locate sample sites, to map aggregated 
sample data, etc, 

****** 
Remote sensing of water conditions/quality should be utilized 

if continuing research shows feasibility. 

****** 
MODELING 

Identify the kinds of changes that may occur . Quantify the amount 
of change in one factor required to effect change in ot her factors. 
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Develop a bcseline inventory 
(land, b iological, & woler resources) 

wilh condition information 

/' ,, 
De! ermine condiiion/siotus Esiablish 

. 

figure 15 - : 

prior fo anthropogenic current 
disturbance siotus 

r 
G1S- DATA LAYERS 

Hisloricol dote Ioyer 
lend surface cover- TM & A VHRR dot a 

land use - lM & A VHRR 
Watersheds mop 

Water quality data 
Soils maps 

Critical areas (in terms of change) 
Biennial AVHRR land use/land cover 

Develop 
Models 

• MONnOR FOR CHANGE 
lr\-depih siudies of orecs o f c ha nge 

De~~rmine environmental significance of c hange 
Identify cause of change 

' Determine 'couec~ive' measures 

IDENTIFY MANAGEMENT 
STRATEGY and IMPLEMENT 

Flowchart for utilization of remote sensing and a 
Geographic Infonmation System in the Albemarle
Pamlico Estuarine Study 
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