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ae Centfél Atlantic Regional Ecological Test Site: A Prototype Regional

Environmental Information System. (ERTS-A Experiment SR-125)

- b. IN-002 S o

c. Problems impeding progress of the iﬁvestigatidn.

Owing to cloud cover over portions of the CARETS area, complete aircraft
underfligh£.coverage has thus far not been obtained; Since the CARETS
research design calls for systematic comﬁérison of 1and_use data sets
-dérived from the aircraft data with those derived frbm ERTS-1 data, the
lack of complete underflight coverage has been an iﬁpedance fo the
progress of the investigation.. We havé been in ciose touch with the
U-2 pilots, and have been assured ﬁhat CARETS coverage will have high
.priority-during the.J;nuéry missions over this area. Therefore we look
forward to satisfactory completion of those missions with clear weather
>so that this phase of the investigatipn can proceed. We feel that part
df this problem may have arisen from different definitions of the area
covered by MCARETS". The area defined as the test site for the USGS -
- CARETS projeét is precisely that outlined on the maps that have accom-
panied our proposals ana other docﬁmenfs (Figure 1). Once-over cloud-
 free high altitude aircraf£ coverage for 1972-1973 is &ssential for the
.entire CARETS reglon. Only those portlons of the test site which were
':fnot satisfacxorlly cévéééa w1th RC lO color 1nfrared photography on the

‘missions of August, October, and December 1972 are required for cloud-

free aircraft coverage in January 1973.

Another major problem has been obtaining satisfactory quality photo-
graphic copies of ERTS imagery for land use analysis. Examination of

some of the excellent-quality, enhanced, color-combined examples of
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" ERTS imagery which NASA has produced for illustrative and public

. information purposes has convinced us that the ERTS system has

kéeXCiting capabilities fot detailed study of land use, even better
fthaﬁjoﬁt pre-launch hopes. Howevet, this principal investigator does
not receive ERTS data from NASA in a form suitable for land use analysie{
‘and we have spent eonsiderable time and effort investigating ways to
'Urepare photographic copies of the data so that analy is aod mapping
ecan be done expeditiously. The USGS- CARETS 1nvest1gat10n 1siperhaps
at a further disadvantage in this regard, being a team or program
~ investigation of a sizable region,:dealing with aylarge number of ERTS
images, having to develop fairly elaborate working procedures for
preparing the data, and requiring extra printsvfor user evaluation.
Thus we cannot afford expensive color custom processing of the type
" that has produced the most striking renditions of ERTS frames. Not
having our own pﬁoto:lab turns out to be a serious impediment in obtain-
_ing satiefaotory processing. We do heve at our disposal an IZS color
_'comp081te v1ewer, and one p0331b111ty for preparing ERTS material for
'ana1y81s is to make a 35mm color transparency from the viewer sereen,'

then use the transparency in enlarging projectors for detailed analysis.

vi

:1$Thxs has the obvloue'd1sadvantage of introducing two addltlonal gener
l_etlons 1nto the oerd copy product. We belleve that this problem of :
producing high quality ERTS photo products in quantity for pr1nc1pa1
>_investigator use deserﬁee_turther NASA attention, and we would be happy

to cooperate in any way possible.



id. Dlscu551on of the accompllshments durlng the reportlngfperlod and
Aithose planned for the next reporting period.

d,;l}. Accomplishments during‘previoﬁs 6-month period

¢

j d;111;3»1ntroduction; CARETS Conceptiaﬁd project design

. . L
Thg USGS -~ CARETS project ié testi?g fhe applicability of ERTS-1

data és input to a regional laﬁd usévénd'enQironmental'information
.system. It is an experimental demonstfation of a particular way of
looking at a geographic region based on remote sensing data, that is,
based on a sampling of the electromagnetic radiation reflected from
the land and water surfaces of that region, and»capturéd by airborne
and'spaéeborne remote sensors passing overhead. The information
system being-developed is a combination of procedures and‘devices
to package the‘sensor data,.deliver them to users, and réceive feed-
back in the form of evaluation of the'ekperimental proddcts and
services. The system produces a quantitative characterizatibn of
"land use'" in such a way‘that érea—by—area comparisons of data sets

" derived from ERTS:l can_be made with other déta sets derived from
high-altitude aeﬁiainphotos, topogréphic, geomorphic, hydrologic and
éensus data, of the types thét have been traditionally used as inputs

to the reg10na1 land use plannlng process. Target user groups are

"

ca

fland uSe planhlng agenc1es'and others hav1ng requlrements for 1and
use information as inputs to regional planning, forecasting, or

environmental quality models.



Two hypotheses.have guided the formulation and development of the
LhUSGS/CARETS prOJect' (1) the "land use' visible to the remote seheors
rs an indicator or resultantsof a number of 1nteract1ng env1renmental
and’socio~economic processes, and (2) knowledge of those processes

and the changing land use patterns they produce is important to
environmentally-conscious regional planning and management. Further-
more, there is an impiication that the.CARETS method of regienal anal-
ysre‘mlght prov1de a "shortcut" to an urgently-needed understandlng |
of the environmental impact of land use changes that are now taking
place. Tor those who'ere intimately aware of the great detail and
complexities of the "environmental impact" situation now being faced
at all levels of government, this claim may seem to be an over ly-am-
bitious one. If remote sensing systems can provide timely data on
land use change, however, and-if'some general principles can be
established on the relationshibs of certain kinds of land use change
. t0'envirenmenta1 ihpact, then the ERfS-based system can be a powerful
'sampling etrategy for environmental mohitoring.'-More detailed tools'ofl
regional analysis can be focused on precisely these localities where_
the need for such analyses and inforﬁetion to guide.planning is most
acute, namely where the crrtrcal changes arewtaklng place. Land .use ...
and related information resultlng from the comblned satellite ehd
aircraft observations in the CARETS region will be made available

to those responsible for determining what changes in land use are to

be allowed in the future. Ihcorporated in the‘demonstration will be

some assessment of what the probable environmental impact of such

changes might be.

w



| tCAREiS is furtﬁer being ceﬁducted gitﬁinrthe U.S. Geological Sufvey
;es a prototyﬁe'of.e'new opefaticnal pcograﬁ, under the direction of the
GééS_Chief Geograbher, charged with d;veloping standards fef the classi-
::ficezion; descripcion, mapping, and ecientific analysis of land use
and iand use change. »Achieviﬁg compaéibility of federal, state, and
regional descriptions of land use, and_interchengeability of land use
.data, are goals of that program. The CARETS ERTS-1 investigation is
closely attuned to thoee program goals,>and in fact is a principal
example of the new program developments in geography and land use
analysis-which have resulted from close cooperation between NASA and
,USGS° The CARETS project thus predates the period of thie six-month
report, evolving as a result of a sequence of cooperetive program
actions between tte two agencies stemming from the NASA 1970 census-
- contemporaneous high-altitude aircraft flights and the development of
the concept of the ecological test sites. Listed among the'primary
, accomplishments of this reporting pefiod is the final pre-ERTS sharp-
ening of the CARETS research design, a proposed method of regional
environmental anglysis. Based upon a eampling strategy involving three

levels of land use data derived from satellite and airborne remote

-:sensorg, the GARETS research de81gn calls for a- sequence of three :::lf'

o

1nterreleted program'eteps or eubtasgs, namely, (l) 1and use‘analyels,
(2) environmental impact asseesmenc, and (3) user evaluation; Durihg
the six-month period of this report most of the effort was devoted to
the land use analysis poftion ofjthe project, although some progress

was also made in the environmental impact and user evaluation phases.

Complete demonstration of the operation of the information system,



rA»incorpofating spacecraft and aircraft data analysis for the entire

- region, must await the second year of the project. . .

;1.2 Land Use Analysis

d.1.2: 1.' Classification and mapping rationale.

"Land use' is the central concept of both the CARETS research
design and the USGS Geography Program of which it is a part. Quotes
are. used to indicate that the term is one of very broad currency in
both the scientific literature and governmental agencies, and there-

- fore, has been given a rather wide vatiety of meanings, depending on
the‘oontext of a partieular S£udy or the misgion of g particular

© government agency. It is also figuring very prominently in current
.1egislative activities at federal and state levels Chavihg been

, tradtttonalky thOUght of ag eomethmg of pumary cchcern to 1aca1
governments) and is rlghtly belng recognlzed as onemor the key
elements of ‘concern involving the ennironmental impact of‘man s
.aotivities. The CARETS model requires that "land use' be mappable
with‘the aid of sensing devtces carried in satellites and aircraft
‘and then be made a central component of an experimental environmental

. 1nformat10n .system; therefore 1t is essent1a1 for these purposes that
the term be quantlflable and operatlonally deftned. Thls could be
done by proclamation at the outset, except that the "information
systems'" eontext’requtres that the real requirements of users be the
determinants and ultimate rationale for the enttre information system.

\Therefore the operational definition of '"land use' in CARETS will be.

'
.
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arrived at through a series of trials and refinements, incorporating
~user feedback at each stage. ‘Whether the quotation marks can be

removed will depend on the degree éf success that can be achieved
invreconciling detailed user requirements with rigorous requirements
- of logic, envirbnmental analysis, replicability, and interchange of
data am§ng aiverse users.

The stgrting point for the CARETS definition of land use is a
cIassificétion scheme that grewvout of tﬁe activities of the Inter-
- agency Committee on Land Uée Information and Classification énd a
Washington conference of selected user:representatives held in June
1971 (U.S. Geological Sufvey, 1972). This scheme was somewhat revised
ana subsequently publ;shéd in USGS Circular 671 (Anéerson, Hardy, and
Roach, 1972). Slight departpres from that scheme in CARETS are the
result of refinements that pertain to the specific scale and type of
remote sensing data utilized. vThese differences are documented and
will appear in a technical repbft to be.reieased,during the next
- reporting périod. Such detailedvdocumentation, which could not be
iﬁcluded in Circular 671, must be a part of any 1an; use data set
which is. proposed for widéspfead use and data exchange as part of

a lénd use information system. - | » o . .
.Aé pointéd out in Circular 671, a numbéf of conéepts have been

traditionally combined in defining or describing the phenomenon

known as land use. To permi£ widest use with remote sensing data,

the proposed standardized classification system uses primarily "cover"

(or more properly, ''surface expression') and "activity'. ‘”Activity”



" denotes man's use; it can often be inferred by means of the photo-

#'m;interpretation process. Other "non-visible" land descriptors such

1
T

.as ownership can be added as overlays to the information system base.
. . P . .

~In practice where different éctiVitiés'overlap and different ''covers"
1 . )

overiap or grade into one aanher in;transitional situations, somewhat‘
arbifrary mapping rules have to be éét up which enable analysts to

make decisions in assiéning each land:(of water) element to one of

the classification categories. Know#edge of those rules and decisions
is essential to the user of the resulting map or information system.'
Dimensions of the land surface description, other than cover and |
aétivity, alsé complicate the mapping task, for ex%mplé,'the ownership
‘of land parcéls, the time of the observation, as in‘seas;nal variations,
and the size éf the fundaméntal mapping or observational unit. _All of
these may be éignificant with resﬁec; ﬁo users' requifé%ents. Aqy
particular land use map or information system is necessaril& a compro-
mise between desired 1eve1'of.détail and limitations of program resources
which dictate thé.dggree of conéolidation of aggregation which ﬁill

Be contained iﬁ'thé product that can be delivered to the users. The

CARETS inveétigation intends to exploitvthe flexibility of multistage

satellite and aircraft remote sensing data collecting systems, requiring '

T8¢ 10déd in the information system bé ‘governed -

.7 that ' selections”of 'data™to b

by ‘balancing cost factors against priorities: determined by the urgency
of the problems to be solved. The adjustméﬁt of the deﬁeloping infor-

mation system to the region's problems and priorities- is to be looked

.



S _ L
* upon as an adaptive process, arriving ‘at as nearly an optimal solution

.. as possible. The resulting land use classification scheme itself. is

N 1

;1fbﬁ£Téne of a numbér ofbsampling strat%gieé to be employed in investi-
'éatiggﬂ£he impact of the ERTS daﬁa-coﬁlecting system uéon the quality
of the en?ironment in the test region.% |
Accomplishments under the land use énélxéiéAéubtask are in th:eé
”general categories: preparation of thé‘ﬁigﬁ—altitude éircraft data
'Base,'preliminary land use interpretaﬁééh of the MSS data froﬁ ERTS-1,

and preliminary tests of procedures for digitization and computer

analysis of the land use data base.

d.1.2.2 High;altitude aircraft data

This reporting period saw the completion of the 1970 high-altitude
aircraft data base {for the entire C‘RETS region with the exception of
a few square kilometers in the peripheral portions of the téét regién
that were missed by the originél aircréft coverage. This data base is
" to be the primarylbperational data sét for tﬁe CARETS experiment; it
will be used tOIQerive the land use/population ratios when compared
with the high-altitude gircréft data ffom the ERTS underflight missions,
and as the basis forlevaluaﬁing the accﬁracy of land use data sets
derived froﬁ-ERTS-l aﬁd.theif suitabiiifyAfof'assessiné Lhe en&iron-
mental impact of land use changes.

The 1970 data base exists at this writing in three components:
the “#aw" aerial photography from NASA/MSC Missions 144 and 145

(scale‘1:120,000 and 1:450,000), the rectified photomosaic compiled

by the USGS from the RC-8 color infrared photography from those

missions, and the land use maps made as overlays to the photo-mosaics.



" The mosaics,end.maps are at a'scalefof 1:100,000, iﬁ square sheets
50 cm on a side, each sheet representing an area 50 km by 50 km on
the eerth's surface. - Thus the.map sheets, if pieeed togethe},to form
a single map of the entire CARETS test site weuld occupy a space
about 4% meters in the north-seuth direction by 3% meters in the
east-west‘direction. Slightly over 7 sduare meters of tﬂis map are
utilized in depicﬁing the 72,000 sq. km (28,000 sq. miles) of land
afea in the test region,Awith Le;el IT land use categories mapped for
all recognizable areas larger than 2 mm.(ZOO-meters ground distance)
.in'one direction. Sheets are keyed to the UTM (Universal Transverse
, Mefcator)-grid system, Zone 18, so that each element of each photo-
hosaic andAlend use map is relatable to an earth,grid location system.
CIf desired,‘photo and land use data elements can be cenyerted to lo-
“catiop with vespect to latitude and longitude, either by computer
transfermatioﬁ of theemap projection,bor py sealing from latitude-
"longitude ticks on the UTM grid overlay margins. It takes 50 of these
map/mosaic sheets, 6f poftions thereof, to cover the entire CARETS®
area. . Location and numbers ef each sﬁeet are shown on the index map
'(Figure 2).

The 1and use categorles that were observed and mapped 1n the'

"'i .' .

CARETS data base, anng w:th the notatlon u§ed 8. the maps in tbelr

'present form, are listed in Table 1.

11
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‘Table I. :A ‘ | Land use categories in CARETS data base.

Level I Categoriés

URBAN & BUILT UP

'

- AGRICULTURAL

FORESTLAND

WATER

- NON-FORESTED WETLAND

s . - § wg e o
..... s . Cem -
. Lot

-

"Level II Categories and

Map Notation Used

b L N I

11-Residential
12-Commercial and services
13-Industrial
14-Extractive

'15-Transportation, communications,

and-utilities
16~Institutional
17-Strip and clustered

settlement

. 18-Mixed
- 19-Open and other

21~Cropland and pasture
22-0Orchards, groves, bush
fruits, vineyards, and
horticultural areas
23-Peed ing operations
24~0Other

41-Heavy crown cover (40% & over)
42-Light crown cover (10% to 40%)

51-Streams and waterways
52-Lakes .

53-Reservoirs

54-Bays and estuaries
55-0ther

61-Vegétated
62-Bare

72-8and other éﬁgh'béébﬂég

-73-Bare exposed rock

74~ Beaches
75-0Other



AThe Level.II CARETS 1ana use maps in their presént-form are only
an intermedié£e,pf0duct in the overéll CARETS experiment; they will
nexf 5e digitized.andlprepared for a number of ;omputer measurfments
and manipulations, aﬁong which are area measuremeﬁts, overlaying with
other data sets such as census, drainage basin, and geoldgical mater;
ial maps, and aggregating into Level I units for compafison with tﬁe
Level I interpretations. of ERTS-1 data. However, since there are a
number of experimenters and cooperating user agencies, who have ex-
pressed interest in obtdining preliminary copies, arrangement§ are
now being made to place the éhtire set_bf 50 photomosaics and land
use maps on "Open File" in the USGS. Inquiries may be addressed to
.the CARETS principal investigator, Robert H; Alexander, U.S. Geoiogical
Survey, Geographic Applications Program, Washington, D.C. 20244,
phone 202-343-5985. 1In order to speed up final release and *publ.ivcation
of the maps, we are requesting that users of these-yreliminaty products
brqvide us with corrections'and suggestion; for improvement:where erfors

“are found to exist, or where interpretations are in question.

In addition to the major effort devoted to the completion of the
Level II mapping, a small amount of effort was put into an examination

of possible Level III category definitions. It was found necessary.to..

B Lt

devote séme éttention fo Level III'so thaﬁAé firﬁér bgéig‘wéﬁla'be
. : H : N

available for relating the relatively small-scale Leyel I and Level II
categories to users' requirements which are mére detailed, including

] requiréments for énvironmenfal impact of land use change.. The |

rationale of the Interagency Steering Committee and Circular 671 .is

that Level I would be used primarily with satellite data, Level II
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would be used primarily with high;altitude.éircraft data, énd the iaﬁd
hs; system compiled at the Federal 1e§e1 would be.largely confined to
E?vels I and II of the proposea stand;rdiied classification; ‘However,
iﬁlé;dér to demonstrate the feasiﬁiliéy of tying Levels I and II to
more detailed land units, and furtherjtd facilitate interchange and
aggregation of land use data among vafipué users and at.several levels,
the CARETS research has suggested somévLéQél I11 categories; a few of
which have already proven to be obtainable from ERTS-1 data, and mosf
of which are surely mappable from enlargements of the excellent quality
high-altitude aircraft photography. Examples of some proposed Level III
categories'which have been experimentally iaentified and mapped in a

portion of CARETS are shown in Table II.

Table II. Examples of some Level III land use categories.

Level II Categoxry ' Examples of Proposed Level III
. Categories ’

11-Residential ' A High density residential

Low density residential
(or single-family)
Mobile homes

-~

15-Transportation, etc. : Airports
’ - . Superhighways
Port facilities
~Railroads _ .
Railroad yards and shops etc.

21-Cropland and Pasture Row crops

“Cover crops
T Pasture

15



Even Level IVNor g?ééter-detail ﬁight also bevobtained through g
’gifareful use of‘é gulti—stage sémpling procedure embracing éRTS and
:iéizéfaff daté. ThébCARETS invgstigation, during the ne%t reporting
pgriod, will propose a complete Level III scheme for the test region,
thch will be compatible with both traditional cartographic and com-
puter me;hods of.mapping land use, and whiéh will enable the data
;ets'dérived from reﬁote sensing fo be related to "ownership" parcels:
by means of an overlay process -- again, which can be performed either

- manually or within a computerized information system.

d.1.2.3. Prelimiﬁary analysis of ERTS-1 aata

At the end of this first six-month reporting period, the CARETS
investigation team in the USGS is still becoming familiar with the
mechanical pfoblems of recéiving; plotting, viewing, and preparing
hard;copy prints or transparenéies foF detailed analysis. The major
- analytical tasks, preparing land use maps of the entire region,
.entering those maps into a digital land use file, and making ﬁachine
measurements and comparisons‘with other daté sets, are still to be
done, and will be reported oﬁ in later reporting periods. However,
in fﬁéicbuféé7bf7prepéring fgg.tﬁbbéfigrggf{éﬁéi&ﬁiéallﬁaék%}&ﬁe'béQé
" made a generél first-look assessment of the data we have received to

date, and a more detailed analysis of three frames.

. One of the most striking initial conclusions to be drawn from
examination of the ERTS data is one that goes beyond the specific

purposes of the CARETS investigation: ERTS provides a remarkable
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'regional—scale view of the earth's surkaée. This regional-scale‘view
.can bg'obtained,ifor example, by making prints of ERTS frames at a
:'éé;ié of aBout 1:100,000, piecing toge&her a mosaic representihgla
. §ingiéV§wath (four such frames travers; the entire length of the
4 CARETS region) and examining the imageg at armfs length rather than»
with a magnifying glass. This method Aiéplays, almost at a glance,

-the major structural and drainage feat;fes of a region, the relation-
éhibs of tﬁe major éitiéé to fhosé larger features, and perhaps most
importantly from the point of view of a geographer, patterns of spatial
associatioﬁ of features that.méy be clues to regional developmental
procesées. The major geological and hydrological centrols fo land
usage, (for example, the Appalachian Mountains, the Atlantic Ocean,

the Chesapeake and Delaware Bays and their tributary rivers and estuaries)
are easily identifiable by inspection. Closer examination reveais

more subtle geological and hydrological controls to the land patterns,

_such as regional outcrop trends, folds and faults, and the major

- stream patterns, which stand out prominently because of vegetation

-

~

differences. :

Superimposed on thése péttefns contrélled by the major geologicai
and hydrological features ;; another mosaic of distincti&e 1andscape
patterns, visible at the regional scale as distinctive tones and
“textures, which represent the integration of myriads of éeparate
forested tracts, farms, towns and roads. Clearly there are distinct
mappable units, in this overall landscape patte;n, each unit containing

7 a homogeneity of tone and texture. Thus the farmland patterns of the
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Shenandoah Valley, at the western margin of the CARETS region, are !
distinctly dlfferent from those of the Piedmont area which in turn’

are distinct from the more forested more sparsely settled area on

vbothvsides of the_ lower Potomac estuary. The major metropolltan areas
of Washington and Baltimore (Frame no. E-1080-15192, 11 Oct. 72) have
in turn a distinct light pattern in the red (MSS 5) band, or a blue

. appearance in the color-combined view analogous to color infrared film.

It is:ﬁypothesized that these landscape Units will provide a valuable
stratification for areal sampling to determine where more detailed air- |
craftlor ground measurements might be taken, following the "photomorphic
region' concept used by MacPhail, Peblies, and others (Peplies and
Wilson, 1970; MacPhail and Lee, 1972). The preparation of data sets
derived from ERTS data, formatted in the same geographic information
system as the high-altitude data base mentidﬁed above, will provide a
means of making qeantitative comparisons, to teet the notion that

- these ERTS—deriyed regional units (or photomorphic regions) may be

.indicators for environmental or socio-economic vayiables such‘as pop—'

ulation numbers, major economic activity, closeness of linkages with

other areas, etc.

Frame E—1045-15243, 6 Sept.'1972 is the first ERTS image received
by the CARETS project. It covers a portion of the central Appalachians,
showing clearly the dominant pattern of the forested ridges of the-

Valley and Ridge Province, ard the much lighter-shaded lowlands in

]
[



"~ between.  The image area covers only the northwestern portion of the

'CARETS test region. The analysis reported here concerns only the

'521and use aspects of the scene.

T

A‘détailed check of land usé types observable was made in that
pdrtion of the image covering portions of Frederick, Carroli, and
Montgomery counties in Mgryland. Data analysis took place with the
aid»of'an‘IZS multispectral color additive viewer gnd a film projector
viewer. In hopes that there would be replicab1e>standards of film

- density in the 70mm transparencies supplied to us, documentation of
filter and brightness éettings on‘the IZS was’?ept; and is repofted

fully in the report by Fitzpatrick aﬁd Lins (Seesection f., below).

After becoming Pamiliat vith handling of the ERTS 7mm transpar-
encies, and developing suitable feature identification procedufes,
Fitzpatrick and Lins. produced an experimental Level I land use map
at a scale of 1:330,000 (10x enlargement of the originél 70mm trans-
'parencies). Since the color additive viewer used did not have suf-
ficient enlargement power.for the scale of map chbsen, the researchers
‘encountered some problemé in tracing interpreted features and bringing
bqygm in§9~register'with;phe‘ﬂap ba??'Hhveﬁifi9§ti?ﬂf9ﬁ'?“E?FPr?t@q.-;'
Le;él Inland use categoriés ;és made.Ey réferring go.;ircfa££'pgoté—
graphy and topographic maps. Egamples if IZS filters and settingsA

found advantageous are shown in Table III.

et
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Table III. IZS filters and settings for land use determination.

: A . MSs - ) -~ Illumination
Land Use Type Band Filter Setting
Urban & Built Up A " Blue 7

. 5 Green 7
6 Red 6
7 Red 5
Transportation Routes & Blue 5.5
5 None 4.5
Water Bodies 4 “Blue . 7
6 None 5
7 Green 5.5
Forest 4 Blue 7.5
5 Green 6.5
6 Red 6
7 Red 4.5
Agricultural Land 4 Blue 7
5 Green 7
5 - Red 5
7 Red 6

The resuiting land use map was noe checked for aecufacy -=--this will
be done when 1972 high-alfitude aircraft underflight data are obtainedf
In the aﬁsence of such underflight data, however, a quick field check
was made.in a portion of Frederick County, Maryland, to identify some
. of tﬁe sﬁali bright spots on the'EQ?Sfimége,-in an area . known te bé;
undergeiné some land developﬁent. It-wae hypothesized‘ehat such bright
spots might be indicative of'areas of development, since‘cleared land
and urban surfaces haQe higher albedos than almost any other land sur-
faces in this region. In terms of the objective of locating areas ef
change, however, the test was somewhat disappointing. Of 19 "bright

spots'" that were field checked, 12 turned out to be fields that had

20



béeﬁ-jusf héf?ested or flowed at fhe-time'of acquisition of the ERTS
‘data, two were quarries, threé were large buildings which had been
there longer than two.years, and two were actually clearings ;r con-
struction sites, i.e., changes that .had taken place since the acquis-
; ition of:the 1970 high-altitudé aircraft data basé. One was a new

-highway construction site; the other was a shopping center and adjacent

apartment complex under construction.

The results of the preliminary examination of Frame E-1045-15243
wefe encouraging as to the poésibility'of mapping lana use Level I and
in some cases Level II catégories; more research needs to be done,
however, on the problem of identifying land development changes of
types that are of interest to land use planniﬁg and environmental
monitoring, and separating such changes ffom’other highly-reflectin

features in the scene..

Frames E;1079-15131 and E-lQ79—15133, 10 October 1972 were examined
for applicability to thé monitoring of shoreline changes affecting
iand use along the barrier islands. The two frames encompass a stretch
“of the middle Atlantic coast from Long Island, New York, to Assateague
Island,'Maryland; The narfdw barrief islands have an iﬁportanéé exéeéd—.
; ing their relatively small area in the teét region; being under tre-
mendous recfeatiénal and devélopmental pressures, they are also arenas
for counter-pressures frém_various citizen groups and public agencies

aiming at preservation more nearly in the natural state. = In a study



.under way at this writing, Dolan and Vincent have found that several
features important for monitoring changes in the barrier island-environ-
IR : ‘

méﬁt.are visible on the ERTS imagery.! These include: (1) ocean shore-

‘line, including sand waves and indications of storm-caused erosion,

(2) interface between sand flats and ﬁarshes, (3) interface between

ma;éh and lagoon, (4).turbidity pattequ'in oceén and estuaries, and
" (5) vegetation distributions. Following'ig an assessment of £he.util—

it& of each of the ERTS MSS bands for.ﬁonitoring the barrier island

“environment:

MSS 4: Sand Surfaces are evident, as are sand to vegetation transitions.
" The band is not good for the differentiation of vegetation types,
or of the beach from the surf =zohe.

MSS 5: The sand to marsh transition is best indicated on this band.
Turbidity distributions are easily observable. Marsh to water,
and shore to water transitions are not sharp.

MSS 6: ‘The interface between water and land, and vegetation transitions
are evident on this band; however, it is poor for sand to marsh

transitions.

MSS 7: This band is the best for the water-land interface and in
‘ particular, for discerning the shoreline. Dune ridges and
vegetation patterns also shown very well. It is not good for
mapping sand-vegetation transitions. '

‘Dolan and Vincent are convinced that ERTS can be a significant
augmentation -of aircraft imagery and fie1d observation for the study
and_moni&oring of coastal envifonments. A multilevel remote sensing -
program will permit the selection of thé.observatién tool wﬂich is most
appropriate to the ‘scale of the précess beiﬁg observed. ERTS is par-
ticularly appropriate for ébservihg the effects of regional-scale

processes acting along barrier-island coasts.
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d.1.2.4. Automatic Data.Handling_Techniques

During the repérting:perioa an gxtensive investigation was conducted
intdiQarious cbmputerebased methods oflstoring, retrieving, and manipu-
’1ating land use data.derived from the aircraft and satellite imagery for
the CARETS area. Computer assistance was detérmingd to be necessary to
speed area measurements and other calculations required on detgiled
land use data éovering sovlarge an area, and to provide flexib?lity in

retrieval format as specified by users who are cooperating with the

CARETS investigation.

The CARETS experimental information-system encompasses data flo&
from sensor po cooperating users through a number of processing steps..
Automation or partial automation might be employed ad?antageously at
‘several of these éteps, among which are the following: initial image
dafa Cémpéction or prg—proéessing; e#traction of multispectrai signa-
t;re data from the images; assignment of multispectral data sets to land
useAcategories; verifying the land use categories thus identified;
mapﬁing the land use onto a gridded base map or mosaic; compuping
area.measurements; summing area measurements by lana use categories
for counties or other planning regions; and retrieving and displaying
land uéevdéfé in a variety df scales and category aggregations. Major
research and development efforts will.still be required if ERTS-derived
" land use information is to fiow.automatically through the various steps
described above and fulfill the operational néeds of users at reasonable
costs. Howeve;, to prove ERTS feasibility for supplying 1and use data

to users, it is just as necessary to demonstrate the feasibility of.
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1ncorporat1ng ERTS data on land use into a user—dlrected 1nformat10n system,

as it 1s to demonstrate that any particular kind of land use can be detected
)

~ on the ERTS 1mage. After an examination of the 1nformation flow ﬁrom remote

- sensor to user, 1t was determined that the first emphas1s for automatlc data-

“5handllng in the CARETS prOJect would be toward the user end of this infor-
mation flow system, rather than toward the input end involving sensor tech—
»nology, telemetry, or direct image processing techniques. It is‘recognlzed
that eventnally the input end of this information flow system will have to
bewlargely automated if large-area land use analysis is to become an oper-
ational reality; therefore, methods of improving.automation at the input
end are also under close scrutiny in the CARETS project, with the require-

ment that the result is a user-deliverable project..

CARETS users (principally land use planning agencies at state or
metropolitan level) hane oeen found to tTequire land use information
primarily in the form of mapa and quantitative area summaries of the
information contained in the maps. CARETS relies on photo-interpreters
to accoﬁpllsh the'preliminary data reduction tasks, that is, classifying
the_image scene into land use units on the basis of pattern, tone,
texture; knowledge of the region, and associatine clues. This process
results in the production of land use maps with the individual units
separated from one another by means of llnes drawn with reasonably fine d s
drafting pencils. The task for automatic data handllng, then, is to

reduce this line map with the enclosed land use onits or '"polygons'"

into digltal form fof further quantitative analysis and entry into the
.experimental information sjstem. The user requirement which governs
construction of the basic information file is that the land use

information be retrievable in a variety of combinations, aggregations,

24



' _énd disaggregations, and that land use information for a particulaf

location on the earth's surface be associated with a variety of other {
data sets, for example, water resource data, geological data, slope,

' vegetation, and population characteristics.

" The CARETS investigation relied to a large extent on the wofk of
thg ;ntefﬁational Geographical Union (IGU) Commission on Geographical
béta Sénéing and Processing in its two sympésia on'geographical infor-
mation systems (Tomlinson, 1972). Plans for 1ater'participation.by
the IGU group iﬁ USGS land use programs vere completed during this |

reporting period.

Toward the end of this repofting period the CARETS team conducted
- some successful experiments with digitizing; storing, fetrieving, making
area measurements, and plotting land use data automatically in polyéon
fofm, using high-altitude aircfaft data as samplés. Yet to be selected
is a software system which will allow overlay, intersection, and update
calculétions to be performed in the machine. The CARETS project decision

on'seleqtion of components of the information system will take place

- bt . . P
-4 . - *

. during the next reporting periddtrsp that land use data'setsgderived

from ERTS imagery can be processédtand displayed in a variety of formats

for user evaluation.
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‘_'d.1.3. Environmental Impact Assessment

Thé environmental impact portion of the CARETS investigation deals

- : .

."»-’ V " : J 1 i
"with two facets of the land use/environment relationships that are now

.facihg the region's planners. The first concerns the physical limita-
tions or constréints that areApléced &pon_variqus land use types by
factors of the physical environment; tﬁe:second facet concerns effects
that land use change have in turn on %pyironmental quality. A very
"difficult équatioﬁ must be balanced b; pla;ﬁérs whé have té decide what
types of growth and land use change will be permitted, knowing that they
may still be around to see the consequences of their decisions. The
_issue of enviroﬁmental quality is at the heart of the federal-level
concern over !and use policy that has been expressed by legislators

and conservationists. The possible cost savings through use of common
remote sensing data sources is a federal-level issue that has been
known primarily to experts, and has not yet been widely regérded by the

. public as a principal reason for activities of the federal government

in the field of 1andatse.

-

The physiéal constraints on development were investigated with
respect to. the geological features affeétihg land use in the Norfolk-
Portsmouth SMSA, a test site within the CARETS region that has.been
seleéfed for detailed experimentation with procedures tﬁat might later
be applied in the whole region. This effort was suppor£éd by the EROS
Program, and resulted in the completion of a "Map of Earth Materials"

(for example, sand, clay, peat, etc.) and their distribution at and near

the surface, at a scale of 1:100,000. Sources other than remote sensing

26



were used to compile this map. Each map unit is further described
in terms of its topographic expression, and present vegetation typéé,

“as well as features affecting agricultural and engineering work, as

foiid@s: drainage;characteristics, soil types and agricéltural adapt-
ability, adaptability to earth work in wet periods, feasibility for
use as top soil, fgasibility as source of Construction.materials,'and

Tfeégibiiity for foundation material. The map is to be used as an
‘ovériaj‘ﬁd the ﬁaﬁé df land use change developed from the ERTS and
aircraft data, and will be a guide to the regional planners in select-

ing most suitable sites for new development.

o With respect to the impabt of land use change on environmental
quality, three areas of investigation were pursued during the period
of this report: land use-environmental impact modeling, hydrological
impact of land use, and climatoldgical impacf of land use. As out-
lined under section d.l.l. aoné, these investigations seek to develop
"a sémpling strategy to enable quick asseséments of the probable en-
vironmental effects of 1ana use patterns énd changes observed by the

remote sensing observation systems.

M

The modeling effort, conducted through é contragt'wifh thg Department’
of Environﬁeﬁtal Scieﬁces at thejﬁ;iVersity of Virginia;'resulted in a
major study that was cpmpletéd during the period of this report.
(Goodell ¢t al., 1972). This study Qas supported by NASA Supporting

Research and Technology (SR & T) funding prior to the initiation of the

N
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ERTS-A CARETS investigétion. .Thé Uﬁiversity of Virginia study confirmed
other evéluatién; made by the:CARETS team, n;mely that a major require-
ment for meaningfgl aésesémént of tﬁe environmeﬁtal‘impact of‘land use
change is the capability of bringing together in a common analytical
framework éeveral overlapping physical and social data seté. Because

of the complexity of the iinkages betwéen d cultural proce;s'and environ-
méntal response,'thg Goodell study pr;poses a modular approach to.the
modeliﬁg effort, with the initial approach éonéidériné'air and water
quality as functions of land use within the framework of the hydrologic

“cycle (Goodell et al., p. 11-12).

A primary requirement of such an effort is the identification and
quantification of the environmental impacts sf the various activities
‘associated with land use: food production and processing, tranépnrtétion
and commhﬁication, raw materials production and processing, manufactur;
ing and commerce, and habitation and reclreation. Identified environmental
A effécts of these acfiﬁitfes are principally from‘fhe following; 1) fossil
fuel consumption in powef‘production, transportation, and heating;

2) fertilizer and pesticide application; 3) animal and human wastes;
@)Vaccelgrated erosion from‘éonstruétion, land use change, and drainage
basin alteration; 5) indusﬁrial and manufacturing effluents; 6) sélid
“waste generation and disposal; énd 7) altered patterns of surface runoff

and diminished ground water reserves.
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Understanding the rolatidnships among all of these factors and  ;

:iand use requires.?he handliqg of prodigious amouﬁts of datg, and
e aigﬁates the requirement that all of the data sets be prepared in a
céﬁpaéible framewgrk for computerized anaiysis. Furthermore, Goodell's -
wofk pointed out the necessity'of.developing more detailed land use
f,describtors than contained in the two-level land use classification
recommended by the Interagency Steering Committeé. The work presently

“under wajrformulating a Level III set of land use categorics (see

section d.1.2.2 above) is a direct response to that need.

Goédell's stﬁdy collects several data set; for a portion of southern
Virginia,‘and demonstrate; the difficulties encountered in obtainiﬁg
suitable and timely data on variables other than land use in the
formats compatibie witﬁ analytical requirements. These resulis iend
R encourageméﬁp to the{CARETS modél which»gfgempts fd éstabiisﬁ br;éd
'relatioﬁships between land ﬁse and environmental impact, while pro-
‘viding detailed ERTS-related data sets on current and chanéingv land use,

appropriately keyed to the earth grid.

Therhydrological impact of land use was:investigated in a prelim-
inary way during the repofting period, and will be continqed'during the
_next reporting period under funds anticipated from the EROS Program.
.. The approach was to ;eek empiriCal relationships between infiltration,
- runoff, seéiment yiel&; and water quality on the oné hand, and 1aha
use patterns and change on the other. The study by Goodell et al.
(og. cit.) presented some formulas and data sets indicating, for

example, the wide variety of sediment yields in the coastal plain from
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major Level I and II land use types. USDA estimates of soil loss ;
from erosion in>tons per acre per year are as follows: croplang,nﬁ

~ f3.83; cropland treated for soil conservation, 1.92; pasturé, Q.85

knr.?éfest, 0.28; Qrbﬁn, 5.78. Goodell;s estimate of the ahnual sedi-
ment loss from the southern oné-quarter of the CARETS region is
'8 x 106.tons, 37.1% of which is generated from urban areas (p. 43).
Thé land use data upon which that estimate was based, however, are
mqre,thaﬂ five years old. ERTS-ﬂerived data wiil be used to update
such estimates, and when aggregated by watershed areas, will help to
quéntify the sediment and ﬁater quality problemé in such areas as the
Chesapeake Bay and its'tributary estuarieéc Similar procedures can Ee
ﬁsea to evaluate the effécts of varicus land uses on water quality;
runoff, and infiitration, once .a basic yield -or ”calibration” estimate

is obtained for each of the land Mse classificatich categories.

L Investigations of the climaféfdgical”éffects"qf lénd.uée"patterns

‘fﬁere carr&ed'out in Norfolk and Baltiﬁore test sites within CARETS,

_and will be reported on during the néxt reporting period. The Norfolk
inveétigation demgnstrates the application of the.CARETS land use
information syétem to air quality planning? by showiﬁg the relationships
of land ﬁse units Fo.emission, diffusion, and fallout patterﬁs of
suifur dioxide and sugbended.particulates; The Baltimofe s£udy involves
the calibration of multispectral scannerv(aircraft) data to yield
albedo and thermal eﬁission calculations, which are in turn to be ﬁéed
to test a newly-developed siﬁulation model for the study of the ﬁrbaﬁ
heat island effect. Tﬁe climatological faétor§ (albedo, thermal emiééion,

surface roughness, and transpiring area) of the test site will be
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.related to. land use categories of theACARETS claséification system,

 so that estimates of the microclimatological effects of proposed land
Coe ' : | : : : '
~J*Ius¢ changes can be made known to planqers; Lt
. , - 1 o
i
!

d.1.4. User Evaluation

'i,

d.l.&Ll. CARETS Information Center .
The CARETS Information Center, 1oc;ted.in Room 853, 1717 H Street,
N.W., Washington, D.C., has been maingaiped‘during the periqd of ihis
‘report ésﬂé ceﬁ#er wheré rep}eseﬁféfi;é; oflfhe pfinéiﬁai‘usér agéncies
of the region could visit and have access to remote sensing data and
other related materials p@rtaining.to the demonstration projeét oper=-
ation. As of'tﬁe close of this reporting period, pr¢p8rations are
under way to modify. the Information Center to better handle ERTS data
and the computer products that are expected to become available during

the next reporting period.

Available for user inspection in the.Information Center are all 9.
inch and 70mm filQ‘f;pm NASA aircraft missions over the test region,
"all ERTS imaéeryfthét has been received thus far, the 1:100,000 scale .
4photomosaics'that were compiled from tﬁe.high—aititude aircraft data

from NASA Missioné 144 and 145, the Levél II.1and_use maps that‘weré‘
prepared.by the‘CARETS team, ERTS microfilm-(browse file), index maés,
mission feéorts, and selected reference ﬁaterial, ihcluding topographic
and ggologic maps, to aid in interpretationAof the imagery of the CARETS

region.
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Equipment available to aid the Infermatioh Center visitors
includes light tables, a 30-inch screen viewer-projector with
megnification up to 20 times, an 12s eolor additive viewer- for

'viewing ERTS and other multispectral imagery, and microfilm readers.

o
i

d.1.4.2. Preiiminary Interchange with User Agencies

In addition te user visits to the Ihformation Center, interactiomn
with users was carried on by means of direct visits to their offices,
and by meetings of steff personnel of both the CARETS team and planning
agencies. All the region's users of land use data ere of interest for
evaluation of the utility of the ERTS data and theuproduets that can be
produced from.a system that incerporates both ERTS and high-altitude
aircraft data.‘ However, to.achieve earliest impact in aecordance with
CARETS priorities, user interaction dHT1ﬂQ the pe?iod aF‘thLS Yapcrt
was eoncentrated principally upon those groups representlng tne maJor ’
planning agenc1os in the 1argest portions of the CARETS reglon thatv
‘'were mapped first.. Those .8roups are the Maryland State Planning De-
partment, the‘Virginia Division of State Planning and Community Devel- .
opment, and the Southeastern Virginia Plenning District (the District
which 1ncludes the Norfolk-Portsmouth SMSA where the most detailed
- CARETS system tests took place). "In the case of Maryland the State
land use inventory was under way during this period, and arrangements
were made to incorporate the CARETS high-altitude data bese directly
into that inventory, with some editing and field checking of the data
to be provided‘to CARETS in return. Using the same land Jse classifi-

cation system as that adopted for CARETS, Maryland extended,.using
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.their own funds, the land use map to the portion of the state not

Lo o

"covered by CARETS. _ . : | .

i
i
1
1

¢

C - . N [y

”7T‘Th§<u§éf applications that thevCARﬁTS project considers of highest
-priority for evaluation of the ERTS-b%sed information-system are those
that get closest to a user's décision?qn a proppsed 1and use change.
To provide support.fér those decisions; tﬁe CARETS effort has concen-
trated on land use inventory (a map of ﬁresent land use and quantifica-
tion of fhét map in terms of areas occﬁpied by eéch land use t&ﬁe) and
land use inputs to forecasting models. Input to forecasting models
includes not only the inventory ;nformation, but also information on

rates and locations of land use change, plus correlative information

on land capability and environmental impact of land use.

.

Other user sgencies with these concerns that were involved in close
cooérdination during the period of this report are the Metropolitan

Washington Council of Governments, the Baltimore Regional Planning

Council, the Northern Virginia Planning District, New Jersey Department
of EnvironmentaleProtectidn, and the City of Norfolk. Other users or

potential users who either came into the Information Center or were other-

é
+

wise contacted by CARETS'sﬁaffvincluded the RALI program of the Depértmeﬁt
of the Interior, the Depértment of the Inﬁé;ior 6f£ice Qf'Régioﬁai Planniné,
the ﬁﬁreau of Indian Affairs,‘the Bureau bf Spért FiShefies and Wildlife,
the Geologic Division of the Geological.SurQey, the U.S. Bureau of the
Census, the Virginia Divsion of Mineral Resources, and representatives of

several universities in the region. In addition, contacts with groups

from outside the region who have similar interests included the National

(¢S]
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"Science Foundation, the Environmental Protection Agency, the Oak Ridge

National Laboratory, the Tennessee Valley Authority, state agency

1 .

. L _ ' :
- representatives from Alabama, Wyoming, Montana, Iowa, Illinois, Cali-
fornia, Michigan, New York, Washington, and Arizona, the World Bank,
and representatives from Englahd, Gerﬁapy, Australia, Ireland, and

Canéda.

1
'

d.2. Accomplishments planned for.next.reportina period

By the time of the next six-month reporting period, it is planned
to>have completed a Level T laAd use map of the entire CARETS region
prepared from ERTS-1 imagery and coﬁpiled at a scale of i:ZS0,000.
Also, the higﬁ—altitude aircraft data base will be updated for those
areas where ch;ngé has occurred since 1970. Enlargementé of ERTS
imagery will be systematically screened ,;Eor indications of.‘lland use
change from one classification catégéry to anofher. Chéngé_indications
will be sought from both the time of the high altitude aircraft data
‘base in 1970 and f;om“the times of -early ERTS images to tHose from
ERTS ﬁasses toward tﬁe end of.the reporting period; Overlay maps
for SelectiQevretrieval of land use data-by census areas, counties,
drainage basins, and selectéd geologic régions will be prepared.
Somevdigitization of land use.maps and other map overlays will be .-
started, so that during the following repérting period cémputer
displays and calculations can be performed,'felating the-ERTS land

use data sets to those derived from the aerial photography.
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Geolégical, hydrological, and climatological impact of land use

:changes will be invéstigéted in the Norfolk and WashingtonfBaltimofe

“Quéegt.sites, resulting.in reports and map products during tﬁe next
f;bgfting period. Preliminary assessment of CARETS iméges, maps,

area mgasurements, and other products from the ERTS investigation
.will be extended to users represénting\all of the state-level planning
offices, including thosg of Delaware, Pennsylvania, and New ‘Jersey,
Wﬁicﬁvﬁere not préviously asked to review products developed by the
CARETS project. To summérize the products and services that will be
available to the users, a data catalog for the.CARETS project will be

prepared and distributed among users and prospecltive users of the

region.
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e. Discussion of 51gn1f1cant scientific results and their relationship
to practical applications .or-operational problems including estlmates of
the cost benefits of any significant results.

The significant results of this investigatién thus far are summarized
as follows: (1) completion of the research design for the USGS/CARETS
demonstration project, con51st1ng of a proposed’ method of integrated
regional environmental analysis linking land use, environmeﬁtal impact,
and user evaluation; (2) preparation of photomosaics and land use maps
at a scale of 1:100,000 from NASA high-altitude aircraft daﬁa for the
entire region; (3) demonstration of tﬁe feasibility of extracting
several categories of land use information from ERTS-1 MSS data for
portion of the CARETé region; (4) demonstraticn of the feasibility of
detecting some significant land use changes on ERTS imagery; (5) demon-
stration of the feasibility of attaghing enviroumenﬁal impact significance
to the remote sensor-derived land use dataj; (6) delivery of land use
information derived from high;altitude,aifcraft data to a sfate planning
agency representing one of the region's major users (Maryland) for
direct incorporation into its stétewide land usec inventory; (7) demon-
stration of high interes£ by other user groups in the test region in
the products and services provided'by this investigation; and (8) deter-
mination Qf the viability of setting up a computefized geographic infor;
mation system as ﬁart of the CARETS investigation, to facilitate the
handling of sensor-~derived iand use data in a variety of formats to

suit user requirements.
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'1éading to utili;ation of the saté@lite data. <L K o , oot

" The proven‘aBility to obtain verifiable land use information from.

... a combination of satellite and aircraft sensors is in itself ,a signi-

“ficant scientific result of the CARETS investigation. " Such information

is useful per se, even in its preliminary and incomplete form at the
present stagé'of the project. That usefulness is attested to by the

requests that have already been received from state agencies in Maryland,

Virginia, and New Jersey, for copies of the maps and data summaries

that apply to their respective areas.

The scientific results and practical applications that grow from this

. investigation are going to develop in stages beginning with the already-

proven ability to obtain land use information, as described in earlier
sections of this report. The exact sequence of these results and applica-
tions  cannot be predicted or programmed. Furthermore, it is not yet
possible to quantify .either costs or benefits at this stage of the in-
véstigagioﬁ, and it probably would ﬁbt be useful to attempt to do so

until NASA defines what it requires in these categories, releases cost
figures on the aircraft and satellite dafa; and develops a consistent

set of criteria for assigning costs and benefits to the various stages

Y

In the absence of specific guidelines as to how to report satis-

factorily on ''scientific results and their relationship to practical

applications or operationél'problems” as requeéted by NASA in this

section, a suggested set of criteria or accomplishment milestones is
presented, by which results of ERTS investigations might be compared

+ varinug nta leading toward sucee £ Lo -
T VaTigus Sla LEAGINE LOWAaTO SuCcesgivg uittrzailon,

¢

a e~
(&% P

37



project results are then discussed briefly in light of those accom- !

“plishment milestones.

iﬁ:l. Suggested accomplishment milestones
Following is a list of suggested accomplishment milestones, leading:
from the research design for utilization of remote sensor data to a

hoped-for improvement in the environment resulting from data provided

by satellite syétems. The list is suggested as a means of classifying-

énarcomparing the results of ERTS investigationé.. The items are roughly,
“but not necessarily, in chronological order; the actual sequence of |
accomplishments will consist of overlaps of several activities and
results. If is ﬁresumed that NASA would like to demonstrate not only
how funded projects result in accomplishments at each step, but also
how connections are established through the whole process, so that
overall objectives and goals are‘achieQed.

1. - Research Aesign for utilization of remote sensor data in

earth science or resource applications discipline area.
2. Sensor development, and teéting on a}rcraft and épacecraft.
3. Successful sensor §peration in aircraft_aﬁd spacecraft.

4, Sensor data verification in terms of environmental phenomena = -

(gropnd truth) from both aircraft and spacecraft. .y

. R - . — . AR o ol

5. Demonstration of the feasibility of derivinggﬁfrom a combin-
ation of aircraft and spacecraft observations, the type of
environmental data required by the research design.

6. Demonstration of feasibility of detecting and verifying change
. by repeated satellite observations, combined with appropriate
aircraft data correlations.

7. Discovery of ‘knowledge that. was not known before about -some
earth resource feature or phenomena. '

i)
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8. Demonstration of feasibility of incorporating remote-
sensor derived data into a resource-agency user's |
ongoing operation.

9. Developing suitable institutional changes to assure that
the remote sensing data can be made continually a part of
the user's operational requirements, including provisions
for training and development of satisfactory data pro-
cessing and information systems for handling remote sensor-
derived data routinely and in the quantities required.

10. Operating the user agency program, in pursuit of its
legally-determined program goals, in conjunction with the
necessary new institutional units, on the basis of regular-
ly-received satellite and aircraft data.

.11. Setting up benchmarks for measuring environmental change.

12. Developing new knowledge of environmental processes and
change through assessment of the results of remote sensing
monitoring on a continuing basis.

13. Achieving a measurable improvemént in environmental quality
that has resulted from the remote sensor-derived:data from
aircraft and satellites.

N

e.2. CARETS results in terms of accomplishment milestones

The CARETS project attempts to cutvécross all the accomplishment
mileétones listed ébove. As a multidisciplinary, integrative effort,
its-intention is'to demonstrate how satellite-defiﬁed data might be
put together and applied to one of the region's environmental problems--
" the alldcationnbf increasingly scarce laﬁd"resources to new use demandsi
Qﬁile.ét the saﬁé‘timé maintaining acgeptable s£aﬁdards ;f envi;5nﬁenta1
quality.

CARETS thus intends to demonstrate how remote sensing data can be
traced through a succession of stages to an improved decision on land

use, a long and tortuous process at best. Whether it succeeds or not



will necessarily be determined by a thorough evaluation at the end
of the project,. and criteria for that evaluation will be sought before

}, project completion. In order to assist NASA in making the preliminary

“;?éValuation that is called for at this stage, considerable pains have
been taken in the present report to explain the direction of the

research, as well as the results obtained thus far.
Following the same suggested milestones listed in the previous
. sectfbn, CARETS results and ekpecfed results are outlined in the

concluding portion of this report:

Milestone Results and Q§pécted results as applied to CARETS
1 CARETS research design, combining land use analysis,

environmental impact, and-user evaluation, completed

2&3 Already successfully accomplished by NASA.

4 Land use types have been verified from aircraft data
in 22 Level II categories and 6 Level I categories

in CARETS; and from~spacecraft data in 6 Level I

. categories.

5 5" . Feasibility of assembling a land use data base from
high-altitude aircraft data, in standardized format so
that update and user exchange of data.can take place
has been demonstrated. Matghing and combining the
aircraft with satellite observations awaits the next

phase of the project.
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Desults and cxpected rosults as applied to CARETS

Feésibility of?detecfing land uée change using aircraft
data has been demonétrated. Feasibility‘of deteéting
Level I land use change between aircraft and satellite
observation has been demonstrated. Change detection and
verification from repeatéd satellite observations hés

not yet been dembnstrated, oﬁing to the'short‘time_span
of satellite covérége thus far. Systematic detection

and mapping of land use changé, while siﬁple éonceptually,
-ﬁas been found to be still a difficult task operationally,
primarily.bécause'of mechénical difficulties in bringing

new data into register with old, for comparison.

No new environmental knowledge has been discovered yet in
this investigation, although valuable new perspéctives

on the region were obtained from the regibnal;scalé
“integrated" view providéd by ERTS; land use.change was
noted, that was not known to the project team, but it was

certainly known to the people involved.

Feasibility of incorporating remote sensor-derived land
use data into the.Maryland statewide land use inventory
“was demonstrated. Other user response to CARETS produéts
and services has been highly favorable, but falls short
of demonstrating incorporation of the new data into an
operational activity. This aspect will bé pursued with

other state agency users in subsequent reporting periods.
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Miléstone

Results and expected results as appliedAto CARETS

The institutional cchanges required to realize full benefits

‘of the satellite-derived data have begun, although this re-

quirgmént lags far behind technological developments tHrough-
odt tﬁe earth observation programs., During the period of
this report, the USGS Geographic Applications Program, of
which the CARETS demonstration project is-a part, received

a new méndate from the Director of the USGS to develop

. appropriate land use information activities, including

working toward standards of land use classification enabling
the satellite aﬁd aircraft data to be utilized on a uniform
basis.s A new Chief Geographer, Dr. Jameé R. Anderson, was
appointed, and a modest staff_expansion tbok place. Similar
institutional changes are needed in state agencies where
major new land use inventory and planning functions are
arisiAg. Much CARETS teamléffort actually goes into an
educational and traininé function, although this needs to
by.sfétematized, as for example in the EROS Program Workshops.
CARETS isAbeginﬁing rudimentary experiments with information
systemé design and development, which will need to be
institutionalized somewheré in the government to achieve'
full benefit of.the pbtential of applying satellite dqta

to land use inventoryyand change aﬁalysisa Our sfudiés
indicate that the data proceséing and information systeﬁs
réquiremenés for 1ana use have been vastly neglected in the

overall program structure.
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13

No -agency operation has been set up yet under this

- milestone; the CARETS #eam'plans to define and «discuss

'
t

with potential users, how regularly-received land use

data derived from satellite observation might be

utilized, . i«

i
!

The 1970 high-altitude aircraft data base, designed as

'a basis for the CARETS'ian& use éhange'and Safeiiite

verification experiments, can also serve as a benchmark
for measuring and monitoring environmental change in this

region, once the appropriate institutional arrangements

“for such monitoring become a reality.

HMew kno—&iane of enviroM@tal process éhd change
resulfing.from Fhe satéllite programs mdét await the
scientific assessment of operation of satellite monitoring
systems over a period of time. CARETS anticipates such

menitoring in its overall design.

To determine whether environmental quality is improved as .

a result of all of the preceding activities, it will be 5;%

necessary to see if bettep'data on land use and envifoﬁmental
change resﬁlts in better degisions on future land usés.

This will mean not.only that the new data improves knowledge,
as in milestone 12 above, but also that decision-makers will
make use of the new knowledge in land use planning and manage-

ment. Even though this result may be some time in the
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Milestone

Results and expected results as applied to CARETS

13

1

'fﬁtufé, most certainly after the compietioniof the;?
CARETS.investigation, the study is to include ﬁroposed
critéria for making such a determination through a
sample inventory qf land use-decisions in the region,

and through confrontation of the decision-makers with

results derived from the earth observation programs.
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_f. Listing of published articles, and/or papers, preprints, in-house
reports, abstracts of talks, that were released during the reporting
. period: o \ : .

. : i

- Fitzpatrick, Katherine A., and Liné, Harry F. (Jr.), 1972, A
" =. Preliminary Evaluation of Land Use Mapping and Change
" Detection Capabilities Using An ERTS Image Covering a
Portion Of The CARETS Region, a progress report prepared
in support of NASA/ERTS Experlment No. 125, Task 32
(434- 641 14-07-60)
mGoodell, H.G., Woolheater, C.M., and Echternacht, K.L., 1972,
Environmental Application of Remote Sensing Methods to
Coastal Zone Land Use and Marine Resource Management:
Final Report: Interagency Report USGS-243; NASA Contract
No. W-13165, Task No. 160-75-01-32-10; USGS Contract No.
14-08-001-12540, with the University of Virginia.
g. Recommendation concerning practical changeq in oDelatlons, additional
investigative effort, correlation of effort and/or results as related to
a maximum utiliza“ion of the ERYS system:

(1) Improvements are needed in the delivery of qﬁality color
composite copies of ERTS imagery, in a form suitable for land use
analysis. It is suggested that NASA investigate economical means
offproviding photo copy of ERTé imégery to investigators aﬁ»scales
of 1:250,000 and {5100,000, as well as the scales now provided. The

.high quality of ERTSfimagery justifies interpretation at scales of
1:100,000 or larger for certain land usé.analysis applicatiqns.

(2) The problem of systematic detection and mapping of land use o
'change}cbuld benefit-from adéiﬁional NASA»effort, posgibly resulting e
in a determination of best methods discovered by ERTS investigators,
and further facilitatiﬁg‘communication among investigators on this -

topic.
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- (3) Coor&ination among:ﬁRTS‘investigators who are dealing with the
‘identification énd mapping of land use—is strongly‘suggééted, S0

that comparability of results can be achieved. The USGS is attempting
to develop standards of land use description based on satellite and
aircréft data, according to a proposed classification scheme set
f6r£h in USGS Ciréular 671 (Anaerson, Hardy, ahd Roach, 1972).

The USGS would appreciate receiving results of ERTS land use investi-
gations in different parts of the county, and information on degree
-of success in using the proposed‘classification scheme, or suggésted
modifications thereof. This applies to land use iqformation extracted
from ERTS data by either manual or automatic means. Communications
may be sent to Dr. James R. Anderson, Chief Geographer, USGS, or to
any of the USGS‘Geographic Appfications Program ERT5-1 investigators:
Robert H. Alexanaer, John L. Place, and James R. Wray, U.S. Geological
Survey, Washington,_D.C. 20244,

_(4) Relating to the previous suggestions, a mpdification of thé ERTS
Image Descriptor list to apply specifically té land use categories
observable on ERTS images might further faciiitate the interchange

of iaﬁd:use iqformatéqn;‘prpv;ded that a separgté”explaﬁation is
direéted.to ERTévinve;figators'and.ﬁsegézbf the image béséript;r filé.
If suéh a modificatién.is adopted, it should reflect‘Levels I, II, and
I1II (or higher 1eve1§ if appropriate) cétegories of the classification

Scheme proposed in USGS Circular 671.
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. he Listing By date of any changes in Standing Order Forms:

NONE.

i. ERTS Image Descriptor Forms:

(See pages 48 through 53 following.)

Note: Only descriptors having application to land use terms were
Sglected; in genefal, terms having primary applicability to geology,
hydrology, or meteorolog& wefe not cited.

j« Listing by date of any changed Data Request forms submitted to
Goddard Space Flight Center/NDPF during the reporting period:

NONE.
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ERTS IMAGE DESCRIPTOR FORM

(See Instructions on Back)

NDPF USE ONLY

. DATE _L January 1973 o }

N N
- PRINCIPAL INVESTIGATOR __Robert H. Alexander i
GSFC : ' .

‘ OIRG/;NiZATION U. S. Geological Survey -
PRODUCT 1D FREQUENTLY USED DESCRIPTORS*
INCLUDE BAND AND PRODUCT) _ : DESCRIPTORS
E-1079-15131-5 Airfield, barrier beach,

Bulk Process | barrier island, bay,
o ' bridge, coast, coastal
marsh, coastal plain,
coastline, continental,
shelf, cropland, inlet,
estuary, floodplain,
forest, harbor, highway,
island, lagoon, lake, maysh,
metropolitan area, meanddr,
peninsula, plain ridge,
rural area, sea, suburbarn
area, tributary, urban
area, vegetation

E-1080-15192-~7 . : Airfield, bay, bridge,

Bulk Process  coast, coastline, clearing,
: B ' " cropland, estuary, forest,
' ' floodplain, gap, harbor,
highway, island, lake,
meander, metropolitan arga,
marsh, mountain, peninsula, .
plain, ridge, rural area
tributary, urban area,
vegetation

- *FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLUMN HEADING SPACES NOW AND USE A CHECK (~) MARK IN THE APPROPRIATE PRODUCT
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN)..
MAIL TO °© ERTS USER SERVICES
‘ CODE 563
BLDG 23 ROOM E413

IRELNTARREY o

ottt B Y o e o]

301-982-5406

GSFC 37-2(7/72)
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ERTS IMAGE DESCRIPTOR FORM

{See Instructions on Back)

' o NDPF USE ONLY
DATE 1 January 1973 - o
R . = N
PRINCIPAL INVESTIGATOR Robert H. Alexander 0
_ GSFC * - '
ORGANIZATION U. S. Geological Survey
~ PRODUCT ID FREQUENTLY USED DESCRIPTORS®
(INCLUDE BAND AND PRODUCT) , : DESCRIPTORS
E-1045-15252-5 ' Airfield, cropland, flood}
Bulk Process . _ ' plain, ‘forest, highway,

island, meander, piédmonti,
rural area, vegetation

E-1045-15243-5 ' Bridge, cropland, flood-

Bulk Process . ' plain, forest, gap, high-} .
' way, ridge meander, moun-
tain, piedmont, urban arep,
rural area, tributary,
urban area, vegetation

E-.1080.15104.5 : Airfield, bay, bridge,
Bulk Process _ . |coastal plain,.'cropland,
' estuary, flood plain,
forest, highway, island,
lake, meander, plain,
metropolitan area, peninspla,
suburban area, tributary,
urban area, vegetation

E-1079-15133-5 ' _ , Airfield, back bay, bay,
Bulk- - Process A : ) . |barrier beach, barrier

. "{island, bridge canal, caple,.
coast, coastal marsh, L
coastal plain, coast line|,
continental shelf, croplahd,
estuary, floodplain, forepgt,
highway inlet, island, lake,
marsh, meander, peninsulal,

*FOR DESCRIPTORS WHICH Wit.L OCCUR FREQUENTLY, WRITE THE DESCRIFTOR TERMS IN TH!:SE
COLUMN HEADING SPACES NOW AND USE A CHECK (\/) MARK IN THE APPROPRIATE PRODUCT
1D LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO ERTS USER SERVICES
CODE 563
BLDG 23 ROOM E413

Kll\(‘ I\ noocN
LRV vy

'Pnccmncl'r RAD. 20771

p o323 o o g0 o BEH

301-282- ':406

oers 3T 270
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ERTS IMAGE DESCRIPTOR FORM

(See Instructions on Back)

o NDPF USE ONLY
DATE 1 January 1973 b C
. ; N
PRINCIPAL INVESTIGATOR __Robert H. Alexander lio
GSFC ‘ ‘
- o ’ | e
ORGANIZATION U. S. Geological Survey
PRODUCT ID FREQUENTLY USED DESCRIPTORS* :
(INCLUDE BAND AND PRODUCT) - 1 . DESCRIPTORS
. E~1079-15133-5 continue L plain, salt marsh, sea,
Bulk Process v tributary, urban area,
' |vegetation -
E-1080-15185-5 Bay, bridge., canal, coastgl
Bulk Process . plain, cropland, dam,

estuary, floodplain, foregt,
highway, peninsula, plain
ridge, rural area, tributary,
vegetation

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTCR TERMS IN THESE.
COLUMN HEADING SPACES NOW AND USE A CHECK (~”) MARK IN THE APPROPRIATE PRODUCT
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO ERTS USER SERVICES
CODE 563
BLDG 23 ROOM E4i3
NASA GSFC
GHEENBELT, M. 20771
301-982-5408

GSFC 37-2 (7/72)

w
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ERTS IMAGE DESCRIPTOR FORM

{See Instructions on Back)

' , . NDPF USE ONLY
DATE 1 January 1973 ‘ g . ' 1o
¥ PRINCIPAL INVESTIGATOR ___ Robert H. Alexander . ‘:"D
GSF§ : L .
ORGANIZATION U. S. Geological Surveyz
PRODUCT 1D .| FREQUENTLY USED DESCRIPTORS*

(INCLUDE BAND AND PRODUCT) DESCRIPTORS

110CT72/F/1114/E-1080-151B5 R Bay, bridge, canal, coa-
' stal plain, cropland, dam,
estuary, floodplain, forest
highway, peninsula, plain
ridge, river, rural area,
stream, tributary, valley),
vegetation

E-1079-15133-5-01/10-0CT/72 Airfield, back bay, barriler
: beach, barrier island,
bridge, canal, cape, coasi,
coastal marsh, coastal plain,
sccast ling, contincutal
shelf, cropland, estuary,
floodplain, forest, high-
way, inlet, island, lake,
marsh, meander, peninsulal,
plain, river, salt marsh,
sea, stream, tributary,
urban area, valley, vege-
- : . tation ' .

E-1080-15192-~7/11-0CT-72 ' Airfield, bay, bridge, .
- coast, coastline, clearinf,
cropland, estuary, flood-| '’
plain, ‘forest, gap, harbpr,
highway, island, lake,
meander, metropolitan areh,
marsh, mountain, peninsulp,
plain, ridge,. rural area,

- *FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLUMN HEADING SPACES NOW AND USE A CHECK (~/) MARK IN THE APPROPRIATE PRODUCT
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO ERTS USER SERVICES
CODE 563
BLDG 23 HOOM E413
GRECNBELT, MD., 20773
301-982-5406

GSrC 3/7-2 (1112)



ERTS IMAGE DESCRIPTOR FORM

(See Instructions on Back)

DATE 1_Januarv 1973

D

NDPF USE ONLY

N

PNNCWALINVEgﬂGATOR

GSFC

Robert H. Aiexénder

1D

U. S. Geological Survey

ORGANIZATION

PRODUCT 1D

FREQUENTLY USED DESCRIPTORS*

(INCLUDE BAND AND PRODUCT)

DESCRIPTORS

E-1080-15192-7/11-0CT-72
. continue

[cributary, urban area,

valley, vegetation

OGSEP72/G/0626/E-1045~15243

Bridge, cropland, flood-
plain, forest, gap, high-
way, meander, mountain,
piedmont, ridge, river,
rural area, tributary,
urban area, valley, vege-
tation,

'100CT72/E/1100/E1079-15131

koast, coastal marsh,

Air Field, barrier beach,
barrier island, bay, biidg
coastal plain, coastline,
continental shelf, crop-
l and, estuary, floodplain)|
forest, marbor, highway,
inlet, island, lagoon, lak
marsh, meander, metropolid
hrea, peninsula, plain, ri
river, rural area, sea,
stream, suburban area, tri
butary, urban area, valley
vegetation

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE

COLUNMN HEADING SPACES NOW AND USE A CHECK (~/) MARK IN THE APPROPRIATE PRODUCT
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO

ERTS USER SERVICES

CODE 563
BLDG 23 ROOM E412
 NASA GSFC

Cy

e’
an
dge,

QSFC 237-2(7/72}
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ERTS IMAGE DESCRIPTOR FORM

{Sec Instructions on Back)

- NDPF USE ONLY
DATE _L January 1973 D '
. . ‘ T 5

o PRINCIPAL INVESTIGATOR ___Robert H. Alexander o
B GSFC
" .

ORGANIZATION U. S. Géological Survey

PRODUCT ID FREQUENTLY USED DESCRIPTORS*
(INCLUDE BAND AND PRODUCT) _ . DESCRIPTORS
11OCI72/F/1114/E-1080-151 D4, Airfield, bay, bridge,
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