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Simulated ERTS Data for 
Coastal Management 
Simulated information was used to demonstrate an approach for analyzing 
coastal processes and coastal environment. 

INTRODUCTION widely tested at  this writing!, although this 
INCREASING international attention is being is necessary to focus ERTS technology on prac- 

given the preservation and protection of the tical problems for management action. Im- 
coastal zone as a unique ecological system agery which can potentially contribute to 
and largely ill-appreciated natural resource. coastal resources management will soon be 
Of particular concern are coastal wetlands available in large quantities from the ERTS-A 
and nearshore marine environments. Dredg- satellite and complementary aircraft under- 
ing, draining, and filling of wetlands, coastal flights. In anticipation of small-scale synoptic 
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erosion, or offshore dumping of pollutants 
can either totally destroy or permanently 
alter these unique areas. 

The potential contributions of aerial and 
orbital remote sensing techniques to resources 
problems have been widely discussed, and 
large quantities of aircraft imagery have been 
collected to date. Operational applications of 
small scale images had, however, not been 
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and repetitive ERTS-A image data, Apollo-9 
imagery has been analyzed with emphasis on 
demonstrating products which have value to 
coastal problem-solving. 

Possible utilization of ERTS data for coastal 
zone management and coastal ecology in- 
cludes: ( 1) delineation and mapping of wet- 
lands plant communities and boundaries of 
the wetlands eco-system; (2) monitoring wet- 
lands on a regular basis for protection from 
manmade and natural red~~ctions in wetlands 
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productivity; i.e., preservation of areas which 
contribute to the food chain; (3)  monitoring 
of tidal and offshore marine currents for 
placement of erosion-control structures such 
as groins, bulkheads and jetties; and (4) 
dredge site planning. 

Relatively few attempts have been made 
to document remote-sensing applications for 
these purposes using what is perhaps the 
most sophisticated and least tested part of a 
total earth resources surveys system-acquisi- 
tion and analvsis of small-scale imaeerv. Data 

c, * 

which can be applied to coastal protection 
are often published as relatively raw image 
records. Interpretation procedures and re- 
sults obtained may be poorly documented. 
Data derived from Apollo-9 imagery has 
been used to develop ERTS information-prod- 
ucts which were judged to have significant 
value for coastal zone management. 

The objective of this study is to apply 
simulated ERTS-A information-products to 
problems of coastal zone management. Simu- 
lated earth resources survey imagery, i.e., 
Gemini and Apollo photography, with sup- 
porting aerial photographs were used to dem- 
onstrate how relatively raw data slices can 
in combination be used to generate otherwise 
obscure information for practical decision- 
making in coastal areas. 

To test the hypothesis that data from an 
earth resources survey satellite can contribute 
to coastal management, selected images over 
the Gulf Coast of the United States have 
been used to simulate and conce~tualize a 
coastal zone information system based on 
small scale image data. The area chosen was 
one within which the authors' lacked ground 
truth; judgements are therefore based on 
imagery data alone. 

A set of selected Apollo-9 and supporting 
Gemini and aerial color imagery has been 
gathered which, the senior author's experi- 
ence indicates, is reasonably representative of 
the scales anticipated from an operational 
aerial-orbital earth resources survev svstein. , , 

Color aerial photographs were used to simu- 
late the sampling capability of aerial under- 
flights. The photographs selected contained 
evidence of coastal current systems, dredging, 
dredge spoil disposal in wetlands, and po- 
tentially adverse shoreline erosion and sedi- 
mentation. 

INTRODUCTION 
Data analysis and development of useful 

information-products cannot proceed without 
attention to coastal management goals-goals 
which may vary internationally. The principal 
steps (as interpreted by the authors) in 
coastal management can be very broadly de- 
scribed as: 

Define coastal management goals. 
Define coastal resources problems. 
Identify the information needs for resolving 
problems. 
Collect required data. 
Analyze resources. 
Implement a coastal management program 
(management action). 

Satisfactory implementation assumes the nec- 
essary regulatory authority is available or 
can be obtained. 

Successful development of information 
products for application to practical problems 
is the most effective means of demonstratine u 

utility of aerial-orbital earth resources s w e y  
the utility of aerial-orbital earth resources sur- 
vey data for solving ecologically and eco- 
nomically significant coastal protection prob- 
lems. Moreover, it is useful to show that even 
exceptionally complex coastal management 
goals of state or local governments may be 
solved by utilizing relatively simple orbital 
analysis techniques. 

This was well illustrated during a pre- 
liminary analysis within state government 
(Figure 1) where aerial and orbital remote 
sensing data were found to have potentially 
greatest value to coastal management when 
related to allocation of budeeted state re- 

L. 

sources and responsive to municipal shore- 
line modification and protection requests. 
Based on preliminary studies, it was pro- 
jected that the real ERTS-A information 
products will prove most immediately ap- 
plicable to basic economic objectives, i.e., to 
the optimal allocation of state funds for pro- 
tection of shore and wetlands environments. 
including placement and maintenance of 
groins, jetties, sea walls and bulkheads, place- 
ment of fill to protect, restore and improve 
the coastal environment, and location and 
maintenance of dredged channels for inland 
waterway traffic. 

IMAGE ANALYSIS 

A general flow diagram illustrating the 
manual and enhancement techniques leading 
to information products is shown in Figure 2. 
The analysis required to develop the various 
information products assumes applications- 
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discipline experience in biology, coastal 
oceanography and sedimentology. Informa- 
tion products included in this paper were de- 
veloped using manual analysis techniques 
alone; special enhancement techniques to 
supplement manual methods will be tested in 
the future. 

INFORMATION PRODUCT CATEGORIES 

In order to simulate ERTS information prod- 
ucts, Gemini and Apollo-9 orbital photo- 
graphs with a supporting aerial photograph 
were analyzed. (Figures 3 and 4) .  To ap- 
proximate an operational situation, this in- 
cluded rapid image analysis and development 
of overlays judged by EarthSat and state 
representatives to have general utility in 
routine operational situations. Three distinct 
varieties of basic information products were 
developed as a base for making rapid deci- 

sion in coastal zone management (Figure 5). 
These information products have been des- 

ignated: 

General Information Product (GIP ) . Prod- 
uct is limited to a single applications-discipline. 
Although requiring special experience and dis- 
cipline expertise for its preparation, this prod- 
uct contains relatively raw infomation, is 
generally suitable as a base map, and can be 
used as a broadly-based decision-making tool. 
Maps showing the outline of wetlands areas 
or dredge channel systems are examples of 
this type of product. 

Second-Order Thematic Information P~od- 
uct (SOTIP). Product contains specific data 
slices ( elements) basic to decision-making. By 
combining two or more second-order thematic 
products, a first-order thematic information 
product may result. For example, a second- 
order overlay product showing zones of off- 
shore sediment plumes (indicative of erosion) 

FIG. 3. Gemini XI1 color ~hotograph (upper left) over the Gulf Coast of Texas showing the cities 
of Houston ( H )  and Galveston (GI. Wetlands areas (e.g., D ) are difficult to discriminate in some 
places using the orbital color photographs alone. Comparative Apollo-9 color-infrared photographs in- 
cludes the area within which information products were developed and permitr wetlands areas to be 
more easily analyzed. Directions of sediment drift (arrows) are indicated by light colored plumes. 
Aerial color imagery at 1:24,000 scale (lower left) provides an effective tool for sampling wetlands 
ecology including marsh species such as Sparh'na alterniflora (A) ,  Spartinu patens ( B) ; and Dredge 
fill sears (C) and a dredge channel ( D )  can also be detected. 
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combined with an overlay product showing 
shore changes indicative of erosion damage, 
thus providing the basis for planning the al- 
location of funds for coastal stabilization pro- 
grams. Repetitive overlay products intended 
for change detection are also included. 

First Order Thematic Information Product 
(FOTLP). Product devdlopment normally re- 
quires multi-disciplinary analysis, although it 
is sufficiently refined and detailed so that very 
limited experience is required for its use. Prod- 
uct is largely directed towards answering a 
single question or meeting a single decision- 
making need. It can generally be used for 
direct and immediate management action with- 
out further refinement. For example, a prod- 
uct which isolates change and is suitable for 
map updating produced from two or more 
repetitive overlay products is a first-order 
thematic information product. 
The information products prepared and re- 

sults obtained from a simulated application to 
coastal management, are incorporated in Fig- 
ure 4. The simulated information products 
cited have value for application to problems 
outside of the coastal zone. Studies are now 
underway to develop comparable products 
for geological exploration, water quality, and 
urban geographic problems in anticipation of 
ERTS-A. 

The simulated ERTS imagery which was 
analyzed yielded useful information includ- 
ing (1) delineation of dredged areas and 

dredge spoil deposits, and (2) nearshore 
marine current systems. Combining second- 
order thematic information products served 
to delineate wetland areas judged to be im- 
portant for maintaining commercial fin and 
shell-fish populations which were in potential 
danger of destruction-information not previ- 
ously identified. 

Three categories of information products 
have been experimentally tested for coastal 
management purposes following small scale 
photographic analysis under routine (simu- 
lated) ERTS operational conditions. The po- 
tential contribution of ERTS data to coastal 
management is well illustrated by the fact 
that Gemini and Apollo (ERTS-simulated) 
photography (refined using complementary 
aerial data) proved useful for identifying the 
loss of a potentially valuable wetlands area. 

Thanks are due to the New Jersey Depart- 
ment of Environmental Protection for provid- 
ing information concerning state coastal 
needs. Mr. Donald Garofalo of EarthSat 
drafted the required line drawings. The views 
expressed in this paper are those of the au- 
thors and not necessarily those of the coop- 
erating state agency. 
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