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ABSTRACT 

The U. S. Geological Survey CARETS (Central Atlantic Regional 
Ecological Test Site)/ERTS investigation is testing the 
applicability of ERTS data as input to an environmental 
information system for a multi-state mid-Atlantic region 
surrounding the Chesapeake and Del aware Bays. 
system" framework encompasses a flow of information through 
several stages from sensor to user, and involving evaluation 
and feedback from several potential users. Basic assumptions 
of the CARETS project model are that there is a measuPable 
environmental impact associated with land use and land use 
change as determined with remote sensor data, and that the ERTS- 
derived land use data sets, when properly calibrated, may thus 
provide regional planners and administrators with a shortcut to 
an understanding of the environmental changes that are going on 
in their regions. Mid-way through the investigation, data sets 
on land use from both aircraft and ERTS sources have been compiled 
for the 73,000 km2 area of the test region. 
being prepared for user evaluation in both graphic and digital 
form, and d variety of area measurement and accuracy computations 
are being performed to assist in evaluating the ERTS and aircraft 
data as aids in the planning process. 

The "information 

These data sets are 

.?. a 
21' 

I NTRODU CT I ON 

This paper is a brief description and progress report o f  the Central Atlantic 
Regional Ecological Test Site (CARETS) demonstration project , an interdisciplinary, 
interagency cooperative investigation in which data from the Earth Resources 
Technology Satellite (ERTS-1) are being tested as input to an experimental 
reg i ona 1 env i ronmen tal i nformat i on sys tem. 

The project arose through a process of negotiation, beginning in 1970, among 
several scientists and administrators in both the National Aeronautics and Space 
Administration (NASA) and the U. S. Geological Survey, who had felt that something 
was lacking in the pattern of widely-scattered, single discipline experiments 
which existed at that time in NASA's program of research on remote sensing for 
earth resources applications. 
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It was felt that the detailed experimentation with the matching of sensor 
records and known ground conditions at single, well-documented test sites, 
while necessary for establishing the feasibility of applying the space 
observations to earth resources problems, was not sufficient. What was needed 
in addition, it was determined, was the regional integration of the results 
of a number of experiments, with emphasis on reaching the user with data 
meaningful to him in terns of solving his problems. To address the need for 
interdisciplinary and regional ly-integrated research packages, NASA developed 
the concept of "ecological test sites", and established a number of them 
throughout the U. S. In addition to economizing on the use o f  aircraft test 
flights by concentrating on fewer regions, the ecological test site concept 
was supposed to take advantage of the actual interaction of the various 
environmental phenomena which could be observed by the remote sensors. 
There was even some talk that ecological models might be developed which 
would take advantage of the availability of remotely-sensed observations 
of the earth's surface in unprecedented amounts, and hasten the solution of 

the phenomena involved. Thus the CARETS project was established as one of the 
NASA-sponsored ecological test sites. 

, environmental problems that are characterized by complex interconnections among 

Project Design and Structure 

CARETS is a project of some complexity, addressing environmental roblems in a 

there are a number of interdiscipl inary environmental problem-solving projects 
or programs throughout the country at the present time, some of them statewide 
in scope and operated by agencies of state government, some attention will be 
given to an explanation of the CARETS project design and structure, so that the 
reader can compare it with other efforts with which he may be familiar. 

The size of the test re ion would place it in rank between the 40th (South 
Carolina) and the 41st !West Virginia) of the 50 states arranged in order of 
total area. Only two states, however, (California and New York) have larger 
numbers of people than the 13,404,558 living within the confines of the CARETS 
area in 1970. The demonstration project is thus expected to be comparable in 
level of effort to that required for a similar land use information system in 
a typical heavily-urbanized and populous state. 

The project was designed with the aim of bringing space technology and information 
systems technology together to assist in solving environmental problems. Its 
situation in the Geological Survey allows application of that agency's long- 
standing expertise in earth sciences and mapping, and in addition permits taking 
advantage of a recent USGS thrust aimed at integrating the contributions of many 
discipline specialists to bring the earth sciences special ties more quickly to 
bear on the solution of pressing environmental problems centering on the land 
use issue. 

heavily-urbanized mid-Atlantic area of some 73,000 km2 (28,000 mi 9 ). Since 
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The basic p ro jec t  design takes advantage o f  the two-way linkage between land 
use and the processes and responses of the biophysical environment. According 
t o  t h i s  linkage, land use ( incorporat ing land cover i n  the USGS land use 
c lass i f i ca t i on  f o r  use w i th  remote sensors--Anderson e t  al., 1972) evol 
under constraints set  by processes o f  the physical environment, w i th  SOC 
economic processes determining the par t i cu la rs  o f  how a given land use pat tern 
develops w i th in  the environmental 1 imi ts ;  cer ta in  environmental factors,  on the 
other hand, are functions o f  land use and land use change, as f o r  example 
runoff, sediment y ie ld ,  micro-and meso-cl imates, water qual i ty ,  atmospheric 
dust, etc. Rel iable and t imely  data on regional hydrology, geology, micro- 
climatology, water qual i ty ,  etc., are expensive and of ten slow t o  obtain over 
large regions i n  forms su i tab le f o r  analysis o f  environmental impact. The 
surface expression o r  resu l tan t  o f  a l l  the environmental and socio-economic 
processes, however, can be read i l y  observed and monitored wi th  the a i d  of 
remote sensors car r ied  i n  s a t e l l i t e s  o r  a i r c r a f t ;  t ha t  surface expression i s  
what i s  here ca l led  "land use." 

I f  the land use t h a t  i s  monitored and mapped can be proper ly "cal ibrated" i n  
terms o f  i t s  probable environmental impact, then a land use data base can be 
a powerful t oo l  o f  inference concerning, f o r  example, environmental qual i ty - -  
not  replacing d i r e c t  measurement o f  c r i t i c a l  environmental parameters, but  
ra ther  providing a basis f o r  ext rapolat ing those measurements region-wide f o r  
more rap id  determination o f  environmental impact o f  new development--hopeful l y  
i n  time t o  ass is t  i n  the c r i t i c a l  decisions as t o  how and where tha t  development 
should occur. 

Further d e t a i l  on pro jec t  s t ructure and in tegra t ion  o f  the various elements of 
the CARETS pro jec t  can be gained by reference t o  the flow chart  depicted i n  
Figure 1. 
involved i n  the preparation and checking o f  the land use data base, and the 
comparison and evaluat ion o f  ERTS and a i r c r a f t  data sets on land use. The lower 
por t ion  o f  the diagram i l l u s t r a t e s  the f low o f  environmental and socio-economic 
data l a rge ly  from non-remote sensing sources. The shaded por t ion  o f  each box i n  
Figure 1 indicates the por t ion  completed a t  the time o f  the mid-project review 
i n  October 1973. 

The top por t ion  o f  the diagram i l l u s t r a t e s  the f low o f  a c t i v i t i e s  

The co lo r  i n f ra red  photography obtained by the NASA high-a1 ti tude a i r c r a f t  f l i g h t s  
over the t e s t  region i n  1970 was used t o  provide the mapping base, a cont ro l led  
photomosaic a t  a scale o f  1:100,000 f o r  the e n t i r e  t e s t  region, except f o r  a few 
border areas tha t  were missed and were added w i th  data from 1972 f l i g h t s .  The 
a i r c r a f t  land use data base has been completed i n  map form f o r  the en t i re  region. 
ERTS data have been used t o  compile a land use data se t  a t  a scale o f  1:250,000, 
using the a i rc ra f t -der ived  data only as a t ra in ing  set  t o  a id  i n  i den t i f y i ng  
land use classes by a manual (v isual  1 photo- interpretat ion technique. 

Land use change over a two t o  three year period i s  determined by comparison o f  
the 1970 data base w i th  more recent photography obtained from NASA a i r c r a f t  
f l i g h t s .  A s im i l a r  procedure w i l l  be performed w i th  ERTS data f o r  1973-1974. 
An important component o f  the pro jec t  i s  the determination of accuracy figures 
f o r  the land use data, f i r s t  by establ ish ing accuracy leve ls  fo r  the a i r c ra f t -  
derived data, using f i e l d  checks where necessary, and then applying the measures 
t o  the ERTS-derived data sets using spat ia l  sampling techniques. 
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The CARETS investigation is also making available other data sets to aid in 
regional environmental analysis. An entirely new geologic map is being compiled 
for the region, at a scale of 1:100,000, emphasizing surficial materials, slope, 
and engineering characteristics of the terrain; it will be sed in conjunction 
with the land use data to aid users in estimating geological suitability of the 
yet-undeveloped areas. Selected hyrdological data on runoff and sediment yield 
are being compared with land use in small drainage basins to illustrate the 
calibration of land use data in terms of hydrological impact. Air quality and 
micro-cl imatological impact of land use patterns are a1 so being investigated 
for portions of the test region. Overlay maps of census tracts have been prepared 
to the same format as the land use data base, so that land use-population 
relationships can be determined. 

The various types of data will be overlaid and merged as indicated by the arrows 
in the diagram, and a demonstration will be made of how these processes can aid 
in regional analysis and planning assessment of the test region or portions 
thereof. 
processed maps and graphics, the statistical summaries , and the analytical 
reportss will be presented to users in the test region, to solicit their evaluation 
in terms of their data needs and particularly in support of decisions they have to 
make about future land use in their regions. The dashed line in Figure 1 , 
illustrating "feedback to data sources" is used to indicate a process that it is 
hoped will continue after the CARETS investigation is completed; that is, once 
the results of this and other possible approaches to improving environmental 
decisions are evaluated, it is hoped that the data producers indicated at the 
left side of the diagram will respond with whatever programs may be necessary to 
fulfill the federal responsibilities in assistance to states and localities in 
the solution of environmental problems associated with land use change. 

The objectives, then, of the CARETS project may be summarized as follows: 

Overall objective: 
to a regional environmental information system for the CARETS region. The 
"information system" referred to encompasses a flow of data from sensor to user, 
incorporating a specific process of land use analysis in intermediate stages of 
this information flow. 

Finally, the whole package, including the remote sensing data, the 

to test the applicability of data from ERTS as input 

Sub-ob ject i ves : 

a. Land use analysis: to provide uniform quantitative data sets [maps 
and statistical summaries) on land use and land use change, from ERTS and 
aircraft data, summed by counties and other planning jurisdictional areas 
for the entire region; make quantitative comparisons of ERTS and aircraft 
data sets. 

b. Environmental impact assessment: to perform sample interpretations 
and analyses of remote-sensor-derived land use data sets in terms of the 
environmental impact of land use patterns and land use changes. 

c. User services: to provide for experimental use, evaluation, and 
critique of land use information products derived from this investigation; 
the use, evaluation, and critique to be obtained from representative user 
institutions with responsibilities for planning and managing future land uses. 
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Elements o f  the CARETS Geographic Information System 

The CARETS pro jec t  s t ructure i s  one o f  a class t h a t  i s  beginning t o  be ca l led  
"geographic informat ion systems" (Tom1 inson, 1972) , t h a t  i s ,  informat ion systems 
i n  which a loca t ion  i d e n t i f i e r  i s  car r ied  along w i t h  each data element. Such 
informat ion systems are useful where 1 arge amounts o f  environmental data are 
required, and where quant i ta t i ve  assessments and manipulations must be performed 
on the kinds o f  informat ion customari ly stored i n  map form. 

I n  the CARETS informat ion system maps themselves cons t i tu te  one o f  the intermediate 
steps i n  the information flow process. Conceptually the "intermediate map" stage 
might be bypassed, since what i s  desired i s  a f low o r  communication o f  information 
about places on the earth 's surface t o  users who are coming more and more t o  have 
requirements f o r  environmental information i n  numerical form. Technological 
developments such as the ERTS mul t ispect ra l  scanner w i th  i t s  output p o t e n t i a l l y  
avai lab le i n  d i g i t a l  form w i t h  each data element i d e n t i f i e d  w i t h  a spot on the 
ear th 's  surface are possibly forerunners o f  informat ion systems which can bypass 
the map i n  communication o f  v i t a l  information from the ear th  through the remote 
sensor t o  the user/decision maker. The CARETS informat ion system ant ic ipates 
such automated developments i n  the future.  For the present, the CARETS data are 
transformed i n t o  map form f o r  intermediate processing, using a combination of 
manual and machine methods which are w i t h i n  the c a p a b i l i t y  o f  avai lab le technology, 
and which simulate the processing capab i l i t ies  o f  fu tu re  information systems t h a t  
w i l l  be more f u l l y  automated. 

The elements o f  the CARETS geographic informat ion system may be be t te r  understood 
by r e f e r r i n g  t o  an abbreviated l i s t  o f  steps, as follows. 
begins and ends w i th  the users, whose needs are the reasons for  existence of any 
informat ion system. 

Note t h a t  the l i s t  

a. User needs assessment. P r i o r  t o  the o f f i c i a l  beginning o f  the CARETS 
pro jec t  an assessment was made o f  the region's users of environmental informat ion 
o f  the type avai lab le from the remote sensors. While a wide v a r i e t y  of users o r  
potent ia l  users were ident i f ied ,  the user needs assessment concentrated on those 
who were i n  a pos i t ion  t o  make o r  inf luence decisions on land use, i n  accordance 
w i th  the basic CARETS model. These were the various planning and management 
agencies o f  federal,  state, and loca l  governmental uni ts.  Approximately 200 
ind iv idua ls  representing these and other regional user i n s t i t u t i o n s  were brought 
together i n  Washington i n  June 1971 f o r  an i n i t i a l  users conference. Attendees 
were exposed t o  b r i e f  presentations on CARETS and on the capab i l i t ies  of the 
sensors, and were then asked f o r  ind icat ions o f  ways t h a t  the proposed systems 
could be o f  use. I n  addi t ion t o  the i n i t i a l  users' conference, a study was made 
oQ V i r g i n i a  State agencies and how the data o f  the k ind t o  be produced i n  the 
CARETS pro jec t  could be o f  use i n  t h e i r  a c t i v i t i e s  (Adams, Goodell, e t  al,, 1971) 
The r e s u l t s  o f  these e f f o r t s  were the i d e n t i f i c a t i o n  o f  a community o f  users w i t h  
s i m i l a r  kinds o f  needs f o r  land use data, which c h a r a c t e r i s t i c a l l y  were required 
i n  quant i ta t i ve  form, re t r ievab le  f o r  a given geographic area o f  the users' 
j u r i s d i c t i o n ,  and i n  such a format t h a t  the land use data could be used i n  
conjunction w i th  other environmental o r  socio-economic data sets as required f o r  
zoning, forecasting, determination o f  environmental impact, o r  other appl icat ion 
o f  land use data. 
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b. Preparation o f  maps f o r  d i g i t i z i n g .  This step encompasses the extract ion,  
i n  map form, of data sets from the remote sensing data, both a i r c r a f t  and s a t e l l i t e ,  
and preparing the maps so t h a t  they could be transformed i n t o  d i g i t a l  format. The 
t e s t  region has been mapped on 48 separate map sheets f o r  the a i r c r a f t  data base; 
locations of these sheets are indicated i n  Figure 2. Control led photomosaics, 
land use maps, and land use change maps are avai lable on open f i l e  a t  the 
U. S. Geological Survey, along w i t h  hydrology, census, and loca t ion  maps t o  a i d  
i n  use and in te rpre ta t ion  o f  the land use data. ERTS maps, being a t  a smaller 
scale, have been compiled on sheets covering la rger  areas, as indicated on Figure 3. 
Examples of an ERTS image and corresponding land use map derived therefrom are 
shown i n  Figures 4 and 5. Key t o  categories o f  land use i d e n t i f i e d  on ERTS imagery 
(w i th  numerical codes t h a t  i d e n t i f y  the land uses depicted i n  Figure 5) i s  contained 
i n  Table 1. 

c. D i g i t i z i n g  map data. Transforming the information on the l i n e  maps t o  
d i g i t a l  format fol lowed a decision t o  create a data base w i t h  as much o f  the d e t a i l  
i n  the o r i g i n a l  maps as possible, so t h a t  even a f t e r  the  completion o f  the ERTS 
experiment, a valuable d i g i t a l  f i l e  o f  the region's land use would remain. This 
decision meant t h a t  a "polygon" system would be used, Q. one which creates a 
f i l e  o f  a l l  the areas o r  polygons bounded by a d iscrete l i n e  on the map. 
of CARETS maps t o  date was done using two methods: manual l i n e  fol lowing, using a 
USGS coordinate d i g i t i z e r ;  and automatic op t ica l  scanning, using the drum scanner 
belonging t o  the Canadian government, Department o f  the Environment, Canadian 
Geographic Information Sys tem, Ottawa, 

D i g i t i z i n g  

d. Processing data f o r  conversion t o  polygon f i l e .  rh is  step involves 
computer proqrammins and data processinq which enables the raw tape o r  card f i l e s  
o f  the d i g i t i z e d  bohdary l i n e ' d a t a  t o  6e converted i n t o  a tape which i d e n t i f i e s  
each polygon according t o  i t s  loca t ion  and land use type (o r  other appropriate 
label ) .  

e. P lot t ing,  e d i t i n g  and correct ing errors.  Errors, whether operator caused 
o r  i n  the data themselves, are removed by a sometimes laborious process of 
p lo t t ing ,  ed i t ing,  and performing cer ta in  computer tests.  

Preparation o f  area summaries. This task involves computation o f  areas 
occupied by the various land use types, a task r e a d i l y  performed i n  the computer 
once an error - f ree tape of the land use boundaries i s  avai lable.  

f. 

g. Merging o f  land use and land use change f i l e s  t o  produce update. Once a 
land use data base i s  establ ished f o r  a aiven time (1970 f o r  the CARETS a i r c r a f t  
data and 1972 f o r  the ERTS data), i t s  upaating i s  perhaps most e f f i c i e n t l y  
accomplished by examining l a t e r  remote sensing data f o r  ind icat ions o f  land use 
change, mapping the areas where change has taken place, and merging the two maps 
t o  produce the updated o r  revised map. So f a r  the merge has been done manually, 
although i t  i s  hoped t h a t  the capab i l i t y  w i l l  soon be avai lab le f o r  accomplis'hing 
the merge i n  the machine, k, using d i g i t a l  records o f  the o r i g i n a l  and change 
maps. 
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h. Overlaying land use maps w i th  census, hydrology and geology maps. To 
achieve the desired f l e x i b i l i t y  i n  r e t r i e v a l  o f  the land use information, the 
system should have the c a p a b i l i t y  of r e t r i e v i n g  quant i ta t i ve  data sets 
geographically ordered according t o  the area o f  the user's j u r i s d i c t i o n ,  o r  
other geographic area t h a t  may be o f  i n t e r e s t  f o r  environmental analysis, f o r  
example, w i t h i n  a cer ta in  distance o f  the coast l ine o r  an urban area, o r  w i t h i n  
a c e r t a i n  drainage basin, o r  according t o  characte t i c s  of s u r f i c i a l  geology 
when desired f o r  land use s u i t a b i l i t y  analysis. C only, for  data of the type 
dea l t  w i t h  i n  t h i s  project ,  "output" w i l l  be required county-by-county, since 
administrat ion, planning, and other data-gathering a c t i v i t i e s  are o f ten  organized 
by counties o r  groups o f  counties. The geographic areas represented by counties 
(and V i r g i n i a  independent c i t i e s )  are i l l u s t r a t e d  i n  Figure 6. 

performing the map overlay operation w i t h i n  the d i g i t a l  computer, Q., interroga- 
t i n g  the d i g i t a l  f i l e s  o f  the land use data along w i t h  those o f  any other map w i th  
boundaries o f  areas f o r  which land use summaries are required. This c a p a b i l i t y  
g rea t ly  expands the u t i l i t y  o f  the d i g i t i z e d  land use f i l e ,  making possible no t  
only quant i ta t i ve  comparisons of ERTS and a i r c r a f t  data f o r  any por t ion  o f  the 
region, but  also the p a r t i t i o n i n g  o f  the basic data set  i n t o  rectangular g r i d  
c e l l s  o f  any speci f ied dimensions. The overlay c a p a b i l i t y  already ex is ts  i n  the 
Canada Geographic Information System, and successful system t e s t s  o f  a por t ion 
o f  the CARETS data have already been performed through a cooperative arrangement 
w i th  the Canadian government. 
Portsmouth Standard Metropol i tan S t a t i s t i c a l  Area were overlayed and ret r ieved 
and summed by census t racts ,  a1 lowing computations o f  re la t ionships among 
populat ion and land use f o r  t h a t  area. A t  t h i s  wr i t ing ,  steps are being taken 
t o  achieve an overlay c a p a b i l i t y  on USGS hardware. 

S t a t i s t i c a l  analysis o f  d i g i t i z e d  data. As a f i n a l  stage i n  the USGS 
processing o f  the CARETS data sets, a var ie ty  o f  ana ly t i ca l  techniques w i l l  be 
u t i l i z e d ,  f o r  example, area summaries, comparisons o f  one map w i th  another, 
mu l t ip le  regression analyses o f  land use data versus other environmental o r  
socio-economic data sets, format t ing o f  land use data f o r  experimental input  t o  
simulat ion o r  forecast ing models, and analysis o f  land use time series. Examples 
o f  machine-derived data summaries f o r  a por t ion o f  CARETS ( the Norfol k-Portsmouth 
Standard Metropoli tan S t a t i s t i c a l  Area) are shown i n  Table 2. 

i n  the e n t i r e  process o f  developing the experimental CARETS informat ion system. 
A systematic evaluation o f  the e n t i r e  range o f  data sets being produced by CARETS 
i s  being performed by these users, and t h e i r  responses are t o  be fed back f o r  
inc lus ion i n  the f i n a l  report .  A ser ies o f  questionnaires has been prepared t o  
systematize user response t o  CARETS products. The f i r s t  i n  the series, "CARETS 
User Ind icat ion o f  Interest ' '  i s  reproduced as Figure 7. Potent ia l  users who 
respond by submitt ing such a form w i l l  be contacted by a CARETS s t a f f  member t o  
provide the data requested, i f  possible, and t o  fo l low up w i t h  more deta i led 
inqu i ry  about the uses t o  which the products would be put. It i s  hoped t h a t  
cont inuing arrangements w i t h  those users can survive the NASA-funded par t  of the 
demonstration pro jec t  and provide the basis f o r  an operational user- in teract ive 
system t o  fol low. 

The CARETS geographic informat ion system i s  developing the c a p a b i l i t y  o f  

I n  t h i s  t e s t  land use data f o r  the Norfolk- 

i. 

j. User evaluation and feedback. Cooperating user i n s t i t u t i o n s  are involved 
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CARETS USER INDICATION OF lNTEREST 

MEMORANDUM Date: 

To: Robert H. Alexander Mail Stop 115 
U.S. Geological Survey 
Reston, Virginia 22092 

From: Name: 

Agency or Organization: 
Mailing Address: 

Phone : 

I am interested in problems of land use and related environmental impact in 
the Central Atlantic Region. Pursuant to those interests, I wish to inquire 
about the suitability o f  land use data and related information being made 
available through the NASA-USGS Central Atlantic Regional Ecological Test 
Site (CARETS). In exchange for any information I receive, I agree to 
supply information on its utility for my purposes. 

Types of CARETS products of interest to me: 
( ) "raw" remote sensing data products (e.g. ERTS imagery, aerial photos) 
( ) processed graphics (e.g. orthophotomaps, land use maps) 
( ) data listings and statistical summaries (e.g. amount of land in 

( ) interpretive reports (e.g. analysis of regional land use trends 
certain uses) 

and their environmental imp1 ications) 

Geographical area(s) of my principal interest: 
( ) Virginia 
( ) Delaware ( ) Pennsylvania ( ) New Jersey 
( ) Other (specify) 

( ) Maryland ( ) District of Coiumbfa 

I would intend to use the information for: 
( ) recommendation to land use decision-making authority 
( ) general background information on my region of interest 
( 1 education/publ ic relations purposes 
( ) research 
( ) delivery to another person or agency (specify) 

( ) Other (specify) 

Signature 

Figure 7 
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