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Preface

This report, like most scientific papers, is a report on work
"in progress." Its writing was suggested by spousors and advisers, who
with good reason questioned the authors' announced strategy of tackling
a complex land use and environmental information system experiment for
the entire 74,712 kn? (28,846 mi’) Central Atlantic Regional Ecological
Test Site (CARETS). As a step toward developing the information analysis
techniques for the larger region, a smaller "prototype" area was selected
for testing procedures for gathering and analyzing the remote sensing
data, developing appropriate machine processing methods, and presenting
the results for evaluation. The Norfolk area, comprising 2.5 percent of
CARETS, was selected for this purpose.

Because of the nature of the investigation, an experiment seeking to
adapt satellite-derived land information to the problem-solving needs of
a region, the authors hope that this interim report will draw quick
response from those wanting to have an input into recommendations affecting
the information needs of either Norfolk or the CARETS region. And since
the investigators hope that the CARETS experiment will provide useful
design for regional monitoring and analysis efforts elsewhere, readers
whose interests lie outside CARETS may wish to make comments or recommen—
dations concerning the project design, analytical methodology, or results.

Sponsors will notice that the report contains no recommendations or
conclusions concerning the operational uses of LANDSAT and aircraft
sensors as they might be appiied to the longer range land resources

analysis and environmental monitoring. This omission was intentional, so




that the results obtained from comparisons of data rrom the two sources
could speak f£or themselves, with readers aésisting authors in the drawing
of such conclusions at this time. Such recommendations and conclusions
are presented in otheér volumes of the CARETS final report. |
The authors wish to acknowledge the contributions of several
individuals who provided invalusble assistance at.vafioﬁs sﬁéges in the
CARETS program. The late Edward A. Ackerman provided guidance and
insﬁiration throughdut'the early phases of.the CARETS and Norfolk
investigations. His death in 1973 left near completion a contribution
he was preparing, in which he foresaw CARETS aﬁd the other NASA/USGS.
demonstration projects evolving into a national land use information
service. Adminiétration and ménagement throughout the project were
provided by the U.S. Geological Survey's Chief Geographers: Arch C.
Gerlach, until his death in 1972, and James R. Anderson afterward.
James R. Wray of the USGS Geography Program designed the map layout
énd indexing scheme, keyed to the UTM grid system, and in addition
contributed valuable advice and assistance throughout the project.
Robert Dolan and H. Grant Goodell of the University of Virginia provided
valuable design and conceptual advice at the project formulation stage,
and Dolan remained a key adviser throughout. Brian J. L. Berry of the
Loiversity of Chicago read the final manuscript and provided valuable
advice. William B, Mitchell served as coinvestigator on the CARETS
project until he was reassigned as Chief of the newly formed Geographic
Information Systems Branch within the Geography Program. Ivan Bardin
mapaged the original photointerpretation efforts for CARETS and Peter
DeForth devised methods of field checking, change detection using

LANDSAT, and wrote portions of Chapter II. Eldon Jessen managed the



final cartographic effort in pPreparing manuscript maps for open file
release. Sherman K. Neuschel compiled the Earth Materials Map, and its
interpretation in terms of land use applications.

Other USGS colleagues who made contributions along the way include
Susan Moorlag, Kenneth Ferguson, Karen Letke, Cheryl Hallam, Virginia
Carter, Edward Pluhowski, and Harold Guy. Johh Lewis of the Universicy
of Maryland and Wallace Reed of the University of Virginia conducted the
study on air quality management:.

Special thanks are due to Robert Foeller and Arthur Collin§,
Executive Director and Direct.r of Planning, réspectively, of the South-
eastern Virginia Planning District Commission, Norfolk. They opened
their offices to our research teams, and provided valuable information
and recommendations from the viewpoint of a principal user agancy.

Advice on development of the informaticn system and testing user response
was contributed by members of the International Géographical Union
Commission on Geographical Data Sensing and Processing, particularly
Roger F. Tomlinson, Duane F. Marble, and Hugh Calkins. Sponsor represen-
tatives and monitors who gave valued advice and assistance were Wayne
Mooneyhan and Armand Joyce of NASA, Scott Sollers of the Army Corps of

<
Engineers, and Charles Withington of the EROS Program, Tepartment of
the Interior. Funding support came primarily from NASA, with additional
support from the EROS Program and the USGCS Geography Program. Finally,
the authors are most appreciative of the skill and persistence of Kate
Cook, Carolyn Powers, Cindy Cunningham, and Darleen Stanton, without whom

there would have been no typed manuscript.
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, NORFOLK AND ENVIRONS; . A LAND USE PERSFECTIVE

- Ani iAvestigation demonstrating applications.of remote sensing
data from satellites and ailrcraft to land use analysis and
: : environmental monitoring

By Robert H. Alexander, Petexr J. Buzzanell, Katherine A, Fitzpatrick,
Harry F. Lins Jr., and Herbert K, MeGinty, ITI.

Abstract

The Norfolk-Portsmouth Standard Metropolitan Statistical Aréa (SMSA)
in southeastern Virginia was. the site of intensive testing of a number of
land resources assessment methods, built around the availability of
remotely sensed data from the Earth Resources Technology Satellite
(ERTS-I), later renamed LANDSAT I. The Norfoelk tests were part of a
larger experiment known as the Central Atlantic Regional Eecological Test
Site (CARETS), dzsigned to test the extent to which LANDSAT and associated
high-altitude airecraft data could be used as cost-effective inputs to a
regional land use information system.

the Norfollk SMSA contains a variety of land uses typical of the
urbanized eastern seaboard, along with typical associated problems:
rapid urbanization; heavy recreational, commercial, and residential
demands on fragile beaches and coastal marsh environments; industrial,
transportation, and governmental land and water uses impacting on

" residential aﬁd agricultural -areas; drainage and iand stability difficulties
affecting construction and other uses; and increasing difficulties in

maintaining satisfactory air and water quality.



Land use and land =over data at three levels of detail- (Level I,

" most agérégate&;'ﬁéjél ITT, most detailed) were derived by manual inage
interpretation frﬁm'both airéraft and satellite sources aﬁduﬁsed tb
-characterize the 15766—km2_(682+m12)'SMSA_from the perspective of its -
various :eéourde—related activitieé_and.problems. " Measurewments at

- Level T from l:lDD;DOO—scale_mapé revealed 42 percent 6f the. test area
(exeluding béys and estuaries) to be forest, 28 percent agriculture, 23
percent urban and built-up, 4 percent nonforested wetlands, and 2 percent
water. At the same scale and level of detail, 10 percent of the SMSA
underwent qhange from one_land'use category to another in the period
1959-1970, 62 percent of which involved the relatively irreversible

. change from forgst_or agriculture to urban uses. Digitization and

machine processing of line data from land use maps facilitated these and

other area measurements and comparisons,

.CARETS reseafch found the traditionmal concepts of map accuracy to be
not exactly applicable to assessments and comparisons of land use maps =
derived from aircraft and LANDSAT remote sensor data., The investigation
included field observations and a variety of photo and image sampling

methods for acecuracy assessments. With the exception of urban-rural

fringe areas where complex intermixtures occur, moak Level I land use
categories can be accurately interpreted using LANDSAT imagery.
The aircraft data used in this study (color infrared photography at o~

a scale of 1:120,000) provide more detailed land use information than
LANDSAT data (in the form of color composite enlargements to scales of

1:100,000 ‘and 1:250,000). The greater detail, however, is obtained at

ORIGINAIL: PAGE IS 2
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)

increased costs. Aircraft data interpretation and editing costs
{exclusive of field checking, digitiéing and pﬁblication costs) for
pfoducingzLével TT land use coverage of the SMSA at a scale of
1:100,000 amounted to $1 824 (1973 dollars), or $0.92 per km ($2.38
per mi ) Similar costs for Level T coverage for LANDSAT at a
scale of 1:250,000 amounted to $150, or $0.08 per km ($0.20 per miz).
The CARETS project demonstrated applicatioﬁS'of'ﬁhe land use
information in regional problem solving in examples of air quality
pianning, transportation planning,.land use planning, énd coéstal
zone management. The project also produced a new earth materials
mép, depicting surficial géologic conditions as they affect land
capability and suitability. These maps in turn serve as complementary
data to aid in interpretation of land use prospects. CARETS investigators
conducted this study in cooperation with the staff of the Southeastern
Virginia Planning District Commission, who evaluated the data and
results as applied to regional planning activities in the SMSA. In
addition, several Federal, State and local user agencies assisted in

evaluating the study results.



CHAPTER 1

CARETS BACKGROUND AND SUMMARY DESCHIPTTON: NORFOLK AS PROTOTYPE

The Central Atlantic Regional Ecological Test Site (CARETS) is one
of the origimal sites designated in 1970 by the National Aeronautics and
Space Administration (NASA) for detailed evaluations of the Earth
Resources Technology Sateilite, now known as LANDSAT, and correlative air-
craft and ground data_by multidisciplinary teams. Sponsored jointly by
NASA and the U;S. Geological Survey (USGS), the CARETS project was for—
mulated during 1970 and 1971 in the USGS Geographic Applications Program
(now the.Geography Program of the Land Information and Analysis 0ffice),
and, as a NASA-sponsored LANDSAT experiment, was initiated formally on
July 1, 1972,

CARETS boundaries, ac delimited on figure 1-1, were established after
consultation with State and Faderal égencies; Decisions were based upon
the extent of urbanized land, the boundaries for the Corps of Engineers

Chesapeake Bay Study Area, the reasonable size for aircraft and satellite

b,

L
data collection and the need for dividing the area into subunits com- -

patible with census data and plamming regions. The 74,712-km? (28,846—m12)
CARETS area congists of 74 counties, 18 independent cities and the District
of Columbia,

The primary objective of the CARETS demonstration project is to test
the applicability of LANDSAT and related vemote sensor data in the develop-
ment of a regional land‘fesources information system. The rationale and

design of the CARETS experimental information system are based on a fact

and an assumption. The fact is that land use decisions inevitably lead
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Ito envmfonﬁental consequenﬁes. The assumption is that improved infor—
matlon on the cumulatlve effects of those declslons, i.e., ‘the mosaic of
r_observable land use patterus and changes, leads to better decisions,
| improved quallty of the environment, and wiser use of our land resources.
Determln;ng_whether or not the assumption is true is begond thercope
of this fépdrﬁ; fThe effort described here is concerned only with ways of
gathe;ing, prqpessing,.ﬁnd calibrating the_information,'and making it
comnunicable to users. The basic prdject design, however, cails for formal
interaction with selected users, ﬁho_may include land use decision makers.
Thus 1ater.investigators could perhaps test the assumption that improved
information leads to better deecisions, based on thg grouﬁdworkrestahlished
by this project. One of the most rewarding aspects of the experiment has
been the learning experience from close involvement with the "users,"
many of whom are under severe pressures in planning agencies to obtain large
quantities of data quickly, to be used in preparing or updating comprehensive
local or regional plans.
The basic components of the CARETS project are presented in figure 1-2.
Data and data products from remote semsor sources are used to extract
land use information, which is produced in the form.of maps, measured
and summarized by computer, and made available to users. This same land
use information, along with other datz sets (geologié, hydrologic,
ﬁoiitical boundéry, and socioeconomic), is used for environmental impact
- analysis and other planning applidéﬁibné: These products.were.also
presented to users for evaluation and use in nroblem solv1ng. User
feedback, in turn, should govern the vae of data and ploducts produced

in later phases of the information system.
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CARETS 1and:uge has been-mapped at a scale of 1:100,000 from high-
altitude aircraft pﬁotography and at a scale of 1:250,000 using LANDSAT
imagery. The land use classificatioﬁ'sehéme used is an early version of
that froposad by the Interagency Steering Committee on Land Use Information
and‘ciéSSification presented in USGS Circular 671 (Anderson snd others, 1972)
and is presented in outline form in appendix A. The proposed révisioﬁ of
the Gircular'67l classification .scheme, based on user response and on
experience using it forrmapping, is presented in appendix B, The classi-
ficafion may be extended to different levels of detail, appropriate for
differentscles and data sources; Levels I and II, used in the mapping of
CARETS, are intended for specific use with remote sensor data. To
illustrate applications at higher levels of detail, the CARETS project has
develdpéd a proposed Level ITT classification and applied it on an
experimental basis to the Norfolk test site (appendix C). USGS Geography
Progrém.réseaIChers develqped a similar Level III classification scheme
for uée in identifying the manmade causes of ground water pollution
(appendix D).-

Three major aspects of the CARETS project are the development of an
information system, the user evaluation program, and the assessment of
environmental impsct. A gebgraphic information system will not only
allow for automatic measurement and summation of data sets but also for
the retwieval of updated and overlaid data sets. The goal of the user
'évaluatidn program is to expose potential users to a wide variety of
CARETS products and to receive and evaluate user feedback relating to the
utiiity and desirébility of such products, given cost considerations.
Finally, in keeping with the primary objectives of CARETS, the project is
concerned with the use of interpreted data derived from remote sensors Lo

help assess the environmental impact of land use change.
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OBJECTIVES AND SCOPE OF THE NORFOLK PROTOTYPE

One of the early discussion points in.the developmept of the CARETS
project was the size of the area to be encompassed by the experiment in
order to provide a meaningful test of the concepts. On the one hand,
there was a need for a region large enough for a "volume" test of mapping
and information processing s0 that technical procedures and cost factors
could be extrapolated to larger regions or to the whole United States.

On the other .and, there was a need for a "micro" evaluation of all data
gathering, verification, processing, display, and use factors for a small
enough field site to allow all the complexities of the project model to

be fully explored. The CARETS investigators and sponsor representatives
jointly agreed on a procedure that was a compromise between these
positions: The Norfolk test site, at the southeastern extremity of CARETS,
was selected as a workable prototype for testing the project concepts and
displaying the results.

The Norfolk site, having an area of 1,766 km? (682 miz) was judged
suitable for most systems tests, based on project budget, pérsonnel, and
time constraints. The test site consists of a standard statistical region
for which other data sets are available for comparison, the Norfolk-
Portsmouth Standard Metropolitan Statistical Area (SMSA) as defined in
the 1970 Census (but not including the recent addition to the SMSA of
Nansemond County*®, Virginia, and Currituck County, Morth Carolina). Land
use in the test site varies from the highly urbanized Norfolk-Portsmouth
core areas to less intensively used agricultural and forest lands to the
fragile coastal and marshlands in which intensity of use depends on

season and weather. The Norfolk test site thus presents a microcosm of

*now ¢ity of Suffolk




land use in CARETS and is an excellent area in which to accomplish the

objectives basic to the CARETS model:  development of a land resources g

informatiOn'system,'a55essment of the environmental impact applications

of land use patterns and changeé trends, and evaluation of the CARETS

products by the southeast Virginia user community. S
The development of a land resources information system for the

Norfolk test site is based upon the ability to overlay land use and

-

multiple sets of mﬁp data. The CARETS graphic-bzsed data sets are 7
listed below:

Graﬁhic-Bésed Maltiple Overlay Components
0% The Norfolk Prototype Package

Rectified Photomosaic (1:100,000) From 1970 High-Altitude Photography
Level I Land Use Map (1:100,000) 1959
Level I Land Use Change Map (1:100,000) 1959-1970

Level II Land Use Map (1:100,000) 1970

s
Lt
R e s o e T e b g %85 i ae | Ry e Eatems it emen ot Lt s e oat e T e

Level IT Land Use Change Map (1:100,000)1.970-1972
Level T LANDSAT Land Use Map (1:250,000) 1972
. Census Tract And City Boundary Overlay (1:1.00,000)

Cultural And Locational Feature Overlay (1:100,000)

Geologic Overlay (1:100,000)

Drainage Basin Overlay (1:100,000)

environmental characteristics and in providing assistance to the user

|
 These sets hazve heen designed for use, both in assgssiug_land use and 1
1
|

community in their land resources planning and management functions.
|
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This report provides procedural information concerning the compilation,
interpretation, and accuracy verification techniques necessary to build
the land resources information. system data base, and as well, describes
the computerized data handling and analysis system used. This system is
innovative in that it has the capability to catalog, inventory, correlate,
and analyze large volumes of multiple overlay data sets at speeds and
complexities not practical by conventional manual methods. To comple-
ment the procedural information, a cost analysis for the development of
the land resources information system is presented.

This report also provides examples of environmental impact applica-
tions of the land resources information system for the Norfolk test site,
which form a framework for relating changing land use to environmental
conditions. The sample reports are presented to assess geologic, hydro-
logic, and air and water quality interrelationships asscciated with land
use change. 1In additién, a comprehensive analysis of land use patterns
and change trends is given for the major regional land uses.

An essential part of the CARETS research design includes the evalyu-
ation of the land resource information system by the user community.

This phase of the CARETS project began with an initial user conference

in June 1971, Evaluations of CARETS concepts and the Potential of remote
sensing as the prime data inventory te:hniqie were elicited from users at
the time. Interaction with the user community has continued throughout
the program, ranging from the development of the CARETS information

center at USES Geography Program to visits by USGS staff members in

offices of user agencies throughout the region. A special effort has




been made to obtain an evaluation of the Noxfolk prototype package from
the Southeast Virginia user community, As part of the overall user effort
in the Norfolk test site, the CARETS staff has sought to relate the land
resource data base to public policy on the Federal, State and local levels
by describing governmental programs requiring land resource information

relating to present and potential user data needs.

NORFOLK TEST SITE REGLOWAL OVERVIEW

Physical and Ecological Description

Repional Climate

The climate of the Norfolk test site is marine temperate. The area's
geographic position with respect to principal storm tracks is especially
favorable; it lies at the northern end of the warm tewmperate climatic
zone (Trewartha, 1967), south of the average path of storms originating
in the higher latitudes and north of the usual track of tropical storms.
Winters are mild, and summers, though warm and long, are frequently tem-
pered by cool periods associated with northeasterly winds off the Atlantic.
The mean annual temperature from 1950 to 1972 was 15.4°C (59.8°F).

January has the lowest mean temperature of 5.3°C (41.5°F) and July has
- the highest mean temperature of 25.9°C (78.6°F) (table 1-1).

The area's mild marine climate, its strateglc location at the entrance
of the Chesapeake Bay, and its natural harbor have made it a favorable
location for extensive U.8. Navy institutional land use.

From an agricultural standpoint, the area is favored by 4 long

growing seasomn, averaging 235 days and 62 percent average annual sunshine.
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Table 1-1-—Climatological normals recorde” from data at the Norfolk Municipal Airport

[Based on 1950-72 va.ues, U,S, Department of Commerce].

Pracipitation

Winds

Average  Air temperature 3

degrees degrees Relative Average - Prevailing _
Month " F C In. Cm. humidity MPH m/sec  direction % sunshine*
Jan. 41.5 5.3 3,25 8.26 66.5 11.9 5.32 S 50
Feb. 42.3 5.7 3.35 8.51 63.5 12.1 5.41 N 57
Mar. 48,7 9.3 3.69 9.37 68.0 12.8 5.72 NE 60
Apr. 57.4 14.7 3.19  10.18 70.0 12,1 5.41_' sW 63
May 66.7 19.8 3.64  13.25 81.0 10.8 4.83:' W 66
June 76.7 23.7 4.05  16.40 72.7 10.0 447 . SW 66
July 78.6 25.9 5.73 14.55 78.7 - 9.5 4,25 W 66
Aug. 77.5 25.3 5.43  13.87 79.7 9.4 4.20 . NE 66
Sept. 72.4 22,4 3.87 9.82 84.5 - 10.0 4.47 .  WE 63
Oct. 61.3 16.3 3.15  8.00 74.7 10.8  4.83 NE 4
Nov. 52.0 11.1 2.59 6.71 75.5 11.3 5.05,j sW 60
Dec. 43.6 6.4 3.18 8.07 74.2 11.3 5.05 :_swf' | 52
Totals and _
Average 59.8 45.12 74.2 11.0 4.92 sy 62

*Percent possible sunshine




The avérage date of the last freezing temperature in sﬁring is March 25,
vhile the average date of the first'fﬁqgﬁ.in.autumn is November 18
(Virginia Crop Reporting Service, 1973).“'frenipitation is well distﬁibuted
throughout the year. The mean'annuallpgeéiﬁitation between 1950 and 1972
was 114.6 em (45.1 inches). July has fﬁéiﬁighest mean precipitation of
14.6 cm (5.73 inches) and November the lovest with 6.58 em (2,59 i@{.‘ches').

Relative humidity varies throﬁghouf-fhe day and‘with the season;
though mean night humidity values are-7:§é?cent highes than daytime values
for all months, The mean anoual rélétiﬁé-humidity between 1950 and 1972
was 74.2 percent. The highest meanAre;;Eive humidity, 84.5 percent,
occurs in September and the lowest 63;5:pércént oceurs in February.

Wind speed is least in July and August with mean values of 4.29 and
4.16 m/s (9.6 and 9.3 mi/h) ,respectively, February has the highest
monthly wind speed, 6.39 m/s (14.3 mi[hj.: HEan annual wind speed is
5.36 m/s (12.0 mi/h).

These climatological data are includéd, along with other meteoro-
logical data sets in chapter 4, to illﬁst%ate their use in several aspects
of the environmental impact implications of land use patterns and changes,
Not only are such benchmark data useful in measuring changes hut also for
determining the relationships of weather to water turbidity, photosynthesis,
air quality, and ultimately land use. Data on the pravalence of sunshine
and relative humidity are useful in Planning remote sensing data-gathering
missions, which have been the sources of the land use data contained in

this report.
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Landforms and Earth Materials

The relationship between man and his geologic habitat is vital and
fundamental. This "Landforms and Earth Materialsf section of ﬁhe study
is concerned with problems associated with man's use of the Earth and the
reactions of the Earth to that use, with emphasis on the physical
properties of earth materials that affect agriculture and engineering
work. The necessity for this type of study will become increasingly
apparent as the pressure of urban growth and the competition for land
continuesf This report will discuss the environmental impact applica-
tions of geomorphic data later. First, however, it will present an
overview of landforms and earth materials. The rationale for such a
discussion is similar to that of the previous section, namely, that a
base-line or benchmark description of a region is necessary for the later
assessment of the magnitude and directiom of changes.

The broad geomorphic character of the Norfolk test site is that of
a low flat coastal plain with slopes rarely exceeding 5 degrees,
presenting few nonwater barriers. More specifically, the topography of
the region can be characterized by low elevations and relief consisting
of a series of wide, gently eastward-sloping plains separated by linear,
eastward-facing scarps. The landforms have a north-south trend closely
related to the depositional morphology of ancient barrier beach and lagoonal
environments.

Wentworth (1931) has described the area according to the terrace
formation concept, but this system of subdivision has been abandoned
because delineated stratigraphic units are not confined to any one

particular geomorphic feature. Researchers propose new descriptive terms
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rhat do not have the genetic connotation of Ytorrace," The subdivisions
within the Noxfolk study area shown in figure 1-3 and table 1-2 (from
west to east) are: Churchland flat, Dismal Swamp, Deep Creek Swale,
Fentress Rise, Hickory Scarp, Mr. Pleasant Flat, Oceana Ridge, Sand Ridge
and Mud-Flai Complex, and Diamond Springs Scarp (Oaks and Coch, 1973).
All in all, these geomorphic characteristics have offered diversi-
fied environmental opportunities for housing, recreation, and water-
oriented industrial development. The area, however, is not without
problems directly related to its geomorpﬁic character., For example, the
capacity of the soils to support urban development and absorb its accumu-
lation of waste varies. Most of the older core urbam areas are already
served by sewers. Up to the present, the extension of sanitary sewers
+o nonurban areas has progressed primarily in accordance with demand and
available financing. In areas not penetrated by sewer lines, development
has been limited by the effectiveness of natural drainage and the
suitability of the soil for tbz use of septic tanks. This problem
jllustrates one of several geologic factors affecting land use in the
area.

Natural Terrestrial and Aquatic Vegetation

The land cover of the Noxrfolk test site area 1ies'within the tran-
sitional zone between broadleaf deciduous and needleleaf vegetation
(Kuchler, 1960). The area has a comsiderable extent of marsh and beach
vegetation as well as a variety of submerged aquatic plant communitier,

Craig (1949) has mapped the major forest types (figure 1-4).

1-13
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Table 1-2~~Geomorphic subdivisions within the Norfolk test site

(Adapted from Oaks and Coch, 1973}

Subdivision

Deseription

Churchland Flat

- Dismal Swamp

Deep Creek Swale

Fentress Rise

Diamond Springs Scarp

B 18
ORIGINAL PA
OF POOR QUALITY

The Churchland Flat lies north of the

Dismal Swamp and its elevation ranges between

18 and 25 ft. (5.5 and 7.6 m). It is
underla;n by 1agoonal—estuar;ne sediments.

The surface of the Dismal Swamp slopes
gently eastward at (.19 m/km) to an
elevation of 4.6 m at the Deep Creek
swale. Lake Drummond occupies g large
oval depression 3.2-4.8 km in diameter

in the undissected surface of fhe swamp.

Extremely acidic, freshwater mucky peat
underlies the surface to depths of as
much as 4 m.

The land surface of this subdivision

rigses westward to the Dismal Swamp
and. eastward to the Fentress Rise, the
bottom elevation liss between 3.1 and
4.6 m. Subsurface materials consist
primarily of sandy, eclayey silt or
plastic clay which are former lagooual
and offshore dep051ts.

The Fentress Rise consists of five

large remnants of a gently westward-
sloping surface that rises eastward from
the Deep Creek swale to a flat crest

"with an elevation between 6.1 and 7.6 m.

The remnants are separated by four east-
west trending valleys, three of which

lie entirely in Virginia and are the
eastern and southern branches of the
Elizabeth River, and the Northwest

River. The fourth remnant continues into
North Carolina and can be followed south-
ward as far as Albemarle Sound, Higher

" .parts of the Fentress Rise are underlain

by marine sediments.

The Diamond Springs scarp is a distinctive

east-west trending feature that forms the
north face of the Fentress Rise and of
Oceana ridge. The elevation of the crest
ranges from 6,1-7.6 m. Beach sand under-
lies the secarp.

1-15
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Subdivision : " Description

‘Hickory Scarp - The Hickory scarp forms the eastern
boundary of the Fentress rise and the
western limit of the Mt. Pleasant flat.
It is low. apnd indistinet in the field,
yet is apparent on soil maps and aerial
photographs., The scarp is underlain by
beach and dune sand and gravel.

Mt. Pleasant Flat The Mt. Pleasant flat forms a broad,
generally undissected area 8.1-14.5 km
wide, from east to west, and 29-32.2 km
long from north to south. The surface
lies between 3.1 and 5.2 @m but only six
areas lie hetween 4.6 and 5.2 m, which
include a subsequent featureand five
linear areas. The remaining arez is
poorly drained and so has been extensively
ditched to promote better drainage.
Lagoonal and marsh sediments form most
of the surface of the flat.

Oceana Ridge - The Oceana ridge is 2.4 km wide and 11.3 Im
long and trends to the southeast from
the Diamond Spring scarp in the north.
Its crest is as much as 7.6-9.1 m above
sea level. The western slope is only
slightly more gentle and less linear
than the moderately steep eastern face.
The ridge is underlain by beach and dune

sand.
Sand Ridge and ¥Mud Flat ' . The gand ridge and mud flat complex
Complex _ : consists of linear ridges of sand and

intervening lower lying mud flats situated
aast of the Mt., Pleasant flat. Much

of the area is occupied by the Back Bay
lagoon, The complex is underlain by
beach sand and lagoon flat sediments
(barrier).
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Major Forest Types
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| Most of the existing forésté are a miﬁture bf_ldblolly pine and 

hardwoods with gﬁderb:usﬁ of hblly, ferns,_blackberry“and smi1a35
Loblolly pinéxis the moét'ﬁommoh Erée,'énd in many plaées eveﬁuagé&_puza :
stands develop in abandoned fields as well as in ﬁell—drained and
impefféctlf drained siﬁes. ;Hardwqods associated ﬁith ioblolly pine on

well-drained sites are red_éék,,ﬁhité oak, hickory and holly. Hawdwoods
sﬁcﬁ as beech, sﬁcamcﬁe;rswégf gﬁm; black tupelo, yellDW'pqpiar, and red
maple are found on poo;ly.dfainéd_bottpmland sites. White cedar, water
~oak, Willow.oak; swamp Elackgum, aﬁd cypress afe found in fresh water
swamp areas, such.as.;he-nismal Swamp .

Tidal and fresh—wétar marshés support a dense growth of coarse.reedy
grasses. Common brackish water species are nggdle rush, and salt marsh
cord grass. Common fresh—watér marsh species include cattails, wild rice,
and giant cutgrass. Submerged aguatic vegetation likewise varies with
salinity values. Marsh grass and eeigrass are common brackish water sub-
merged species, whereas sago pondweed, wild celery, red headgrass, and
widgeon grass grow under fresh water conditions.

The plant zonation on barrier beaches or islands is diverse
(figure 1-5). Cordgrass and sea oats occur on low matural dunes. The
distribution of plants on the overwash terrace behind the natural dunes
is a funetion of the frequency of overwash. The areas of most frequent
overwash have a sparse cover of_cq#dgrass and goldenrod. Behind the
terraces, dense bulrush can be expected. Where overwash is infrequent
shrub thickets of sea myrtle, wax myrtle and marsh elder are the dominant

plant species. Live oak, red cedar and yanpnu'shrub thickets can also
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GROSS SECTIONS OF A BARRIER ISLAND (Adapted from Dolan and others, 1973)

Bééch Low natural Overwash and High Salt
berm ‘dune sand flats Closed grassland  Marsh
' ' Open grassland and scattered shrubs

Overwash terraces

Figure 1-5

Low Salt
Marsh
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oceur in this area if sufficiently protected by dunes. Salt marshes
border the sound side of the barrier beach of islands. - The high-salt
marsh develops on terraces within reach of the tides and is dominated by
black needle rush or cordgrass (Dolan and others, 1973). The effecis of
changing land use patterns and management practices on the ecology of the
natural terrestrial and aquatic vegetation will be discussed in the
“environmental impact section of this report.

Water Resources .

The land area of the Norfolk test site is nearly surrounded by water
and it is traversed by numerous rivers and waterways. In fact, 9.2 percent
of the total area of the SMSA is water. The cities of Chesapeake, Norfolk.
Portsmouth, and Virginia Beach have approximately 2,500, 2,300, 3,600, and
13,900 ha (6,100, 5,700, 8,800, and 34,400 acres) of surface water,
respectively. Urban water use pressures are eonsiderable, the large sur—~
face water resources notwithstanding.

The surface water resources in the cities of Norfolk, Portsmouth, and
Chesapeake are, in a semse, limited. The Elizabeth River and its main
branches, which drain the northern portion of the study area into
Chesapeake Bay, are tidal. The Northwest River drains a portion of the
Dismal Swamp in the southern section of Chesapeake and the Worth Landing
River drains the eastern portion. Lake Drummond, in the Dismal Swamp,
lies in the western section of Chesapeake. Water from the swamp drains
into the lake and, thence, into a canal which is part of the ;ntracoastal

Waterway.
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The city of Norfeolk obtains part of its water supply from reservoirs
in the eastern part of the city, but increasingly the eity has sought -
water from the Nansemond, Blackwater, and Nottoway Rivers to the west.

Portsmouth's water supply is obtained from impoundments on the head-
waters of the Nansemond River (Virginia Division of State Planning and W
Community Affairs, 1973b).

Limited surface water is available for urban use and development
in Virginia Beach. The main streams are Little Creek, Lynnhaven Bay and i
tributaries, North Landing River and West Neck Creek. Back Bay, a
considerable expanse of brackish water, consists of approximately 10,900 ha
(27,000 acres) of open water and marsh. As a result of this limited o
supply, water for urban use in Virginia Beach is obtained from the
Norfolk water supply system.

In the area as a whole,. ground water resources are limited by the
problem of saltwater intrusion and the general poor chemical quality of
water in deep aquifers. The problem worseus with increasing depth and
distance to the east. The development of surface and ground water
resources for urban use presents difficult-to-solve problems caused by
far-reaching tides, salinity, and very low relief.

Wildlife and Fish Resources

The wetland and estuarine environments in the Norfolk test site area
are rich in wildlife and fish resources. These resources are of critical
environmental concern because changes in land use policies can have

dramatic effects on wildlife and £ish habitats and populations.
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The study area has two major areas of environmental concern - the
Great Dismal Swamp and the Back Bay. The Dismal Swamp, though relatively
close to the urban centers of the Norfolk test site, is largely a vast
wilderness. Animal species inelude treefrogs, copperhead snakes, spotted
turtles, black bears, bobeats, and white tailed deer. A rich bird fauna
in the swamp includes approximately 80 species of breeding birds
(Meanley, 1968). Changes in land cover through drainage and forest
utilization have had an impact on wildlife in the swamp.

The Back Bay wetland and estuarine environment is rich in fish and
waterfowl species (table 1-3). The size and diversity of the fish
popalation is a function of water salinity and turbidity. The size of the
waterfowl population is influenced by the quantity and diversity of the
aquatic vegetation as well as the availability of farm crops in the area.
The quantity of aquatic vegetation can be reduced as a result of an
increase in water turbidity caused by sedimentation from urban
construction. Interpretation of wildlife gnd fish resource problems in
the Back Bay as related to land use change will also be examined later
in this report.

Population and the Growth of Pclitical Jurisdictions

The development of local political jurisdictions from the late 19th
Century to the present in Southeast Virginia has heen influenced by the
unique practice of city-county separation in Virginia, the wide~spread
practice of annexation of county land by cities, and the resulting
territorial competition among local political entities. Until recently,
when a Virginia town attained a'population of 5,000, it could become a city,

at which time it assumed most county functions. Upon gaining a population of



Table 1-3--Common Species of fish and waterfowl found in Back Bay

(U.S. Bureau of Sport Fisheries and Wildlife, 1966)

TFISH SPECIES

{Fresh Water)
American eel

Black Bullhead

Black Crappie
Bluegill

Blue Spotted Sunfish
Bowfin

Carp

Channel Catfish

Chain Pickeral
Eastern Banded Killifish
Golden Shiner
Largemouth Black Bass
Longmore Gar
Pumkinseed

Redfin Pickeral

White Catfish

Yellow Bullhead
Yellow Perch

(Salt-Brackish Water)
Alewife

American Shad
Atlantie Needlefish
Atlantic Silversides
Filounder

Gizzard Shad
Manhaden

Rough Silversides
Striped Bass

Striped Mullet

White Perch
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WATERFOWL SPECIES

American Goldeneye

Baldpate
Black Duck
Bufflehead
Canvasback
Canada Geese
Coot

Gadwall
Mallard
Pintail
Redhead
Ring—-necked Duck
Ruddy Duck
Scaup

Shoveler

Snow Geese
Teal
Whistling Swan
Wood Duck
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10,000, a city could obtain total independence from the county of which it
was a part. Upon establishing justification in court, any city, under
Virginia annexation law, may annex land from adjacent counties.

Under the system commonly used in the DUnited States, in which the
city is actually a part of the county, annexation results in no loss to
the county or territory, population, or tax base. In Virginia, however,
with county-city separation, annexation does result in such losses.
Although the county losing territory is compensated by ihe city, liberal
annexation laws have resulted in often bitter rivalry among cities,
strong county resistance to amexation, and the formation of cities from
counties that are primarily rural.

Norfolk was founded in 1682 and developed into an important seaport.
Across the Elizabeth River from Norfolk, Portsmouth was founded in 1752
as a rival port town, and in 1858 became an independent city with a
population of 9,000, The remainder of the present day Norfolk-Portsmouth
8MSA consisted of Norfolk County, to the north, south, and west of the
2ities and Princess Anne County to the east and south.

The growth of the area's population has reflected the expanding
involvement of the American military and the growth of the U.S. Naval
facilities in the Hampton Roads area. As the population has expanded
beyond the city limits, the political response has been annexation of
land or the formation of new cities. The city of Norfolk annexed
Norfolk County territory in 1906, 1911, 1923, and 1955. Tn 1921, the

city of South Norfolk was created from part of Norfaolk County, and it
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annexed additional territory in 1951. East of Norfolk, Virginia Beach,
Princess Amne County's largest town, became an independent city in 1952.
By the early 1950's, the cities of the Norfolk-Portsmouth region ware all
competing for additional county land. Norfolk and Princess Anne Counties,
on the other hand, exerted great effort in resisting further territorial
erosion by annexation,

In 1953, Portsmouth filed suit to amnex 64.8 km? (25 mi2) of Norfolk
County, including suburbs and vacant land south of the city, but not
until 1960 was Portsmouth awarded 25.9 kme (10 miz) with a population of
36,000. Portsmouth again tried to annex Norfolk County territory in
1961. But Norfolk County and South Norfolk, a small industrial city
which feared encirclement by Portsmouth and for finameial reasons had not
been engaged in annexation, merged to prevent further anmexation. The
merger in 1963 created the city of Chesapeake. This new city challenged
the right of Portsmouth to annex further territory, but, under the merger
provisions, the amnexation suit was kept alive. By 1968, Portsmouth was
awarded another 25.9 km? (10 miz) and 36.3 km? (14 miz) of water north-
west of the city. Also in 1963 Virginia Beach merged with the remainder
of Princess Anne County to form a larger Virginia Beach (Eyre, 1970).

By 1968, the Norfolk—~Portsmouth SMSA was entirely composed of
incorporated cities, and any further anmexation would have to occur to
the west in Nansemond County. A merger between the city of Suffolk and
Nangemond County, effective on January 1, 1974, brought an end to

annexation possibilities for cities within the 1970 Norfolk SMSA.
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City territorial expansion is now limited to eity mergers, use of filled
areas and the potential for purchasing military-owned land declared
surplus.

The preceding discussion of change in boundaries of local political
jurisdictioné illustrates a problem encountered by investigators wherever
population figures, land use data, or other environmental data summaries
are aggregated and listed by political areas. The monitoring of change--
comparison of time series data sets for the same geographic area--must
take Into account changes in the geographic boundaries, a simple and self-
evident fact, but one which can cause annoying difficulties for compiling
and using area statistics. The problem is likely to be more severe where
change is most rapid; even within the 3-year period of this study, a
change occurred in the area included in the SMSA of which Norfolk is a
part. This kind of situat ‘on is one additional reason for adopting a
geographic-based reference system illustrated by the CARETS project,
wherein environmental data carry reference to location on the Earth's
surface, and according to any desired county, regional planning dis?rict,
or other areal unit. .

The growth of politicazl areas within the‘Norfolk test site reflects
the population growth of the area. Figure 1-6 displays the population
distribution within the area; the highest population densities naturally
occur within the urbanized areas in the north-central portion of the SMSA,
the urban cores of Norfolk and Portsmouth, along the eastern, western, and
southern branches of the Elizabeth River, and near the Chesapéake Bay.
Table 1-4, listing the area, population, and population demnsity of the test

site and its component cities from 1960 and 1970, confirms the information
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POPULATION DISTRIBUTION , 1970

|Norfolk Test Site |

« = 50 persons

Source: Southeast Virginia Planning
District Commission Regional Data

Repor: #42,"Regional Population Fore-
cast Differences," December 15, 1972.

o2&
LA
e

F

'\ SCALE
A 5 0 5 10 Km
S\ —
e
]
P
‘el \
X \ N

'3

A im

*
e
/

o, BT
%
e

v

U.S. GEOLOGICAL SURVEY GEOGRAPHY PROGRAM

Figure 1-6



8¢-1

T

Population

1960
1965
1968
1970

Land Area
(excluding
water and marsh)

Sguare miles

Hectares

Density
(persons/mi”)

1960
1965
1968
1970

Persons/Hectare

1960
1865
1968
1970

Table 1-4-—Population densities of Norfolk test site

Chesapeake =

66,247
81,441

89,111

89,580

328.1

84,977.9

202
248
272
273

.78
.96
1.05
1.05

Norfolk

304,869
314,189
315,621
307,951

53.6

13,882.4

5,688
5,862
5,888
5,745

Tortsmouth

122,173
127,000
128,622
110,963

30.2

7,821.8

4,045
4,205
4,259
3,674

Source: Southeastern Virginia Planning District Commission, 1972.
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Virginia Beach

85,218
142,670
171,039
172,106

226.9

58,767.1

376
629
754
758

t\JI\Jl\Jl—'
WO L

Norfolk test site

578,507
665,300
704,393
680,600

638.8

165,449.2



" provided by the population dénsity'map._ Noffolk 1s by fafrtﬁé:mbstﬂu
densely éopulated city, with a dense population throughout ekcépﬁing the

' noffhwest miliaary and trénéportatinn facilities and several commercial
and industrial islands. Portsmouth, the smallest municipality in the
study area, has a somewhat lower density, due iﬁ-part to recently snnexed
open and forest land. Virginia Beach is most heavily populated in iﬁs
northern third, particﬁlarly in its oceaﬁ.reSOrt community, ﬁhéféas;its
southern two thirds, consisting of much of the former Princess Aune County,
is sparéely populated and rural. The city of Chesapeake has the lowest
population density, with a large part of its area in farms, forest and

the Dismal Swamp., As one might expeet, its highest population demsity
.occurs in the Borough of South Norfolk, formerly a separate city along

the southern braneh of tﬁe Elizabeth River, and near the Portsﬁoﬁth city
line. The heavily populated area north of the Western Branch and now a
part of Portsmouth was the area of Chesapeake annexed in 1968. As iﬁ
Virginia Beach, southern Chesapeake is very thinly settled. _

| The population of tﬁe.Norfolk test site is and has been a highlﬁ
transient one, heavily dependent upon government employment, primarily
military aﬁd civilian at area naval bases. Such employment in 1971
provided 53.3 percent of personal earnings for the area (Southeastern
Virginia‘Piaﬁning District Commission, 1973).. The predominance of govern-
. ment employment in the region indicates that the region's growth will be
heavily influenced by government operations. Table 1-5 presents popuiation
Erojectiqns up to ;990 for the region and its component_cities and the

percentage of estimated population change. Chesapeake is projected to be
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Table 1-5-=Population forecasts for the Norfolk test site®

Chesapeéke Norfolk Portsmouth Virginia Beach Total

Census C SRRV . .
1960 q6,247 304,869 122,173 _ 85,218 578,507

Percent Change

1960-70 35,2 1.0 (~) 9.2 102.0 17.6
Census - . : . :
1970 89,580 307,951 110,963 172,106 680,600

Percent Change

1970-80 26.6 (-) 3.4 26.3 71.2 24.2
Projections

1980 113,400 297,400 140,100 294,600 845,500

Percent Change :
1980-90 44,7 1.9 7.6 29.9 i8.3

Projections
1990 164,100 303,000 150,700 382,600 1,000,400

#1960 Population: Bureau of the Census, adjusted for 1968 Churchland
annexation from Chesapeake to Portsmouth

1970 Population: Bureau of the Census. From forecasts by the Southeast
Virginia Planning District Commission, 1972.
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the fastest growing city, followed by Virginia Beach, Portsmouth, and
Norfolk by order of the amount of undeveloped land Withinleach jﬁrisdiction.
Extensive population growth is expected to occur in the center of the
presently der..ely populated areas and in a few areas peripheral to the
present populated centers. Little growth is expected to occur, however,

in the predominantly rural areas of the southern half of the region.

Major Land Uses

The Norfolk-Portsmouth area's coastal location accompanied by its

i
o

temperate climate has made it a prime site for the concentration of
military installétions as well as comméréial, agricultural, and
recreational land use. Military, particularly naval, bases hold large
Elocks'of land in the area comprising over 8,910 ha (22,000 acres) cf the
test site or 28 percent of the total, The armed forces and civilians

who work at military installations comprise 33.6 percent of the area's

total employment (Southeastern Virginia Planning District Commission,
1973)., |

Certain commercial activities have also been encouraged by coastal
locational factors. This area.is one of the most important coal handling
ports in the world and one of the major ports of exportation in the
United States. CARETS land use data for 1970 indicate that commercial
and industrial land accounted for only 3.1 percent of the total land use.
Commerce and iﬁdustry, however; accounted for almost 42 nerzent of
personal earnings in the test site,

Location, climafe, and natural resources have encouraged recreational

land use in the area. The test site has over 48 km (30 mi) of ocean

~ 5
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frontage as well as Chesapeake Bav frontage and miles of waterways for

" swimming, boating and fishing. The eity of Virginia Beach has the

1,134 ha (2,800 acres) Seashore State Park, which is preserved as a
natural area, The Back Bay Netilonal Wildlife Refuge 1s also in Virginia
Beach and provides opportunities for waterfowl hunting and fishing as
well as for ﬁature studies. . In Chesapeake, 19,848 ha (49,000 acres) of

the Dismal Swamp have been set aside as a national wildlife refuge.

These varied recrcaticnal land uses are under Increasing pressure as

deronstrated by the increase in the nurber of visits to the Back Bay
Refuge, from 10,000 in 1960 to 235,000 in 1970 to 350,000 in 1971 (U.S.
Bureau of Sport Fisheries and Wildlife, 1972).

A fourth major land use encouraged by the location and climate is
agriculture and, to a lesser extent, forestry. The long frost-free
season and close markets have encouraged vegetable farming and intensive
farming. DPoth agriculture and forest land use are predominately restricted
to the cities of Chesapeake and Virginia Peach. They are important econom-
ically and from an areal standpoint, although they employ only a small
proportion of the population.

TLand use in the Norfolk test site is thus a mesaic of urban, agri-
culture, forest, nonforested wetland, and water uses. The land situa-
tion in the area is not only one of intense use, but also of competing

uses. Residential, commercial, institutional, industrial, and extractive

land uses compete with agriculture, forest, nonforested wetlands, and natural

estuarine systems for the use and maintenance of the area's land and water

resources. The most aggressive elements in the competition for land are
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residential and commercial-irecreational developments and the inStitutibnal,
conmercial, and transportation facilities required to serve them. The uses
in:retreat are agriculture, foréét, and eeologicai.reserves on publie
lands.

The Norfolk test site, then, is in a dynamic state of intense land
use and land use competition. 1his report presents an interpretative
analysis of land use ﬁatterns and change trends derived from CARETS land
use data sets. The environmental impact of changes iﬁ land is also

examined.
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CHAPTER 2

LAND USE INTERPRETATION AND COMPILATION PROCEDURES

INTRODUCTION

Chapter 2 presents the procedures used by the CARETS program to
compile, map, verify, and determine the accuracy of land use data from
high-altitude aireraft photography and LLNDSAT imagery. A detailed
statement is included of all the major procedures involved, including
techniques used in the detection of land use change.

The land use data derived f;om high-altitude aireraft photography and
LANDSAT imagery form the principal component of the CARETS land use
information system. The approach of the CARETS experiment to test the
value of LANDSAT imagery as a source of land use information was to map
the region first using high—altitude aireraft photography to provide a
standard for comparison of the LANDSAT-derived data. Tabhle 2-1 presents
a comparison of area sunmaries for Level 1 land use (excluding water
bodies) between high-altitude aircraft photography and LANDSAT-derived
1and use data for 197Z. CARETS investigators obtained the 1972 aireraft
data by adjusting the 1970 land use data with that obtained from 1970-72
change detection work. This chapter presents discussions of the data
used in compiling table 2~-1, along with reasons for differences in land

use classification based on aircraft and LAWDSAT data.
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Table 2-l--Comparison of 1972 aircraft® and LANDSAT** Level I land use areas®®%
' for the Norfolk test site '

LAND USE 1972 AREA TFROM ATRCRAFT 1972 AREA FROM LANDSAT
DATA INTERPRETATION DATA INTERPRETATION
Hectares Acres Hectares Acres
URBAN 43,102 106,505 47,736 117,956
AGRICULTURE 48,391 119,574 48,047 118,724
FOREST 75,475 186,499 75,136 185,661
NONFORESTED ,
WETLANDS 7,802 19,279 5,444 13,452
BARREN 1,434 3,543 1,448 3,578
TOTAL 176,204 435,400 177,811 439,371

#Source: 1970 CARETS aircraft data area measurements digitized by the Canada
Geographic Information System (CGIS) adjusted for 1970-72 Level T change

#%Source: 1972 CARETS LANDSAT data area measurements from maps digitized by the CGIS

#%%Does not include category 5, water bodies



INTERPRETATION AND COMPILATION FROM HIGH-ALTITUDE PHOTOGRAFHY

The initial land use mapping effort required source photography
providing greater detail than LANDSAT imagery and also suitable for
constructing a rectified gridded mosaic mapping base. Available photog-
‘raphy at or near the desired scale of 1:100,000 included 1970 and 1971
coverage of most of the CARETS region by NASA missions 144 and 166, over
NASBA Test Site 244, This photography was of additional value because the
land use maps compiled from it could be correlated with 1970 census data.

Mission 144 was flown by an RB-57 aircraft at an altitude of
60,000 feet on September 22-25, 1970, and Mission 166 was flown on May
19, 1971. The outer limits of the photo coverage approximated CARETS
regional boundaries.

NASA assembled an array of semsors for use with high-altitude air-
craft, including two Wild-Heerbrugg 9-inch format cameras with 6-inch
focal length lenses, and six 70-mm format Hassleblad 500 EL cameras
40-mm focal length lenses. The transparencies used as source material
for interpretation were reproduced from the original 9-inch format RC-8,
2445 Eastman Kodak Ektachrome Color Aerial film. Color infrared film
produces a "false color" effect, in which healthy vegetation appears red
rather than green.

The 1:120,000-scale Mission 144 and 166 RC-8 coverage was used in
constructing 1:100,000 controlled mosaics. On the RC-8 transparencies,
some features as smali as 15 feet in length could be identified. The
equivalent figures for the other photographic systems were 10-15 feet for

the Zeiss and 42-45 feet for the Hasgleblad cameras. The RC-8 color



irfrared transparencies also provided relatively sharp detail, freedom
from haze, and very good color balance. Cloud cover problems affected
only a small portion of the total area.

The Mosaic Base

The 1:120000-scale RC-8 coverage was used in constructing photo-
mosaic mapping bases. Prepared by the Topographic Division of the U.S.
Geological Survey, these mosaics were constructed on rectified black and
white stable base film positives and used to key regional data sets to
precise locations on the surface of the Earth. The 1:100,000-scale
photomosaics were overlaid with a l—km2 grid measuring 50 km on a
side and keyed to the coordinates of UTM zone 18. Geographic tick marks
at S-minute intervals were also added to the mosaics as additional
locational references.

Limited testing for cartographic accuracy of these mosaics revealed
that 30 percent of the well-defined points were estimared to within 1 mm
(.04 inches) of their true positions. At a scale of 1:100,000, 1 mm
represents 100 m on the ground. This error is twice that permitted by
U.S. National Map Accuracy Standards. Because ihese mosaics were not
intended to be final products, but rather a step in the mapping process,
they lack the careful tonal matching from print to print that is charac—
teristic of USGS published mosaics.

Land use was compiled on frosted acetate drafting film overlays,
registered to the mosaics using the USGS standard punch format and

registration pins. In addition, grid-intersection tick marks and labels
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were placed at the four grid corners on each overlay. An index ta the
CARETS mosaic, land use and related data base sheets is presented in
figure 2-1.

Interpretation

The initial interpretation of CARETS was performed using an eight-
power monocular hand lens to view the film transparency on a light table.
The interpreter identified land use on the photography, marked the land
use boundaries on the drafting film over the corresponding land use area
or the mosaic and then marked the two-digit land use identifying number
within the polygon.

Because many land uses visible on the photography are quite small
and difficult to record, a minimum recording size of 2 mm (200 m on the
ground) was established. Any land use areas with dimensions smaller than
2 mm were not recorded, but rather incorporated into surrounding or
neighboring polygons. This practice eliminates many important landscape
features such as roads, streets, and streams that are too narrvow to
record.

Besides using color and colsr infrared photography, the interpreters
also used city, county, and State road maps, regional and planning
distriet maps and 1:24,000 and 1:250,000 series USGS topographic sheets
as supplementary sources of information to aid in identification.

Upon completion of land use mapping, the manuscript maps underwent
an editing process involving two procedures: the systematic study of
the entire mapped area of each sheet and a careful matching of the

unconnected line segments on each side of adjoining sheet margins.
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Editing for interpretation and mapping completeness concentrated oﬁ the
correct identifieation of each land use, correct labelling of each land
use complex, cbmpleteness of land use bouﬁdaries, and elimination of
mapped areas below the minimum mapping size.

On-8ite Verification

A widely used method of ohtaining land use data has been to field
map every parcel of land using cadastral maps as cartographic bases.
CARETS maps are at too small a scale to portray all cadastral boundaries.
The smaller scale of mapping in CARETS, the size of the region, and the
necessity for rapid mapping to obtain current coverage resulted in a
search for new techniques of field verification and new map accuracy
standards.

The following goals were established for the initial on-site field
verification of the CARETS land use maps:

1) Areas and point features that proved difficult to identify and

classify in the interpretation process would be examined thoroughly

in the field to complete the identification of gquestionable areas
and resclve classification problems that had been encountered.

2) Sampling procedures designed to examine the error from whatever

source-—interpretation and classification to manuscript map

preparation--would be tested in the field.

3) Specific classification-category areas would be investigated

to discover the "mix" of noncategory land uses within each

designated category area, in order to determine the percentage of

error resulting from both interpretive errors and the use of the

minimum-area recording unit as a tool of diseriminatory analysis.



Based on these goals, procedures for a limited om-site Field
verification experiment were designed and tested by members of the
Geographic Applications Program staff. The results of that experiment
conducted during 1972 in the portion of the CARETS region south of
Richmond, Virginia, indicated that the procedures could, to a significant
degree, satisfy these objectives. The field activities in this experiment
involved three basic phases: (1) preliminary planning, (2) on-site
investigation, and (3) data analysis.

The preliminary planning stage included acquiring necessary support
materials (manuscript maps supported by road maps, planning commission
maps, and 1:24,000~scale USGS topographic sheets) and determining the
areas to be checked. The following types of features were identified
for examination, noted on the manuscript maps for location, and outlined
on topographic and road maps:

1) Special feature areas.-—These included land use areas identi-

fiable only in the field or possessing unique characteristics
presenting classification difficulties. Thig category also
incloded sites for which photographs and further observation
were desirable.

2) Category areas,—~Sample areas of a three-to-five city block size

were selected within the Level II land use boundaries for each
category recorded. These areas were to be observed to discover
the percentage "mix" of noncategory features within each category
area. They were usually selected from the central portion of each
category area to avoid the mixture problems associated with

boundaries on the fringes,



(3) Boundary areas,——Sample areas of a similar size to the

category areas were designated along various sections of
Level IT land use boundaries for examination of the "mix" in
those areas and also for verification of boundary correctness.
Boundary areas, unlike category areas, were divided into equal
area sections on each side of the boundary linme to provide
percentage figures that would also reflect the composition

of the fringe areas of the exasmined categories.

(4) Air ohservation areas.—-These areas were designated for

verification by low-altitude aireraft flights because of their

relative inaccessability by other means. Their ideatities

could be verified most efficiently by air in terms of both

time and travel costs. Air observation areas could include

any of the preceding three types of area in theory,'although

in practice it would be difficult to map the more complex

category and boundary areas by this method.

Because of time limitations, the goal of the selection process for
areas to be examined was to obtain a maximum amount of information with
a2 minimum number of site visits. All accessible special features would
be visited, whereas category areas were selected to obtain a sample of
a wide range of types, e.g. residential category areas were visited in
many different economic classes of neighborhoods. Each category area was
selected from the core of the land use polygon it representéd3 énd some
category areas were selected because they were located in areas believed

to be difficult to classify, Boundary areas were selected in a similar



fashion. Air observation areas, with the exception of those special
features observed on a brief experimental flight over Norfolk in August,
1971, were left for some future experiment.

Because random site selection procedures were not vsed, the field
results probably contain considerable statistical bias. It is believed,
however, that the careful selection of known sites, with a limited range
of characteristics, on the basis of previously acquired knowledge about
the geographic nature of the area concerned, rendered the sample
sufficiently typical to make the figures obtained significant descriptors
of the interpretation and mapping aeccuracy for that part of the CARETS
region.

Field observation teams consisted of a driver (who also took photo-
graphs and notes on the sites) and a navigator who recorded the pertinent
data relating to a site. Special feature, category, and boundary
observations were accomplished by driving to and around a designated area,
identifying it, photographing (if desired) and field mapping its land use
to scale in a notebook, using the two-digit Level II land use code.

The 1971 experiment in air observation proved that observing sites
from a lpw—altitude aircraft can be acc:mplished in a similar manner,
providing the route is carefully planned. It was also found rhat
observations from low-altitrude aircraft were much more efficient than
those from the ground.

The data analysis phase consisted of measuring land use areas with
a dot planimeter on the scale drawings completed in the field;

calculating the percentages of the land use mix for each gite observed;
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reassembling that data into order by categories of the classification
system; tabulating, weighting, and averaging the percentage data; and
completing identification of special areas by entering the cotrrect
notation on the manuscript map.

The most common errors include those of interpretation and judgment
(classification errors), boundary placement, incorrect labelling, those
resulting from the existence of multiple uses on any one piece of land,
and those caused by the time lapse between the date of photography and
the date of field verification. The sampling was designed to examine
areas (not points) and analyze the working efficiency of individunal
categories in the eclassification system on the basis of the percentage
mix of category and noncategory use found in the sample areas and the
correctness of the boundaries drawn between individual land uses.

Though sampling based on areas requires greater effort than that based on
points, the findings provide considerably more information relating to
the performanece of the classification system, the interpreters, and

the cartographers.

Three distinct steps have been devised in approaching the question
of the accuracy of sample areas: determining the percentage mix of each
land use category polygon; establishing threshold limits or amounts of
mixing allowable to determine the correctness of polygon interpretation;
and summarizing the data, comparing them with established threshold values
and obtaining an aceuracy statement. Determining the percentage mix of
each polygon is accomplished by measurement of the area in the sample

polygon and computing the percentage of the total area occupied.
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By summarizing the information for all such polygons, according to the
categories of land use assigned in the ipterpretation and mapping
processes, and placing the summary percentage data in matrix format,
statistics are obtained that can be used in analyzing the performance
of each category of the classification system.

By further ordering_the percentage mix data, it is possible to obtain
figures.that can be interpreted as "accuracy" statements in much the same
manner as the conventional dichotomous-sampling figures. A percentage
threshold may be established to determine what values are acceptable.

The CARETS field verification teams examined and recorded a total
of 371 areas during the intitial experiment. Two teams, travelling by
automobile, examined and mapped 83 special features, 198 category areas,
and 90 boundary aveas during 8 days of field work. All accessible sites
were mapped; only seven areas were found to be inaccessible. Familiarity
with procedures, planned driving routes, and the availability of
notebooks with all areas mapped to scale in chronological order led to an
average site-mapping time of 2 minutes and an average driving time between
sites of 13 minutes.

The general results of the field observations, in the form of
percentage-mix matrices, are summarized in tables 2-2 and 2-3. In
table 2-2, category areas are examined with respect to their actuzl
percentage mix of both category and noncategory features as observed in
the field. The photo-interpreted categories are listed on the
left; the field observations are reported in the matrix to the right,

according to the percentages of the sample area found to contain the land
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Table 2-2--Percentage

of actual land use occupying mapped land use categories

Mapped Sample

Actual Land Use

Land TUse
Category? Size | 21 | 12 [ 13 |14 |15 |16 [17 18| 19| 21| 22| 41| 42 51{ 52 {53 |56 {61 62| 72 | 72
1L 32 |89.3] 2.1 0.2] 0.2 3,0 1.5 3.7 |
12 29 113.7]64.4) 5.5 7.0 7.01 1,8 0.6
13 12 0.6) 3.0]90.0 6.4
14 5 72..0 20.0 8.0
15 | 14 | 1.9] 1.5 77.1 7.1 5.2]7.2
16 18 | 4.4] 0.4 91.2{ 2.2 0.4 1.4
17 4 100
19 12 | 5.0] 2.5 0.7 86.0 | 5.8
21 21 | 0.1 0.6 79.4 5.814.3
22 2 | 1.5 1.5 47.0/50.0
41 14 | 14.6 1.1 3.6 78.9 1.8
42 10 | 1.0 3.0 [10.0 4.0(82.0
52 2 50.0/50.0
53 6 100
56 | 3 93.3]6.7
61 9 6.1] 1.111.7 85.6] 5.5
62 1 85.0 15.0
72 4 | 16.3 83.7

4(Land use categories key in appendix A)
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Table 2-3--Percentage of actual land use occupying land use boundary areas
Actual Land Use
Category | Sample
Number %} Size 11 12 13 14 15 16 19 21 41 42 61
1l 71 83.2 | 7.6 2.4 | 3.2 | 1,41 2.0 | 0,2
12 37 26.1 [56.7] 7.9 3.1 4 5.1 { 0.3] 0.8
13 16 9.1 120.3158.3 1.1 | 9.7 1.5
14 P 100
15 6 11.7 88.3
16 19 1.3 93,9 | 1.8 3.0
19 10 6.0 93.3 7
21 10 3.5 94.8 | 1.7
41 7 13.6 | 5.0 1.0 | 4.0 76.5
42 2 100
61 3 100

#*Land use categories key in appendix A




uses listed along the top of the matrix (land-use category numbers are
those listed in the CARETS working version of the land use classification
system for use with remote-sensor data). A high perceatage figure for
matching categories in the table is an indication of few errors in
interpretation or mapping. Category 13 (industrial land), for example,
presented few interpretation problems accordiny; to the modified working
version of the USGS classification system. Ninety percent of the land
in the designated sample industrial areas contained industrial land use,
with insignificantly small amounts of residential, commercial and urban
uses. The percentage for matching categories indicates that individual
results for each sample area should be checked thoroughly to determine
the cause of the error, whether of poor land use category definitiom,
interpreter error, or error in mapping. Both the organization and
interpretation of table 2-3 are similar to those of table 2-2, except
that the percentages are recorded separately for each of the two halves
of the boundary area, as each may be treated as a category area. Thus,
a boundary area between categories 12 and 13 would be recorded in the
game manner as one category 12 and one category 13 area would be in
table 2-2 under the separate headings for each category. The total
recorded sample sizes are thus twice as large as the number of boundary
areas visited. In this manner, information concerning the composition
of the fringe sections of the category areas could be obtained and com-
pared with similar format information from the core of the category areas.
Many of the same problems reappeared in the boundary area matrix

presented in table 2-3. A noticeable difference between the two tables,
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however, was that the percentages for the noncategory areas appeared to
be larger in the boundary areas than in the corresponding category core
areas. This difference was to be expected in view of the merging that
normally takes place in contact zones between concentrations of land use
types. Readily apparent in analyzing the causes of the anomalies was
the relation between the extreme difficulties in delimiting commercial/
residential and commercial/industyial zones and the problems examined
above under the table 2-2 discussion. The other apparent anomalies were
all due to single and unique interpretation mistakes.

Another type of statistic gathered from the field-mapping notebooks
does not appear in the tables: a test, based on the secale drawings, made
te determine the boundary correctness for each boundary area visited.

For the 92 boundary areas observed, the boundary from the aerial photos
had been interpreted correctly in 57 cases (62 percent of the time).

In 15 cases (16 percent of the time}, minor boundary corrections should
have been made; and in 20 cases (22 percent of the time) the boundaries
were totally incorrect. The error ratios may be somewhat misleading, as
many of the boundary arzas were selected from positions that were diffi-
cult to interpret to allow serutiny of particular classification problems,
In addition, the sampling procedures were not randomized, and at least
some of the boundary errors resulted from incorrect category
classifications. Nevertheless, these statistics show that 78 éércent of
the boundaries were where they should have been.

Finally, the percentage-mix statistics were further analyzed to pro-

vide the kind of information required to make accuracy statements on the
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basis of threshold values introduced to dichotomize the data. The data
yere repetitively analyzed for threshold values of 100 percent, 90 per-
cent, 67 percent and anything greater than 0 percent; the resulis of this
analysis appear in table 2-4 for category areas and table 2-5 for
boundary a;égs.

The fafgulapinn of these statistics was quite simple. When the
sample area contaﬁned a greater percentage of correctly interpreted land
use than the threshold value, the interpretation of the sample area was
considered to he correct,_and it was thus considered in the determination
of accuracy om a hit-orfmiss basis. With a threshold value of 67 percent,
29 of the 32 category 1i (residential) areas observed were found to be
interpreted correctly, for a 90 percent "accuracy" statistic. Averages
of these percentages, adjusted for the sample size, were also computed
for each threshold value, and appear at the bottom of the appropriate
columns.

Two conclusions can be drawn from these tables: (1) no matter what the
threshold value, boundary areas appeared to be more difficult to interpret
than category areas and more rigorous threshold values tend to cause poorer
accuracy statistics; and (2) field verification results presented
in this format are so far removed from the criginal data that it is
impossible to use them for analytical purposes in the fashion that the

percentage-mix fipures were used.

0
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Table 2~-4--Category area accuracy analyses

Correct sample percentages observed according
to the following threshold values

Sample

Category size Any 7 67% 90% 100%
11 32 100 80 68 63
12 29 79 59 52 45
13 12 92 92 83 83
14 5 80 80 40 40
15 14 93 79 71 64
16 18 100 89 78 72
17 4 100 100 100 100
i8 12 92 92 75 65
21 21 81 81 72 67
22 2 50 50 50 0
41 14 86 79 64 64
42 10 50 80 80 70
52 2 50 50 50 50
53 6 100 ioo 100 100
54 3 100 100 67 67
61 9 100 78 67 44
62 1 100 100 0 ]
74 4 100 75 75 75

Adjusted percentage
averages 91 81 69 63
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Table 2-5--Boundary area accuracy analyses

Correct-Sample Percentage Observed

According to the Following Threshold

: Values
i Sample
Category f Size Any 7 67% 90% 100%
i1 71 g3 82 70 63
12 37 81 49 38 27
13 16 81 56 50 31
14 2 100 100 100 100
15 6 100 83 83 83
16 19 100 a5 84 79
19 10 100 90 Q0 80
21 10 100 90 80 80
41 7 100 87 57 43
42 2 100 100 100 100
61 3 100 100 100 100
Adjusted Percentage
Avaerages g2 76 66 58
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Analysis of the Field-Verification Data

In the field, 198 category areas were visited, and sites were
observed for all 18 of the categories found to be present in this section
of the CARETS region. The statistics in table 2-2 reveal the type of
category and noncategory mixing resulting from the use of the minimum—
area recording unit and the problems introduced by the other sources of
error. The appearance of anomalies in this table, in the form of high
percentages of noncategory areas present within a particular category,
indicate either a weakness in the classification system or am error im
interpretation and mapping. Where apparent problems existed, the
original field notebooks were checked thoroughly to determine am
explanation. By amalyzing the data in this manner, it was possible to
identify several problem areas. The large mixture of categories present
in commercial areas (12) suggests that more use should be made of the
urban mixed category (18) or that the commercial and services category
should be redefined. A large amount of open land (19) is found in
transportation areas (15), especially at freeway intersections, and it
is difficult to sort out residential areas (11) from forestland (41) in
which many houses have been constructed. In addition, the field
investigation revealed that some of the category area problems could be
resolved only by persistént field visits. Many "industrial parks" are
primarily commercial (12) and not industrial in nature, and open land and
extractive scars must frequently be directly observed to snsure proper

ideptification, as between areas "under-construction' and operating sand
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or gravel pits. The reader may draw his own conclusions concerning the
usabllity of the statistics that have been presented.

Aerial Photography Change Detection

The accurate detaction of change from high-altitude aireraft
photography involves a very tedious process that is some respects is still
in a developmental state. Because of the large size of the Central
Atlantic region and the limited time available, the change detection of
CARETS has suffered. Although CARETE change detection work has not
been field checked, a comparison of an intensive change detection experiment
using LANDSAT imagery and high-altitude aircraft photography in the Norfolk
area (the results of which will be presented later) with that conducted
for Norfolk as part of CARETS using only high-altitude aireraft photography,
reveals that considerably less change in the latter was detected.

The method of detecting land use change for CARETS consisted
primarily of comparing for changes the 1972 photography of an area with
the 1970 photomosaic of the same area overlaid by the 1970 land use Map.
This method may be useful for rural areas where changes are few and obvious,
but it appears to be insufficient for urban or dynamic areas where change
is great and may be subtle.

Because of these problems, this report will summarize the land use
detection procedures for urbanized arsas daveloped by the USGS Geographic
Applications Program's Census Cities project as it would apply to CARETS
land use change between 1970 and 1972. Although highly time consuming,
these procedures appear to comprise the most accurate manual method

and are particularly apt for detecting land use changes in urban areas.

ORIGINAL PAGE IS
OF POOR QUALITY
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Before conducting a change detection study, necessary photography
and materials must be prepared. Photography for the two differemt time
periods is required along with the photomosaic mapping bases and land
use transparencies covering the area to be examined. Also necessary are
l-—-km2 grid templates on positives film tvansparencies at the same scale
as the photography (1:120,000), the grid of which serves as the basic
unit of observation, enabling a block by block comparison.

The 1-km? grids are positioned on the 1970 and 1972 film trans-
parencies so that two or more grid cells enclose an area common to that
enclosed by grid cells on the 1970 mosaic. Then using a hand lens, the
interpreter compares areas of land use within each grid cell. The land
use overlays are first checked with the 1970 photography to insure
agreement. Then valid changes in land use categories are identified by
superposition of photography (1970 over 1972) if scales are similar or
juxtaposition otherwise.

When making change assessments, several types of change are
identified:

1) change within a land use area fram that use to another;

2) change in or at land use boundaries;

3) change in category involving no boundary changes {(may
result from original misclassification); and

4) change in land use due to omission net mapped originally.
Caution should be exercised, however, when identifying areas of land use

change to insure that possible differences in appearance or signature of
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the same feature at two different times are not identified aslqhanges.
This possibility may result f£rom differences in the time of year, sun
angle, quality of photography, and scale of the photography.

Land use change boundaries are first marked on the 1970 phétography
overlay. Changes are noted by marking the former land use digits first,
followed by a dash and the digits of the new land use. Thus a polygon or
area marked by a (21-11) has changed from cropland or pasture to urban
residential. Once all changes have been identified and marked on the
photo overlay, thay are carefully transferred to an overlay registered

to the photomosaic and 1970 land use overlays.

INTERPRETATION AND COMPILATION FROM LANDSAT TMAGERY

LANDSAT imagery is available in several formats, and like high-
altitude photography, its quality varies greatly depending upon
atmospheric conditions, time of year, and processing. CARETS interpreters
have found that the best form of imagery for land use mapping is the
color composite transparency. This was used in the land use mapping of
CARETS at a scale of 1:250,000. Color composite transparencies or prints,
however, are very expensive relative to black and white imagery, and for
that reason this report will also provide aids for land use mapping using
the less expensive formats.

In preparing overlays for the mapping of CARETS from LANDSAT data,
the decision was made to use the format of the USGES 1:250,00~scale
topographic sheets slightly modified by attaching the CARETS portions of

the Charlottesville and Roanoke sheets to the Washington and Richmond
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sheets (figure 2-2), The margins of the overlay sheets were then traced
directly f£rom the topographic maps onto appropriate sized sheets of
frosted acetate drafting film.

Before registering the overlay to a LANDSAT transparency, the
transparency, in half frame format, was placed inla clear écetate pro-
tective sleeve and kept from slipping with register pins. To registér
an overlay to a LANDSAT transparency, the transparency was first placed
over the topographie sheet on a light table, brought as closely as
possible into register with it, and then taped to the map. The overlay's
margins were registered with those of the map and the overlay taped onto
the LANDSAT transparency. With the overlay secure on the transparency,
the topographic map was removed and the overlay was ready for compilation
and mapping.

Since at least two or more LANDSAT half frame transparencies are
needed to map the area of the topographic sheet, the registration process
must be repeated for every change in transparency. In CARETS the
registration was facilitated by numerous sharp boundaries between land
and water. In areas where such boundaries do not exist, registration
may be much more difficult.

Interpretation

The manual interpretation of land use from LANDSAT consists
primarily of identifying and marking the boundaries between differing
land uses on an overlay. This often entails the separation of different
spectral signatures, identification of specific features by shape or

size, or the determination of the land use characterized by a specific
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texture or pattern. In interpreting LANDSAT images in the form of color
composite transparencies, one can readily identify some feétures or land
uses, alfhpugﬁ other features may be interpreted more easily with a
knowledgé of the area being mapped. - The land use mapping of CARETS from
LANDSAT imagery was conducted using only color infrared transparencies
and 1:250,000-scale topographic sheets as reference sources.

The quality of photographically processed LANDSAT color composites
is not aiways uniform. The color of the same kind of land use may vary
from one transparency to another or from one processing to another,
Water bodies and forests are perhaps the most easily identifiable land
types. Water bodies appear black or a2 shade of blue when affected by
sedimentation. Forest areas appear as a dark shade of red, whereas
other shades of red indicate other vegetated areas--wetland, agricultural,
or urban.

Urban land may be identified by light Lo dark bluish-gray tones
and by linear patterns indicating streets and roads. Large, often
geometrical areas of red surrounded by urban signatures may indicate
parkland, cemeteries, or other open urban land. Features of black or dark
blue in urban areas are likely to represent extremely high density
buildings, areas of heavy industry, or rai.road yards. The size, shape,
and location of such "black" areas may aid in their identification.
Short linear features extending out into the water imdicate the presence
of docks and piers and the possibilityof warehouses being nearby.
Commercial strips appear as blue-gray linear patterns, with commercial

nodes at their intersections.
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-‘ﬁesiéentialrﬁrﬁan'éréas, beéaﬁée bf their great divérsity, are
represented by nuﬁerous.differeﬁt spectfél Signatures. High density
residentiél.areas in the central city épﬁéér dafk blue and are
indiéfinguishable:from éurrdﬁﬁding cbmmeréiai and.industriéi areas.
Lessrdeﬁse residential areas éppearﬁés blue mixed with red and white.
Large treeless tfacts'of single family‘fésideﬁces have distinctive
signatures,‘ﬁhich under some processing,‘appear to be a light, grainy
beige, similar in color to agriculfural land, but differing by being
too large and unbroken by forests to represent field patterns in CARETS.
The boundaries between these residential areas and forest is normally
sharper than that between agricultural and forest land. Older and
wooded residential arveas are often very difficult to distinguish froﬁ
forest 1and. It is also extremely difficult to distinguish betweer
suburban and adjaceﬁt agricultural iands.

Agricultural land in CARETS may appear as any combination of colors
from white to graj to pink to brown to red. Most CARETS rural land that
is not in forest is in agriculture. Such land is often best identified
by field shapes and patterns.

CARETS nonforested wetlands, most commonly occurring in coastal
lands and om flood plains, appear on a LANDSAT color composite as
muted‘purple or brown (depending on the processing). Often such
wetlands are penetrated by numerous winding streams. Salt marshes
present the problem of being inundated during high tides, but are more

easily detectable during low tides.
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Barren land is often hard to differentiate from agricultural land,
gxrtractive lands, or land_under cpnstruction, but is easiest to
recognize as a distinet white.signatute. Sand bearies are easily
detectable as narrow white striﬁs along the edge of coastal land. Many
of these categories identified on LANDSAT imagery, such as railroad yards,
airports, highways, and single~fam§ly residential areas, are in fact
Level IIT categories, ﬁut cannot Ee interpreted with any degree of
regularity. | |

Black and white enlargements are easier to produce and much less
expensive, bat they are more diffieult to work with and present problems
that color images do not,

Interpreting LANDSAT imagery, using black and white prints at
1:250,000 scale, may be facilitated by comparing prints from two different
bands, preferably bands 5 and 7. Band 5 is sensitive to the longer wave-
lengiths (red) of the visible spectrum,rbetween 600 and 700 nm. Black and
white prints of band 5 provide the greatest contrast between forest and
cleared land and the greatest resolution im urban land use. Band 7,
sensitive to wavelengths between 800-1100 mm in the near infrared, is
beneficial for enmhancing water areas, and penetrating atmospheric haze
and pollution. Wetlands are difficult to resolve using an individual
print of either band, but may be distinguished with relative certainty
by comparing both bands.

Imagery of an area from two different seasons also facilitates
interpretation. Features that blend toggtber in one season may easily

stand out in the next. Recently harvested and plowed agricultural fields
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contrast strongly with forest areas im the fall but refleet radiation
of similar wavelengths to forests in the summer, Snow aids in detecting
cleared land in the winter. Wetland areas, which are difficult to
interpret on LANDSAT imagery but vary depending on season, moisture, and
temperatures, can be most easily mapped by comparing prints from three
or four different seasons.

Seasonal tone differences are subject to discrepancies caused by
variations in photo processing and daily atmospheric differences.
Therefore, it is necessary to compare several LANDSAT images for any
interpretation, and no one signature can be ascribed to a single land
use.

A breakdown of Level I classifications and resulting signatures for
black and white enlargements is shown in table 2-6.

For optimum interpretations in a single season, fall imagery provides
the greatest resolution for spectral bands 5 and 7. 7The atmospheric
conditions at the time of the LANDSAT pass and the quality of the repro—
duction, however, have the most significant effect on the capabilities
of any one print.

Analysis of LANDSAT/Level I Land Use Mapping Accuracy

The determination of accuracy for the Level I LANDSAT-derived land
use map was based on a check of 30 randomly sampled points throughout the
Norfolk test site using the existing UTM grid as it appears on the
Norfolk and Virginia Beach photomosaic sheets. Pairs of one to three-
digit nonrepeating random numbers were extracted from a table (Rosander,

1951) and applied to this grid as though they were UTM grid values.
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Table 2-6--Image signatures by land use category f£or LANDSAT visible
and near infrared black-and-white imagery

BAND 5 BAND 7
Land Use
Signatures season i Signatures season
i :
URBAN med to dark gray fall . light gray fall
center city omly  (Oct.) | linearity or solidity (Oct.)
Road patterns to pattern
very light fall very light gray winter
AGRICULTURE gray, drainage white, field
field patterns drainage patterns
FOREST dark gray winter dark gray winter
or med gray
med gray all dark gray to all
WATER “wvariates to light black
_gray near shore solid
lack of drainages winter dark gray all
WE
WETLAND gray-w/standing black
water
BARE LAND white all light gray all

2-30




Point 4045000 mN., 366000mE., UTM Zone 18, represents the origin of the
sampling area.

Each sample point was plotted on a 1:250,000-scale reduction of the
Norfolk and Virginia Beach photomosaics and then transferred to its
corresponding position on the 1:100,000-scale. Level II land
use maps, and the 1:250,000 scale, LANDSAT-derived land use maps. Having
been extensively checked and revised for accuracy, the Level II map was
assumed to be ground truth. In this example, then, LANDSAT accuracy, at
Level I, is a function of the number of LANDSAT land use polygon inter-
pretations that are the same as aircraft land use polygon interpretations.
Researchers found that of the 30 randomly sampled points, 26 were
correctly identified using LANDSAT, and thus the LANDSAT land use inter-
pretation was determined to be approximately 87 percent accurate.

Table 2-7 compares LANDSAT and aircraft interpretation results for the
30 sample points.

A separate accuracy figure for the Level I land use map derived
from LANDSAT imagery was also determined using an aligned stratified
sampling procedure. The method employed was that of comparing LANDSAT
and aircraft land use data at the points of intersection of a 1-km grid
overlayed on each land use map. The Level II high-altitude aircraft map at
1:100,000 was compared with the Level I LANDSAT map at 1:250,000, and
1-km grids, corresponding to the UTM coordinate grid with the origin at
404,500 m north and 367,000 m east, Zone 18,were superimposed
on both maps. Every intersection was sampled to insure a uniformly

distributed sample of 1989 points across the Norfolk test site.
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Table 2-7--Comparison of Level I LANDSAT and aircraft
interpretation for 30 sample points

SAMPLE SITE LANDSAT 1972 LAND ATRCRAFT 1972 LAND
USE - 1:250,000 _ USE - 1:100,000

1 1 1
2 1 1
3 1 1
4 6 5
5 1 1
6 1 1
7 1 1
8 1 4
9 4 4
10 1 2
11 4 4
12 4 4
13 2 2
14 4 4
15 2 2
16 2 2
17 2 2
18 4 4
19 4 4
20 2 1
21 4 4
22 4 4
23 4 4
24 4 4
25 4 4
26 2 2
27 2 2
28 2 2
29 5 5
30 2 2
Key to Level I categories:

1 - Urban and built-up

2 - Agriculture

4 — TForest

5 ~ Water

6 - Nonforested wetland

0
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By this sampling Procedure, 1521 or 76.5 percent of the poduts
sampled were mapped with the same Level I classification on the maps
derived From LANDSAT imagery as those derived from the high-altitude
aircraft photography. Of the classifiecatioen differences that ocecurred,
the most significant were of three types: (1) areas interpreted as
agricultural land from the high-altitude aircrafg photography but as
urban land from the LANDSAT imagery; (2) areas interpreted as forest
from the photography but as agricultural land from the imagery; and
(3) areas interpreted as agricultural land from the photegraphy but as
forest from the imagery. A complete comparison is presented in table 2-8,

CARETS researchers mapped these differences to show the orientation
of discrepancies in respect to the test site and to each other. The
major concentration of interpretation differences forms a wide belt
along the urban/rural fringe. Researchers examined these points on
the data base to identify the criteria for the interpretation decision
at each scale and to determine the types of errors resulting in
interpretation differences.

Br each site researchers recorded one of four possible reasons for
discrepancy and produced maps showing the distirbution of each source of

error. They found four possible sources of error or explanations for the

imagery: (1) sampling points falling on a boundary between two land

uses were arbitarily assigned one of two uses, and discrepancies

resulted when assigned uses differed between the two maps; (2) land uge
parcels mapped from the aerial photography were below the minimum mapping

size for the LANDSAT-derived map; {3) multiple land covers occurred on

2~-33



7E-T

Adrecraft Level I

Table 2-8--Comparison of Level I LANDSAT and Level T aireraft interpretations at l-km
grid intersections

LANDSAT LEVEL I

Total

1 2 4 5 6 7 afe

1 324 27 31 19 0 2 403

2 78 347 74 1 0 0 500

4 48 87 613 4 2 0 754

5 18 4 10 186 12 1 231

6 4 5 22 17 35 2 85

7 1 0 0 2 0 13 ig

Total

LANDSAT 473 470 750 229 49 18 1,989




the same land parcel, but the predominant aireraft photography signature

(aud thus the classification) differed from the predominant signature for

the same parcel on the LANDSAT imagery; and (4) interpreters misclassified
land use from the LANDSAT imagery.

| Examples of these problem areas can be seen in figures 2-3, 2-4,

and 2-5. From this information, the location of the greatest inconsis-

tencies in the LANDSAT and aircraft land use maps and the reasons for

these occurrences were identified. Table 2-8 presents a comparison

of the number of classification differences with the cause for the

discrepancies.

The greatest number of interpretation differences resulted from
the method of selecting points on the aircraft land use maps for com-
parison with the LANDSAT. The boundaries between land use on the air-
craft maps freguently did not correspond exactly to the boundaries on the
LANDSAT maps. By comparing points on the aircraft maps with points on
the LANDSAT maps, one could detect differences that did not actually
result from interpretation problems, but rather from those of registra-
tion. TForty percent of the points of discrepancies in interpretation
between LANDSAT and aircraft source materials were due to thi problem
of sampling. These samples were distributed fairly evenly across the
region, excluding the areas of the Dismal Swamp and Back Bay where no
r=al interpretation differences occurred, See figure 2-6.

The second cause for discrepancies between LANDSAT and aircraft
interpretations resulted from the.generalization due to the minimum
mapping unit at the different scales. Areas as emall as &4 ha (10 acres)
can be interpreted at 1:100,000 scale, whereas with LANDSAT imagery at
1:250,000 scale, the smallest area one can map is 25 ha (60 acres). This

difference in minimum mapping area accounted for 20 percent of the
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Figure 2-4

ERTS Level |

Land Use Map. Areas outlined are examples of areas where interpretation discrepancies occurred.



AREAS OF INTERPRETATION DIFFERENCES ON AIRCRAFT MAP
AIRCRAFT MAP (LEFT) PAIRED WITH AIRCRAFT PHOTOGRAPHY (RIGHT)

|

| Km 1 Km

Area in discrepancy with
the ERTS map due to the
point selection technique.
See Figure 2-4, number 1.

Area in discrepancy with
the ERTS map due to a
multiplicity of land uses
with differing

signatures on ERTS and
aircraft sources.

See Figure 2-4, number 3.

]

e
U g
['Bz.’b

4

Area in discrepancy with
the ERTS map due to the
larger minimum mapping
size on ERTS.

See Figure 2-4, number 2.

w S
——
| Km
Area in discrepancy with

the ERTS map due to actual

m:aclassification of the
ERTS.
See Figure 2-4, number 4.

Figure 2-5
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interpretation differences. These differences were also distributed
across the total area with the exception of the Dismal Swamp and Back Bay,
which are areas of only one land use type., See figure 2-7.

The third factor affecting interpretation differences, accounting
for a significant number of the differences in the urban-suburban fringe
areas, consisted of interpretation differences caused by the presence of
more than one category of land use in a mapping unit with differing
spectral characteristics on aircraft photography and LANDSAT imagetry.

An example of such would be a tree-covered residential area, classified
as forest from the LANDSAT imagery and residential from the aircraft
photography. The interpretations of the data disagreed, yet neither
could be considered incorrect, since each - pretation reflected
adequately the information portrayed om eac ective scene. Twenty
percent of the interpretation differences were attributable to the
problem of differing dominant signatures. See figure 2-8.

The final cause for interpretation differences was actual misinter-
pretation of the LANDSAT imagery. The majority of these errors occurred
in the regions of gradation from suburban to agricultural land use.
LANDSAT imagery cannot resolve isolated land use patterns and must rely
on surrounding color tones. Where gradations occur between these tones,
texture becomes important. Between the suburban and small farm areas,
there are very few tone and texture differences, and the LANDSAT imagery,
which is more sensitive to vegetative signatures, cannot distinguish
wetween a dispersed settlement pattern and dissected agricultural fields.
Nineteen percent of the interpretation differences were actual interpre-

tation errors. See figure 2-9,
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LOCATION OF INTERPRETATTION DIFFERENCES DUE TC DITFERENCES OF MINIMUM MAPPING SIZE

Approximate east-~west scale
5 0 5 10km.
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Figure 2-7--Unrectified computer-generated map showing points of interpretation differences

on LANDSAT and aircraft land use maps due to the larger minimum mapping size of
LANDSAT imagery at 1:250,000.
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LOCATION OF INTERPRETATION DIFFERENCES DUE TO INTERMIXTURE OF LAND USES
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Figure 2-8--Unrectified computer—generated map showing points of interpretation difference on
LANDSAT and aircraft land use maps due to a heterogeneous mixture of land uses at

a site with differing deminant signatures on the LANDSAT and aireraft sources.




LOCATION OF INTERPRETATIUN DIFVERENUES DUE juU DISCLASSLFICATION OF THE LASDSAT IMAGE

Approximate east-west scale
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Figure 2-9--Unrectificd computer—generated wap showing points of interpretation difrerences on
the LANDSAT and aircratit iagad use maps due to aeital misclassitucation of the
LANDEAT dat..




Two significant spatial patterns were apparent in the _nalysis of
interpretation differences. 1In the suburban fringe area, the LANDSAT
interpretation was generalized to the most intemsive land use, whereas
the high~altitude photography provided greater detail, allowing each
parcel of land use to be extracted. At the periphery of this region
the LANDSAT system was inadequate for resolving boundaries between urban
and built-up and agricultural land. LANDSAT was found to have the
greatest error along this border.

With the exception of urban-rural fringe areas where multiple land
uses are intermixed, most Level I land uses can be accurately interpreted
using LANDSAT imagery. The areas that cause trouble for LANDSAT are
those in which different land uses are so small and heavily intermixed
that boundaries between them cannot be drawn. Although the Level I
classification is fairly broad and generalized, it does not account for
possible mixtures of different Level I categories. These unclassifiable
areas seem to be most prevalent on the urban-rural fringe and help
explain many errors and discrepancies.

Comparison of CARETS and Published Data Sources

Although a comparison of land use area summaries derived from CARETS
data with those obtained from published sources does not definitively
address the issue of CARETS data accuracy, it may reveal a similarity
between remote sensor data and that derived from other sources or a lack
of accuracy in one of the data sources. Unfortunately, data sets com-
parable in category definition, area covered, and year compiled to
CARETS data are difficult to find, and only a limited number of categories

could be compared in this study.
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A comparison of CARETS and published measurements of the total area
of urban land use in the Norfolk test site was not possible for a lack
of compatible land use classifications. Published figures for certain
Level II land usss comparable to the CARETS categories were available.
Table 2-9 presents the areas in hectares of residential, commercial, and
industrial land in the Norfolk test site as measured from GAXETS 1970
land vuse maps (at a scale of 1:50,000 by the Canada Geographig Taformaticr
System) and from a 1965 land use map compiled at a scale of 1:19,200 by
the Southeast Virginia Planning District Commission (SEVPDC). One can
assume that the SEVPDC's data are more accurate for 1965 than the CARETS
data for 1970 because the former were compiled by planners more familiar
with thezarea and because the measurements were derived from a much
larger scale map.

Given the rapidly expanding nature of urban residential areas in the
test site and the 5-year time differential, the two data sources for
residential land use compare fairly well. Such is not the case, however,
for commercial and industrial land use. For the commercial category,
the CARETS figures greatly exceeded those published, but for the
industrial category published figures greatly exceeded those for CARETS.
The explanation for this may rest either in interpreter error or in
differing definitions of the land use categories. The sums of industrial
and commercial land use areas from CARETS and published sources, are
similar enough to suggest that extensive industrial areas were classified
as commercial on the CARETS maps. Small, difficult-to-identify industries

in commercial areas or misclassified industrial park areas might help
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Table 2-9--Residential, commercial, and industrial land use,

Residential land use
Commerical land use
Industrial land use

Commercial and Industrial
land use

Norfolk test gite

Area in Hectares Area in Hectares
Measured from CARETS Measured from SEVPR(
1970 Land Use Maps 1965 Land Use Map
22,066 17,459
3,943 1,734
1,536 3,575
5,479 5,310

ORIGINAL PAGE IS
OF POOR QUALITY.
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explain part of this discrepancy as might warehousing and storage
facilities associated with an industry, which CAREIS interpreters
considered commercial, but the SEVPDC may have classified as part
of a elosely associzted manufacturing plant.

The U.8. Census of Agriculiture for 1969 provides the most up-to-
date published data set for comparison with CARETS agricultural data.
The total area in farms for Virginia Beach and Chesapeake in 1969 was
reported to be 49,336 ha of whieh 7,877 ha were cropland, and the
remaining farmland (41,459 ha) consisted of woodland, woodland pasture,
and all other land (i.e. roads, homesteads). The total area of farm~
land as shown in table 2-10 compares favorably with eropland and pasture
area totals derived from aiveraft (48,475 ha) and LANDSAT (48,047 ha)
data. The comparison between LANDSAT and aircraft data and the Census
of Agriculture's total farmland excluding woodland and woodland pasture
forf1969, however, is not quite as favorable.

There are several possible explanations for the differences between
the CARETS and published data sets. The time factor is important to
consider. Agricultural cemsus data were compiled in 1969, whereas air-
craft and LANDSAT data were compiled f£rom 1970 photograﬁhy and 15872
imagery, respectively. Also, the Census of Agriculture figures were
derived by using a sampling questionnaire, whereas CARETS data were
obtained by area measurement from a land use map. TFinaully, CARETS crop—
land and pasture data include all parcels of nonagricultural land smaller

than a square, 200 m on a side, representing the minimum mapping
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Table 2-10--Agricultural and forest land use, Chesapealke and Virginila Beach

CARETS 1970 CARETS 1972 Published

Aireraft Data LANDSAT Data
. . Data
in Hectares in Hectares
Agricultural land use 48,475 48,047 49,336%
41 ,459%%
Forest land use 715,479 74,669 76,829%%%

#*Total cropland and cther £armiand inecluding woodland, and woodland
pasture derived from the 1969 U.S. Census of Agriculture

%*Total cropland minus woodland and woodland pasture

#%%Tncludes all areas having at least 50 woody stems per acre, derived {rom
1965 Forest Service Survey
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unit of 2 mm-—roads, homesteads, and small Wbodlots,.in contrast
to the Census of Agriculture's more défailéd.breaﬁdﬁﬁn“of agriéultﬁrai
land uvse. |

- Comparison of CARETS and published forest area data for Cheééﬁéaké
and Virginia Beach presents similar problems. The most reéent‘forest
survey of the test site was completed in 1965 Ey'the'U.S..Fcrest Service,
when the total forest land area was found to COmﬁrise 73,574 ha. These
forest land (defined as areas having at least 50 wobd&-sﬁéms per acre)
statistics were compiled from U.S5. Department of Agricultureis 19647
1:20,000 aerial photography. They compare favorably with CARETS aifcraft
(75,479 ha) and LANDSAT (74,669 ha) statistics. 7

Change Detection Procedures Using LANDSAT Imagery

October and December 1972 LANDSAT imagery was used to test the
sensor's applicability for detecting land use change and to'provide a
prototype for a change detection study for all of CARETS. The basic
procedure involved overlaying a 1970 land use map on a l:lOO,DOOQScale
color infrared 1972 LANDSAT tramsparency covering the Norfolk area and
then mapping areas appearing to have changed on drafting film overlying
a photomosaic of the same area., The intérpréter used iQTO and 1972 high-
altitude photography of the area to verify the detected change.

First, the LANDSAT image and the 1970 Level II land use overlay were

compared to discover unexpected hues and tones,'i.e. areas that might

have changed. If a possible change were noted, the iﬁterpreter determined

the nature of the change and the classification Leﬁal tI, IT, ITIL) to

which it could be discriminated. The interpreter then compared the 1970
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and 1972 photography to verify the change and the correctness of the
interpretation. Actual changes were mapped on the second overlay with
black pencil and identified in accordance with established CARETS mapping
procedures. "False" changes, suggested by the imagery but not aetually
occurring, were mapped on the same overlay in orange pencil. All of the
land use polygons were given identification numbers and "from-to" change
map§ were prepared for 1970-72 at Levels I and II. TLevel T and II
change areas that.could not be identified on LANDSAT images without
recourse £o supplementary high-altitude aerial photography wers also
noted, .The change areas were then measured by dot planimeter and
summarized in appropriate categories,

Some of the observations regarding LANDSAT as a tool for change
detection are listed below:

1) Areas undergoing heavy construction are identifiable to

Level III, The use of spring-time imagery (April-May) will

réve#l if these areas are plowed fields, which did not appear

to be the case on either the September or December imagery used,

2) On the October and December imagery, many of the agricultural

fields (probably stubble) reflected a blue-gray spectral

response similar to inhabited urban areas, accounting over-

whelmingly for the false changes that were mapped. These

problems may be "seasonal' and capable of being resolved with

early summer imagery.

3). Oider residential areas with heavy tree cover appeayr on

LANDSAT images as forest.
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4) At Level II, institutional, commercial and industrisl categories

cannot be separated on LANDSAT images.

5) Many urban changes are difficult to observe unless the land is

disturbed at the time of the imaging. TFor example, some urban remewal

projects were started and completed in the 2-year time span, and
although the change was slightly noticeable on LANDSAT, it would not
have been mapped without the attendant aircraft photography.

6) A masking device 5 cm2 is useful in interpreting changes.

7) All category 19 (urban open and other) areas should be checked for

completion of construction changes at the later date as a matter Jf

course, since it is more difficult to detect the completion of the
construction than its start.

Table 2-11 presents the areas of land use change derived from ﬁhis
LANDSAT change detectiomn experiment. Tetal Level I and Level II land use
changes in the Norfolk test site included 3,916 ha (9,676 acrés) or 39.2 kmz.
This figure compares favorably with the amount of change detected for the
- years 1959-70 from photography, but it greatly exceeds the amount of change
detected using aircraft data alome in the subsequent CARETS change detection
study. This difference is probably best explained by the thofoughnéss of
‘the LANDSAT change detection study, measurement errors in one.study or the
other, or the differences in the expertise of interpreters. Interpreters

did not map Level II change for 1959 to 1970.
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Table 2-11--Results of 1970-72 land use change analysis using
LANDSAT and high~altitude aircraft photography

Hectares

Acres

Percent

Area analyzed (Norfolk test site)

Total aircraft-verified land use
change, Level T

Aircraft-verified change correctly
identified on LANDSAT, Level I (h&i)

Percent of Level I change correctly
identified with LANDSAT

Total aircraft-verified land use
chang.., Level II (including that
which changed at Level I)

Aircraft-verified change correctly
identified on LANDSAT, Level II vhig&k)

Percent of Level II change correctly
identified with LANDSAT

Aivcraft-verified change correctly
identified on LANDSAT, to Level II,

between Level I categories

Changes identified on both aircraft
and LANDSAT at Level I only

Total aircraft-verified land use change
occurring at both Levels T and IT (e&i)

Aircraft-verified change correctly
identified on LANDSAT, to Level IT
within Level I categories

Percent of test site total area invol-
ved in aircraft-verified change
[(§¢a) x 100]

"False change (erroneously indicated
by LANDSAT interpretation)

198,564
2,924

2,652

3,216

2,944

1,952
700

3,914

292

6,432

490,644
7,225

6,553

4,823
1,730

9,676

722

15,893

90.7

69.8

2.0
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0f the 2,924 ha (7,225 acres) of Lévei I land use changes, 2,652 ha
(6,553 acres) of'QO.Ylpercent were visible and idencifiable on the
LANDSAT imagery.

Further anélysis of the.statistiﬁai.éﬁmméfies reveals that inter-

preters correctly identified 1,952 ha (4,823 acres) of Level II change

"ocCﬁfring:from'one Level 1 category to another, and 292 ha (722 acres)

of Level II change within Level I categories. Moreover, investigators

detected 616 ha (1,521 acres) of land use change from LANDSAT imagery,

 the precise nature of which could not be identified without reference

to supplementary high-altitude aircraft.photography. An additiomal 356 ha
(880 acres) of change actually occurred but did not appear on the
LANDSAT imagery in any identifiable form.r |

Using LANDSAT data CARETS interpfetefs could identify successfully
some classes of changes but not others. Interpreters identified change
from forest to agricultural land and from forest and agriculture to
urban land uses at Level I. They also successfully identified the
following Level IT changes: from cropland and pasture and heavy_c:qwn
cover forest to urban residential and urban open and other (19). Mény
éhanges from urban open to residential, however, required high-altitude
aifcraft photogféphy for positive identification. Interpreters copld noi. detect
some change on the LANDSAT imagery, including change from heavy to light
crown cover forest, and change from ﬁoﬁfdrésted ﬁetlands fo reservoirs. The
size of these areas appears not to be a factqr in the diffigulty“qg. ,

their detection.
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Interpretation of change in this fashion required 88 man-hours,
of which approximately 32 were devoted to the interpretation and initial
mapﬁing prodéss-and the remainder to the preparation of graphics
(Alexander, 1973).

Computerized Data Handling and Analysis

Computer méhipulation-of the CARETS graphic data base has been the
focus of the project'é data ﬁandling plan. Procedures for data handling
and analysis revolve around the use of the Datagrid digitizer. The
digitizer is a high precision coordinate measuring unit that converts geo-
grapghical data (e.g. CARETS land use maps) iﬁto digital form for computer
applications. " The geﬁeral‘concept is shown in figure 2-10. Wap data
are digitiéed into a computer format, stored in an appropriate form,
processed in a central computer and output requested in either tabular
or plotted line form., There are four primary hardware components in this
information system: the iﬁput devide.(digitizer), storage device (tape,
disc, or cards), a processing capability (programmed computer with data
enquiry link), and oﬁtput.&evice (ﬁlotter);

The CARETS'PrOject as part of its broad reseérch orientation has
attempted to explofé aﬁailable technﬁlogy in the graphic-based information
system field. At ?resent; the system-is still being developed, though
several selected data sets haﬁe bzen analyzed by the Canada Geographie
Informat i System (CGIS) and are presented in fhis report. The
prdcedufes used By thé eI afé summérized as follows:

1) A scribe is produced frdm original line maps showing only

boﬂn&aty'informéfioﬁ.. The scribe islthen mounted on a drum

scanner and from that a scan tape is produced.
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2) TFrom the line map, a numbered overlay is produced.  This
overlay is simply a sheet of drafting film on which each
polygon is given a unigue number. -

3) The numbered overlay is placed on the scribe and both are

-placed on.éhe-digitizer table., The corner points are digitized

as well as one peint. in each polygon. This prodqces a digitized
tape that is input to the data editing procedures.

4) The numbered overlay and thelline map are combined and
the classification data are extracted. They are transcribed
onto classification data forms that are then keved to the
magnetic tape.

5) The digitizer and encoder data are spooled from several
minitapes ontb the larger tape. The spool tape is sorted so
that the digitizer and classification data for a polygon
appear as adjacent records. The output of a sort operation
is input to an edit routine.

6) The edit routine performs the normal type of checks on
the classification data and checks to see that the digitizer
data are valid., It prbduces two data sets, one containing
records of rejected maps and the other containing records of
accepted maps. If an error is detected in the ﬁap at any
point, the entire map is rejected. An error listing is
produced for the rejected maps, and corrections are meade

and input to an update routine, which produces an updated
rejected'map”tape that is again edited. ' This cycle continues

until all maps have been accepted.
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7) The accepted maps are input to a compare Program that
makes use of the second classification tape and the edited
tape and compares the records one for one tO determine if
+he classification data have been extracted correctly.
8) All data recoxds are output to a daﬁg set organized by
map number. A listing is produced indicating those records
whose classification data were not identical. The updating
procedure at this point is relatively simple requiring a
choice of one of the two records. These correction cards
are input to another update program that flags the correct
record. Once these operations are complete the data are
ready for data reduction.
The entire effort seeks to provide the user community with a
demonstration of an information system capable of cataloging, inventorying,
correlating and analyzing map data. This computer-based approach then

provides a powerful tool for the user planning and management function.

For further information concerning the USGS Geography Program's
1and use interpretation and compilation procedures, see Wiedel and Kleckner,

1975.
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CHAPTER 3

LAND USE ANALYSIS

The mapping, measuring, and analyzing of land use, the cornerstone
set of activities in the CARETS project model, have consumed a major
portion of the project's time and energy. This chapter presents the
results of original land use measurements derived from the high-altitude
aircraf: data base, along with discussion highlighting the significance
of such data in analysis of the region's economic and environmental
characteristics,

"he analysis of land use in the Norfolk test site begins with a
discussion of statistical summaries and land use area measurements for
the test site. This chapter then discusses the land use changes detected
from 1959 to 1970 and presents a more thorough examination of the
predominant land uses, trends in land use, and land use change as

detected from 1970 to 1972 from high-altitude aircraft photography.

AREA MEASUREMENT AND STATISTICAL SUMMARIES
Land use area summaries and percentages for the Norfolk test site
{excluding bays and estuaries) are presented in table 3-1. The same
statistics for the four comstituent cities (including bays and
estuaries) are presented in tables 3-2 and 3-3. With 42.3 percent of the
area, forest forms the predominant land use, followed by agriculture
with 27.4 percent of the totel, urban and built-up with 22.9 percent,

nonforested wetlands with 4.4 percent, nonestuarine water with



Table 3-l--Norfolk test site Level II land use summary, 1970%

LAND USE CATEGORY HECTARES ACRES # OF TOTAL
URBAN & BUILT-UP 1 41,276 101,992 22.9
Residential 11 22,066 54,525 12.2
Commercial 12 3,943 9,744 2,2
Industrial 13 1,536 3,795 0.9
Extractive 14 B7 214 0.05
Transportation 15 3,049 7,335 1.7
Institutional 16 4,630 11,441 2.6
Strip & Clustered 17 1,671 4,129 0.9
Settlement
Mixed 18 27 66 .01
Open & Other 19 4,267 10,543 2.4
AGRICULTURAL 2 49,463 122,222 27.4
Cropland & Pasture 21 49,415 122,104 27.4
Orchards 22 35 87 D.02
Feeding Operations 23 13 31 .01
FOREST &4 76,263 188,443 42.3
Forest-Heavy Crown 41 72,661 179,544 40.3
Cover
Forest~Light Crown 42 3,601 8,899 2.0
Cover
TATER (EXCLUDING BAYS 3,988 9,853 2,2
& ESTUARIES) 5%%
Streams & Waterways 51 1,229 3,036 0.7
Lakes 52 1,444 3,569 0.8
Reservoirs 53 528 1,305 0.3
Other Water 55 786 1,943 0.4
NONFORESTED WETLANDS 6 7,878 19,466 4.4
Wetland (vegetated) 61 7,370 18,704 4,2
Wetland (bare) 62 08 762 0.2
oF ngﬁbggAGE s
ALII’Y 3-2



Table 3;1--(continued)'

LAND USE CATEGORY HECTARES ACRES % OF TOTAL
BARREN 7 : 1,434 3,543 .8
Barren (Sand other 34 83 .02
than beaches) 72

Barren (beaches) 74 1,374 : 3,394 .77
Other 75 26 66 0.01
Total Area less Bays. 180,302 445,519 100.0

and Estuaries

Total Land Area 176,314 435,666

Bays and Estuaries 54#%% 18,262 45,125

*Data derived from CARETS land use maps digitized by the Canada'Geographic
Information System

%%Bay and estuary area summaries lack accuracy due to the inclusion of water
areas outside the Norfolk test site.
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Table 3-2—Level IT land uée by cities, Norfolk test sitg, 1970

Virginia Beach

Norfolk 'Portsmoﬁﬁh VChesapeake

Acres Hectares Acres Hectares Acres Hectares-_ Acres llectares
1 33,234 13,450 15,208 ffﬁ,lss_ _ 33,609 13,602 15,941 8,079 .
11 18,664 7,553 9,630 3,807 17,561 7,107 8,670 3,509"

12 5,221 2,113 1,518 - 614 2,186 . 88s 19 831
13 979 396 1,283 519 21 9 1,512 612

14 45 18 169 63 : )

5 3,142 1,272 662 268 2,401 972 1,330 538

6 2,729 1,104 728 295 5,313 2,150 2,671 - 1,081

17 270 - 109 575 233 3,284 1,329

18 66 27 : :

w .19 2,499 1,011 1,072 434 5,317 2,152 1,655 670
= 2 449 182 1,993 807 53,676 21,723 66,104 26,752
|21 449 182 1,993 807 53,589 21,687 66,073 26,740,

22 87 35 : '

23 31 | 13
& 522 211 1,415 573 56,272 22,773 130,234 52,706
41 479 194 864 350 54,102 21,895 124,099 50,223

42 43 17 551 - 223 2,170 878 6,135 2,483
5 5,734 2,321 8,788 - 3,557 34,359 13,905 6,097 2,467
53 2,594 1,050 442 179’

52 20 8 648 262 2,001 1,174
53 107 43 133 54 871 352 194 79"

54 5,607 2,269 6,712 2,716 30,246 12,241 2,560 1,036

55 1,943 786 -




Table 3-2--(continued)

Norfollk Portsmouth . Virginia Beach Chesapeake
Acres __Hectares Acres Hectares Acres .__Hectares. Acres = Hectares.

6 413 167 1,047 424 15,132 6,124 2,874 1,163

61 413 167 370 150 15,132 6,126 2,789 1,129

62 677 274 | f 85 34
7 3,543 1,434
72 | 83 34
74 | | - 3,394 1,374
75 66 27

TOTAL AREA 40,352 16,330 28,451 11,514 196,591 79,560 225,250 91,159




Table 3-3——Percentages of 1970 land use by land use category

Land uses Norfolk Portsmouth Virginia Beach Chesapeake

1 URBAX 82.4 53.5 17.1 8.9
11 Residential 46.3 33.8 8.9 3.8
12 Commercial 12,9 5.3 1.1 0.4
© 13 Industrial 2.4 4.5 .01 0.7
14 Extractive 0.2 .08
15 Transpertaticn 7.8 2.3 1.2 0.6
16 Institutional 6.8 2.6 2.7 1.2
17 Strip & cluster 0.9 0.3 1.5
18 Mixed .03
19 Open & other 6.2 3.8 2.7 0.7
2 AGRICULTURAL i1 7.0 . 27.3 29.3
21 Cropland & pasture 1.1 7.0 27.3 29.3
22 Orchards 04
23 Feeding operations o R .01
4 FOREST 1.3 5.0 28.6 57.8
41 Heavy crown cover 1.2 3.0 27.5 55.1
42 Light crown cover 0.1 1.9 ' 1.1 2.7
5 WATER 14.2 30.9 17.5 2,7
51 Streams & waterways 1.3 0.2
32 Natural lakes .05 .3 1.3
53 Reservoirs 0.3 6.5 0.4 .09
54 Bays & estuaries 13.9 23.6 15.4 1.1
55 Other 6.8
6 NONFORESTED WETLANDS 1.0 3.7 7.7 1.3
61 Vegetated 1.0 1.3 7.7 1.2
62 Bare 2.4 .04
7 BARREN LAND 1.8
72 Sand other than beaches .04
74 Beach 1.7
75 Other 0.3

Source: CARETS 1970 Virginia Beach and Norfolk land use sheets as digitized by
Canada Geographic Information System.
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2.2 percent, and barren lands (mostly beach and dunes) with 0.8 percent.
Within the Norfolk test site as a whole, a great amount of rural or open
land still exists to accommodate urban expansion.

& somewhat different picture, however, is presented within the four
separéte cities shown in tables 3-2 and 3-3. .The land use in Worfolk is
82.4 percgnt urban, with comparatively small amounts of forest or
agricultural lands, Partially as a result of the 1968 eannexation of land
from Chesapeake, Portsmouth has only 53.5 percent of its territory in
urban uses, 30.9percent in water bodies (which provide some potential for
expansion in the form of £il11 operations), and only 7 percent and
5 percent respectively in agriculture and forest land, Chesapeake, the
largest and least populated of the test site cities, has 91.1 percent of
its land in nonurban uses, 29.3 percent in agriculture and 57.8 percent
in forest, Finally, Virginia Beach has 17.1 percent of its land in urban
uses (amounting to 20,2 Percent if bays and sstuaries are excluded).
Agricultural land comprises 27,3 percent of the total; forest, 28.6 per-—
cent; wetlands, 7.7 percent: and bays and estuaries, 15.4 percent.

The statistical summaries used in the analysis of land use and land
use change in the Norfolk test site have been derived from various sources.
The same political jurisdictions, therefore, may have different area
values, depending on the source. Part of the data compiled and processed
by the Geography Program has been digitized by the Canada Geographic
Information System, which has developed the capability to overlay and
retrieve multiple data sets. Investigators have applied the "polygon”

method of measuring the entire areas of the land use faces as mapped
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rather than the ' grxd cell"'approach by Wthh the preduminant land use of

‘a certain 31zed grld cell is assmgned to the entlre area of the cell

" For the entlre Nbrfolk test 51te, researchers overlald the maps of

Level IT land use with those of census tracts. The resulting 1and use

- afea.sﬁmmefies'by"eeneue tract are preSeﬁte& in appendlx-E. Althuugh

1nvest1gators have not tested the accuracy of the dlgitlzed statlstlcs,

the flgures thus derlved for polltlcal areas. are close to. those publlshed

by the U.S. Bureau of the Census (1973) and presented in table 3—4.
Différences are probably best explained by the existence of Water-bedies,
parts of which may or =y not be counted as part ef the land afea.
Limited access to’digihizing facilities has forced the CARETS pro-
ject to use another means of area measurements for some purposes: . the

dot ‘grid or dot planimeter. ' This is a sampling method'operatiunall}

simpler and perhaps faster than the polar planimeter and grid planimeter;

‘the dot planimeter- is theoretically accurate, but the size and shape of

the area being measured affect the accuracy of the measurement. The
larger and more compact the area measured, the more accurate the measure-
ment is likely to be. One study of dot planimeter measurement revealed

that 2 minimum of 100 points or dots per area is necessary to result in

..an accuracy of approximately 1.5 percent deviation from the true area

(Yuill, 1970). Many of the polygons measured by dot planimeter were
smaller then 100 dots (1,000 acres or 400 ha), and such measurements may
be con51derably less accurate than that accompllshed by digitizer. It is

also 11kely that land uses occupying more extensive areas will be more

accurately counted than those for smaller areas. In this report, 1970 Level
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- Table 3~4--Population and land area; Norfolk test . site. -

Population i .. Land area
1970 % of . . % of
Census . test site| km mi -Hectares Acres test site
Forfoik 307,951 45 137 53 13,727 33,920 8
_Portsmouth -~ | 110,963 16 75~ - 29 7,511~ 18,560 - b
Chesapeake 89,580 13 883 341 88,322 218,240 50
Vir,-nila Beach | 172,106 - 25 671 - 259 67,083 165,760 38
TOTAL TEST SITE i :
(1970 sMSaA) | 680,600 99 1,766 682 176,643 436,480 100

#Total does not equal 100 because of rounding.

Source: U.S5. Bureau of the Census, 1973.




1T land use data derived from aerial photography and 1972 Level I LANDSAT
‘derived laﬁd use data have been digitized and measured automatically, as
have 1970-72 land use change areas. Land use change from 19539 to 1970,

however, has been measured manually by dot planimeter.

LAND USE CHANGE TRENDS, 1959-70

As in most areas under the influence of urbanizatiun,
the Norfolk test site has undergone and is undergoing significant and
extensive chaﬁges in land use. Tables 3-5 and 3-6 provide an overview
'bf-ﬁhé‘Leve1 T land use change within the study area between 1959 and
1970. Of the 184 km? of change detected, nearly 90 percent occurred in
oﬁlyfféuf sets of changes: 43.5 percent of land use change involved
conversion from agricultural to urban land use, 18.5 percent from forest
land to urban, 17.9 percent ffom forest to -agriculture, and 10.3 percent
from agriculture to forest. 1In all, 9.6 percent of the area in the
Norfolk ﬁest éiﬁeichanged from one Level.i_land use category to another.
No doubt this percentage would be much higher if one considered changes
within a Level I category, as from one urban land use to.ancther.

Figures 3-1 and 3-2 reveal the location of areas of change detected
for the ll-year period. The greatest areas of mo Level I change are in
the urban cores of Norfolk and Portsmouth, where change that has occurred
has been from one urban and built?up use to another. Only 3 kﬁz 5r 1}63

percent of the total change detected was from urban to nonurban uses.
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Land Use in 1959

Table 3-5-—Norfolk-Portsmouth SMSA land use change Level I 1959-70
derived by dot count)

(in k2

o
‘w-.—i

Land Use in 1970

URBAN (1) AGRICULTURE (2) FOREST (4) YATER (5) UETLAND (6) TOTAL. (1959)
URBAN (1) 2 1 T 3
AGRICULTURE (2) | 80 19 1 100
FOREST (4) 34 32 2 70
WATER (5) 3
WETLAND (6) 2 1 5 8
TOTAL (1970) 116 35 25 3 5

184

e
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Table 3-6-~Percentage® of 1959-70 land use change in lLevel T categories

Percentage of total change to 1970 land uses

ZI-¢

#Percentages rounded to the nearest .1 percent

o
1]
"
2]
m
=)
5
o URBAN AGRICULTURE | FOREST | WATER | wercAwD | romar
Fh -

g | URBAN | L1 5 - : 1 16
| acrTCULTURE 43.5 . 10.3 .5 \ | 54.3
B | ToREsT | 18.5 17.4 1oL 1.1 | 381
w o - -
° | warer 1.6 1.6
8 | werLamp ' 1.1 L5 2.7 | ' I 4.3
= ' : . :
® | TOTAL 63.1 19.0 13.5 1.6 2.7 99.9
-,Et: :

o
o
m
L

R



€E1-¢

Areas of Level I Land Use Change, 1959-1970
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Figure 3-1--This map depicts areas for which Level I land use change occurred in the period 1959-1970.
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Areas of Level I Land Use Change, 1939-1970
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The change from agricultural and forest to urban land uses, 62 per-
cent of all cpange,_has.occurred to the greatest extent within the areas

comprising Virginia Beach and Portsmouth. Much of this change has been

.. to residential and commercial uses and reflects the population increases

of the 1960fs.
The change from forest: land to agrieulture exceeded the change from

agrieulture to fo;gst land by 13 km?, These changes occurred predominately

in the southern rural half of the study area. In the southwast corner of

.Chesapeake, land use changes to and from forest and agriculture were the
only changes detected. Foresting operations. and drainage of land in the
Dismal Swamp can be readily detected as can the scattered elearing of
land for agriculture and the afforestation of ahandoned fields,

Some of the 3§km2 change from water to wetlands may actually be
"false change," Tidal or salt marshes may be extremely difficult to
delineate due to changes in their appearance on photography taken at
different tidal stages. Such change detection that has not been Field )
checked may be suspect.

The_gpeg;e? part of the water to. wetlands change consists of the
Craney Island Dispasal Area, a rhomboidal-~shaped ares extending out into
Hamptorn Roads, used for dumping of spoils from channel dredging in the
harbpr. Operated by the U.S. Army Corps of Engineers, the Crawey Island
gonstruqtion Project was begun in 1954 as an extension of rhe existing

Craney Island, a previously filled area which is the site of the

.8, Naval_Euel Depot. Before construction could begin, the Federal

Government had to obtain title to all the submerged land to be filled,
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including leased and public oyster bottoms and the right, if necessary,
to dredge bottomland on the south shore of Hampton Roads with compensation
for oyster growers losing crops as a result. By 1957, the levees,
2.5 m above mean sea level, surrounding the Craney Island site were com~
pleted and the pumping of substantial amounts of dredge spoils behind the
levees began. The 1,012-ha area is predicted to be filjed by 1978, but
the fill area is not expected to be ready for intensive use until 1985.
The eventual use of the area is unknown, although the Virginia Division
of State Planning and Community Affairs has drafted two alternate plans
for the area, One plan calls for mixed industrial, commercial, residential
and industrial uses, whereas the other proposes the construction of an
airport, port faeilities and a recreational area. The amount of bare
wetlands detected in 1970 represents the progress of the project to that
time (Virginia Division of State Planning and Community Affairs, 1971a).
Extensive land f£illing operations have been conducted in the Norfolk-
Portsmouth harbor throughout the 20th Century. Between 1955 and 1965,
the 37-ha site of the Portsmouth Marine Terminal was filled from
material dug in the construction of the Midtown Tunnel connecting Norfolk
and Portsmouth. An additiomal 14 haof land will be created by the
filling of the water between the finger piers immediately upstream on the
Elizabeth River from the Portsmouth Marine Terminal. Another fill
operation is plamned for Norfolk, which will create land for the Norfolk
International Terminal.
A final land use change detected during the peried from 1959 to 1970

was the change from nonforested wetland to forest in the Back Bay area
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of Virginia Beach. HNearly surrounding Back Bay is a fringe of coastal
marsh, part of which lies adjacent to the barrier beach, protecting the
bay from the Atlantie. High tides and high waves result in oceanic over-
wash carrying sand over the dunes and depositing it into the marshland,
eventually creating new dry land, By this process, the barrier beach
moves westward and along with it the vegetation succession on the over-
wash terraece, from low salt marsh to high salt marsh to scrub and closed
grassland. The development of shrub forest in the former high salt marsh
might well explain the land use change from wetland to forest (Dolan and others,
1973). Man's stabilization of dunes along this barrier beach, however,
has greatly restricted overwash and thus the overwash phenomenon may not

adequately explain the detected change.

LAND USE 1970

Urban and Built-Up Land Use
(Classification category 1, Level T)

Urban and built-up land in the Norfolk study area comprises
41,276 ha (101,992 acres) or 22.9 percent of the total area. The
variation in urban land use is considerable as shown in tables 3-2 and
3-3. For 1970, in absolute urban area, Virginia Beach ranked highest
among the four test site cities with.l3,602 ha (33,609 acres) followed
closely by Norfolk with 13,450 ha (33,234 acres). Portsmouth was found
to have 6,155 ha (15,208 acres) of urbanized land, and Chesapeake,
8,070 ha (19,941 acres). Figure 3-3 presents the urbanized portion of the

Norfolk test site which is defined by the U.S. Bureau of the Census as
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an area consiéting ofra]centrél city, or cities, and'surrounding ciosely
settled territory (U.S. Bu;eau of the Census, 1972). _According to the
CARETS laﬁd use map, Norfolkfs urﬁaﬁ 1and'uééé compfiée 82.4 perecent of

tha city's total area, Portsmouth 53.5 percent, Virginia Beach 17.1 percent,
and ‘Chesapeake 8. percent. None of -these data‘SQts,'hﬁwever, reflect the
total picture of urbanization in thémé%udj area. The separate urbaﬁ‘land
uses must be examined and related to the whole.

Residential Land Use
(Classification category 11, Level II)

Residential land use is by far the most extensive and ubiquitous.
For all cities except Chesapeake, more thanm half the urban area is in
residential use. The less urbanized the city within the Norfolk test
site, the greater the percentage of residential land use within its
urbanized territory. If "strip and cluster" land use (Circular 671,
Level II Category 17, most of which is generally residential in nature)
were reclassified as residential for Chesaﬁeake, that cit&'s residential
area would exceed 60 percent of its urban and built-up area.

The nature of residential areas, however, also varies extensively
among the different cities of the Norfolk test site., Table 3~7 displays
net density (persons per residential acre) for the constituent cities in
1965 and projéctions into the future. Norfolk's housing has the greatest
density, followed by Portsmouth, Virginia Beach and Chesapeake. As the
source for the 1970 residential area summaries on table 3-1, the CARETS
land use maps reveal a considerably greater residential area and lower

density than the figures provided by Southeast Virginia Planning
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Table 3-7--Projected vesidential areas and densities for

Norfolk test site (1965-85)

Net Density Chesapeake Norfolk Portsmouth Virginiz Beach S5MSA Area
Peréoné/res.
acre-1965 7.5 25.3 17.8 11.2 15.4
FROJECTED:
1970 7.7 25.5 17.8 12.1 15.7
1975 8.0 25.8 17.8 13.1 16.1
1980 8.3 26.2 18.4 14.2 16.7
1985 8.6 26.7 19.0 15.3 17.4
RESIDENTIAL
AREA TN
ACRES#:
1965 110,836 12,421 7,148 12,702 43,107
1975 16,195 13,187 7,411 15,718 52,511
1985 21,254 13,988 7,708 20,337 63,287
RESTDENTIAL
AREA INCREASE:
1965-75 5,359 766 263 3,016 9,404
1975-85 5,059 801 297 4,612 10,776

* 1 acre = ,405 hectares

Source: Southeast Virginia Planning District Commission, 1972,
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District Commission (1972) in all cities, except Chesapeake. For
Chesapeake, the 1970 density is approximately the same as that reported
for 1965 and its area is between that reported for 1965 and that predicted
for 1975. The discrepancy may lie in the amount of residential land
projected for the year 1970.

To understand the present residential land use in the Norfolk test
site, a knowledge of the growth and development of residential land within
the most densely populated areas can be of great value., Early settlement
in Norfolk occurred mear the harbor at the juncture of the Elizabeth
River and Eastern Branch in the present downtowm area. The city's rate
of growth in area was fairly slow. TIn 1874, when Norfolk became a city,
its area included 3.4 km? (1.3 miz) and it had a population of over
10,000. Through annexation of territory to the morth in 1890, 1902, 1906,
and 1911, the land area of the city increased to 23.3 kuw? (9 mi2) and
inclnded most of the penimsula between the Lafayette and Elizabeth Rivers.
With the increased population resulting from wartime activities in the
city, Norfolk accomplished its largest annexation of 59.6 km? (23 miz)
and all of its western half in 1923 (Norfolk City Planning Commission,
1967). The greatest rapid imcrease in housing occurred in the World
War IT years (1940-1945) when dweliing units in the city increased from
38,753 to 48,067. ' Some of the increased population spilled across the
corporate limits; and in the Tanners Creek and Washington areas, the
number of dwelling units increased from 3,699 in 1940 to 11,411 ip 1946.
To accommodate the inereased population, temporary public housing pro-

jects were constructed. After the war, much of the temporary housing
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remained because it was occupied to capacity and no adequate housing
existed to replace it (University of Virginia, 1947). Encouraged by
Federally-guaranteed mortgages and improved highways, a post-war housing
construction boom spread residences further eastward into Princess Anne
County. 1In 1955, Norfolk annexed additional territory to the east, and
in 1959 it annexed it; last territory to bring it to its present size.
Between 1950 and 1960, Norfolk's population increased by 91,000,

Taking advantage of the 1949 Federal Housing Act, Norfolk became
one of the early cities to initiate a redevelopment program to replace
485 acres of urban blight, much of it residential slums. The first phase
began in 1951 with the replacing of inner city delapidated housing dating .
back to the 19th century. Another phase began in 1958 and involved the
renewal of the downtown area, including the construction of a new civie
- center (Norfolk Redevelopment and Housing Authority, 1960). In 1960,
Norfolk had 5,296 units of public housing (Norfolk Redevelopment and
Housing Authority, 1967).

Yet the problem of blighted housing is still present. The Model
Cities residential areas of Berkely, Brambleton, Hunterville, and Ghent
with 11.9 percent of Norfolk's population and 7.1 percent of its area
have one and two story, single and multiple family dwellings, WNinety—two
percent are older than 25 years, and a majority were constructed in the
19th century. Among the physical problems of these residential areas are
narrow streets, inadequate parking, poor traffic conditions, poor

lighting, lack of open recreation space, and poor surface drainage.

x
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The development of residential areas in Portsmouth directly
parallels that of Norfolk with the similar response of annexation when
population reached beyond its corporate limits. The original settlement,
as in Norfolk, occurred in the present downtown area, directly across the
Elizabeth River from Norfolk, along and back from the waterfront. The
Naval Shipyard was established south of the original settlement, but
did not become a part of the city until the 1960 annexation. In 1894,
territory along the Elizabeth River, north of the original settlement,
was annexed, and World War I encouraged the growth of housing, which
resulted in a 1919 amnexation of land west of the city. Portsmouth’s
population grew from 26,000 in 1910 to 51,000 in 1917 to an estimated
57,000 in 1918 (City of Portsmouth, 1968). By 1928, a wide range of new
housing had developed surrounding the urban core and the Naval Shipyard.

World War II and the expansion of naval activities resulted in the
initiation of one of the country's first public housing developments
where thousands of publicly financed temporary housing units were
constructed. Twenty-two thousand of these units remained occupied
following the war. "The overall effect of this 'war impact' was to
create an 'overused' high density core residential area, which was to be
separated and divided from future suburban middle class neighborhoods
by a wall of temporary wartime housing and other governmental actions"
(City of Portsmouth, 1968).

The housing boom continued following the war, with the growth of

middle class suburban residences to the west, including the replacement

3-23



of some of the temporary housing. The annexation of 1960 doubled the
area of Portsmouth, yet the city was still very demsely populated.
After 1960, the supply of new housing grew slowly. tlore housing was
constructed west of the city in NWorfolk County, and part of this area
of growth was annexed in 1968.

The housing problems of Portsmouth's inner city are numerous.
Although the northern part of this area is being revitalized, its eastern
part is an area of extensive blight. It has poor housing, heavy traffic,
and the Navy Yard isolates it from the rest of the eity. Other problems
include narrow streets, narrow lots, no off-street parking, owner neglect,
obsolescence, hasty wartime conversion to multiple-family use, and
debris-filled wvacant lots and open ditches (city of Portsmouth, 1963,

p. 37).

The growith of residential areas and to some extent the condition of
housing throughout the urbanized portion of the Norfolk test site are
reflected in table 3-8, which reveals the ages of housing. For Norfolk
and Portsmouth, the greatest period of housing growth occurred from 1940
to 1959, whereas that for Virginia Beach and Chesapeake occurred from 1950
to 1970.

An overall picture of housing and occupancy of housing units in 1970
ig displayed in table 3-9. From this table, one can conclude that most
year—round structures are owner-occupied, single-unit residences that do
not lack plumbing facilities. The greatest amount of multiple~unit

residences with 10 or more units are in Norfolk and Virginia Beach, and
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Table 3-8--Age of housing in the urbanized portion of the Norfoll test site

Number of all year-round housing units built
Date Norfolk Portsmouth Virginia Béach Chesapeske
Constructed (urban part) {urban part)
1969-March 1970 1,615 754 3,122 866
1965-68 6,074 2,217 10,176 4,169
1960-64 8,213 3,543 13,375 5,372
1950-59 24,967 8,921 13,676 7,463
1940-49 22,318 10,538 3,845 3,453
Before 1940 27,802 10,496 3,270 4,410
TOTAL 90,989 36,469 47,464 25,863

Source: U.S5. Bureau of the Census, 1977p
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Table 3-

9~-Norfolk test site 1970 housing and occupancy charactéristics'

Percentage of total population Units Units in
Year- lacking .
round some 1 wnit 10 or more| Owner Renter
. In group Under 62 and housing o5r all unit occupied occupied
City Negro quarters 18 older units  plumbing structures structures| units upits
Norfolk 28 15 31 9 91,000 1,949 49,929 5,354 37,193 423
Portsmouth 40 2 36 10 36,466 - 1,254 25,585 681 19,078 308
Virginia Beach 9 7 3¢ 5 47,393 1,845 27,256 1,124 30,865 975
Chesapeake 23 1 39 8 25,861 1,710 21,806 145 18,098 838

Source: T.S.

Bureau of the Census, 1972b
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the greatest amount; of renter-occupied housing exists in Chesapeake and
Virginia Beach. Many of the multiple~unit housing structures in Norfolk
and Portsmouth are owner-occupied row houses; Virginia Beach possesses

a greater number of more vecently constructed rented apartment units.

The condition of housing in the Norfolk test site is presented in
table 3-10. Not available in the 1970 Census of Housing, these data show
not only the amount and condition of urban housing but also that of rural
areas. These rural conditions are best represented by the figures fox
Norfolk and Princess Anne Counties. Although the city of Norfolk had
more delapidated and deteriorating housing than any other political
jurisdietions, rural Princess Amne (9.1 percent) and Norfolk (5.6 percent)
Counties exceeded the city of Norfolk (3.9 percent) in their percentages
of delapidated housing. Portsmouth and Norfolk led the study area in
percentage of deteriorating housing with 15.14 percent and 12.75 percent,
respectively. Since 1960, urban remewal programs have eliminated some of
the worst housing, but the remaining housing in poor condition, both
urban and rural, is a serious problem.

On-base military residences in the test site comprise a total of
10,140 housing units. Table 3-11 shows the breakdown of housing units by
military bases. More than half of these units are located on Ft. Story
Army Base, and over 30 percent are on two naval bases. A4n additional 600
units of housing are presently under construction at Little Creek Waval
Amphibious Base in Virginia Beach.

Closely associated with military bases and transient populations are

mobile homes, The number of mobile home units, as reported in the 1970
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Table 3-10--Dwelling unit analysis - 1960

SOUND DETERIDRATING . DILAPIDATED|
- ; Lacking . s Laclking
10 1 o R :
e o Lokl S Fremains ok e |
DWELLING - TOTAL fﬁcili— hot Plumbing| TOTAL Fac‘lg- hot plumbing] TOTAL
UNITS ite oo facili- > . o facili-
s water . ies water o
Horfolk 87,555 | 72,930 69,397 841 2,602 |11,169 7,322 1,01? 2,830 3,456
Portsmouth 33,349 | 27,171 25,576 521 1,074 | 5,051 3,112 488 1,451 1,127
South Norfolk 7,167 5,166 4,824 40 302 } 1,326 898 59 369 675
Virginia Beach { 25,279 | 21,307 20,477 94 733 | 2,317 1,254 105 958 1,255
Chesapeake 31,088 | 14,264 12,543 136 1,285 | 2,317 880 173 1,264 1,452
Norfolk County®| 13,921 | 10,936 9,712 301 923 { 1,721 666 64 991 1,264
Erinéess Anne
County##* 21,268 | 14,264 12,543 136 1,285 | 2,317 880 173 1,264 1,452
TOTAL 179,631 | 146,619 136,164 2,081 8,374 |23,931 13,680 1,907 8,344 9,081

*Norfolk county merged with the city of South Norfolk to form the city of Chesapeake in 1963.

Source: U.S. Bureau of the Census, 1961.

**Princess Anne County merged with city of Virginia Beach in 1963.
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Table 3-11--Military housing in the Norfolk test site, 1972

LOCATION

HOUSING UNITS

NORFOLK

Sewell Point Naval Station

VIRGINIA BEACH

Oceana Naval Air Station

Little Creek Naval Amphibious Base

Fort Story

Camp Pendleton

Dam Neck Naval Weapons Training Facility

PORTSMOUTH

Naval Shipyard
Naval Hospital

CHESAPEAKE

St. Julian Creek Ammunition Depot

TOTAL

2,162

534
1,032
5,564

600

170
19

i8

10,140

Source: Southeart Virginia Regional Planning District Commission
(from information derived from 5th Naval Distriet Naval

) TFaecilities Command)
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Census of Housing, are: WNorfolk - 950 units, Portsmouth -~ 133 units,
Virginia Beach ~ 1,644 units, and Chesapeake - 1,064 units. Virginia
Beach dominates this category, not only because of its large transient
military population, but also for its position as a major oceal resort.
Clearly the Level II category "residential land use" iz not
sufficient in detail to describe many of the characteristiecs of
residential land mentioned above which represent critical data needs
in urban planning and management. Some of the more detailed informationm,
for example single versus multiple-family dwellings, dwelling unit
denéity, and housing quality, could be added by more detailed analysis
of remote sensing source materials, carried to Level ILI, Level IV,
or beyond.

Commercial and Industrial Land Use
(Classification categories 12 and 13, Level II)

Commercial and industrial land use in the Norfolk test site will be
discussed jointly., Although the commercial and service category {(12)
covers a broad range of economic activities, these are very often related
closely both geographically and economically to industrial enterprises.
Both types of land use comprise relatively small proportions of the total
test site: commercial--3,943 ha (9,744 acres) or 2.2 percent of total
area; and industrial--1,536 ha (3,795 acres) or 0.9 percent of the total
land area.

Among the separate cities, Norfolk was found to have over twice as
much land devoted to commercial and service use, 2,113 ha (5,221 acres)
or 12.9 percent of its total area, as its closest competitor, Virginia

Beach, with 885 ha (2,186 acres) or 1.1 percent of itz total area.
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Portsmouth has 5.3 percent of its land in commercial uses, but only
614 ha (1,518 acres), and Chesapeake has 331 ha (819 acres) or 0.4 per-
cent of its total area in commercial land uses.

The greatest concentrations of commercial property occuxr in the
central business districts of Norfolk and Portsmouth with the older
established retail and business centers. The Norfolk central business
distriect was reported to have 65,928 n? (709,668 ft2) of retail floor
space, and downtown Poritsmouth, 34,898 n? (375,654 ftz) of the same
(Southeastern Virginia Planning District Commission, 1962). The Virginia
Beach central business district is much smaller and is elongated along
Atlantic Avenue, parallel to the ocean. This area thrives from both the
resort business in the summer and that gemerated by the local population
in the off season. This area also prospers from the other resort-related
businesses, including hotels, motels, restaurants, and recreation.

With the extensive suburhanization of the Norfolk test site and the
establishing of shopping centers readily accessible to suburban
populations, the central business districts have had to struggle in the
attempt to maintain business. The Norfolk and Portsmeuth central business
districts thrived during World War II, but following the war the basic
problems of these areas became manifesp. In Norfolk, the downtown area
was in a serious state of blight, being both rundown and inaccessible.

An urban renewal program was initiated that cured meny of the downtown
areas! ills and that has made the downcown retail area more accessible

and more desirable.
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The growth of shopping centers has accompanied the suburbanization
process and reflects rapid residential growth in recent years. The
earliest shopping center in the Norfolk area was constructed in the
mid-1940"s, and though a congested shopping area today, it continues to
produce high retall sales. The greatest number of shopping centers are
located in Norfolk, Portsmouth, and Virginia Beach at the intersections
of major highways.

Five regional shopping centers, 11 community centers, and 64
neighborhood shopping centers were reported for the Horfolk test site
in Janwary, 1972 (Virginia-Pilot and lLedger Star & Southeastern Virginia
Planning Distriet Commission, 1972). Of the five regional centers,
three were in Norfolk, one in Virginia Beach, and another in Portsmouth.
ALl except one were planned centers which opened and had significant
additions after 1959. Of the smaller community shopping centers, four
were in Norfolk, three in Portsmouth, three in Chesapeake, and one in
Virginia Beach. One of these opened as early as 1957; six opened
between 1960 and 1963; and the remaining four opened after 1967.

Sixty-four neighborhood and special interest facilities were
reported for the test site, 30 in Norfolk, 19 in Virginia Beach, 9 in
Chesapeake, and 6 in Portsmouth. The great majority of those in Norfolk
and Portsmouth opened during the 1950's, thoughin Chesapeake and Virginia
Beach all bui 3 of 28 centers opened in 1959 or later.

During 1972 and 1973, 10 new shopping centers were scheduled to
open, 1 regional center, 6 community centers, and 3 neighborhood centers.

0f these 10, 7 were in Virginia Beach, 2 in Portsmouth and 1 in Chesapeake.
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Approximately 164,800 persons were employed in commercial and
serviece activities in the Norfolk region (including Nansemond County
and the ecity of Suffolk) in 1970. This number is not as large as
that of most metropolitan areas relative to basic employment because
the Norfolk area's large military population consists of more single
people and less family groups than an equally sized civilian population.
Military employees generally have smaller incomes and obtain many of
their services and do much of their shopping at military base commis—
saries and exchanges of which the area has a total of 18 (Virginia
Division of State Plamning and Community Affairs, 1971b).

The growth forecast for commercial and service land use between
1975 and 1985 in the Norfolk study area is shown in table 3-12,

Virginia Beach and Chesapeake are expected to ezperience an increase

of nearly 280 ha (691 acres), whereas Norfolk and Porthsmouth's commer-—
cial land use is expected to imecrease by only 115 and 50 ha, respectively.
As population growth continues within northern Virginia Beach and
Chesapeake, an increase in commercial land use will meet the increasing
demands for goods and services.

The recent trend in wholesale commercial land use as well as indus-
trial (particularly light industrial) has been to locate in suburban
areas near major highways and railroad lines and in concentrations
within specially zoned industrial parks where utility requirements can
be met, These parks may consist entirely of either warehousing or indus-
trial enterprises, but often they contain a mixture of the two, These

areas are easily identifiable from high-altitude photography, but the
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Table 3-12——Commercial and industrial land use forecast for the Norfolk test site

DATE NORFOLIL PORTSMOUTH VIRGINIA BEACH CHESAPEAKT, TOTAL

Hecrares Acres Hectares Acres Hectares Acres Hectares Acres Hectares Acres
COMMERCIAT, LAND USE

1875 1,046 2,585 275 680 533 1,317 556 1,374 2,265 5,597

1985 1,161 2,869 326 806 842 2,081 833 2,058 3,161 7,811

1975-85 115 284 50 124 279 689 276 682 751 1,856
INDUSTRIAL LAWD USE

1975 1,478 3,652 470 1,161 469 1,159 2,071 5,117 4,487 11,087

1985 1,614 3,988 561 1,386 723 1,787 2,559 6,323 5,457 13,484

1975-85 136 336 92 227 253 625 488 1,206 969 2,394

Source: Southeast Virginia Planning District Commissien, 1969




differentiation between industrial and commercial use isg extremely
difficult. In most cases iﬁdustriai'ﬁérks have been cléssified-as
commercial and services (12). Category areas field checked and fouﬁd to
be industrial, however, were so classified.

Industrial land occupies considerably less area than commercial
lend in the Norfolk test site. The CARETS 1970 land use map of the
Norfollk area reveals that Portsmouth has the greatast amount of industrial
land with 1,519 ha (1,283 acres) or 4.3 percent of its total area.

Of this, however, 307 ha (758 acres) comprise the Portsmeuth HNaval
Shipyard, which is engaged in industrial activities. Industrial land use
in Norfoll amounts to 396 ha (979 acres), which is exceaded by
Chesapeake's 612 ha (1,512 zzres). Virginia Beach has only 9 ha

(21 acres) of industrial land use.

Industry has not plaved a large role as emplover in the Norfollk test
gite. In fact, in 1970 only 24,774 persons were engaged in manufacturing,
approximately 3.4 percent of the test site's total labor force (Virginia
Division of State Plenning and Community Affairs, 1971b).

Both light and heavy industry in the Norfolk test site are
concentrated along the numerous navigable water bodies and rail linés
in the northwest quarter of the region. In many instances these industries
are related to the port activities, Even those industrial plants
builg after World War II have for the most part followed this pattern
of development, and these new plants, with a few exceptions, have
limited themselves almost entirely to locations within Norfolk or

Portsmouth (Southeastern Virginia Plenning District Commission, 1962).
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Industrial development has long hegn 1acking in Virginia Beach and
Chesapeake (outside of South Norfolk) as a result of a laCR of facilities, LJ
utilities and services required for industry.
Three large intensively developed industrial_concentratious exist in
the Norfolk test site: Norfolk, Portsmouth, and South Norfolk in o
Ghes;peake. South Norfolk industries, locatedsprimarily-along the water-
front, are involved in boat building and repzir, the manufacture of
agricultural chemicals, food processing, and steel fabrication. (.
Portsmouth's basic industry is shipbuilding and repair, but the city's
industries also manufacture chemicals, wood products, apparel and peanut
butter. DNorfolk's indust:y exists in two zomes, an inner zone of concen-
trated industry and an cuter ring of miscellaneous manufacturing} The
major manufacturers (wich employment of 50 or more) are listed in
table 3-13. Although a variety of manufacturing does exist, food i
processing dominates the number of plants, with 8 out of a total of 33
manufacturers. Five plants manufacture metal products, and four plants
marufacture apparel and textile products. The largest single manufac-
tur.ng employers in Norfolk are an automobile assembly plant and a
newspaper. S {
Only three major industries are listed for Virginia Beach in 1971 -
in the "Industrial Directoxry of Virginia," 1972, and only one of them, a
steel fabricating plant, was in existence before 1950. The other two,
a bakery and a manufacturer of ready mixed concrete, were established in

-

1966 and 1968, respectively.
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Table 3-13--Major manufacturing establishments in the city of Nerfolk

NAME

Air-A-Plane Corporation

Allegheny Pepsi~Cola Bottling Co., Ine.

American Bank Stationary Co.

American Cigar Co., Div. of American
Brands, Inc.

Anjay Fashion Mig. Co., Inc.

Atlantic Furniture Mfg. Ce., Inc.

Baker Sheet Metal Corp.

Ballard Fish and Oyster Co.

Baltimore Bakery, Inc.

Bemis Company, Inc.

Berkeley Machine Works & Foundry Co.

Best Ever Ice Cream

Birtchered Dairy, Inc.

Champale Products Corp.

Colomna's Shipyard, Inc.

Dixie Jute Bagging Corp.

F.S. Royster Guano Co.

Ford Motor Co.

General Foam Plastics Corp.

Globe Iron Construction Co., Inc.

Guide Publishing Co., Inc.

Hall-Hodges Co., Inc.

J.H. Miles Co., Inc.

J.G. Gill Go., Inc.

Kotarides Baking Co., Inc.

Landmark Communications, Inc.

M & B of Norfolk

McGrath Coat Co.

Virginia Tent and Awnings Co.

Weaver Fertilizer Co., Inc.

J. G. Wilson Corp.

PROJECT |

Refrigeration and air conditioning unics

Soft drinks
Blankbooles and looseleaf binders

Tobacco stemming

Women's suits and coats
Wooden upholstered furniture
Sheet metal works

Fresh and frozemn seafood
Bakery products

Textile bags

Iron and nonferrous castings
Tce Cream and frozen deserts

" Milk and Ice Cream

Malt liqguors

Shipbuilding and vepairing
Textile bagging

Fertilizers

Motor vehicles

"Genz foam" plastiecs for insulation
Fabricated structural steel
Newspapers

Fabricated structural steel
Fresh and frozen seafood
Roasted coffee

Bakery products

Newspapers

Wire products

Apparel

Tent-awnings

Nitrogenous fertilizers
Metal doors, sash & trims

Approximate Employment
af March, 1972 :

50-99
100-249
50-99

50-99
50--89
50-99
50-99
100-249
50-99
100-249
10-249
50-99
10G-249
50-99
100-249
100-249
100-249
Over 1,000
500-999 -
100-249
50-99
50-99
100-249
50-99
100-249
Over 1,000
50~99
50-99
50-99
50-99
100-249

a/ Employment is given as a range in order not to reveal actual figures.

the listing is 50.

The cut-off point for inclusion in

From: Virginia Division of State Planning and Community Affairs, Data Summary Norfolk City, 1973, pp. 16-18.

Sources: Virginia Employment Commission; Virginia State Chamber of Commerce, Industrial Directory of Manufacturing
in Virginia, (Richmond: Virginia State Chamber of Commerce, 1972); Commonwealth of Virginia, Division of Industrial

Development, unpublished material.




The future expansion'of industrial land in the Norfolk test site,
és projected by the Southeast Vi;ginia Regional Planning District
commission, is presented in table 3-1 . The greatest growth between
1975 and 1985 is expected to oceur in Chesapeake and Virginia Beach with
much less growth occurring in Norfﬁlk and Portsmouth. Those manufacturers
anhouncing plans to locate in the study area since 1970 include boat
Building and fepair, meat processing and packaging, machinery assembly,
prefinished panelling and moléing and others (Virginia Division of State
Planning and Community Affairs, 1971b). The decision to establish a Volvo
assembly plant in Chesapeake is likely to have a large impact on that
city,

Extractive Land Use
(Classification category 14, Level TI)

.With only 87 ha (214 acres) or .05 percent of the total, extractive
land use is the second smallest in area of the Levél IT land use
categories. CARETS interpreters detected extractive land only in
Portsmouth and Virginia Beach with 18 ha (45 acres) and 68 ha (169 acres),
respectively.

The detection of extractive sites, especially of the type existing
in the Worfolk test site presents several problems. Sand or gravel
operations often appear on high-altitude aircraft photography as areas
under construction. Also, sand and gravel excavations may bé too small
to map or may fill with water and appear as artificial impoundments.
Several abandomed pits, filled with water, occur along the Norfolk-

Virginia Beach toll road. Because of the difficulty in identifying
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extractive operations, the revision of the USGS land use classification
(Anderson and others, in press) classifieé such extractive.areas along
with areas under construction and f£ill operations as barrern land.

The Norfolk test site is located in the coastal plain province,
which is underlain basically by unconsolidated sand and clay strata.
Sand mixed with gravel also oceurs in low ridges and along the rivers.
Construction materials are thus readily available in many parts of the
area. The location of extractive sites may depend upon thé quality of
the sand, clay, or gravel or the availability of undeveloped land that
can be used for extraction.

The extraction and production of unprocessed and processed sand is
gignificant in Virginia Beach where several companies run operations.
In 1969 Virginia Beach ranked as the second Virginia county or city
producer of sand and gravel (Virginia Division of State Planning and
Community Affairs, 1973a). Since many of these operations are below
minimum mapping size, the amount of extractive land use mapped may not
reflect the true amount of land in such use.

Transportation. Communications, and Utilities
(Classification category 15, Level II)

Transportation and communication are vital to all urban areas.
A transportation advantage often results in original settlement, provides
access te and from a populated area, encourages commerce, and
attracts induétries to an u:ban area. Transportation thus sustains

the life of a city, permits it to expand outward, and alyays has direct
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and indirect consequences on the land use surrounding its arteries,
térmiﬁals, and route intersections. The Norfolk study area first
developed as a port, and its role as a port and as the world's largest
concentration of naval facilities is still primary. Yet zlso important
are.its railroad and highway links which perform transportation functions
at which the port has not been successful.

The limitation of this report to a discussion of areas south of
Hampton Roads is somewhat arbitrary. Newport News and Hampton, north of
Hampton Roads, although separated from the Norfolk test site are really
part of the same economic region, and now that they have been comnected
to Noxfolk by a bridge~tunnel, are becoming even closer to Norfolk and
Portsmouth. They share similar economie characteristics in an unusually
high military concentration, a dependence on the port and bulk shipments,
the limited role of manufacturing in their econmomies, the limitations
inherent in relation to their regional hinterland, and in an unusual
dispersal of centralized functions (Norfolk City Planning Commission,
1967).

The same water bodies that have served the Norfolk area so advan-
tugeously have also until vefy recently acted to divide the area and
limit access from ome city to the other. Not until the 1952 completion
of the Downtown Tunnel were Norfolk and Portsmouth connected by road.

In 1957, the Hampton Roads Bridge Tunnel comnected Norfolk and Hampton
for the first time. The Midtown Tunnel, completed in 1962, provided
better access between Norfolk and Portsmouth. And in 1964, the

Chesapeake Bay Bridge Tumnel was completed, conmecting the Norfolk area
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with Virginia’s Fastern Shore, as well as providing a shorter route
between northe;n States and Florida. Transportation problems were not
all cured, but the area was united by road.

Transportation and communication land use in the Norfolk study
area in 1970 amounted to 3,049 ha (7,535 acres) or 1.7 percent of the
total land area. Of this, 1,272 ha (3,142 acres) were in Norfolk,

972 ha (2,401 acres) in Virginia Beach, 538 ha (1,330 acres) in
Chesapeake, and 268 ha (662 acres) in Portsmouth. The transportation
and communications category basically includes highway interchanges,
terminal faecilities, railroad stations, parking lots, airports, seaports,
docks, shipyards, and watercourse control structures. It is likely,
however, that more transportation land use was not mapped than was
mapped because of the existence of streets, roads, highways, parking
lots, railroad rigﬁts of way, and other linear features ox transpor—
tation facilities below minimum mapping size oz inseparably mixed with
other land uses.

The area measurement of parking lots in the central business
districts of Norfolk and Portsmouth has revealed that parking lots com-
prise up to 14 percent of commercial areas of Norfolk and § percent of
commercial areas of Portsmouth. In suburban shopping centers, the per-
centage of pgrking lots is much higher. Horfolk's Military Circle
Shopping Center, the area's largest regional center, was found tu\have

49 percent of its area in parking lots in 1970.
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Researchers found the percentage of areas classified as residential,
but actually consisting of streets to vary greatly among sample sites.
The NVPDC reported 7,322 ha (18,093 acres) of land in streets within the
test site in 1965. In a Geography Program study, researchers found
residential, grid-patterned streets to comprise 7 to 10 percent of the
total for residential areas sampled, and one recently constructed
suburban residential area in Chesapeake with curving streets, cul de sacs,
and no sidewalks to have 16 percent of its area in streets.

Seven trunk line railroads and 53 major truck line carriers serve
the Norfolk area. The railroads include the Chesapeake and Ohio,

Norfolk and Western, Penn Central, Southern; Seaboard Coast Line, and
the Franklin and Danville. All are linked by the Norfolk and Portsmouth
Beltline Railroad (Virginia Division of State Planning and Community
Affairs, 1973h).

Besides the Norfolk Municipal Airport, where a 1500-foot main runway
extension and a new passenger terminal complex have recently been completed,
the Norfolk study area has two smaller noncommercial airfields in
Chesapeake: The Chesapeake-Fortsmouth Airport and the South Norfolk
Airport.

The highway system of the Norfolk study area is of great importance
to the economic development of the region. Interstate Highway 64,
connecting Richmond ard Norfolk is the only interstate highway extending
to the ocean between New York City and Charleston, South Carolina,
Comnected to Hampton by the Hampton Roads Tumnel, the Norfolk section of

this highway is scheduled for completion in 1975. A second parallel

3-42




tunn;l is now under construction, and I-264, I-464, and I-564 will act
as feeder highways to the north, west, and south. The other major
highway in the study area is the Norfolk-Virginia Beach toll road,
connecting I-64 in Norfolk with Virginia Beach. This road not only
serves to transport vacationers to Virginia Beach's resort areas, but
parallels the band of relatively recent suburban housing and population
growth between the two cities.

Institutional Land Use
(Classification category 16, Level 11)

The mapping of institutional land in the Norfolk test site, only
included those areas containing structures or develaopment uniquely
associated with the functions of the institutions. A high school's track
or football field would be classified as institutional, whereas a wooded
area, a golf course, or an airfield on a military base would be classi-
fied as forest, urban open, and transportation, respectively, rather than
as institutional. The 4,630 ha (LL441 acres) or 2.6 percent of the
Norfolk test site that are classified as institutional do not, thereforse,
represent the total land area owned and controlled by institutions.

A better idea of this total as well as an indication of the dominant
influence of military bases (by far the largesc component of institutional
land use) is the total of 9,116 ha (22,509 acres) of military owned land,
amounting to 5.2 percent of the total of the study area. This extensive
amount of military land listed in table 3-14 contains many of the differing
rural and urban land uses, and is extremely significant because it is

relatively uninfluenced and uncentrolled by municipal or State government.
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Table 3-lé~-Major military installations in the Worfolk test site

Total Area of Percentage of
Jurisdiction Bases in Hectares Area Installations

Chesapeake 2,754 3.1 Army Nike Site
Fentress Naval Auxillary
Air Station
1.8, Naval Coummunications
Station

Norfolk 1,097 §8.0 Haval Operations Base

Porvsmouth 810 11.0 Naval Hospital
Maval Shipyard

Virginia Beach 4,455 6.6 Dam Neck Naval Weapons
: Training TFaciliiy

Tort Story

Little Creek Haval Amphibious
Base

Camp Pendieton (Mationa}
Guard)

Oceana Naval Air Station

Total Test Site 9,116 5.2

Source: Southeastern Virginia Planning District Commission, 1969b.
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Also military property occupies city land that is not taxahle., TFor example,
over 40 percent of Norfolk's net land area with improvements 1s not subject
to the city's rezl estate taxes (Horfolk City Planning Commission, 1967, p. 25).
U the other hand, parts of the developed or undeveloped military landsz hold
the potential for being declared surplus by the military and offered for sale
to one of the cities, For example, the U.S. Army declared the Fampton Roads
Army Terminal surplus,and the city of Horfolk acquired the base as the site
for a major containerized general cargo faecility (Norfolk City Planning
Cormission, 1967).

The 1970 institutional land use as delinited from high-altitude aircraft
phrotography for the four constituent cities of the Horfolk test site is

presented in table 3-15.

Table 3-15

INSTITUTIONAL LAUD USE, 1970

Norfolk Portsmouch Virginia Beach Chesapesake
Hectareg 1,104 295 2,150 1,081
Acres 2,729 728 5,313 2,671

@ of total land

within eity £.8 2.6 2.7 1,2
ORley,
OF p AL P4
00 g7 52 I 3-45



Virginia Beach has the most institutional land. Norfollk, however,

has the highest pexcentage of iInstitutional land use with 6.8 percent.

These statistics might diffeyp considerably for Portsmouth, if the Naval
Shipyard there were clagsified as insitutional rather than industrial.

As the larpest military area in Portsmouth, the Naval Shipyard coversg

344 ha (850 acres) or 4 percent of the city's total area. This base has

324 sermanent buildings, 53 km of railroad tracks, 48 km of paved streets

and 9.€ km of pier space (Breese and UHammer, 1968).

any important institutions are too small to be mapped at a scale of

1:100,000, but among those large enough are schools, colleges and univer—

sities, and hospitals,

Strip and Cluster Land Uge

(Classification category 17, Level II)

One task of the CARETS project has been testing the useahility of the

USGS Circular 671 land uge classification, both for what can be detected

successfully using remote sensor data and for the lind of data users desire.

The strip and cluster category was designed to identify linear urban devel-

opment along transportati

for being a land use pattern rather than a

use. The proposed revision of Circular 671 haa eliminated the strip and

cluster category.,
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This category comprised 1,671 ha (4,129 acres) or 0.9 percent of the
total land area in the Norfolk test site. Interpreters found the most
extensive strip and cluster development to ocecur in Chesapeake (1,329 ha,
3,284 acres) with lesser amounts in Virginia Beach(233 ha, 575 acres)
and Portsmouth (109 ha, 270 acres). Interpreters found none of this
pattern in Norfolk.

The strip and cluster pattern, as mapped by the CARETS project, is
basically a rural phenomenon that consists primarily of residences
mixed with some small commercial or institutional enterprises. As
mentioned previously in the discussion of residential land use, much
of the strip and cluster areas of Chesapeake could (and perhaps should)
have been eclassified as residential,

Mixed Urban Land Use
(Classification category 18, Level II)

The urban mixed category is one designed for areas within large
cities (a population greater than 50,000) where a single land use does
not predominate or where several uses exist but are too small to be
skparated, In the Norfolk test site only 27 ha (66 acres) of such
land have been mapped. Interpreters identified mixed urbanp land only
in Virginia Beach, and this area is basically commercial mixed with other uses.

Open _and Other Land Use
(Classification category 19, Level II)

The urban "open and other" land use category, 19, is a wide category
including all land within an urban setting that is not developed with

structures and does not fit into one of the nonurban categories such as
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water, forest, barren, wetlands, or agricultural. Open and other land
may be well developed as in the case of cemeteries or formal gaidens or
intensively used as in the case of parks, ski areas, or golf courses.
This category also has inecluded those urban areas under conscruction, a
temporary condition that is reflected in the great amount of land use
change in which category 19 is involved. Because category 19 generally
implies the amenity of urban open space, the proposed revision of USGS
Circular 671 has removed areas under construetion from category 19 and
reclassified them as barren land.

Interpreters detected a total of 4,267 na (10,543 acres) of open and
other land in the Norfolk test site for 1970, amounting to 2.4 percent
of the total area. Virginia Beach, with 2,152 ha (5,317 acres) had more
than twice the amount of open 1and as its nearest competitor, Worfolk,
with 1,011 ha (2,499 acres). One can partially explain this greater amount
by the number of golf courses and outdoor recreational facilities associated
with 'a popular Atlantic coast resort and with military bases built when
plenty of open land was available. Chesapeake and Portsmouth were found
to have 670 ha (1,655 acres) and 434 ha (1,072 acres), respectively.
Of their total land areas, 6.2 percent of Norfolk 3.8 percent of Portsmouth,
2.7 percent of Virgiria Beach, and 0.7 percent of Chesapeake have been
classified as open and other.

Largely because of areas under comstruction included in this category,
the involvement of open and other land in land use change has been high.

With the Level I scheme, the use of 'under construction" as
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part of an urban category is quite valuable for change detection, since
most areas under construction will eventually be converted to one of
the urban categories.

Agricultural Land Use
(Classification categories 21-24, Level II)

Although experiencing rapid urbanization, the Norfolk test site is
extensively engaged in agriculture. Agricultural land use in 1970
occupied 27.4 percent of the total test site area with 49,463 ha
(122,222 acres). Only a small part of this is located in Norfolk or
Portsmouth; much of the land classified as cropland and pasture in
Norfolk (182 ha, 449 acres) and Portsmouth (807 ha, 1993 acres) may not
be engaged in agriculture, but may be abandoned farmland being held for
speculative purposes. The U.S. Department of Agriculture does not keep
statistics for these two cities. Although considerable agriculture~to-urban
land use change did occur in peripheral areas within the present city
boundaries of Norfolk and Portsmouth between 1959 and 1970 {see figures
3~1 and 3-2), interpreters did not detect change within the cities between
1970 and 1972,

This discussion of agricultural land use will therefore concern the
cities of Chesapeake and Virginia Beach, which in 1970 had 26,752 ha (66,104
acres) and 21,723 ha (53,676 acres), respectively or 29.3 percent and
27.3 percent of their total land areas.

Agricultural land in Chesapeake and Virginia Beach is declining.
Between 1959 and 1970 the Norfolk test site experienced a net decline in

agricultural land of 65 km2 (see table 3-5).
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According to the U.S. Census of Agriculture for 1969, the land in
farms in Chesapeake totalled 28,059 ha (69,333 acres), which is somewhat
less than that accounted for on CARETS land use maps, and a deerease of
1,056 ha (2,609 acres) from that reported in 1959, 1Ip Chesapeake, the
1969 Census of Agrlculture reported 378 farms averaging 74 ha (183 acreg)
and hav1ng an average value per farm of $107,016. The number of farms
in Chesapeake has dropped rapidly each census reporting year (every 5
years) since 1935 when ir reported 1,267 farms., BPBetween 1964 and 1969,
farm income decreased 22 percent; value of crops declined 25 percent
and the value of livestock sold decreased 9 percent. Most of the
decreases in crop sales, however, resulted from a sharp decline in the
growing of nursery and greenhouse products. Approximately 35 percent
of Chesapeake's farms in 1969 were classified as pari-time enterprises.
Agrlculture is still of considerable importance in the economy, however,
since the annual value of farm products reported in 1969 was over
$6 million (U.sS. Bureau of the Census, 1972a).

¢ Chesapeake leads Virginia in the sales of nursery and greenhouse
products, and ranks sixth ip value of vegerables sold, The CARETS land
use data hase for Chesapeake had too coarsy a resolution to detect any
of this nursery or greenhouse land, which would be included in
category 22. (CARETS interpreters detected 35 ha (87 acres) of category
22 land, which also includes orchards, for Virginia Beach. Chesapeake

is also one of the leading corn and soybean producing areas,
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The principal sources of cash farm income are nursery and greenhouse
products, milk, soybeans, corn, vegetables, poultry, hogs, cattle, and
wheat (Virginia Cooperative Crop Reporting Serviee, 1972).

The 1969 Census of Agriculture reported that land in farms in the
city of Virginia Beach totalled 21,241 ha (52,486 acres) as compared to
the CARETS sum of 21,723 ha (53,676 acres). This amounted to a 3,196~ha
(7,897-acre) decrease in farm acreage from that reported in the Census of
Agriculture for 1959. Hevertheless, the value of all farm ﬁroducts in
1969 averaged nearly $8 million. Meat animals brought in the most money
with 26 percent of the cash farm income. Dairying created the second
Highest cash farm income. Virginia Beach ranks second in the State of
Virginia in income from nursery and greenhouse products, which contributed
16 percent of Virginia Beach's total farm income in 1969.

The composition by percemntage of all farms in 1969 in Chesapeake
and Virginia Beach is shown in table 3-16. Virginia Beach has a greater
piycentage of cropland harvested, whereas Chesapeake has a greater per-
centage of woodland and woodland pasture. Table 3-17 presents the culti-
vated areas for all major crops in the two cities. In Chesapeake and
Virginia Beach, soybean cultivation is the greatest in area, followed by
corn and wheat in Chesapeake and wheat and corn in Virginia Beach. With
the exception of wheat, hay, and small grains, the major crops of these
cities are row crops,which generally result in greater soil erosion than

cover Ccraps.
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Table 3-16-- Farmland uses by percentage in 1969 for
Chegapeake and Virginia Beach

Cropland Harvested

Cropland Pasture

All Other Cropland

Woodland and Woodland Pasture

All Other Land
!

Chesapeake

10.0
i7.8

10.1

Source: U.S5. Bureau of the Gensus, 1972a
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70.2%
2.5

10.7

13.5
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Crop

Corn
Wheat
Peanuts

Soybeans

Crop

Corn

Wheat

Soybeans

Source:

Table 3-17--Areas of principal crops in Chesapeake and Virginia Beach

1960
Hectares Acres
7,800 19,300
1,100 2,600
100 200
7,000 17,400

1560
Hectares Acres
5,000 12,300
1,800 4,500
6,400 15,800

Chesapeake
1970
Hectares Acres
5,300 13,000
2,300 5,700
0 0

9,600 23,600

Virginia Beach

1970
Hectares Acres
3,900 9,700
4,300 10,600
9,800 24,100

1971
Hectares "Acres
5,700 14,200
2,500 6,200
50 105
9,100 22,500

1971
Hectares Acres
4,100 10,200
4,800 11,800
8,900 22,000

Hectare
5.500
2,600

50

9,000

Hectare
3,700
4,700

8,800

Virginia Cooperative Crop Reporting Service, 1972; figures reported in acres.

1972
8 Acres
13,500
6,500
115

22,200

1972

s Acres
9,100
11,500

23,800



A relatively recent trend that has had a significant impact within
the Norfolk test site has been mechanization. Not only has the practice
resulted in an increase in farm and field size but algo a decrease in
the total number of farms and the abandoment of patches of farmland
too small for the economical use of machinery. Mechanization has also
given farmers the capability of growing two cash crops every year.

Corn, for many years a major crop, has a late harvesting date, which
interferes with attempts at double cropping. As a result, a large part
of the area formerly in corn has been converted to a soybean/winter-
wheat rotation (U.S. Bureau of Sport Fisheries and Wildlife, 1966). The
data in table 3-17 reflect this tremnd. Since 1960, the area planted in
corn has decreased, whereas that planted in wheat, especially in Virginia
Beach, has rapidly increased.

Another practice affecting agriculture in the region is a large
increase in the use of pesticides and fertilizers. In the past 1l0-year
period, the use of pesticides and fertilizers in Chesapeake has doubled
(PeEfonal correspondence with E. Taylor, agricultural extention agent, Chesapeake).

Figures presented earlier have revealed the importance of livestock
to agriculture in the Norfolk test site. 1In 1972, The Virginia
Cooperative Crop Reporting Service reported 2,800 head of cattle (1,100
of which were milk cows 2 years or older) and 4,500 hogs for Chesapeake,
The areas of agricultural land devoted to feeding operations, according

to the CARETS 1970 land use maps, included only 13 ha (31 acres)
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in Chesapeake and none in Virginia Beach. Table 3-16 shows that the
percentage of total land in farms devoted to pasture in 1969 was 6.2 per-
cent for both Chesapeake and Virginia Beach.

Soil capability is a ﬁital aspect of agriculture anywhere.
Table 3-18 lists the areas of cropland as classifie - by soil capability
and presents an insight inte the quality of Chesapeake and Virginia
Beach agricultural land. Chesapeake and Virginia Beach have nearly
eqﬁal areas of cropland, yet the amount of high quality Class I soil
in Chesapeake is only 121 ha (300 acres) as opposed to 6,443 ha {15,921
acres) in Virginia Beach. Wetness is the major problem of nearly all
of Chescpeake's cropland and over 70 percent of that in Virginia Beach.
The other limitations, susceptibility to erosion and soil droughtiness,
are minor in comparison.

Forest Land Use
(llassification categories 41 & 42, Level II)

As the predominant land use in the Norfolk test site, forest land
covFrs a large portion of Chesapeake and Virginia Beach. Most of the
discussion of forests will focus on these two cities because forest
statistics have not been kept for the more urbanized Norfolk and
Portsmouth.

Available information concerning forest areas and ownership in
Chesapeake and Virginia Beach is presented in table 3-19. According to
"Virginia's Timber,1966" (Rnight and McClure, 1967), a very small portion

of the commercial forest land in these two cities is publicly owned.

In Chesapeake, only 2.7 percent of the forest (1,539 ha - 3,800 acres)
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Table 3-18--Chesapeake and Virginia Beach
land capabillity classes and areas

Chesapeake Virginia Beach

Class Hlectares Acres Class Hectares Acres
1 122 300 1 6,443 15,921
2 1,950 4,819 2% 394 2,210
3 18,242 45,077 2w 5,092 12,581
4 4,249 10,498 K| 13,837 34,190
w 704 1,740

28 40 100 Total 26,266 64,902
88 349 863

Total 25,657 63,397

Capability classes

Clags 1: well drained, level or nearly level, productive, easy to work

Classes 2-4: capable vunder good management of producing adapted plants,
cultivated crops, pasture plants, and forest trees

Clagses 5-7: not suitable for cultivated annual or short lived crops; but
can be used for orchards, pasture, forest trees, OF wildlife

Class 8: practically no agriculiural value

Unfavorable soil conditions resulting in limitations or hazards to
agriculture

E: dominant problem—-susceptibility to erosion
W: problem with poor draiﬁage, high water table andfor subject to overflow

S: droughty soils, resulting from saandiness, shallowness, or slowly
permiable subsoil

The seriousness or intensity of limitation determines the capability class.

Source: Virginia Conservation Needs Inventory Committee, 1970
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Table 3~18--Forest area and ownershiz in Chesapeake and Virginia Beach

Chesapeake Virginia Beach
Hectares Acres Hectares Acres
Total commercial forest, 1957+ 56,983.5 140,700 26,122 64,500
Decrease in commercial forest,
1957-65 770 1,900 6,561 16,200
Total commercial forest, 1965%#% 56,214 138,800 19,561 48,300
Publiely owned 1,580 3,900 1,377 3,400
TForest industry owned 8,140.5 20,100 1,083 2,600
Tarmer owned 14,215 35,100 8,059 19,900
Miscellaneous privately owned 32,238 79,600 9,072 22,400
Wooded farmland - 1969 Census of |
Agriculture 4,860 12,000 2,880 7,112
CARETS aircraft total forest, 1970 52,706 130,234 22,773 56,272
Heavy crown cover 50,223 124,099 21,895 54,102
Light crown cover 2,483 6,135 878 2,170

*Source: Knight and MeClure. 1967.

#%Source: U.S. Forest Service, Virginia District, 1965.
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is publicly owned, existing on military installations. Approximately
41 ha (100 acres) of forest land is in parks or other areas unavailable
for commercial use. Virginia Beach pos:zsses 19,361 ha (48,294 acres)
of commercial and 2,673 ha (6,600 acres: of productive reserved forests,
including State-owned property, most notahly Seashore and False Cape
State Parks. The rest of the publicly vwned land (2.9 percent of
Virginia Beach's total forest) is held by military installations, the
Back Bay Wildlife Refuge, and watershed development areas (Virginia
Division of State Plamning and Community Affairs, 1973a).

The privately owned forests are held by the forest industry,
farmers, and "miscellaneous' owners, which might include investors,
specvlators and housing developers. These figures, though the most
recently published and available, are somewhat out of date. The city
of Portsmouth annexed some Chesapeake forests in 1968, and the Dismal
Swamp forests have recently become public.

The 1969 Census of Agriculture lists considerably smaller sums of
wooded farmiand, 4,860 ha (12,000 acres) for Chesapeake and 2,800 ha
(7,112 acres) for Virginia Beach.

CARETS Level II forest summaries are the most up-to~date. Although
not revealing ownership, they are probably most reliable in that the
forest category represents one of the more easily detectable land ~over
features on color infrared photography. Torest patches beiow the minimum
recording size (200 m on the ground) and measurement inaccuracies explain
most deviation from the actual amount of forest. A change detection study

will allow for the updating of information without conducting a new survey.
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LANDSAT can as well be a valuable tool in gathering information
relating to forests. Researchers found a difference of only 5,960 ha
(14,716 acres) when comparing forest acreage derived from LANDSAT with
that obtained from high-altitude photography for October 1972.

The net decline in forest growth revealed in table 3-19 cannot be
explained by the commercial harvesting of trees. Although foresting
operations have éecreased, the net forest loss has resulted from the
clearing of land for other reasons, particularly conversion to agri-
cultural use, highway comstruction, and urban development. CARETS
change detection studies show that 45.7 percent of forests cut between
1959 and 1970 in the Norfolk test site have been converted to agricul-
tural uses. Between 1970 and 1972, 46.6 percent of forest lands cut
were converted to pasture and croplands, although 30 percent were converted
to the urban category "open ard other," including areas under con-
struction.

Forest types in the Norfolk test site are shown in figure 1-4 and
areas of forest types in Chesapeake and Virginia Beach are presented in
table 3-20. Two basic forest types are characteristic of the Virginia
tidewater: (1) the loblolly pine-hardwoods and (2) the bottomland

hardwoods. The loblolly pine-hardwood forest developed as a response to
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Table 3-20--Areas of principal forest tvpes in

Forest Type
Loblolly Pine

Oak-Pine
Oak-Hickory

Oak-Gum Cypress

Forest Type

Pond Pine
Oak-Hickory

Qak-Gum-Cypress

Chesapeake

Hectares
8,757
11,336
12,116

23,944

Virginia Beach

Hectares
1,049
17,954

1,220

Source: Knight and McClure, 1967
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Chesapeake and Virginia BJeach, 1966

Acres

21,637
28,010
29,939

59,166

Acres

2,591
bt 364
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shifting agriculture and the abandonment of fields, the frequency of
forest fires, and the clear cutting of forests. - Being shade intolerant,
pines do not grow well in the shade of other trees but thrive on
abandened fields or forest areas cieared by cutting or fire. With the
loblolly pines well established, tolerant hardwoods, capable of growing

in the shade of the pines, become mixed with the pines and unless stopped
by cutting or fire will eventually dominate the forest. The more
established agriculture of the present and the better contrel and
prevention of fires has resulted in less natural growth of loblolly pines
and more of the associated hardwoods (Gottmanm, 1968).

The bottomland hardwoods, which thrive under moist lowland conditions,
comprise the forests of the Dismal Swamp. Trees in these forests include
a mixture of hardwoods (black gum, tupelo and red maple) and some soft-
woods (vhite cedax and cypress). Originally some 1,554 km2 {600 miz)
in extent, the Dismal Swamp has been reduced to a less than 77?—km2
(300-m12) area in southern Virginia and northern North Carolina. Much
of the lost swamp has been drained and its soils converted into farmland.
Proposals have been made to drain the entire swamp for conversion to
agricultural use,

As early as the 18th century, the value of the Dismal Swamp forests
has been appreciated. Im 1760, the first canals were dug to help trans-
port harvested wood. White cedar, abundant in the swamp, was prized
for its use for gunpowder, charcoal, saw timber, and shingles (Gottmann, 1968)

The inaccessability of much of the arez has helped to protect the forests,
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and although frequently susceptible to fires, the boggy ground has pre—
vented the spread of fire. The two corporations that owned much of the
swamp during the recent past engaged in lumbering operations only on a
1imited scale, cutting only trees of marketable size, leaving the others
standing (Gottmann, 1968).

In Januvary 1973, the Union Camp Corporatiom, through the Nature
Conservancy, donated 19,840 ha (less than a fourth) of the Dismal
Swamp, inecluding Lake Drummond, to the United States Department of the
Interior Burean of Sport Fisheries and Wildlife, which has established
a national wildlife refuge on the property. The same year the Bureau
of Sport Fisheries and Wildlife designated the 85,000 ha or remaining
viable wetland as the Great Dismal Swamp Study Area in which research
is being conducted to determine the desirability and feasibility of
Protecting and preserving the ecological, scenie, recreational, histori-
cal and other resource values of the swamp.

0f the Great Dismal Swamp Study Area, the portion lying in Chesapeake
is approximately 28,200 ha or 33.0 percent of the total swamp. This area
consists of 27,000 ha of forest, 35.5 percent of the total forest area
in the Norfolk test site. The Great Dismal Swamp study area also
includes most of Lake Drummond. The Chesapeake portion of the study
area comprises approximately 15.6 percent of the nonestﬁarine area
of the Norfolk test site.

The creation of a natural wildlife refuge in the Dismal Swamp will

contribute to the preservation of the bottomland bog forest. Yet as
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farms have claimed a large part of former swamp, many view residential
expansion near the swamp as a great threat to its continued existence.
Lf trends continue as they have in‘the recent past, less forest will be
clear cut for commercial purposes in Chesapeake and Virvginia Beach, but
urban expansion will result in a decrease in the forest resources of the
area.

. Water
(Classification categories 51-55, Level II)

Water and water supply are important to any area, particularly for
the Norfolk test site because of the area's role as a port and water-
based resort area and the ecological importance of the water bodies
that nearly surround and deeply penetrate the area. Water is one of
the more easily detected land uses on color infrared f£ilm because water
absorbs infrared rays. On the film, water normally appears as a dark
shade of blue. USGS Circular 671 (Anderson and others, 1972) lists
five Level II categories of water: 51, streams and waterways; 52, natural
lakes; 53, reservoirs or artificial impoundments; 54, bays and estuaries;
and 55, other water.

All five categories are represented in the Norfolk test site, but
the predominant water type is the bay and estuary. Including only that
estuarine water within census tracts, the area of bays and estuaries
amounts to 18,262 ha (45,084 acres) or 9.2 percent of the area of the
Norfolk test site. Table 3-3 reveals that Virginia Beach has the most

estuarine water, followed by Portsmouth, Norfolk, and Chesapeake.
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. CARETS interpreters detected 1,050 ha of streams and waterways in
Virginia Beach and 179 ha in Chesapeake consisting primarily of fresh-
water streams and canals. A minimum mepping size of 2 mm was established,
prohibiting the mapping of some important streams narrower than the
minimum of 200 m om the ground. Also included in this category is
the Albemarle and Chesapeake Canal, part of the link in the Intracoastal
Waterway connecting the Chesapeake Bay and Albemarle Sound.

The area of matural lakes in the Norfolk test site is larger than
that of reservoirs but only because of Lake Drummond in the Dismal
Swamp, which occupies an area of 1,175 ha (2,901 acres) in Chesapeake.
The water of Lake Drummond, stained dark by tannic acid from decaying
vegetation, is totally free of bacteria. Its depth fluctuates, but it
is fairly shallow, with approximately 90 percent of its area 3 m deep
or less, and much of its area 1 m deep or less. No streams flow into
Lake Drummond. Rather, it receives its water from precipitation,
surface runoff, or seepage through the peat layers of the swamp. It is
drained by a 5.6-km long ditch feeding into the Dismal Swamp Canal,
which reportedly uses 11,256,200 liters (3 million gallons) of water from
the lake whenever the canal locks are manipulated to allow for the
passage of vessels. During drought periods, the drainage of Lake
Drummond has been severe, and the Dismal Swamp Canal, used primarily for
recreation rather than commerce, has been forced to close temporarily.
The problem of Lake Drummond and the Dismal Swamp Canal is one that the
Great Dismal Swamp National Wildlife Refuge is attempting to face through

extensive studies of the area.
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Interpreters detected water in reservoirs or artificial impoundments
in all four comstituent eities but éredominantly in Virginia Beach, which
was found to have 352 ha (871 acres). The reservoir category represents a use
that has been steadily increasing. According to CARETS change detection
studies, 152 ha (376 acres) of agricultural land, forest, urban open and
other land, and nonforested wetlands changed to reservoirs between 1970
and 1972. Many of these reservoirs have been built as a part of city
water supplies for use in recharging ground water supplies and for storage
of surface runoff and water receivéd from outside the area.

The final water category to be discussed is category 55, "other." This
category was found only in Portsmouth and consists of the 786 ha
(1,943 acres) of water impounded within the levees of the Craney Island
disposal area. This water has been steadily decreasing and will
eventually disappear as the area is filled in.

Nonforested Wetlands
(Classification categories 61 & 62, Level II)

The discussion of nonforested wetlands in the Norfolk test site will
be brief due to the previous discussion of the Craney Island £ill project
and the environment impact study of the Back Bay area to be presented in

chapter 4.
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A total of 7,878 ha (19,466 acres) of nonforested wetlands were
measured from the CARETS 1970 land use maps, comprising 4.4 percent of
the Norfolk test site, Existing in all four cities, these wetlands
predominatly occur in Virginia Beach with 6,124 ha (15,132 acres).
Chesapeake was found to have 1,163 ha (2,874 acres), Portsmouth, 424 ha
(1,047 acres), and Norfolk, 167 ha (413 acres}.

These wetlands, many of which are tidal marshes, occur on the fringes
and in the islands of the bays and estuaries, on the flood plains of
streams, and in other poorly drained interior lands.

As in most urbanized areas, the nonforested wetlands in the
Norfolk area are declining in size. Between 1970 and 1972, 76 ha (188
acres) of wetlands were converted to reservoirs in Virginia Beach and
Chesapeake. CARETS change detection maps reveal that between 1959 and
1970,200 ha (494 acres) had changed from nonforested wetlands to urban
uses, and 100 ha (247 acres) were drained for agricultural use. Along
with flood plains, some marsh areas have been used for the dumping of
industrial wastes. Also between 1959 ard 1970, 500 ha of nonforested
wetlands changed into forested areas, which could have resulted from the
draining of areas or the lowering of the water table.

The nonforested wetlands of the Norfolk test site are predominantly
vegetated. Portsmouth's Craney Island artificial fill area is the large
exception, and Chesapeake is the only other city where interpreters detected
nonvegetated wetlands for 1970. These nonvegetated wetlands consisted of two

separate mud flats along Southern Branch of the Elizabeth River. The nonvegetated
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wetlands pose an interpretation problem caused by eyclical or periodical
innundation by stream flow or tidal action.

Barren Land
(Classification categories 72-75, Level II)

With .8 percent of the total area, barren land forms only a émall
portion of the land use of the Norfolk test site. Detected only in
Virginia Beach, barren land totalled 1,434 ha or 3,543 acres, of which
1,374 ha consisted of beach, 34 ha of sand other than beach, and 27 ha
of "other” barren land.

The location of much of this barrem land is along the coastal fringes
of Virginia Beach from west of the Chesapeake Bay Bridge Tummel to Cape
Henry and the barrier beach south of the most intensely urbanized area
of Virginia Beach. Narrower beaches in Virginia Beach and Norfolk have
widths below the minimum mapping size and were thus not mapped. Sand
other than beaches consists basically of small isolated patches of
unvegetated dunes and sand ridges west of beaches. These are located in
the same area as some of Virginia Beach's sand excavations.

A discussion of the barrier beaches comprising most of the barren
land in the Norfolk test site and the consequences of man's attempts to
stabilize them will b2 presented in the section of this report concerning

coastal and wetland environmental problems.
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LAND YSE CHANGE, 1970-72

The CARETS project conducted two 1970-72 change detection studies
for the NWorfolk test site, the different methodologies of which are
explained in chapter 2. The results of the more thorough and reliable
change detection study are shown in tables 3-21 and 3-22 which include
change that could be identified only to Level T using LANDSAT and that
identified to Level II.

The transitory nature of many areas classified as urban "open and
other," (19) resuited in a great amount of change in this category between
1970 and 1972. Table 3-21 shows that, of the 3,916 ha of land that changed,
616 ha or 15.7 percent of the total changed from an open land use and that
1,216 ha or 31 percent changed to an open land use. Of the areas changing
to the "open and other' category, 60 percent changed from erepland and
pasture and 35 percent changed from heavy crown cover forest.

Apricultural land was alse highly involved in change between 1970 and
1972. Though showing a gain of 204 ha (504 acres) of agricultural land
converted from forest, table 3-22 reveals a total decrease of 1,376 ha
(3,401 acres) of farmland. Of this change, 1,256 ha changed tc urban uses,
84 ha reverted to forest, and 36 ha became residential land. 1In two years,
the Norfolk test site experienced a net loss of 1,172 ha of agricultural land.

An examination of tables 3-21 and 3-22 reveals that many of the change
trends of the 1959 to 1970 period are continuing. Urban land continues to

expand at the expense of the open space that surrounds it.
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Tahle 3-2]l--Land use change 1970-72 for the Norfolk test site derived
from LANDSAT imagerv and high-altitude photography: Levels I & il*

From: Land use category |To: Land use category Hectares  Acres Totzloihange
Residential (11) Open and cther (15) 104 257 2.7
Institutional (16) Residential (11) 16 40 0.4
Open and other (19} Residential (11) 432 1,067 11.0
Open and other (19) Commercial (12) 108 267 2.8
Open and other (19) Institutional (16) 20 49 0.5
Open and other (19) Strip and cluster (17) 8 20 0.2
Open and other (19) Light crown cover
forest (42) 8 20 0.2

Open and other (19) Reservoirs (53) 40 99 1.0
Agriculture (2) Urban (1) 396 979 10.1
Agriculture (2) Extractive (14) 8 20 0.2
Agriculture (2) Torest (4) 84 208 2.1
Cropland and pasture (21) | Residential (11) B4 208 2.1
Cropland and pasture (21) | Commercial (12) 16 40 0.4
Cropland and pasture (21) | Strip and cluster(l7) 24 59 0.6
Cropland and pasture (21) | Open and other (19) 728 1,799 18.6
Cropland and pasture (21) | Reservoirs (53) 36 89 0.9
Forest (4) Jrban (1) %6 237 2.5
Forest (4) Extractive (14) 8 20 0.2
Forest (4) Agriculture {2) 104 257 2.7
Heavy crown cover

forest (41) Residential (11) 84 208 2.1
Heavy crown cover

forest (41) Commercial (12) 108 267 2.8
Heavy crown cover

forest (41) Open and other (19) 240 593 6.1
Heavy crown cover

forest (41) Cropland and pasture (21} 100 247 2.6
Heavy crown cover Light crown cover

forest (&£1) forest (42) 304 751 7.8
Light crown cover

forest (42) Open and other {19) 56 138 1.4

*Detailed breakdown of item j, table 2-11.
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Table 3-21--(contiaued)

From: Land use category To: Land use category Hectares Acres Totﬁlozhange
Water (5) Urban (1) 8 20 0.2
Bays and Estuaries (54) Cpen and other (19) b4 158 1.6
Water other (55) Uavegetated vetlands (62) 5332 1,315 13.6
Vegetated wetlands (6l) Open and other (19) 24 59 0.6
Vegetated wetlands (61) Reservoirs (53) 76 138 1.9
TOTAL CHANGE 3,816 9,676 899.9




Table 3-22--Land use change 1970-1972 for the Norfolk test site:

Level I only *

From Land Use To Land Use Hectares ; Au % of total
Category i Category ' ; ures Level I
. i change
l
Urban (1) Forest (4) & | 20 0.3
Urban (1) Water (5) 40 49 1.4
Agriculture (2) Urban (1) 1,256 3,104 43.0
Agriculture (2) 'Forest (4) 84 208 2.9
Agriculture (2) |Water (5) 36 89 1.2
Forest (4)  Urban (1) 592 1,463 20.3
Forest (&) Agriculture (2) 204 504 7.0
Water (5) iUrban (1) 72 178 2.5
Water (5) Wetlards (6) 532 1,315 18.2
Wetlands (6) Urban (1) 24 59 0.8
Wetlands (6) Water (9) 76 188 2.6
TOTAL 2,924 7,225 100.2

#*Derived from data presented in table 3-21
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CHAPTER &

ENVIRONMENTAL IMPACT APPLIC, TIONS

Effective land use planning is the key to environmental protection
and enhancement. Land use planning requires an understanding of the way
environmental and socioeconomic processes work to produce distinective
patterns of land and water use. The CARETS project has produced a sub-
stantial data base of land use, land use change, geologic, and hydro-
logic information for investigating the interrelationships among these
processes, This chapter stresses the relationships between land use and
environmental changes in parts of the Norfolk test site. For example,
the demands of urban centers for recreational land and the need for
waste disposal are considered in concert with changes in land use and
environmental quality observed in the coastal zone. Chapter 4 concerns
three broad environmental/land use planning applications of CARETS data:
(1) air quality impact of land use, (2) surface geologic and hydrologic
factors affecting land use, and (3) coastal and wetland environmental
problems associated with land use.

ATR OUALITY IMPACT OF LAMD USE PATTERNS AND CHANGE TRENDSE/

l-/Raed, Wallace E. and John E. Lewis, Land Use Information and Air Quality

Planning, v. 7 of CARETS final report.




With the implementaticn of the Clean Air Act of 1970 and several
subsequent Supreme Court decisions spelling out the intent of the act,
alr quality planners need to evaluate more effectively the impact of
land use goals on present and future air quality, Furthermore, these
planners must be able to respond with plans that accommodate existing
activicies and pressures for regional growth within the framework of
deadiines for achieving national air e1ality standards. Although most
air quality control regions are not equipped with instruments and
personnel to handle effectively the air quality problem, land use data,
predictions of emission characteristics, local meteorological infor-
mation, and techniques for measuring and estimating pollutant
concentrations are potentially available to them. These data and
estimating techniques provide local air quality planners the basis for
reevaluating earlier strategies and implementing plans for reducing
excessive levels of pollution. They also provide the opportunity to
examine alternative control strategies involving such nondegradation
concepts as: prohibiting emission increases in any area; permitting
nonsignificant deterioration to occur up to fixed limits throughout a
region; determining on a case-by-case basis the significant deterioration
that will result from a land use change; and establishing a zoning program
permitting various demsities of emission in different areas of a region.

The interrelationships among land use strategies and air quality
are evaluated by identifying present and future land use pattern

relationships, identifying the air pollutarts, as associated with land
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use types, and determining the impact of specific pollutant concentra-
tions on various land uses. Air quality levels can be reduced or
maintained by employing a number of strategies depending on the relation-
ship of these variables within a region. Table 4-1 is a listing of

strategies that can be used individually or in combination.

Norfolk Example: Land Use and Sulfur Dioxide Concentratdions

The Norfolk area was selected as a test site for evaluating the air
quality impact of land use patterns and the role of timely land use data
in assisting in the development of altermative air pollution control
strategies. This area is situated on the coastal plain of Virginia at
the entrance to the Chesapeake Bay and contains the only stretch of ocean
frontage easily accessible to much of central Virginia and northern North
Carolina. Local air flows and pollutant dispersion are most influenced
by a nearly flat topographic profile; extensive water surface in wetlands,
rivers, and estuarine embayments; proximity to the open Atlantic Ocean;
and an extensive mixture of agriecultural and forest lands. Sulfur dioxide
is a major ponllutant in this area resulting from the types of fuel oil
used for heating and power generation, the high sulfur inputs and other
area manufacturing processes, the patterns of shipping and other traffie
flow, and the age of many area plants and processing technologies,

The Virginia State Air Pollution Control Board, charged with imple-
menting air quality controls, had little time and money for collecting a
wide range of land use and physical information on the Norfolk area. In

preparing its initial inventory of sulfur dioxide emissions, the board
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Table 4-l--Land use strategies fir air quality planning

I. Source Modifications
A. Emission Controls
1. Change in type of activifty and processes
2, Change in fuel and other process inputs
3. Installation of emission control devices
B. Emission Timing
1. Change in timing of emissions
C. Emission Location
1. Change in the spatial distribution of stationary and mobile
sources with respect to air flow and receptor patterns
IT. Air Flow Medifications
A. Air Flow Modifications
1. Changes in surface roughness
2. Changes in surface albedo
3. Changes in transpiring surface pattern
4. Changes in local precipitation
5. Changes in thermal diffusivity
IITI. Receptor Modifications
A. Reeceptor Acitivities
1. Change in the activities and processes impacted
B. Receptor Contact
1. Change in air contact through structural and air conditioning

modificgtions.



used available land use information to determine the location of large
point sources and to identify a grid system of areas with relatively
homogeneous densities and types of activities that could be used as the
basis for estimating area source emissions. Point =mource emissions for
annual and seasonal periods were reported by various firms and institutions
or were estimated from the timing, scale, and type of activity of the
source. The board found that the region, as a whole, did not exceed
primary standards, which are the most stringent of EPA requirements.

To reduce concentrations in specific locations, however, an area-wide
emigsions reduction strategy and air quality sampling program were
adopted, focused primarily on controlling local point sources.
Instituted in July 1972, this program requires that all sources emitting
gpecific quantities and types of pollutanis provide detailed information
concerning types, levels and timing of activities, as well as physical
conditions such as stack height, pollutant exit velocities, and tempera-
tures that affect emission levels and diffusion.

Once the Board had developed a basic control strategy and an
implementation plan for sulfur dioxide levels in the Norfolk area, it assigned to
its Region VI, in Virginia Beach, the task of expanding, detailing, and
implementing either this or some alternative strategy that it might
develop. Land use, emission, and meteorological data were used to
evaluate effectively the adopted and alternative strategies. The Norfolk
area's physical, land use, and air flow characieristics provided an

excellent context for evaluating the usefulness 1in air quality planning
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of an experimental national i1and use information system being developed
by the United States Geological Survey, Geography Program (Ge). GP
supplied Region VI staff with CARETS 1:100,000-scale Level IT land use
maps compiled from high-altitude aircraft photography.

Researchers overlaid the CARETS 1970 Level II land use map with an
area-szource emissions estimating grid previously constructed by the Air
Pollution Control Board. This grid comsists of varying sized cells of
homogeneous land uses end land use densities. Researchers then calculated
the area and percentage of different Level II land uses for each grid cell.
Using the CARETS photomosaic and Southeastern Virginia Planning District
Commission records, they broke down residential areas into Level III categories
of low, medium, and high demsity housing and plotted the Level TII
residential locations by grid cell on the Level II map.

On the basis of the updated land use analysis and change in traffic
patterns, researchers developed an estimated average annual winter 1972 area
source emissions inventory. They placed area source information into a
diffusion model, producing maps (figure 4-1) depicting estimated annual
sulfur dioxide emissions in the Norfolk-Portsmouth SMSA for 1972.

The iso’ines on this map connect values for the centroids of the grid cells.
Figure 4-1 reveals the concentration of such land uses as industrial,
commercial, transportation, institutional, and high demsity residential,
which emit large quantities of sulfur dioxide. These uses are surrounded
by lower density residential areas, water, and nonurban uses. Imission

levels in tons per day along with stack heights, exit temperatures, and
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other characteristics needed for diffusion estimating procedures were
d-+~ermined from 1972 emission registration forms or from the board's
1971 inventory.

High annual emicsions from point and area sources reflect high
concentrations of industrial, commercial, cnd residential activities
in central MNorfolk and Portsnouth {figure 4-1). To the east, lower
enissions reflect the mix of low density housing, water, agricultural,
sporadic commerical, transportaticn, and industrial land use.
Tigure 4-2, the 1985 annual emission pattern, reflects estimated
impacts of currently adopted control programs, rules governing existing
point and area sources, and anticipated patterns of residential growth.
In figure 4-2 this pattern has been plotted over the current land use

hase, indicating the expected urban expansion into nonurbanized areas.

Norfolk Example: Sulfur Dicxide Control Strategies

The emission and physical characteristice of the Herfollk area and the
political rezlities facing area planners in 1972 made a source
emissions control stratepy seem to be the easiest to inpleument.
This stratesy required limited land use and meteorological information
to identify sources and predict general diffusion patterns. It was also
clearly in line with the goal of reducing total nationwide emilssions
regardless of spatial pattern.

With the Federal Government undertaking control of mobile
emission sources, State and regioncl action has been directed
toward controlling the emissions of point and area sources. Such
control is being accomplished through establishing rules permitting emission

levels directly related to levels of materials processed or fuels burned

i
|
|
:
i
;
|



T wfgj. ??\ 1v,ﬂi1rT \q()

A

2LkJiEi()

A

ESTIMATED FUTURE EMISSIONS

OF SULFuR DIOXIDE, 1985

4

& Area Sources

s (tons/day/square
kilometer)
Point Sources
(tons/day)

|
B P .

SCALE

Figure 4-2
NORFOLK - PORTSMOUTH SMSA

SELECTED 1970 LAND USE

Land Uses
Related to
Air Quality

wand Use
Information
System
Classification

Level (I),(1I),(111)

Symbol

Residential
Low Density

Medium Density
High Density

Employment

concentratrions
Commercial
Industrial
Extractive
Transportation
Institutional

All Other Uses
Urban Open
Space
Agriculture
and Forest
Nonforested
Wetlands
Beaches

Water

City Boundaries

(1), (11, 17, 18)
(111)

(112)
(113)

(1), (12, 13, 14,
15, 16)

(1, 19
2, &
16)

M. 172)

(s)

Area Emission Estimating Grid

—

54, : 1 -
0 S 10

15 ?Ju Kilometers

[ ]
I
o




by various activities, Each activity is expected to achieve these
emission levels through installing pollution control equipment. By
1972 three alternate land use strategies were proposed:
(1) to reorganize the spatial pattern of emizsion sources and receptors; .
(2) to develep land uses modifying regional and local air flows; and
(3) to change the timing of various activities in the area.
In view of legislatively established time limits, these strategies appeared
to be either feasible or toc costly.
The board's initial analysis and sampling indicate that sulfur
dioxide concentrations are below national standards throughout most of i
the region. By controllinyg the emissions of selected point sources,
the initial strategy could easily accommodate regionzl goals for grovth
and land use as long as one could assume that emissions of new or i
changed land uses would be allowed to deteriorate surrounding air cuality
no more than the limits set by national secondary standerds,
The 1973 court decisions and changes in EPA regulations have Eorced
a reevaluation of this initial strategy. This veevaluation is focused
on dealing with a range .f envirommental goals, including growth and
economic stahility. Such goals may result in land use patterns signifi-
cantly deteriorating the quality of air around all but the largest emittors
in the region. These majior sources must, of course, reduce their emissions
to meet primary and secondary standards as soom as possible and imnstall

tte best available control equipment at some future date.
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Spatial patterns and Levels of activities may be most affected by
the adoption of one or more of the nonsignificant deterioration-oriented
strategies suggested by EPA in July 1973: region-wide emissions freeze;
limited emissions increase; case-by-case analysis; or emission demsity
zoning. To asccomplish these strategies requires a clear definition of
significant deterioration in any part of the region. With such a
aefinition, priorities must be established indicating which activities
in any area will be required or permitted to reduce or expand their
emissions.

Study results reveal that the projected expansion of area sources
throughout the region will result in measurable deterioration in sulfur
dioxide levels. If the existing sampling program verifies that signifi-
cant deterioration is occurring in the vicinity of recently built area
sources, then encouraging patterns of area source growth in the southern
and western portions of the regions would be expected to redui total
regional concentrations associated with area sources. Such a land use
strategy for air quality control should be balanced against the costs
and problems it may create for achieving other environmental goals.

The problems involved in evaluating the effectiveness and equity of
alternative land use strategies to achieve or maintain air quality goals
for the Norfolk area demonstrate the need for improved land use, air
quality, and meteorological data along with extensive estimating of
pollutant concentrations under varying assuvmptions cof land use patterns

and definitions of significant deterioration. In addition, the political
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viability of land use strategies to achleve air quality goals versus
strategies to achieve other environmental goals must be assessed.

0f most immediate sipnificance for the objectives of the CARETS
investigation, the Norfolk air quality impact study demonstrated the
utility of the land use/environmental impact model for air quality
applications. Turthermore, Level II land use data at 1:100,000-mar-ping
scale, when augmented by the Level IIT residential categories of "low
density, medium density, and high density" proved adequate for the

estimation of air quality levels,

GEOLOGICAL AND HYDROLOGICAL FACTORS AFFECTING

LAND USE PATTERNS AND CHANGE TRENDSL/

Eberived from "Description and Physical Properties of Earth Materials

in the Portsmouth-Norfolk Area,” compiled by Sherman K. Neuschel, USGS,

1972.

In urban areas undergoing rapid change and facing the Pressures of
intense land use competition, a knowledge of landforms, earth materials,
and hydrology is a necessity for sound land use planning. Aware of the
rneed, the CARETS Project is having maps of surfiejal geology produced,
which are keyed to the 1:100,000 photomosaics and land use maps. They may
be manually overlaid on the CARETS land use, census tract, or hydrology

maps and eventually digitized and overlaid automatically on other data

sets,
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Surficial peology has a particularly strong site influence on
agriculture, engineering works, and all the "yrban and built-up" land
uses. This section is designed to illuminate relationships between
iand use and surficial geology in the Norfolk test site, examine land
use problems resulting from surface genlogic and related hydrologic
factors, and discuss the suitability of the land into which urban areas
might expand.

The Barth Materials Map of the Portsmouth-Norfolk Area, Southeast
Virginia (figure 4-3), reflects the underlying geological terrain of a
coastal plain having characteristic low altitude and relief, with north-
scuth trending ridges. The low relief, high water table, and coastal
location produce extensive areas of wetlands and attendant problems of
drainage and flooding. The ridges and escarpments forming the areas
of greater relief contain much of the area's construction materials,
sand and gravel, vital for urban construction.

The Earth Materials Map, though derived from existing geological
and soil survey data, does not present the information in the conven-
tional formats of those data sources. Rather, the map units are
intended to be quickly and easily interpretable by plenners and others
who require a regional-scale perspective on the suitability of various
parts of the area for specific land uses. The following discussion
elaborates on the 14 "earth materials" units into which the Norfolk test

site has been divided,.
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Earth material unit 1, "sand and gravel, sand" is concentrated
primarily in the test site's northern urban areas, along the Diamond
Springs Escarpment #::d Oceana Ridge and along the fringes of the eastern,
southern, and western branches of the Elizabeth River. This category
includes the hest overall land in the test site for most uses. Scils devel-
oped in this unit are well-drained, friable, sandy loams, which form
the most productive agricultural lands in the test site, The water table
is generally 0.61 - 1.4 m below the surface., These soils also have the
best adaptability to irrigation and to earth works in wet perliods and
are the most suitable as a source of topsoil, With the exception of
areas in southern Virginia Beach that are intensively farmed, this land
is predominantly in urban uses. Its good drainage makes it the most
suitable earth material in the area for foundations. The cities of
Noriolk and Portsmouth were first established on this land and many of
the industrial, commercial, and transportation facilities associated
with the harbor are located here.

Unit 1 is also the test site's most suitable source of construction
materials. Though sand is somewhat more widespread, the gravel found
in former beach ridges is the only source of gravel within the area.
Importing a bulk material like gravel can substantially increase its
cost and thus the cost of anv construction project needing it.

Earth matorial vnit 2, "silty sand," consists of Former barrier
beaches, near-shore deposits, and higher areas adjacent te the present

drainage. These landsz are woderately well drained, with a seasonably
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of land use change via remote sensing techniques aids in developing
relationships between short-—term uses of man's environment and the
maintenance of long-term environmental quality,

Land Use Policy and Planning Assistance Act

The Land Use Policy and Planning assistance Act presently hefore
Congress proposes to provide Federal technical assistance through grant-in-
aids to the States to assist them in developing and improving their
capacity tor land use planning and management. The major purpose of the
Act is to assist the States in development of planning processes. The
Act reguires the States to develop land use programs that concentrate on
five categories of critical areas, These five categories are: (1) areas
of critical environmental concern (e.g. beaches, floodplains, significant
wildlife habitats, historic areas); (2) key facilities (e.g. major air-
ports, highway interchanges, recreational facilities, and facilities for
the development, generation, and transmission of energy):; {3) large
scale development (e.g. industrial parks or major subdivisions); (4)
public facilities or utilities of regional benefit (e.g. solid waste
disposal or sewage systems); and (5) land sales or development projects
(e.g. major recreational or second homesite developments in rural areas).
All in all, the act's fundamental purpose is to encourage land use
decision making at the State and local levels as well as bolster land use
planning and management of areas that are of more than local concern—-
wetlands, coastal zones, floodplains, power plant siting, open space, and
strip mining. Remote sensing provides an important tool in developing

land use planning and management capabilities.
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Urban Transportation Planning Program, 1969

The U. S, Department of Transportation’s Urban Transportation
Planning Program has sought to promote the development of transportation
systems embracing various modes of transport. To accomplish this ohjective
the States are authorized to develop long-range highway plans and programs
that are formulated with due consideration to their probable effect on
the future development of urban areas., Land use studies are important
elements in the transportation planning process. The U.S. Department of
Transportation (1969) defines the type of land use study required if
States are to comply with Federal funding requirements:

1) The land use study should incorporate a wide variety of
undertakings, all of which are aimed at providing an accounting
of the current land use activity structure of the study area
and the most probable or desirable future structure,

2) The land use study should include the following items for the
entire study area:

a) an inventory of tha location and intensity of existing
land use activities, including vacant land;

b) au analysis of past trends to aid in determining land
consumption rates and the most likely location patterns
of households and business firms; and

c) the distribution of an area-wide forecast of population
and economic activity to small areas.

3} The land use data needed as a base for developing the forecast

may be obtained from field surveys, local planning zgencies,
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other secondary sources, or a combination of these {(remote
sensing provides an additional data source.)

CONCLUSION

The perspective that came from close involvement with the user
institutions, particularly the Southeastern Virginia Planning District
Commission, greatly enhanced the value of the study to the Federal agency
sponsors and research team. On the one hand, a clese-up view of the local
and regional planning process illustrated the complexity of that process
and the considerable size and variety of its required data inputs, of
which land use is only one. Planning budgets are small, and budgets for
remote sensing and land use data are even smaller.

On the other hand, awareness of data needs deriving from a variety
of Federal and State programs is fostering improved cooperation and
coordination among the many agencies whose policies and jurisdictions
impact on the Norfolk-Portsmouth area. This investigation, invelving
a topic (land use) that cuts across the interests of so many goverrmental
and administrative bodies, provides an example of such cooperation.

One can conclude from this study that land use and land cover data
derived from remote sensing sources have important roles to play in
regional planning and in a number of environmental study applications.
The establishing in the future of a regional land use and environmental
monitoring system such as that demonstrated by the CARETS project, by

an operational agency, would seem to have significant value to the
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agencies having land and resource planning and management concern~. Such
a system would have even more value if it could provide the increased
detail indicated by the user agency responses, and if data could be
delivered quickly and in formats that are truly compatible with the user

agency requirements.
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Appendix A

LAND USE CATEGORIES IN THE CENTRAL ATLANTIC REGIONAL ECOLOGICAL

TEST SITE DATA BASL

Level I Categories and
Map Notation Used -

1 - URBAN § BUILT UP

2 - AGRICULTURAL

4 - FOREST LAND

5 - WATER

6 - NONFORESTED WETLANDS
7 - BARREN LAND

A-1

Level 1I Categories and
Map Notation Used

11-Residential

12-Commercial and services

13-Industrial

l4-Extractive

15-Transportation, compunications,
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-Feeding operations

24-Other

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

51-Streams and waterways
52-Lakes

53-Reservoirs

54-Bays and estusaries
55-0ther

61-Vegetated
62-Bare

72-8and other than beaches
74-Beaches
75-0ther



LEVEL 1

1 Urban or Built-up Land

2 Agricultural Land

3 Rangelanu

4L Forest Land

5 Water

6 Wetland

7 Barren Land

8 Tundra

9 Perennlal Snow or lQce

CH{R?IBQQL
(lF-POCH%

7/75

Eﬁ%Gﬁ}IS
QUALITY

Appendix B

U.S. GEOLOGICAL SURVEY
LAND USE AND LAND COVER CLASSIFICATION SYSTEM FOR
USE WITH REMOTE SENSOR DATA

11
12
13
14

15
16
17

21
22

23
24

31
32
33

41
42
43

51
52
53
54

1EVEL I1

Residential

Commercial and Servicen

Industrial

Transportation, Communicatlons and
Utilities

Industrial and Commercial Complexes

Mixed Urbarn or Built-up Land

Other Urban or Built-up Land

Cropland aad Pasture

Orchards, CGroves, Vineyards, Nurserie:,
and Ornamental Herticultural Areas

Confined Feeding Operations

Other Agricultural Land

Herbaceous Rangeland
S$hrub and Brush Rangeland
Mixed Rangeland

Deciduous Forest Land
Evergreen Porest Land
Mixed TForest Land

Streams and Canals
Lakes

Reservolrs

Bays and Estuaries

Forested Wetland
Nonforested Wetland

Ury Salt Flats

Beaches

Sandy Areas Other than Beaches

Bare Exposed Rock

Strip Mines, Quarries, and Gravel Pits
Traasitional Areas

Mixed Barren Land

Shrub and Brush Tundra
Herbaceous Tundra

Bare Ground Tundra
Wat Tundra

Mined Toundra

Perennial Snowfields
Glaciers



Appendix C

PROPOSED LEVEL III CATEGORIES FOR USE WITH THE USGS LAWD USE
CLASSIFICATION SYSTEM IN THE CENTRAL ATTANTIC REGIONAL LCOLOGICAL TEST SITE
(Prelimirary for Review and Testing)

James R. Anderson, Ivan L. Hardin, William B. Mitchell
Office of the Chief Geographer
U.S. Geological Survey

This is a preliminary example of how a land use categorization at Level IIT
can be made for use with Ievels I and II of "A Land Use Clessification
System for Use with Remote Sensor Data" (USGS Circular 671). The Level III
categories have been designed to make maximum use of remcte sensing data
but may not be identifiasble solely by the use of remote sensor data.

Numher
Code Categories
1 Urban and Built-up Land

J1 Residential

111 Single-femily household units
112 Multi-family household units
113 Group quarters

11k Residential hotels

115 Mobile home varks or courts
116 Transient lodgings

119 Other

12 Commercial and Services

12) Wholesale trade areas

122 Retail trade aress

123 Business, professional, personel services

124k Culturel, entertainment, and recreational activities
125 Other

13 Industrial

131 Mechanical processing
132 Heai processing

13 Chemical processing

13k Tabrication and assembly
135 Food processing

136 Other

'1# Extractive

141 stone Quarries

142 Sand and gravel rits

143 Open pit or strip mining

144 011, ges, sulphur, salt, and other wells
1h5 Shaft mining

149 other



Appendix C (cont'd)

15 Transportation, Communications and Utilities

151 Highways, auto parking, bus terminals, motor freight
152 Railroads and associated faecilities

153 Airports end essociated feeilities

154 Marine craft facilities

155 Telecommunications, redio and television facilities
156 Eleetrie, gas, water, sewage disposal, solid waste
159 Gther

16 Institutional -

161 Educetional facilities

162 Medicel and health facilities

163 Re'igious facilities

16k Militaery areas (built-up ereas onty)

165 Correctional facilities

166 Governmental administration end services
169 Other

17 Strip and Clustered Settlement

(No further breakdown recommended st Level ITI)
18 Mixed
(No further breakdown recommended at Level TII)

19 Open &end Cther

191 Improved (such as golf courses, cemeteries, parks, ete.)
192 Unimproved
19 (Other

Agricultural tand

21 Cropland and Pasture

211l Croplend from which new crops, close-sown or hay crops
have been or will be harvested
212 (Cropland lying idle, having ecrop failure or being used

for soil improvement ¢rops or conservation purposes
21k  Ppasture

219 Other

22 Qrchards, Groves, Bush Fruits, Vineyards and Horticultural Areas

22) Fruit and nut trees

222 Bush frults

223 Vineyards

224  Nurseries and floricultural aress
229 Other



Appendix C (cont'd)

23 Feecding Operations

231 Cattle feed lots (including holding lots for dalry animals

232 Poultry and egg houses

233 Hog feed lots

239 (ther
Rengeland
31 Grass

(No further breakdown at Level III required for the CARETS area. )
32 Savannas (Palmetto prairies)

(No further breekdown at Level IIT required for the CARETS ares. )
34 Desert Shrub

(No further breakdown required at Level IIX for the CARETS area, }

Forestland
41  Deciduous

k11 Afforesting areas

412 TLight crown cover 10-39%

413 Heavy crown cover 40% or greater
439 oOther

42 Evergreen
421 Afforesting arees
492 Light crovn cover 10-39%
423 Heavy crowvm cover 40% or greater
429 Other
L3 Mixed
431 Afforesting ereas
432 Light crown cover 1.0-39%
433 Heavy crown cover 40% or greater
439 Other

Water

51 Streams and waterways

(No further breakdown at Level II required for the CARETS area. )



Appendix C (comt'd)

52 Lskes
(No further breakdown at Ievel ITT required for the CARETS area, )
53 Reservoirs
(o further breakdown at Level IIT reguired for the CARETS area.)

54 Bays and Estuaries

541 Bays
5ko  Estuaries

59 Cther

Nonforested Wetlands

61 Vegetated
611 Brackish marsh
612 Fresh water marsh
619 Other
62 Bare
621 Brackish bare areas
629 Other
Barren Land
Tl BSelt Flats
(No further breskdown at Level IIT required for CARETS area. )
T2 Beaches
T2l Sandy Beaches
f22 Gravelly, rocky beaches
1723 Mud shorelines

73 Sand other then beaches

(o further breskdown at Level ITI reguired for CARETS area, )

-T4 Bare exposed rock
(No further breskdown at Level TIT required for CARETS area.)

75 Disturbed land

Tundra (No further breakdown recommended at this time.)

Permanent Snow and Icefields (No further breakdown recommended at this time
A-6




Appendix D

Level III Land Use Demonstration Categories for Identifying
the Manmade Causes of Ground Water Pollution

Level 1312 Level TTI?

11 Residentdial
111l Low demsity (0.5-2 dwelling units/acre)
112 Medium demsity (3-4 dwelling units/acre)
113 High density (5-6 dwelling units/acre)
114 Very high density (7+ dwelling units/acre)
12 Commercial, Services, and
Institutional
121 Structures
122 Landscaped areas
123 Parking areas
124  Solid waste disposal areas
125 oOther
13 Industrial
131 Heat processing industries
132 Chemical processing industries
133 Fossil fuel electriecal power generation

sStations

134 Nuclear electrical power generation
stations

135 oOther

14 Transportation, Communications,
and Utilities
141 Highways, vehicle parking facilities
142 Railroads and associated facilities
143 Adrports and associated facilities
144  Gas, petroleum, coal slurry, and other
pipeline rights-of-way

145 Sewage disposal facilities
146 Solid waste sites (sanitary land fills)
147 oOther

15 Mixed (Including Strip and

Clustered Settlements)

151 Industrial parks
152 Other

16 Open and Other
161 TImproved
162 Unimproved
163 Other

21 Cropland and Pasture
211 Cropland
212 Pasture
213 Other (including idle cropland)



Appendix D (cont'd)

Level 1I2 Level IIIP
99 Orchards, Groves, Bush Fruits,
Vineyards, and Ornamental
Horticultural areas
221 Orchards/groves
222 Vineyards
223 Other
23 Other (Including Confined
Feeding Operations)
231 Cattle and awine feed lots
232 Poultry and egg houses
233 Other
31 Q@rasses and Forbes
32 Shrubs and Scrub
33 Palmetto Prairies
34 Tundra
35 Undifferentiated
41 Deciduous Forestland
42 Mixed Forestland
43 Coniferous Forestland
44 Undifferemtiated Forestland
51 TForested Wetland
52 Nonforested Wetland
61 Streams and Waterways
62 Lakes
€21 Surface mine associated lakes
622 Other
63 Reservoirs
64 Permanent Snow and Ice Flelds
65 Other
651 Industrial waste ponds
652 Sewage lagoons
653 Other



Appendix D (cont'd)

Level IIa Level IIIb
71 Salt Flats

72 Beaches

73 Sandy Areas Other than Beaches

74

75

Bare Exposed Rock

Strip Mines, Quarries,
and Gravel Pits

751
752
753
754

755
756
757

Rock quarries

Sand and gravel pits

Open pit strip mining

0il, gas, sulfur, salt, and other well
fields

Shaft mines

Areas under construction

Other

a , . .
Classification scheme presented in Anderson and others [in press].

b

Developed by Luemnis G.

Berlin and William B. Mitchell, USGS.



Appendix E

1970 LAND USE BY CENSUS TRACTS

NORFOLK TEST SITE

Canada Geographic Information System, 1973

Case Study for the U.S. Geological Survey

See Appendix A feor key to categories
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57 02 61 1 28,11 6,4
o AREA OF AHOVE SUBDIVISION S7 o2 18 442,58
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NURF (3, 5 ot o4

46 04

66 04

ah 04

* AREA OF AHBOVE SuBDIVISION
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12,08

75,60
222,07
Hul,13

48,64

- 34,00

41,75

178,29

47,84
331,80
64,09
94,45
12,11
52,76
79,01
21,52

0l vl

S1 0N

AL TIAIN I
14,4
ey d
1!.1
1,0
5,7
12,1
344

743
2143
42,4

.7

1,3

4,0
17,1

1Y)
b8
8,9
1341
4,4
T3
10,9
5,0

REF3319070002

PAGE

17



|
!
!

LAND MANAGEMET 1.FORMATION SYSTEMS

0E-V

DATEYL SEPT,10/73
5C LE 1150,000 -

CEXNSUS CEnSUS
OIVISIO® SudDIVISION
PUKFOLK 700t
e 10 01
70 o1
70 01
_ 70 ot
# AR:A OF AROVE SUBDIVISION
CoNFOLK 70 02
' 70 02
70 02
70 Q2
70 02
E 70 02
+ AREA OF ASOVE SUBDIVISION
PORTSMOLTH 104
: 1014
101
1
. 101
# AREA UF ABOVE SUBDIVISION
PORTSMUGTH - 102
' jo2
ja2
@ ewEa OF 240VE SUHDIVISLON

PokISnb T 163

70

70

101

102

01

02

ENVIRON

MENT . CANADA

DATA SOURCEU ¥,S, GEOLLGLICAL SURVEY

PRESENT LAND USE BY GENSBUS DIV 510N

P'Lﬂ

18

I8

1s

y
A

14 CLA3S

11

12

13

19

54
370,87

¥}

12

13

15

19

54
778416

il

12

15

19

5y

AND S UBDIVISION

NO,
PLUT

QF D
]

308
4
4y
Yy
1
H

[ B N e L

.-n-l-—l-bl_‘

722,87

i1

&

54
400,94

1t

AREA
(ALKES)
87,44
ba e
Feld
149,52
47441

524,51
58441
0,3
20,51
44,19
130,47

34,94
33,86
315,41
19,70
318,76

206,55
24,82

169,56

3068,%6

v AEEA
3,86
23,0
Ge3 -
a0, 4
12,48

% Pyl U
Suntyele
2

67.4
7.5
00
2.8
5.7

18,8

Uys
447
43,7
2.7
LTS

51,5
642
HEed

-]

REF33190w0002

18

B ]

R T



- e el

LAND MIVAGEMENT INFUNMATION. SYSTEMS

DATEY SEPT,1R/73
SCALE 11504000
o suBbiyterom
103
103
103
% AREA UF AHOVE SuUBDIVISION
PURTSHOUTH 104
' ' 104
104
104
‘® AREA OF AdDYE SUBDIVISION
: PORTAMOUTH 10%
o ‘ 105
105
105
® AREA UF AYOVE SUBDIVISION
PURTSMOUTH tvé
‘ 106
106
106
. 106
r AREA UF AMOVE SUBDIVISION
SURTEMOUTH 107
107
107
107

CCENSUS
DIVINI

TE-¥

103

‘104

105

106

EnvIRON

o

MENT. CANADA

wn

DATA SOURCE?D U4, GEOLUGICAL SUKVEY

PRESENT LAND USE BY CENSUS DI v.1 S10N

15

is

18

P u ELA
sbyily, CLASS

12

16

54
495,08

11

12

16

54
411,20

i

12

15

16
237,96

I

{2

15

19

54
3l2,42

11

12

16

19

AND S5UBDTI

-l e e

U o= U g e = o

M »= e

VISION

Eucoiel  aREa

Gyl
1247
2440

50,0
3¢5
1,5

4640

32,6
6445
043
2,7

83;0
1.3
13,3
De8
21,5

63,3
043
1.7

ed, 3

REF13190=0002
PAGE 19

T
55
&

5

D

S e
Q_ . -

<

r

&

e e e b i e i

oot e ek



LAND ‘MANAGEMENT INFORMATION SYSTEMS

e~V

L

DATEE SEPT,18/73
SCALE 1390,000
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14,2

85,2
b,3
byt
2yé

547
T1.0

REF 1319020002

PAGE
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LAND MAmSGY ENT InFORMATID SYSTEMS

cE-v

DATz SEPY 18773
SCALE 11506000

it~ sugg?a?glan

t2e
122
122

* AREA UF AMOVE BYBDIVISION
PERTSADUTH 123
123
123
123
‘23

* AREA UF AJOVE SUBD1.ISLON
PURTSHOUTH Ied
124
1221
124
§2¢
Led

* AREA UF ADOVE SUBDIVISION
POHTSHMOUTH 125
125
125
125
12%
125

* Anb A WR AdOVE Sudulv]Slon

122

123

-

125

ENVIRONMENT CANADA

UATA SDURCES u,3, GEOLLGICAL SUKVEY

PRESENT LAND USE 8Y CENS Us DIV STON

Polal, oo
'LGHfA 4S8

I8

1s

18

Is

15
19
54
1066,16
it
12
13
16
54
57274
11
i2
13
18
19
21
492,63
11
12
16
%4
21
41
0i5,13

AND SUBDIVISION

~°|.

OF 0CCUR
PLU" IN &i%e

v (+enES)
1 63,84
1 21,60
3

186,18

417,57
|5w1f
28,69
B2, 77
30,45

= U o~ s e

3ul,90
4b,45
27,6}
20,88
44,28
11,35

s B s e oe=

282,25
117,88
0,95
211,25
0,07
2,84

- s W e = O

X P Ity UF
suué&#.'auzn

byl
cyb
14,0

T4
2e3
5,0

14,5
5,3

69,4
9,4
5.6
u,2
9,0
2,3

45,9
19,2
0,2
54,3
0,0
0,5

REFE3190=0002
PAGE 23
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; LAND MANAGENENT I~FORMATION SYSTEMS

? DATES SERT,1b8/73
% SCALE 1150,000

S sus513 8 ron
PORTSMOUTH 126
126
t2b
T 126
: = 126
: 126
+ AREA OF AYDVE SUBDIVISION
JURISMOUTH 1é7 0}
ie7 01
127 013
27 0t
| 127 0}
| 127 0t
! 127 01
121 01}
% AHEA UF agOvE SUBDIVISION
FQITEM0UTA 127 02
127 02
121 o2
127 @2
127 02
s« ANER UF &s0VE SUHDIVISION
PR TRY4R. T 128
128

PR P

126

127

127

a1

G2

ENVIRON

MENT CANADA

PRESENT LAND USE BY

P'Lﬁng CLASS

1

I8

IS

11
12
15
16
19
41
554,99
1
12
13
16
i
a
42
53
1053,01
11
12
16
19
21
435,10
1
12

CENSUS DIVI

DATA SOUHCER U.5, GECLCLICAL SURVEY

AaND SyYUBDIVISION

N
PL

a
°

i

oF
N

3

— o o= Yo O N o o = g U e

[ R

-

ocCu
HRDL

R
Vs

AREA
(ACREDS)

566,148
121,90
3,98
13,14
T
29,43

397,17
b, U9

gl
125,87
50,99
49,76
288,10
99,18

396,04
15,60
3,58
15,12
2,97

939,79
162,17

510N

7.1
b3
0,4

il.8
249
4,7

2,7
G, 4

91,4
3,0
0,8
5,5
0,7

60,7
Il,o

REF1319020002

PAGE
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LAND @A RZE¥ENT InFORMATION SYSTENS

7
DATE: SEPT 109/73
SCAL: 11%0.000

LE-y

* AREA 9F adQVE SUBDIVISION 128

PURTSHOUTH

- @ AREA UF ABOVE SUBDIVISION (29

PORTSHMOUTH

sub51eYS10n
128
128
28
128
128
128

129
129
129
129
129

150
150
150
130
150
130
130
130
130
130
130

ENVIRONMENT CANADA

’

OATA SUURCED U,3, GEOLUGICAL SUHVEY

FRESENT LAND USE BY CENSYS DEIvI 5I0N

Pf‘ﬂgfl CLASS

I3

18

16

19

42

53

b4

81
1548,73

11

12

19

54

81
1333,92

11

18

13
4
15
s
17
19
3]
41
42

AND SUBDIVISION

KD, OF O
PLU"IN SU

N s e as

o e

N VD e e e

S61Vs

AHE A
(ACHES )}
55427
159,25
%0,¢5
34,09
73,50
16,94

847,83
24450
171,32
270,438
19,91

1317,85%
3,44
459,43
| P ]
38,78
41,41
209,08
297,0%
192,72
338,30
89,55

5ubstsvadta
347
10,0
Let
?ed
uy?
1ol

83,6
1é,8
2043

145

12,7
040
4yl
0.0
040
0k
2.0
2,9

1148
3.2
6,9

REF §319000002
PaGE 25




LAND SANAGEMENT INFDRHATION SYSTEMS

DATES SEPT.16/73
SCALE L1S0,000

u CENSUS
Igm SubDIVISIUN

140

150

130

150
» AkEA OF 480VE SUBDIVISION

PURTSFOLTH 131

151

151

154

13

151

148

13}

13

131

151

13§

131
% A-EA OF AHOYVE SuHDIVISION
Dt ESaPEark 200 01
200 01
200 0
AAvE SLRDIvISION
L+ raebary 200 Ul

BE-V

+ & taA uf

30

134

204

01

ENVIRON

PRESENT

ity Cuass

18

I8

Sd

55

(31

o2

10412,54

11

12

13

14

1s

17

&1

41

2

54

55

b1

62
3549,79

1t

12

54

494,43

1y

HENT CANADA

LAND USE B Y
AND SUBDLIVISTION

NO, OF OCCUR T
PLU'INFSUU IV (acHe )
3752,21
1905,69

116,59

w N o= N

690,75
63,46
5.06
44,57
Seds
80,80
794,451
- 420,97
90,26
1154,77
31,14
168,97
26,495

o ke omk e AR AR e W e s we O

282,20
42,38
166,79

é 390,71

CENSUS DIV

049,55

SITON

SuesYsutaRta
‘36,0
14,3
11
by

1945
148
Ugd
i.3
([P}
1.7

21,2
2,4
24Y
32,5
1a1
5,3
0,8

57,6

35,9

ed,0

DATA SOURCEY UsS, GEOLUGICAL SURVEY

REF 1319000002

PAGE
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LAND ML4AGERENT INFORWATION SYSTEHS " _ ENVIRONMENT CANADA | DATA SOURCES U3¢ GEOLUGICAL SURVEY:

DATEL SERT,18¢7% - . PRESENT LAND USE BY CENSUS DIV 1 stow REF13190=0002

SCME 1154,000 AND SUBDIVISION. PAGE . 27

R subb1viston’ Pebplly, CLass PLO'IN sOROTY: abwd &
- ' 2v0 03 12 : eredt g
200 03 : 16 IRY _ PR W
200 03 - sS4 89,15 L By
B N 200 03 61 40,90 T _ T
L » AR ¢ UF. AUOVE SUBDIvISION 200 03 I8 720,76 ' . o _ ' . : A ﬁ:**-flf
| CHE SBPE ARE 201 + 200.02 ' 11 ' 725,30 S T
' 201 .+ 200.02 12 Y2,.30 _ 542
[201 + 200.02 15 5,47 o Veb - .
@04 4 200.02 R 16 Bt S By
201 + 200,02 23 82 et - BEH - -
201 + 200,02 : 54 Sh.8 _ ' -‘5‘7’ T &5
: o (201, + 200.02 61 16460 ' I 132
AREA UF ABOVE SUSDIVISION 201 + 200,02 993,62 ' A
CHESAPEARE 202 ' "
- 202 12
202 _ 15 -
202 16
: . 202 23 _
“w KREA OF AHOVE SUHDIVISIUN 202 18 599,21 . S _
CRESAPE ant 208 1 193,16 C e 08,9
203 - 12 . 2 28,61 10,2
203 13 ' 1 28,21 Y

Pobaing UF R .
43 Rt . :

3om Y e,

T R S,

o4+

+ o+ o+

-—‘g-»a‘.——mo-

497,07 L 76,8 o o

29,58 : D 4, e s

65,07 - 10,9 .
23,49 . . . :__ 3.9 : . .
24,03 , BT .

M e e

i~




o7-v

DATEE SERT,18/758
SCALE 1150, 600

LAND MANAGEMENT 1 /FURMATION SYSTEMS

203,
* AKEA GF ASOVE SUBDIVISION. 203

€h£$l¥ts%t ans
204
204
24

- 204

-_AkEA uF A4OVE SUHDIVISION eou

CHE SARE ang 205
: . 20%
- 205

205

‘20%
205
205

01

ITE

01

ot
0y

o1

- AREA UF ABOVE SUBOIVISIUN

LHESAPEANE 205
: ~ 205

205

245

é0s

205

. 205

209

205 01

02

02

02
02

02,

02
02
ue

PRESBSENT LAND USBSE BY C ENS U $ plvi 8 l owN

Pebpily, Ctase pbo* 1h s055YYs {.éaﬁéa
is - S SPlSu‘
Is 281,09 ' o
1 ! 197,50
13, 3 121,03
e 1 S0,02
42 3 Yl h9
54 2 9,99
1s 423 42 ' :
13 4 807,51
15 t 5,87
i6 } 0434
19 1 10,38
[’} 1 ‘Qiq’
w2 1 15,39
Su 1 439,68
IS 1108,97 '
I Y 1 119,64
13 3 134,36
15 1 14,18
16 1 23,17
19 -2 56431
U'F } 42,14
w2 1 60,35
54 3

ENVIRONMENT CANADA

AND S UBDIV I 3 10 N

9,86

DATA SOURCE1 U8, GEOLOGICAL SURVEY.

PAGE 28

. nggj

ljg’;i ) T
10,06,
2.0

Sugl. .
3,5
040
1.3

a.‘:. . . L I-.

L
39,6

25,6
28,8
340"
5.1
latl'
8,0
. 12.9_1
-

HEF1319000002




W : hitd

LAND MARAGEMENT [NFORMATION SYSTEMS

28°E1 SEPT,. 14473
CSC Ls 1159,020

of5 TR su§5 1878 10n
205 02
* L4EA UF AuOVE SUMDIVISION 205 02
LHESAPE RxE 200
206
206
2406
206
208
206
_ Fa-]
v AREA UF ABOVE SUBOIVISION 208
CHESAPE ARE 207
207
201
207
207
207
- 2ot
207
207
= AREA UF ABOVE SUMDIVISION 207
CmE58PE ANE 208 ot
206 0l
206 ot

-V

hiid

ENVIRONMENT CANADA

DATA SOURCES UsS, GEOLUGICAL SURVEY

PRESENT LAND USE B8Y CENSUS pDl1vy STON

Pakialy, CLA 0, OF
sbpkps CLrse pl0*1R" ol

&)

13

AND SUSBDIVISION

61 1
4n7,09 '

13

13

15

16

21

41

42

6%
758,41

i

13

15

16

i9

21

41

42

L}
1048,%8

11 e

12

16

- N NEE ~-N

el
L -

s B R =N RN

N o=

UR
B5¥V: ¢

ANEA
ACRES)
b pin

. el 07

27,69
89,16
09, 44
63 8%
4B, G}

.83
27,89

418,95
55,09
et 28
24,03
14,65

160,00

261,37
20,53
38,15

484,69

0,97

46,20

 REF1319090002

PAGE.

X P, BF
suuﬁtﬁ.'ahta

1;4

Py
547

11,8
Y,2
Oy8
8,4
L |
3.7 ._

40,0 .
9,3
2.8
2,3 ¢
.l..
18,0 -

20,9
2.0
5v0

45,1
0.0
4,3

a9




LAND *ANAGE AT [1FORMATION Sy3TEMS ENVIRGNMENT CANADA DATA SOURCES U.8, GEOLUGICAL SURVEY .
DATLs SEPT, 18075 PRESENT LAND UBSE BY CENSUS DIVE STON “REF 1319000002
SCALE _lzs‘u.noo AND SUBDIVISIO N - PAGE 30
of VTSN SuEDY s 1S10M Pabglpa Chass lU IR s JB6EN:  aliE, gug'ﬁhf‘aﬁiu |
' 208 0% 19 2 6%;va 645 - - e
208 01 24 4 $¢0,27 | S0.w
. 208 01 41 3 6d, 77 ' Te?
L 208 03 53 ' Y, L 1.8
Sl 208 01 ! | 43,29 ' L e e
* AREA OF ABOVE SUBDIVISIUN 208 01 IS (074,48 ' '
CHE SARE AKE 208 02 15 ! 11,02 Del
' 208 02 11 H 221,88 R 1
208 02 12 ! 7410 B .
208 02 15 s5419 ' oud
208 02 16 ' i ' T ‘ 0,0
208 02 17 4 202,15 _ O tae
208 o2 19 | 52,84 ' et g j
208 02 21 12 5787,90 39,0
208 g2 4y 17 8005,75 53,9
208 02 T 2 83,80 T Ok
208 o2 51 4 6,02 040 N
208 02 - 53 3 51,67 . 043
208 02 61 3 343,59 2,43
* AREA OF ABUVE SUBDIVISION 208 02 IS  J48S0,24 ' _ o
| CHESAPE anE 209 01 T n 24,00 15,3 - _—
209 o0p 12 1 23,51 1
208 04 t5 3 134,44 . T 63
211 4y _ : fe 1 11,15 045
# e B . ' s o : e LSO

e



|

© : & o & B @ - o - Q
2:4 02 . 11 ] 22} ,08 . ' 1.5 B .
204 02 12 } T.10 da0 R
219 o2 15 H 35,19 S ] '
' 2:3 02 16 s 1,42 _ S g0
219 02 17 4 24d,15 b
239 02 19 . 92,84 N P
2.5 02 21 o 12 587,90 _ 57,0
2.8 02 “l ' 17 B8005,78 : C 93,9
2:8 02 ua 2 835,80 . 08
208 02 51 4 602 T a0
2us 02 5§ 3 91,67 .
208 02 61 3 343,59 : 23
* AREA UF ABUVE SUBDIVISION 208 02 IS  |u#50,24 N
CHESAPE ARE I ILI TR 1o ‘@ 324,00 1948 -
299 01} 12 1 23,51 . 1o
209 01 15 3 Y3u,1a _ 6e3
209 01 16 1 11.1% 0,45
:ﬁ_a'.n MULKGEMERT [AFONMATION SYSTE~S ENVIRUNMENT CANADA : DATA SOUNCEL U8, .'GE.?LUBII:'A:L SURVUZ-
Toep TEOCL1B/73 FRESENT LAND USE BY CENSUS DIvI SI0H~ j REF 1359090002
S 8ok 125 .00y ' AND BUBDIVISION ' ' . Pfﬁi L‘-
Sl sBBiThos  Pelgdpa cass iU alitt, Lo,
209 ot 17 _ F 47,04 _ 2R o S S
209 01 2l : _ 914,53 ' a2 '
209 01 at 10 033,91 29,9
209 0% 53 H a8, SRR OY T I o :
# AREA UF ABOVE SUSBDIVISION 209 01 I8 2117,59 ; - ; . . ‘ S
CrESAPEAKE 209 o2 15 i - b0 : 05
209 02 - 1 5 70,69 - 12,0
209 02 12 3 79.25 _ L 240 o :
2uy 02 13 2 169,88 - Me3 e L
209 g2 ' 15 3 0984 . . - 1.8 ST
249 92 T 1e 1 59,12 ' B W
_ 2fu° 02 : 17 e - 7717 o ‘ U 1.9
20m D2 19 3 ea.te e
2ud 02 21 5. 855, 82 ' .
203 02 4l 5 12¢9.74 T I



N

LAND MANAGLEYENT INFORMATION SYSTEMS

Da“ty SEFT,10/73
SC'LE 115u,uoy

PRESENT LAND USE BY C

ENVIRUNMENT CANADA

DATA SOURCE? U,S, GEOLOGICAL SURVEY

ENSUS DIV I

AND B8UBDIVISION

LTV TSY0n suBb1viszon Pabgily, CLAsS pLy"’

' 209 01 17
209 01 21
209 o1 81
209 01 53

*» AHEA UF ABOVE SUBDIVISION 209 0! I8 2117,59%
v CHESAPE AKE 209 02 15
~ 209 o2 11
209 o2 12
209 02 13
209 02 15
209 o2 16
209 02 17
209 02 19
209 02 21
209 02 41
209 o2 42
209 02 54
209 02 61
209 02 62

* AREA OF ABOVE SUHDIVISION 209 02 18 3961,41
THESAREANE 210 o4 15
210 o1 11
210 o1 12
210 0} 13

Lav . ™A L LEMENT JaFORMATION SYSTENY

ENVIRONMENT CANADA

= o o Ul U WY e W v R U e

- X B W

(athES)
41 00
914,53
633,91
28,71

18,84
47h,649
79425
169,88
69,y
95,12
17,17
284,78
65%,32
1229,74
26435
120,39
454,35
43,70

554
269,20
3,06
50,15

S1ON

0,9
12,0

REF13190m0002
PaGe 31

DATA SOURCEY U,8, GEDLULICAL SUKVEY
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f;;uq HALNKGE AE ST FHFORMAT DN BYSTENS _ ENVIRONHENT CANADA- . DATA SDURCES U.3, GEGLUGICAL SURVEY

DAREY SEFT 18/73 _ : PRESENT LAND UBE 8Y CENBUS DIV SION REFI319000002
SCALE Ma50,000 _ AND SUBOIVISBLON | PAGE b T
;uf%??%ﬁu: suﬁ%?%?gluu Pelally, CLass ' pﬁﬂ?mﬁ'sﬂﬁﬁ?ﬂﬁ ;.EHEQ: : §u55&af'aRE.
‘ C 210 o 0y 2 es, 79 1,4 .
‘210 01 17 ' 4 T 3edeu 748 '
20 0y Y ‘ 1@ 148,01 : N
210 o1 21 ’ 1101 0o L 25,8 ‘
HE A bt Atiti CEORIET 3 I B ¥ Se ) o LT IRE AN 10 ’ 203(,{..53 . by, 9 N - o
E: - .'.i.;'.f.l‘l A g Elﬂ 0} ' 42 ! Jeig by . 3,0
“n : SR T1 X' 51 1 119,21 Uygd
-aro o0t . $4 H $3,83 S 1,6
_ 21t ot SR 3t 8 355419 ) 7.2 : S
* AEA UF ABDVE SUBDFVISION 210 01 IS 14633,66 . e -
LY SAPEAKE 210 02 ' 14 ’ 348,77 1,3
' 210 o2 - ] 5 8y 38 1Y
a1 02 v ie 2 292,55 ' 0,8 - L e
210 a2 | 17 s #21,2) _ 346 ' ~
250 02 : ()] 1 S 1YY _ : Va8
210 02 o 15 4676,74 S 4t |
210 02 43 1 5547,33 47,1 T
_ 210 02 BT | 3 344,09 : 2,9 .
« AWEA UF AdOVE SUSDIVISION 210 02 IS  {17eb.36 1 P
« RHESAREARBavE w23t 0. P IR ey 3 0,54 . B - Q40 )
CNE R A Ay ‘ SRR ] 146,78 o 0o .- s
-t I o 12 s 63,80 0,2
a8 15 i 494,20 1e2
a0 T te 2 '

48,57 0y

LAND MANAGENENT [NFORMATLON SYSTENS. ' ENVIRUNNENT CANADA - - _ DLTA SOURCEL U,8, GEOLUGILAL SURVEY




T ek ety

LoND MANMGEMENT [NFORMATION SYSTEMS

9y-v

Lat o ~ondnE 4nsT

DATE:D ¢
SCaE

SSAT,1E/73
1150,0%9

' CENSU
T SuBpIvl

211
211
S 211
eil
a1}
21l
211
21l
« AKEA UF ABOVE SUSDIvISION
CHESAPEAKE 212
212
212
212
212
f12
» AREA UF ABOVE SUBDIVISION
CHESAPEAKE 213 al
213 0}
213 01t
213 01
213 0%
213 0
213 01
213 o1l

IBN

["FORMATIUN S¥STEM

211

212

PRESENT

P ASS
'Lﬁg*k CLASE

I8

1s .

ENVIRONMENT CANADA

LAND USE B Y

DATA SOYRCEL U,5, GEOLUGICAL SURVEY I

CENSZUS DIV

AND SUBDIVISIODN

PLO*IN SU
17 1
19 1
21 21
ot 46
42 a
51 }
54 H
61 8
40udb,f4
16 1
17 |
21 is
41 -9
42 4
54 {
44614,70
11 2
12 P
15 1
17 L]
21 19
41 8
42 t0
LY 1

ENVIRONMENT CANADA

AQL A
(aCHES)
404,048
60,40
28219,7¢
147tl,40
869,50
40, Ta
Lus,5u
TOs,6%

1159,85
16,95
12543,01
30760,00
49,04

B4 ,15

41,67
19,93
3,04
252,24
472,34
4939056
3523,%0
2900,53

WaTaA SOURLEL U8, GFOLU u1CAL

S1O0W

Subst

u
ﬂ.'AHEA

140
Gal
Suy.9
30,4
2,2
1,0
Uets
1e7

240
0,0
2d,l
68,9
0.1
0.2

>
IRV R - - -
- m = ®w0o®
oo 02 O C -

REF$3190=0002 ?
PAGE = 33 ;
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LAND MANAGEMENT IAFORMAYION 3YSTEMS ENVIRONMENT CANADA

DATEY SEPT, 10073
SCALE 1:50,000

s

PRESENT LWAND USE BY CENSUS DIVI SITOGN

DaTa SOURCED U5, GEOLUDWICAL SURVEY

AND S8uUuBDIVISION

BN i ST C el 18
213 01 53 1
213 01 54 13
213 0t &1 i
 AREA UF 2d0DVE SUBDIVISION 215 01 IS 60956, 05
CmESAPEAKE - 213 o2 i1 4
213 o2 12 3
» 213 02 13 3
3 218 o2 16 5
215 o2 17 9
213 02 19 g
213 o2 21 18
213 02 ay 28
213 o2 42 5
213 g2 54 1
a1l o2 3} 7
* Akba OF AYOVE SuBSvlvISIon 213 02 I8 10855,95
v SAREAKE 214 0t 15 1
' 214 01 16 2
eid o} 17 ]
254 0} 21 i
214 01 : 4l 4
214 0} 62 2
214 0| b3 4

» akbA UF ASOVE SudDIVISIUN 214 0! I§ 99 .82

+

LAk MaANALE~F T (FLURH#ATION BYSTERS ENVIRONMENT CANADA

REFI3190e0002
PAGE 34

(ACRES) SuBBTe " ahEa
50,60 D41
5,49 0.0
b, 35 el
52,00 Vet
ekl iyl
55,59 0,2
17,4y _ G.%
704,50 uyB
68,53 0,5
61424} us,s
S763,89 38,9
524,73 1,5
338,77 2,3
456448 5.1
38,445 3¢5
27,09 2,7
58,70 b,9
ab2,61 60,8
20,10 20,9
37,96 T 3.8
13,78 24

UATA SOURCED U5, GEOLGWICAL SUuRVEY



e vl

T LANO MA AGEMENT. vFORMATIDON SYSTEMS ENVIRONMENT CANADA . NATA SOURCES U.S4 GEDLULICAL SURVEY
DATER SEFT,1:/73 PRESENT LAND USE BY CENSUS DIVI SION ' WEF13190%0002
SCALE 1§Sdp.70 . _ : PAGE 35

. _ _ AnND SUBDIVYISIODN .
vrf?gyfn suﬁé?ﬁ?ﬁzou Petgilta CFASS PEH'IEFSHEgggz tAEﬁEQJ ' §u56&§2'aﬂ£a )
Cnk LAFE E 214 02 . 11 5 388,66 19,0 -

214 02 - 12 3 111,11 54b

214 02 13 i 162,44 3.2

218 o2 : 15 1 16,44 049
218 o2 16 4 ue, 02 % T

214 0e i7 2 73,19 3,5

y 214 02 19 3 1u%,2¢ 1,3

p 214 02 . 21 3 494,00 _ 24,9
214 2 ’ 41 5 598,00 . 2341} -

218 02 - 42 2 90,57 4.t

214 02 54 15 B1,47 3.4

2iu 02 b1 i 3,.8% 0.2
» AHEA UF AbUJE SUBDIVISION 214 02 18 1986 ,88 ' B

CrESAPEARE 2ite 03 {1 X 623,08 4,2

214 03 i2 3 158,07 8,7

A1u 0% it 2 601,19 33,0
214 03 . : 19 2 113,26 642 N

214 o3 41 1 5721 2,0

214 03 54 3 247,01 13,40

aie 03 7 62 H 40,99 243
* ARCA QF aBgOvE SuBulvISIUn 2t4 02 I8 1821,70 _ e

CHESAPRAKE 214 o4 1" 14 : 384,41 12,9

214 o4 12 4 103,59 3,5

214 o4 T3 i 39,08 1,3

LA? U “5wALEHMEAT (SFQRMATION SYSTEMS EnVIRUNMENT CANADA UATA SUUKCETD U,eS, GEDLCGILAL SURVEY

:
H
|
i




. o l el e B
' .
LAND MANAGEMENT IMEORMATION 9YSTEMS ENVIRONMENT CANADA DATA SOURCES U,S, GEOLLGICAL SURVEY
DATES SEPT, 18/73 :  PRESENT LANDG USE B8vY CEN SUS DIVI s1o0w 2EFI3190=0002
STALE 13150,000 - AND SUBOIVISION ~ PAGE 3
pYviet o susb 19 310w Pelgdy, CLass pI.‘S'zH"aEEB?‘J: (ACRES) gugﬁﬁf'-gin_- ]
214 o4 15 H 169,08 5,7 .
214 04 16 1 E Y.L S I |
2t 04 17 1 " O,
214 o4 : 19 3 e, 7y 4ol
214 g4 21 8 649, 37 21,
214 04 44 5 1242, 7a Cal,?
’E’_ 214 o4 42 1 223,12 7,5
o 214 o 93 3 a4, 3 ) 1,5
hOAREA UF AB0VE SUBDIVISIUN 24 04 IS 2981 .06 . .
CHESAPE ARt 215 01 ' 1 3 295,52 5.3
215 01 15 : 126, 27
215 03 16 2 46,85 ' 10
215 ot 17 3 241,38 L bl -
Z15 o1 19 1 110,88 - ' 244
215 o1 21 8 2018,39 . I T :
21% 01 'Y ® 1825,7% ' BTyl T
215 ol ' b4 g YT : 1@ - - oo e
215 0t ' 61 2 lod 432 344 -
» ArEa OF ASOVE SUHDIVISION 215 01 I8  4831,6) ) _ _
CrESAPE ANE 215 02 1 2 436,78 12,3 . s
215 o2 16 1 16,87 _ N . N e
215 02 IR § 4 3 LT 3 _ 12,1 o
215 02 19 ! 30,24 ' 0,9
215 02 24 S T 59,7 ’ )
LEMD #0 20E~ENT JFORMATION SySTEMS ENVIRONMENT CANADA ) DATA SOURCEN U8, GEDLUSICAL Suwvey




b

LAhD Wi o EMEAT ]FORMATION SYSTEMS

LATny SEPT,1k/73
STALE 1i%0,070

PRESENT

ENVIRONMENT CANADA

LAND UVSE BY

UATA SOURCED U,5, GEOLUGICLAL SuRVEY

CENSUS DI V]

AND SUBDIVISION

cE5TETen SUBHTV] 10N Priglyy CLASS pLe"
215 02 41
215 02 54
215 02 61
# Arta UF AuOVE SUBDIVISIUN 215 02 I3 3385,8%
CheGAPEARE 216 11
214 12
> 216 16
h 216 19
© 216 21
216 4y
218 42
216 54
' 216 ol
# AnbBA UF ABDVE SUBDIVISION 216 13 $119,38
' va, BEALA 400 1t
400 12
400 15
490 16
400 19
400 21
490 ul
600 52
400 54
490 74
s AWEA OF AOVE SUMDIVISION 400 ] 2473,43

Lake Mauwh kb aT T FLpmatI0s SYSTEMS

ENVIRONMENT CANADA

N O = AN W W e Ut

. X .

Ry ARE A
L (ACRES)
190i5,.22
90,24
bleeT

Ted, 72
%0
SS9y
110,42
455,59
Big, 84
59,32
269,48
30,25

32,62
90,64
16,37
1338,96
243,31
10,424
199,54
71,02
Gos, 31
2,45

S1O0ON

X P.L,i, OF
Subdid, asea

50,0
E.T
1,8

éh,2
)
8
10,¢
27,4
26,7

18,9

REF $13190=0002

PAGE

DaTA SOURCED U.S, GEQL{ICAL SUHVEY

37

e




LAND MA-AGEMEST I~ECRMATIDN SYSTEMS

GATES SEPE1es73
SCALE 1tSL,0U0

CERSUS
viviolu

Vi, BralLw

T6-¥

« AREA UF AUDVE

ve, BEALW

a pAEA UF ABOVE
Va, hrALw

SHEE?3?§ION
due
que
4ge
due
402
402
402
SUBDIvISION
dud
alfy
40d
Ly
qU4
44
404
uod
SudApTIvISION
ugb
ute
ucée
4o
4ub
40s
uith

LART # ai - BENT [GFURMATICN SYSTEMS

402

40u

ENVIRONMENT CANADA

PHESENT

|
?.Léng CLASS

18

Is

11
1e
14
19
3]
L}
53
1837 .4!
i1
12
ié
17
19
2l
41
53
240848
i1
12
13
16
17
19
gl

ENVIRUN

DATA SOURCEI U,5, GEOLDGICAL SURVEY

LAND USE BY CENSBUS

AND SUBDIVISION

NO,  OF OCCUR
PLU"IN suan?v:

-3

w2 W W

— WA N -

@ N e e NN

MENT CANADA

ARE A
{ACKES)
188,40
b1,04
I RY
I, 17
BBU, 24
187 44
39,71

38,08
37,09
$3,79
10,39
49,91

$15E,05

590,90

145,94

259,13
55,86
11,87
50411
23,74

7.55

158,68

DIvi!

s

I ON

gugbkﬁf'naza
15,2
4,1
5,9
s
51,1
11,1
3,2

18,9
1 3 -
242
Dot
2.1

48,2

2l .0
6.1

30,0
Te0
1.9
6,3
3.9
0.9

17.4

REF 131900002

PAGE

UATA SOURCER U,3, GEOLULITAL SUKVEY

38

5 et

S ST




LAND MASNAGESENT [4FURMATION SYSTEMS

GaT-  SEFT,10/73
SCiLl tr%0,G0y

)E%;SUS CENSUS
. afun SuBDIVISION
dos
408
404
® LbEA GF AB0VE SULDIVISION
VA, HEAL- 408
408
408
['h]. ]
awys
A 408
i 4ud
: 408
: # At A LUF AROVE SUBDIVISION
“hy HLACH 430
410
410
410
410
410
410
4§19
410
» AnbA UF AMOVE SUdDIVISION
Va, PLACS 412

A%

H
!
i
1
H
1
{

VP S e AR

; LA MAVAGEYENY IwFUORMATION SYSTEMS

40b

q4o0p

410

PRESENT LAND USE BY

ENVIRONMENY CANADA

P.LﬁHtA CLA3S

18

is

Is

41
53
15
796,48
11
12
1é
19
el
£2
4]
54
1002,29
11
12
15
16
19
21
22
41
54
540,54
1

ENVIRUNMENT CANADA

. UATA BOURCE: U,3, GEDLOULICAL SURVEY

AND SUBDIVISION

= o= NN

L I PE I PR VIR PRI N

DeTA SOUNCES 0,5, GEOLL.-ICAL SuwvEYy

CENSUS DIV SIDN HEF$13199=0002
PAGE 39
ACHES) LTS Tl
173,84 é2,.8
23,79 1,0
tb,le 8,8
551,91 55,0
32,92 3,3
14,54 1.8
78,85 ) 149
Eoo;uu 20,0
22,05 ) 2,2
117,43 11,7
1,08 0.1
933,08 . ) 60,6
267,02 _ 17,3
15,92 10
28,26 1.8 -
76,17 4,9
58,49 5.8
82,05 0,0
33,33 2.2
ob, 30 4,3
863,39 49,9




LAND P& saGEMEAT

ATk

[NFORMATION SYSTEMS

SEFI|‘W/73

SCALE 115u,0uv

£ES-V

LAt

HMbhag s ENT

) 452
% AMEA UF au0viE SUBRDIvISION uig
VA, BoalLn 414
d414
Y]
aju
414
uju
414
G14
418
» ;HEA oF &nDVE SUBUDIVISION 44
va, BEALH 4lé
4le
4l
4l1s
4l1b
41k

VAR QRMATICH 5YSTEMS

PRESENT

Pol,U, CLASS
Lallya -

i8

Is

ENVIRONMENT CANADA

LAND USE BY

DATA SOUHCES 0.8, GEULULLICAL SURVEY

CENSUS

AND SUBDIVISION

ia
15
16
i¢
21
41
S35
745,21
11
ie
15
ie
2l
4y
53
sS4
6l
1813,93
1
12
1&
i9
21
2éa

ENVIRONMENT CANADA

NO
PLU

- U RO e = G NS e e W

W e U W

. ARE &
s (ACKES)
26,50

16,31
59,74

12,00
190,01
4s0,t5
130,10

794,722
16,99
3,30
7.04
s02,84
139,64
26,90
260,955
2,49

260,29
9,84
25,09
9,24
408,56
5417

DIvlI

S10N

AL Dt
1.9
)
5,2
tig 7
18,9
29,48
1%

4,6
0.9
0,2
0,4

35,2
Te?
1.5

14,4
[V |

23,2
Ga®
242
G,8

40,0
0.3

REF$3190=0002
PAGE 40

=

=

g

Data S0URCEY U,S, GEOLuwICAL BUWRVEY




LAND MASALEMEST INFORMATIGN SYSTALMS

Ay

DATES SERT 1%/73
SCALE 1150,uud

» AqEA UF ABDVE SUBDIVISION 416

Vi, BEALH

7S~V

* ARLA UF ABDVE SUBDIVISION

YA, BEACH

n ARkEA UF AHDVE SUBDIVISION

Va, dealn

416

418
418
418

418

418
418
418
418
als
418
418

420
4240
420
420
420

yegl
u2a

ENVIRONMENT CANADA

SEnwnT

P.Légfn CLASS

q1
53
-T]

112¢,78

11
12
15
16
21
41
52
%3
54
&1
T4

1764,43

11
21
41
de
54

2027,36

1
12

LAND USE

DATA SOURCE1 U.S, GEDLULICAL SURVEY

AND SUBDIVISIAON

LAkt S

LR ST 1 FUHYATION SYSTEMS

EHMVIRUNMENT CANADA

N W == NN

-l
o

- N

- e Ry B e

CENSUS DIVI 310N
. (ACRES) gugﬁkﬁg'ngia

159,04 1,2
21,31 1.9
184,5V 16,5
121,2% 6,9
168,02 9,5
10,04 lieb
7db,86 ud,d
52,37 3.0
246,40 13,9
85,99 4,9
2l 76 1.2
¥3,21 S8
69,43 5,9
192,1v 8,6
266,00 13,1
181,78 9,0
955,05 47,1
46,59 2,3
577,94 28,5
869,35 45,0
0,07 0,0

UATA SOURCES U,S, GEOLU.ICAL

ReF3i190=0002 o
PAGE 41
SUnVEY




LARD MARAG- :EST 14FORMATION SYSTEMS

DATEL SEPT,i0/75
SCilz 1350 ,ud0
CENSUS CEwSUS
Ivislun SuUbD]IVISION
ug2
uze
4ee
422
422
* axEa JF Ad0VE SUBDIVISION
Vi, kLACH 424
424
uly
4ey
& &rEA F ABDYE SUBUIVISION
VA, BEACH uze
ugh
426
426
[1P-3.]
uce
» AREA UF AHOVE SUBODIVISION
va, BLALH 428
4e8
uz28
uzs
428
u28

u

54—V

LA« BAS A EvesT [ F0R-ATIOT SYSTEMS

f;— 1’1:‘ e

4z2é

4gu

uge

PRESENT

P CLASS
'ngfa L

%]

I8

3]

ENVIRONMENT CANADA

AND SUBDIVISION

NO
PLU
16
21
4
82
Sy
1930,uB
it
12
21
ut
651,25

i1

12

i5

2}

41

54
152,62

11

12

]

)

17

19

ExVIRONMENT CANADA

LAND USE

OF
N

8Y CENSUS DIVI STION

LY =Y A

BN e

— £ e W

[ e L -

0
u

¢
B

c
b

R
ivs

DATA SOUHCES U,5, GEOLGGLICAL SURVEY

REF13190%0002
PAGE 42
(ACRES) §u§b&#?'nﬂ€g ;
50,72 248 : -
138,67 T.e
635,15 32,9
19476 0,0
220,13 11,4 . o !
!
S57,41 BY b
25,23 . 5,9 .
i, 50 ) %49 _—
U,Uh Geo !
40U, 23 83,7
127,04 16,9 : R
3,17 Q.4
45,07 11,3
45,41 11,3
47,69 b3 -
673,98 56,1
10,59 0.9
23,44 1,9 S
i, 16 20
2l ,bwn 24}
168,65 14,0

Dava SOURCEN U,3, GEOLUSICAL SURVEY

pr A Y i RN 1

L e



.

LAND MARALEMENT 14FUHMATION SYSTEMS

DATE: SEPT,18/73
SCALE 131%0,uL0

CENSUS £
1vial -]

Ind uh 8y

428
¢ anb A UF auDVE SUBDIVISION
VA, BLALH 430
430
LY
450
430
439
450
uie
430
430
430
» AnEA OF ABOVE SUBDIVISION
VA HEALW use
us
432
432
432
432
4s2
A80VE SUBDIVISION

96-v

o AxEL OF

LAMNT MENBELLPL4T [SFURMATION SYSTEMS

LT-{

430

452

ENVIRON

PRESENT

P'Lﬁgfg CLASS

19

18

18

2}

a1

uz
1201,32

53

11

12

16

19

el

41

42

54

6l

T4
4247 ,44
i1

15

HL

19

a1

S4

T4
4600430

MENT CANADA

LAND USE

By

CEN3US DIVI

DATA SOURCE1 U,S, GEOLGGLICAL SURVEY

AND SUBDIVISION

NO
PLU'1

ENVIRONMENT CANADA

FYS™IRE T T B - TR T

= = e e B

s10nN REF13190+0002
PAGE 43 )

caéﬁﬁé: §u56k52'.32.

H3i,40 ) - —
{ob,92 15,8 i

25457 2.t

199 T3 ——
oM7,01 16,2

99,86 2.3

2l 0,5 .
11,58 7.3 o
Thi, 00 17.7

700,65 17,9

76,09 1.8
1313,80 50,9 - - -
135,09 3.2

77450 1,8

84,84 1.8 ———

43,246 0,9

662,85 14,4

100,80 2.2 -
459,08 75,2 — . ——

16,76 1.7

172,75 3,8

DATA SOURCES UeS, GEQLCILCAL SUWVEY




STHN R R B IS A e ST T I YR R e ) i e ¢t it e e i A e e e e ReTRre oy M e s o Dl e S T T S
o pEie TR b A . v e

Q L L 3 M v N % . 4
LAND Mane, #poT INPUwMATIGN SYSTEMS ENVIHONMENY CANADA DATA SUUHCEY U8, GEOLUSICAL SUMVEY
‘ v
TA w4 3:FT,3+/78 PRESENT LAND USE BY CENSUS DIVI SION HEF 1319070002
SCr.E iibve 2 AND SUBDIVISION PAGE 44
REH sub5 1313 10n Pabaly, G238 pLO" IR sUBSTye  cabhEd, Suhshet B
va, mLaCe " 11 1 243,39 04,2
w3y ay 5 01,06 16,1
asy 54 12 12,720 3,2
aku 74 H 62,4l 16,5 So
* £nEA uF AMOVE SUSDIVISION 434 18 379,08 : "-759
VA, BEALW ula 11 1 308,60 B2,4 Yo
> 436 uy 2 26,10 5,4 §2
e 36 53 3 17,87 5,7 o g
3o 54 7 betd ' 146 ‘:‘E
us8 T4 i 2é, 11 ) 5.9 ]
* 14EQ T s0IvE 3udbIVISIONG 43e 15 374,73 ' 5@:’
A, relw 454 11 4 Sku, Ul 4h,2 &
. 16 § 59,78 3,2 - - -
un 19 1 259,91 20,8
438 § 5 206,80 16,6
438 .53 { 44,50 3.5
438 54 18 124,92 10.3 -
43e 74 1 3,91 0,3
» ASEA OF anQOVvVE SUBDIVISION 438 18 1247,97 ‘
Va, BEaLw Au49 it ) B2e,95 L4
PY i2 2 404,59 21,8
440 15 3 10,12 0,5
aud e 3 1435 0,1
4do 19 1 eh,17 1.4

LA U Mos SEeNT JGFURMATIUN SY5TERS E4VIHONMENT CaNADA DaTA SOURCEL 4,8 GEQLISICAL SUNVEY

et I Ao LA s S R




-

LAND SASAGLEME.T [ wFUHMAT[ON SYSTEMS

LATEY SEPT1r/258
SCALE 150,040

g CENSLS
21 suShiIvE S 10w

4d9

)

440

d4g

* FREA UF AsQYE SUBLIVISION

VA, HBEALH ay2
LYY

442

442

442

dug

442

qy2

442

dy2

qu2

# AntN [UF AYOVE SUBDIvISIOM

Vi, BEALH aul
444

duy

444

YT

444

dayg

8S-V

LASND MAWAGEMENT [WFOHMATION S5YSTEMS

ENVIRON

PREIENT

P.Légf‘ CLASS

41
53
54
T4
4] 853,96
11
12
14
1S
is
17
19
2}
ut
42
sS4
19 1683,35%
53
il
12
16
17
ig
19

EnyIRUN

MENT CANADA

DATA SOURCE) U,Y, GLOLOGICAL SURVEY

LAND USE BY CENSUS DIVl

AND SUB)IIVISION

N o= Vo= e ey O

£ e Ol oee sl e

HENT CANADA

ARE A
(ACHES)
567,59

31,57
109,17

81,59

1u5,19
Ti,be

le35
25,47
ly 81
554591
107,90
162,97
892,34
16u,t8
20,8%

15,10
400,52
23,00
95,77
55,54
271,99
195,19

LaTA SOURCEL

s

S1O0N REFE3190=0002

PAGE

P 1y OF
Substel s

19,8
1,7

0.6
16,9
0,8
2,0
2,0
llo
97

UeSy GEOLULIGCAL SUkVEY

45

LTy




LARD MANAZG=MENT INFORMATION SYSTEMS

DATES ' 4PT,18/73
SCALE 1:50,0u0

66~V

-

i s A ke bR 8 S e e A

uuy
_ Yud
a A<EA UF ABOVE suaatv:srbu 444
yA, BLALn dubd
LT
nus
quk
ddb
dubd
dub
4ue
» AxEA UF agOVE SUBDIVISION
VA, HLACH uul
HuB
qus
448
')
qug
qus
yua
d4B
adl
» anba UF AWOVE SUADIVISIUN

L46

448

PREEN-STL IR SEERETEA TS 8 3 PR RN N A

ENVIRONMENT CANADA

PRESENT LAND USE BY

P'Lﬁifl CLASS

15

I3

DATA SDURGCES U,3, GEOLUGICAL SUHVEY

CENSULS

AND SUBDIVISION

NO, OF DCE
PLU IN SUBD

21

ul

53

54
2725,u6
11 1
12

16

17

19

21

41

54
2970,70
1

12

15

16

18

i9

21

1

42

54
26869,42

N = @ '

v B B W = B F

UNOOUP‘WNU‘-‘

Eny [RUNMENT CANADA

¥

AREA
(ALHES)
h92, 9
14,10
31,50
2el, 1o

944,09
58,84
25,5Y

fou2

246,97

423,94

2s¥, 15

986,05

798,71
168,51
99,71
69,12
37,57
310,39
730,48
449,90
1,08
He09

plvl

510N

§uﬂaka?'aﬂ§.
24,4
35,5
§od

10

31,8
2al
U9
Uyl
n,T7

1443
9.0

33,2

29.0 -
6,3
3,7
2.4
1l

1.0

27,4

16,9
0,0
0,3

’

REF$3190=0002

PAGE

JATa SOURCER WaSe GEOLUUICAL Su-vEY

Ll L s

46




e Sar——

LAND MANAGEMENT JWFURMATIOUN SYSTEMS ENVIRUNMENT CANADA LVATA SOURCES U,5, GEODLLGICAL SURVEY

DATES SEPT,1h/73 PRESENT LAND USE BY CENSUS DIVI STON REF13190=0002
SCALE L35U,3u0 AND SUBDIVISIOSN PAGE 47 .
R Subo1v1310N P'Lﬁgh CLass PEE'IHFSSEB%: (aghES) gugﬁhl.]'aggn
VA, HEALH w0 1 4 Q47,10 U9
e 14 1 71,05 1 .
450 158 1 1752,60 1 TR
uh0 184 2 1087,14 41,3
4h0 17 S 14,99 r.3 S
. 450 19 s 327,54 Bed
iy 450 21 9 120,67 Zi,0
e 450 41 9 Sul,#n . 1U,.6
ubg 42 3 59,27 o2 -—
« FREA CF AMOVE SUBDIVISION 450 I3 5103,52 '
VA, HEACH ase - 16 3 43y,30 17,5
ush2 19 2 4sn, 27 17,8
4s? 21 1 22,95 ) = e
as2 4l 2 977,29 9,8
452 42 4 362,67 15,0
852 . 52 4 a8,29 2,0
452 Sy 42 25,45 1,0 P
‘ 452 74 2 151,67 5,4
» Axba UF ABOVE SUBDIVISIUN 4S2 Is 2456 ,88
Vi, BEACH abi i1 6 597,31 1.7
454 12 H 41,08 0.4 . .
454 , 15 t 108,09 0,3
4yv4 ~ 146 5 75,11 0,2
aby 17 3 136,20 0,4

LANG MAATEmENT TNk UR“ATIOY SSTEMS EMVIRONMENT CANADA DATA HBOUHCLY U,S5, GEOLGILAL SUNVEY




* L 3 i i ] & -] &« ”" L
LANR MANALEMEST I“FORMATION SYSTEMS ENVIRONMENT CANADA DATA SUUNRCES U,.5, GEOLGLICAL SURVEY
DATE: SEP) 1R/T3 PRESENT LAND USE BY CERSUS ODlVvI S10N WEF§319090002
SCALE 150,000 AND SUBDIVISION PAGE  AB .
LTVISYS. Susp1eiS10 Pabglys LSS piBeaf7 0GR N:  aCHES) A T N :
a5y 19 & 827,51 2458 e
as4 ' 21 19 15779 ,24 an,3 .
454 ‘ u1 1) Juusy 10 4t 40
454 42 9 S ehe,1e -
u4sd 51 17 67,34 ved . : -
» 4%y 52 3 597,02 1.0
f-: u5a 53 ‘2 08,10 [
u4sy : 54 24 642 ,6d . L 148
ahd 61 '} - J260,37 3.5 -
454 74 1 338,81 1,0
s AHEA OF AuDVE SUBDIvISION 454 I8 3%64db,08 _
VA, BLAGH w56 i 4 718,51 50,2
us6 ' 12 ") 48,08 3,4 : S
. 456 14 1 9,92 0,7
'Y ) 15 1 ‘5.”“ : ‘.‘
usé 19 ! 59,91 4,2
uhb 21 2 0,94 . 0,1 e e e e —
ass 41 3 481,58 53,7
456 54 3 95,30 6,7
« AREA UF A%OVE SUHDIVISION 456 18 1430,0% :
VA, BEALH 448 1" 2 712,59 26,3 -
458 12 i 20,24 0.7
LY 14 1 Bo,37 3,2
u58 15 1 8,%7 0,3

At At e T TLERRAT IR RYRTRMS ENVIRONMENT CANADA 'ATa SOURGE] U,3, GFOLN[CAL SURVEY




AMi “aNalt sBNT ] L4¥ATION S5Y5TEMG -

Catetr S-27 (071738
“LaLE 1156, 00

A

SUEST?I%IUH
458
458
ahd
'8N
458

* At A U ABOVE SuBDIvIsIOn
B WA, HEACH 4od
l 4nd
YY)
4ol
400
4a0
ung
Ho0
4ol
450
480
» AREA UF AHOVE SUBDIVISION

VA, HLACH 462
a2
LY
LY.,
VY
LLT

29

HEL “AVIL . 5¥3Tc 'S

v . . e

458

LT

ENVIRONMENT CANADA

PRESENT

p'Lﬁng CLASS

16
19
21
“i
53
18 2706,63
11
12
15
16
17
19
2%
L]
53
54
61

Tl 7039,18

11
12
13
Ces
16
17

L ANTD

e o s e R b = e ¢ b <

ULsSeE BY

CENSUS

LATA SOURCES U,S5, GEOLULICAL SURVEY

AND SUBDIV]ISION

tAVEIRUNMENT CANADA -

o= o=y N

BIvil SITQeN
:Aéﬁia, _§u55&52'g25.
38,19 144
279,35 10,5
943,50 $4,9
565,81 20 Y
si,7o 5.9
1884,90 2l u
106,06 ot
60,99 Got
238,26 3.1
9,81 1,2
223,44 2,9
3085,50 40,4
1650,78 22,0
174593 $a0
27,19 0,4
164,90 2ot
1488, 24 12,9
2e2,9¢2 19
20,85 0,2 -
55,04 0.5
49,07 0,4
156,44 I

UATA SOURCES U,S, GEOLUGLILAL SURVEY
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¥5-minute geographle projection
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LAND=USE CLASSIFICATION
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EXPLANATION

| Sand and Grovel; Sand

\ I'ul'ln'. ‘l.' Former barrier beaches, ond
N ' in higher areas adjacent to present drainage

2 2 2 Silty Sand
Former barrier beaches, near-shore deposits,
and in higher ares adjocent to present drainage

5 3 3! Sendy, Clayey Silt

3 ) Former logoonal and offshore deposits
PR Silty Cilay and Clay ,
4 a Former lagoona! cnd offshore deposils '
4a Foresied wet lands {
s 5 5 Deep Plastic Clay over Sand ;
5 ° Former offshore deposits i
6 6 . ) 3
S Deep Mucky Peat of Dismal Swamp
" 7,71 Mucky Peat, shallow over Sand
E " ° ®| Mucky Peat, shallow over Silty Clay
3 ) i . 1
5 5 9| Mucky Peat, shallow over Mixed Stream |
;: s 9 Alluvium, Mostly Clay and Silt !
3 i o o ' i
g_ s 10 Artificial Fill i
§ :
e :
: i 3] 1"
: W Coastal Beaches and Dunes (some stabilized) !
E — :
I2 12 1é
Marsh i
: 1e 12 3
Y \ :
s Tidal Marsh and Swomp |
Fresh to Brackish Swamp 3
f weow " 14a Cape Henry Swamp
‘ 14 with numeroug stabilized dunes
3 The Desert
/ ~_ Contact
,f'""'\._ Boundary of Dismal Swamp
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DESCRIPTION Wb PHYSICAL PROPERTIES OF EARTH MATERT

DESCRIPTION OF UNITS

Pla

‘ PRESENT USE DRAINAG
UNIT DESCRIPTION TOPOG%HJ‘C)CRI%}?;{BSSION VEGETATION TYPES CHARA
1 sanaand :ﬁn;1:3e$°:§:§r§:3§ea Material makes up parts of virtually all urbanized, |Excell
Gravel;Sand |_;.h varying amounts former barrier beach industrial, and residentialjwell A2
of gravel: (pebble sizey. :ﬂmpi:xes and accounts with varying degrees of Slight
Thickneas: 10' up to ';‘; e N-S trending intensity. In southern nead £
50'; thickest under Diajes and the £-W half of the study area ficial
Charity Neck, Pungo, R,;mnﬂ §pr1ng? Es?arpment. the unit is in intensive Depth
Oceana Ridges, Diamond adges rise 1.0°'-15' above agriculture-multiple crops [ally h
Springs Escarpment, and adjacent lower areas. throughout year. table.
’ Material in slopes adjacent
Knotts Island. op J
Thickness: 10'-15' in to present drainage are
slopes adjacent to Stream overflow deposita,
present drainage under-
lain by 20'~30' of i
silty clay and sand. :
2. 8ilty Sand Pine sand and silty sand, Moderat
Thickness: 10* to 50°. Same as above Same as above sxcept a few |drained
Thickest under Charity areas still wooded. areas i
Neck, Pungo,and Oceana drainag
Ridges ,and Diamond for eu
Springs Eacarpmant. Depth
ally hi
table ]1
Most extensive unit in the Urbanized in north and in ;
3. Sandy, Clayey| Fine sandy °1?Y'y silt, study area and occupies broal Norfolk and Po:tsmouth, :::: g
sile to d:g:: °£15 nndcr:lin extramely flat areas with Remainder more than 90% in :oqniﬁ
:zi:kn.li e!:{:%of.n ‘ elevations ranging from 10'-} cultivation. Remaining scatt- drainﬂ
' y 20* above sea lavel. ered aress undrained and and in
wooded, c].o-oli
' Material is former lagoomal lateral
and offghore fine marine ::::h-q
deposits, o
e able.,
Season
water |
surfac
v.ryip
, b
4, silty clay |Plastic silty clay and | row lying poorly drained A:e::c::::y "’::' :g:P.;O:tl ::E:né
and Clay clay with some layers sites developed from ;01 f unit has h:ecn reclaimed |and in
of sticky clayey ,lnd- fine grained offshore P :griculture. e atess [closel
Thickness: 20°'-40°. marine deposits. remaining support dense llt.tl;
growths of black tupelo. d:ltchg
loblolly pine. yellow poolar. |lam @
sweetgqum. red maple and willow|able, :
oak. Thick underbrush of cane|high w
or raseds and briers. at sur
Beforas
much o
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- Plate 11

ATIES OF EARTH MATFRIALS IN THE PORTSMOUTH-NORFOLK AREA, SOUTHEAST VIRGINIA

ES

DRAINAGE
CHARACTERISTICS

FEATURES AFFECTING AGRICULTURE AND ENGINEERING WORK (a)

Compiled by Sherman X. Neusch
g. S. Geological Survey, l’T".

AGRICULTURAL

.

arbanized,

A residential
agroes of
pouthern

dy aren
intensive
ltiple cropms
L.

Excellently to
well drained,
Slight to no
nead for arti-
ficial drainage.
Depth to season-
ally high water
table. 2-4%°*

SOIL TYPES AND ADAPTABILITY TO

EARTH WORK IN
WET PERIODS

FEASIBILITY
FOR USE AS
TOP SOIL

ADAPTABILITY ‘1_

Friable fine sandy 'I
loams.
Excellent--Best and
most productive
agricultural lands
in study area.

Good to Fair

High

FEASIBILITY AS SOURCR] FEASIBY;

OF CONSTRUCTION

| MATERIALS (b)

High.

Ridges of this unit
are excellent source ]
of gravel and sand. |
Good base course
material, and source
for aggregate when
screened.

Moderataly well

Fine sandy and

Fair to Poor

High to
Medium

High to Medium.
Some of well morted
sands suitable for
f£ill, and construc—
tion material,

tcapt 2 few [drained. Some silty lomms.
led, arsas require
drainage ditches | Very high
for cultivation,
Depth to season-
ally high water
table 1%°'-2%"*.
th and in Pair to poor. Fine milty loam wit
mmouth, Nost of area plastic, sticky clay]
han 90% in mlr‘. deep submsoil,
ining scatt-| 5, 0inage channelfvery high to good
ined and and intensive Tif properly drained
closaly spaced |and limed.
1ateral drainage |Fertilizer require-
ditches to make |ment high,
land cultivat-
able,
Seasonally high
water table at
surface.
2
Very poor. Black, sucky fine
8 1940's all (Requires desp silt loam with sub-
. Now about |drainage canals [soil of sticky,

Ben reclaimed
. Wooded mreas
denass
tupelo.

110w vonlar,
le and willow
brush of cane
ers.

and intensive
elosely-spaced
lateral drainage
ditches to make
land cultivat—
able. Seasonally
high water table
at surface.
Before drainage
mch of unit

EDUUT M?p&mmt 1y \nt.

Not Adaptable

Medium to
Low

Medium to Low,

Some clayey macerial
can be used for
borrow.

'i
!
J
|

plastic clay.

Bigh to medium
adaptability for
agriculture if ade-~
quately drained and
limed, Pertiliser
requirement high,

Wot Adaptable

Medium to Low,
Some clays can be
used for borrow.

Very

T T




SMOUTH-NORFOLK AREA, SOUTHEAST VIRGINIA

AFFECTING AGRICULTURE AND ENGINEERING WORK (a)

SOIL TYpES AND

Compiled by Sherman K. Neuschel
U. S. Geological Survey, 1915.

ADAPTABILITY TO FEASIBILITY FEASIBILITY AS SOURCH FEASIBILITY FOR
AGRICULTURAL EARTH WORK IN FOR USE AS OF CONSTRUCTION POUNDATION MATERTAL
_ADAPTABILITY WET PERIODS TOP SOIL b) {(b) (e)
ble fire sandy H::.gh. . .
- Good to Fair High Ridges of this unit Very high
1lent--Begt and are excellent source,
productive of gravel and sand.
rultural lands Good base course
tudy area, material, and source
for aggregate when
screened.
« sandy and
ty loams. High to Medium.
Fair to Poor High to Some of well sorted| High
Y high Medium sands suitable for
£ill, and construec-
tion material.
‘r;ilty loam withj
tic, sticky clay]
il. )
g 1 Not Adaptable Medium to Medium to Low. Medium to Low
high to good
Low Some clayey material
roperly drained
[imed, can be used for
jlizer requize- borrow.
high.
£, mucky fine
loam with sub-
of sticky, Not Adaptable Low Medium to Low v poo
) - [ ] r to 1“-
ic clay. Some clays can be i
to medium

sability for
ulture if ade- }
il.y drained and
|, Pertilizer

Ereuent high.

used for borrow.

E )
g ™ucky fine

e e e B L 2 e it 1t B
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Forested wet | an cxtonlion of Dismal and south of Albermarle |cithu: wooded with same
lands Swamp known locally as and Chesapeake Canal. species as Unit 4 above, W
the “Green Sea") Developed from fine-grained, |timbered or burned over
offshore marine deposits, comprises dense growth of
briers, cane, myrtle, and
honeysuckle.

s, Deep Plastic|4’ plastic, sticky fine |Extremely flat areas 15'-20° Formerly swamoy and wooded,

Clay over sandy clay over 4'-6' in elevation bordering or near | Now nearly all drained and
Sand loose sticky sand, over [Dismal Swamp. A few small low | reclaimed. Some areas '
20' or more of silty areas 5'~10' in elavation urbanized, others in agri-
clay. between sand ridges west of culturse,
Back Bay. Former offshore
rine and lagoonal deposits.

|
:

6. Desp Macky 3'=-15' mucky peat under- Densely wooded except for 1
peat of lain by 20'-30* silty Extremaly flat area in burned over area in northj
Dismal Swamp | clay ‘and loose aticky western part with elevation Trees are mainly red llloli
sand. Peat ranges from 15'-20' above sea level. ash, swamp oak, cypress, |
a trus peat in which pine, poplar, beech. and
plant species are easily varieties of guma. Contain
recognized to a muck in a thick undergrowth of -oé
vhich it is difficult : sedges, ferns, cane. honey
to determine plant . suckle, myrtle, alder. hol
remains. Contains many and gallbarry., Forest .
partially decomposed logy providea habitat for a lar
and atumps. variety of wildlife. 1
| 7. Mucky Peat, |0®-6" partly decomposed Flat arsas bordering Fomerly wooded but nrear
| shallow over |organic matter, oOver Dismal Swamp. of this unit being rochu
E sand 1'=2' macky peaty over
: 3' loose fine sand; over
- 20'=30' silty clay and
} sticky sand.

. : J ‘ y
% 8. mcky Peat |Zimilar to desp mucky Flat areas bordering Dismal [Wooded with species like r
E shallow over |pesat of Dissal Swamp Swamp of Dismal Swamp listed lbt
§ silty clay sxcept that peat is only for Unit 6.

4 1'=2' thick. ;
3 |
g 9, Mucky Peat, 1'=2'mucky peat over - Porasted wet lands contal
; shallow over |mixed stream alluvium Flat alluvial surfaces in an aszemblege similar to |
] mixed stream [mostly clay and silt the two main drainageways Dismal Swamp described :I.nj
Alluvium, with some sand., Alluviem and their tributaries. 6 above. i
l mostly clay and|in two major drainage Streams descend from an 3
allt. the Northwest and | elevation of 5'-«10' to smea
North Laading Mvers level where they enter i
%o a ddpth ¢f | Currituck Sound, ‘
E about 50° (50° below mea |
“' igvel) at the Virginie-
Nekth Carolina border
where the stremms eater
eiteck Sound FSuth ;
mapped area, ,
]
;
10, Areas filled with waste ] Pilled peat areas, former ] Co-ercigl-ttm-nortntioj
rubble,and dredged streams and tidal marshes. docking, shivp handling 4
Artificisl Pil)| material from ship , warehouse facilities.
channels off Hampton - .

Roads and in the Elima-
beth River to create
ship berthing and ware-
house fastlities along
Elizsabeth River and to
sxpand facilities on
Yorfolk-Portsmouth
waterfront,

S ——— g i R

11. Coastal lgrevishevellow incoherent|The coastal beach is a lwostly used for racrastid




rads &nci ”liarion.

-

@LDOUT M Eﬂtly wet,

at surface.
Bafors drainage
-_:ch of unit

-‘—-‘-—-‘-vilb Hagtte “

nall area beginning to

clained - otherwise In::::hiral

r wooded with same ar clia

88 as Unit 4 above. Wher drainage needed
red or burned over 1tﬂ reclaim,

Lsen dense growth of
B, cane, myrtle, and

Exceadingly poor

Under water
except in long

Black, mucky fine
s8ilt loam containing
much humus,

High to medium
adaptability for
agriculture if
adeguately drained

Not Adaptable

Low to very
low because of
high acidity.-
Medium feas-
ibility when
drained and
limed,

Low to very low.
Some clays might
used for borrow.

. dry periods. ‘Pd limed to reduce
ruckle high acidity. i
rly swamny and wooded, Very poor Black, very fine

sarly all drained and
imed. Some areas
lzed, others in agri-
re.

Requires desp
drainage canals
and closely
spaced drainage
ditches. Areas
near Disgmal

Swamp were vary
ifficult to

rain, Seamon-
1ly high water
able at surface.

silty clay loam with
abundant humus,
Subsoil is plastic,
sticky, heavy clay
loam.

Very high to |
high when properly
drained and limed.

ly wooded excaept for
»d over arsa in north,
3 are mainly red maole.
swamn ok, Cypress.
, poplar, beech. and

Very PooOr
Seasonally high
water table at
surface. Except
for prolonged

Not Adaptable

Medium to Low

Low to very low.
Some clays might .
used for borrow,

Black, fine mucky
organic soils
extremely acid.
Very low to nil
for agriculture

Not Adaptable

Low to very
Low,

Very low to nil.

sties of gums. Contains |dary periods though could be ,
ick undergrowth of moss. [wuch of Dismal drained with

ez, ferns, cane. honey- |Swemp has difficulty. _
le. myrtle, alder. holly, |[gtanding water. ]
gallberry, Forest ;
idea habitat for a large 1
sty of wildlife, §
erly woodsd but areas Vezy Poox Black, fine mucky 3

his unit being reclaimed.

ssasonally high
water table 0°,
Standing water
at surface most
of time until
drained.

organic soils
extremely acid.
Low adaptability

extensive artificial
drainage.

for agriculture after

Not Adaptable

x
] with species like rest
Lamal Swamp listed above
Init 6.

Same az above,

ly difficult
to drain,

Will be extreme}

Black fine extreme-
ly acid mucky
organic soils.
Very low to nil foﬂ
agriculture,

Fot Adaptable

Low to very
low because off
high acidity.

Very low to nil

T T

Low to very low
because of high
acidity.

Very low to nil.

3

sted wet landa containing

semblege similar to
1l Swalp described in
wve.

-
S

Standing water
at surface
most of time,

Iwith stream alluvium

Black mucky organic

peat soil mixed

in subsurface.
Hot adaptable
for agriculture.

Not Adaptable

Low to very
low.

et

3

Not generally usi
though some alluy
ium dredged for

making new land, :

|

prcisl-transportation
Eng , thip handling aad
fouse facilities.

3
h

5_

Well drained

Mixed alluvium and
earth and rubble
fill. No natural
soil profile
developed.

No agricultural use.

¥ot Applicable
once made land
completed and
built up.

Bot
Anplicable

Not Anolicable

i
j
|
]
|
~
|




O Redium
ytability for
culture if ade-
ely drained and
d. Fertilizer
irement high,

—

—

| I

used for borrow. I

k, mucky fine
. loam containing
. humus,
- to medium
tability for
culture if
vately drained
limed to reduce
acidity, '

Not Adaptable

Low to very
low because of
high acidity,-
Medium feag-
ibility when
drained and
limed.

Low to very low.
Some clayes might be
used for borrow,

Very Low.

k., very fine

y clay loam with
dant humus,

0il is plastic,
ky. heavy clay

- high to |
- when properly
ned and limed.

—

Fot Adaptable

Medium to Low

Low to very low.
Some clays might be
used for borrow.

Very low,

ck, fine mucky

anic soils 4

remely acid.
¥ low to nil
- agriculture
ugh could be
ined with
ficulty.

Not Adaptable

Low to very
Low.

Very low to nil.

Very low to nil.

ek, fine mucky
anic soils
remely acid,
-adaptability
agriculture afte
engive artificial
inage.

R

Not Adaptable

ok fine extreme-
‘acid mucky

janic soils, J
ry low to nil fo
riculture.

Fot Adaptable

Low to very
low because of]
high aecidity.

Low to very low
because of high
acidity.

Very low to nil.

Very low to nil.

Very low to nil.

Very low to nil.

Rt

::k mucky organic

. s0il mixed

1 stream alluvium
pubsurface,

- adapntablc
"agriculture.

Not Adaptable

Iow to very
low.

Not generally usably
though some alluv-
ium dredged for
making new land.

Very lLow.

alluvium and
and rubble

.My, natrnral .

it -

¥ot Applicable

once made. 1and. . .. ..

ot

~_ Aomlicabhls. ... 4.

Not Anolicable

High to Medium

P

A1

S P
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jyind=blown dunes R\UZ
stabilized dunes. &ll
sand of dunes contains
appreciable silt.
Dunes stabilized for a
long time have developed
a fesble soil profile
with a loamy subsoil.

one mile.

Dunes are of two types:

{1) Those active and
subjected to wind action
'and, (2) those stabilized
by vegetation. S
Average elevation of the
dunes is about 35°' but they

on Cape Henry and in some
places both axtremes are

found within a few hundred
feet. South of Virginia

Peach in vicinity of False
Cape are many dunes 40'-50"
high.

vary from a few feet to 100’

coarse bunch
Beaches and
being preserv
incursion of
on land and i
and Back Bays;

12, Marsh
Deposits

S8ilty clay with varying
quantities of oxganic

of decomposition. Sandy
in u few places. GSome

peat on surface,
Inundsted by fresh to

matter in various stages
areas have 31"-6" of sedg

1

slightly brackish water.

Low inundated arsas in
North and Back Bays, and

Sorthwest Rivers.

along the North Landing and

Recreation:
Scant grazi
consists of
grass, and I
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