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PREFACE

This summary is based upon a much more extensive report, entitled

Urban Environmental Health and Remote Sensing, Galveston, Texas. The

full report is a detailed description of the Galveston Remote Sensing
project, including an extensive literature review, a full discussion

of the methodology employed, the sampling techniques used, the variables
selected and varlous tests of reliability and validity. The results of
the computer analysis are also discussed fully in the corplete report.
Copies of this full report may be obtained from The Manned Spacecraft
Center, National Aeronautics and Space Administration or from the 3chool

of Public Health, University of Texas at Houston.
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SECTION 1

THE GALVESTON REMOTE SENSING STUDY: INTRODUCTION

An investigation of health and its assoclation with the phvsical
environment was carried out on data from Galveston, Texas, Basically
the hypothesis was that there is a relationship between the man-made
physical epvircnment and health status of & population. This hvpothesis
was then broken down into six sub-hypotheses for testing., The statistical
technique of regression inalyeis was employed in order to show not only
the degree of association between health and the physical enviromment, but
aleo which aspects of that physical environment accounted for the greater
variation in health status.

The study selected eight basic health status indicators as dependent
variables. These were mortality, “enereal disease, tuberculosis, hepati-
tis, meningitis, shigella/salmonella, hypertension and cardlac irrest/
myocardial infarction (heart attacks). Five of these health variables fall
into the category of communicable diseases while hypertension and heart
attacks are chronic 1llnesses. Mortality includes deaths from 11 causes,
that 1s, communicable diseases, chronie diseases, suicide and homicide,

The hypothesis of a rzlationship between the physical environment
and health statug does not imply a cause and effect relationehi: between
specific envirconmental variables and health. The statistical t:chniques
used measure associatlon and varistion only. The basic epidemi>rlogy of
each of these diseases, and the environmental elements which coi1ld act as
causal agents, remaln to be investigated and isolated through different
means. In other words, while poor housing and poorly maintained neighbor-

hoods show a high degree of aggociation with poor health, no causal
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relationship is fmp'ied. There are many other reasons operativ: within
the framework of these factors. Indeed, the association betweer poor
neighborhoods and poor health was demonstrated decades ago; this is not
a new discovery. The important conclusions drawn from the Galvaston
study are that the asscclation still exists In the decade of the 1970's
and that 4% can be successfully monitored with the wmethodology of remote

sensing used 1n this study.
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SECTION I1 B
.
METHODOLOGICAL BACKGROUND E

:
i

Remcte sensing ls gererally defined as "sersing an object or phe-

nomenon without having the sensor in direct contact with the object being
1
sensed.” This report uses the terms "remote sensing' and aerial

el g e i o)

photography interchangeably in the context of land use wonitoring and
evaluation. Technicanlly speaking however, remote sensing is far more
comprehensive, including radar and other non-photographic sensors.
This study utilized infrared photographs at a viewlng scale of
1: 6000, which is & commonly used scale in detailed photo interpretaticn
of urban areas. A speclal stereoscoplc viewing machine was employed for
the analysis process. The original scale of the photographs was 1:24,000.
Infrared photography is useful in viewing the environment. By

recording a heat image, such things as the health of follage and greenery

can be discerned, without losing any of the clarity of a regular color
photo. Infrared is especially useful in the differentiation of residen-
tial environmental qualitw. The wore carefully cultivated and nore
abundant shrubs, flowers and trees of well tended areas, such as wmiddle
and upper income residential areas, can be readily discerned by recording
strongly bright red, while neglected areas of vegetation and sparser
areas of greenery show up greenish blue, Each is a measure of the amount
of infrared radiation emanating from the ground.

infrared is also useful 1in the asssessument of water temperature and

depth and in thermal pollution detection. In addition, roofing and

1. Holz, Robert, Introduction to The Surveillant Scene. GSee
Bibliography for references regarding remote sunsing.
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construction materials can be classified by thelr heat emission, using
infrared sensing devices. Infrared senscors and photographs are increas-
ingly being used in the analysis of Loth urban and rural environments,
as infrared has prover .o be more effective than color or black and white
for certain purposes of analysls and classification.

Figure 1 shows a section of the City cof Galveston in an infrared
photograph, This was the same photograph, -nlarged and viewed through
a gpecial steresscopic viewer, which was uscd for this study.

Uses of Remote Sensing in Urban Ervironmental Studies

Over the past 15 vears, there has been an acceleration of remote
gensing studies and practical applications of remote sensing frr urban
environmental areal evaluation. These studles and projects have taken
two baslc forms: first, the inventory and monitoring of land ases through
remote sensing on neighborhood-wide, city-wide and reglon-wide levels, and
second, the evaluation of the quality of urban environments through assess-
ment of certair urban characteristics which can be studied through remote
sensing., A third basic use of remote sensing has been in the prediction
of population growth and change, but this 1is essentially a composite of
the two baslc forms just mentiloned, in that it uses housing counts as a
basis ior population predictious and evaluates land use changes over time.

Inventories of Land Uses

The first form of remcte sensing falls into two basic categories:
those inventory studies interested in environmental data on a 'macro” or
wide area basils, and those interested in a "miero" or small ar:a inventory
and monitoring. Generally speaking, there has been an extensive use of

ERTS (Earth Resources Technelogy Satellite) pnotographs for us: on a macro,

or regional basis in the assessment and inventory of land uses and
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environment. This levil is ideal for large urbaen areas: such places as
metropolitan Boston and Washington, D.C, areas, the southern California
reglon, the Phoenix SMSA, and the Houston wetropolitan area have been
studied with ERTS imagery. The Census Cities Project undertaken by the
U.S. Department of the Interior using ERTS Imagery is currently procceding
in eigit test cities of the 26 cities selected as an experiment in urban
change detection,

There have also been numerous studies of micro areas in order to
inventory land uses on a more detailed basis. The Washington, D.C. Council
of Governments 1s undertaking an extensive inventory of land nses and the
man~made environment using larger scale photography than that of ERTS.l

One of the problems with land use inventory studies is the land
claggification system utilized. As yet, no ideal classification system
has been developed and used nationwide. This problem of a uniform land
use clagsification system has always existed between cities and states;
however, the problem is somewhat compounded in that not only does no
uniform system exist for traditional ground survey inventory, but also
differences exist between a classification system appropriate to remote
sensing and one appropriate to ground surveying. Until this two-fold
problem can be worked out the land classification of urban areas will
remaln problematic.

One proposal hae been ofiesred by the Inter-Agency Steering Committee

on Land Use Information and Classification under the U.S. Geological Survey.

1. Mallan, Harry "Remote Sensing Applications in the Metropolitan
Washington COG," in Proceedings of the Eightk International Symposium
on Remote Sensing, Ann Arbor, Michigan.

For ar extensive review of the literature testing these various
studies, refer to the full report of this Research Project.




This Committee has proposed a four-level classification system, starting

with & first level of clagsification on & macrc basis, and +. ing local
areas the oppertunity te develop down to fourth level of classification
on a micro basis which is consistent within the broad areas of Level I.
This elagsification system 1s given In Figure ?. For our purposes, the
focus should be on the 01, category, urban and builc-up land for Level I
and for Level II, the Ul. to 09. categories within urban and built-up
land. The land use clagsification scheme used in this study attempted
to follow the Level II catepories as closely as possible. This scheme
appears later in thils summary in Figure 3.

Studles of Urban Environmental Quality

During the latter part of the decade of the 1960's whea there was
an 1Increasing need for data on urban poverty areas, several studies were
undertaken to determine the applicability of remote sensing in measuring
the quality of the man-made environment, and specifically, in determining
the location of urban poverty areas. Studies were carried out in San
Juan, Puerto Rico, Los Angeles, California, Austin, Texas, and Lexington,
Kentucky, among other cities. These studies successfully demonstrated
the utility of remote sensing in delineating urban poverty areas., Some
of the variables which proved to be the most telling Indicants of poverty
areas were litter, unpaved streets, small lot, narrow house frontage, and

on-street parking.

Probably the most extenslve study carried out to assess housing and

environmental quality was done in Los Angeles by +the Ci:y Community



FIGURE 2

Land-Use Classification System for Use

With Remotce Sensor Data

Level 1 Level 11

0l. Urban and Built-up Land.
Gl. Residential.
02. Commercial and services.
03. Industrial.
04. Extractilve,
05. Transportation, Coumunications,
and Utilities,
06. Insetitutional,
07. Stcrip and Clustered Settlement, h
08. Mixed. i
09, Open and Uther. )
02. Agricultural Land.
01. Cropland and Pasture,
02, Orchard.», Groves, Bush Fruits,
Vineyarde, and Horticultural Areas,
03. Feeding Operations,
04. Other.
03. Rengeland.
0l. Grass.
02. Savannas (Palmetto Prairies).
03. Chaparral.
04, Desert Shrub.
04, Forest Land,
0l. Deciduous,
02. Evergreen (Coniferous and Other).
03. Mixed.
05. Water,
01, Streams and Waterways.
02, Lakes
03. Reservoirs.
04, Bays and Estuaries.
05, Other.
06. Nonforested Wetland.

01, Vepgetated.

02. Bare, B
07, Barren Land. %
0l. Salt Flats. 4
02. Beaches. 5
03. Sand Other Than Beaches. A
04, Bare Exposed Rock. 8
05. Other. 4

08, “Tundra.
01, Tundra. X
09. Permanent Snow and Icefields. Sy
01. Permanent Snow and lcefields.
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Analysis Bureau and by independent researchers working with the Los

Angeles Health Department (for a listing cf the outstanding studles in
this area, see the References to this report}. These studies invelved both
identifying areas of the city which contained pocr housing, with the
attendant correlates or indicators of this housing, and testing to see
which variables of environmental quality were identifiable with remote
sensing and which were not. An earlier study was also carried out which
sought asgoclations between environmental quality and certain socio-
economic and health variables. This Los Angeles study by Robert Mullens2
was useful in determining the approach to use and the variables or
indicants of the eanvironment to employ in the Galveston public health
investigation.

The final selection of variables and the approach used is discussed
in Section I1II. Before coming to that however, it may be useful to look

at the advantages and disadvantages of remote sensing.

Assets of Remote Sensging

The assets of remote sensing can be summarized as follows:

1. Information can be collected speedlily and frequently through
remote sensing compared to ground survey.

2. Information can be stored easily and permanently in the form

of aerial photographs.

1. Mullens, Robt, and Johnson, Chas., A Practical Method for the
Collection and Analyais of Housing and Urban Environment Data, Los Angeles
Community Analysis Burezu, April, 1970.

2. Mullens, Robt., Analysis of Urban Residential Environments Using
Color Infrared Aerial Photography: An Examination of Socioeconomic
Variables and Physical Characterlstics of Selected Areas in the Los Angeles
Basin. Dept. of Geography, University of California, 1969.
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3. Information can be retrieved quickly and easlly for further
analysis,

4, Information on an serial photograph can be multi-purpoge depend-
ing upon the need and use demands of the investigator. Therefore, photos
taken for one purpose can be used for other purposes later as the nead
arises.

5. The total physical environment can be viewed rather than just
cne parcel at a time.

6. Aerial photcgraphy can be interpreted by anyone with a winimum of
training and some knowledge of land use and housing pattersn.

7. HRemote sensing not only saves time, but in some cases saves money
as well, in terms of manhours expended on land use evaluation and Inventory.
One estimate hag 1t that a 100% survey of a clty over 500,000 population
by remote sensing can be carried out in the same time frame as a 10Z
survey in that same city by conventional ground survey means.

8. Finally, remote sensing can act as a continual data base, while
other data will become outdated rather quickly. This 1s the advantage
that remote senging has over the decennial census.

Liabilitieas of Remote Sensing

Remote sensing 1s not without its drawbacks. The first is the
dependence upon the subjective interpretation of the image anilyst which
can yileld incorrect ideitification of certain types of land uses and
quality indicants. The second is the inability of the photo interpreter
or image analyst to differentiate between land uses which look similar

from the air but which are dissimilar at ground level, Finally, there i:
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the problem of a classification scheme which will be acceptable to both
city planners and image analysts.

The problem of subjective interpretation exists not only with image
analysts invelved in the non-contact scilence of remote sensing but
also in any ground field survey undertaken for housing or land use
quality. The Judgmental aspects of image analysis are as subject to error
as those of the traditional field survey. While this error is somewhat
enhanced on the one hand due to the distance removed from the subject, it
is also reduced on the other hand in that & consistent pattern can emerge
more readily when viewing an entire mosaie of neighborhoods, than 1if one
were viewing cne house or one block at a time. Therefore, while this
element of subjective interpretation should be counted as a liabiiity,
this same liability is shared by those engaged in contact field surveys
of the environment,

The problem of the inability of the image analyst to differentiate
between certain types of land uses which appear very siwilar from the air,
is perhaps the most frequently encountered problem in remote sensing
research and utilization. Especlally vulnerable to misinterpretation are
the following: dwelling units which appear to be single family units
when they are actually duplexes or multi-family; commercial uses on the
ground floor of a building otherwlse used for residential dwellings;
institutions such as nursing homes or group homes which appear as apart-
mente; certain kinds of commercial uses which appear as industrial uses
and vice-versa, and open space or vacant areas which are meant to be
used for recreational purposes, It is always advisable, therefore, that

in areas where some doubt arises as to the correct interpretation, a
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ground truth or ground verification be carried ont.

In some remote sensing studies, attempts have been wade not only to
identify different types cof dweiling units, but to wmake population esti-
mates based on the numbers of these different types; {.e. gingle family
and multi-fawily. Efforts in this direction have not been totally suc-
cegaful, with image analysis estlmates generally running higher than
censue estimates on all single-family residential dwellings and lower
than census counts on multi-family housing.

Comparigson of Remote Sensing Generated Data and Census Data

Data generated through remote sensing is to a degree an excellent
substitute for census data in the interstices between census periods when
information rapidly becomes outdated. Remote sensing, while beneficial,
has certain basic limitations. Table 1 gives a listing of Lthose housing
variebles observable through remote sensing. Table 2 gives another listing
of housing and environmeantal quality indicants which are observable with
remote sensing and those which are not. A brief review of these two sets
of variables should indicate the limitations of remote sensing analysis
in urban studies.

Hevertheless, as further research reveals the increasingly successful
use of remote sensing as a means to ldentify surrogate measures for soclo-
economic status, its substitution for census data will become more accep-
table, Studies already carried out have shown that such things as housing
density (number of houses per block), litter, maintenance, street condi-
tions and house gize are all surrogate measures for socloeconomilc status
which can be relied upon with some degree of statistical significance.

The Galveston study confirms that for certain types of diseases which are

ol DU CE e A o RS I Ry v
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TABLE 1

ENVIRONMENTAL CRITERIA USED IN THE

EVALUATION OF HOUSING QUALITY”

Criterda Extractable
Criteria Extractable Criteria Used in
Usad by from Housing Quality
Item APHA Image-y Study
A, LAND CROWDING
1. Coverage by
Structures X X X
2. Residential Bull-
ding Density X X X
3. Population Density X
4. Residential Yard
Areas X X X
5. Bullding Frontages X X
6. Multiple varsua
Single Unit Strue-
tures X X
B, CONDITION OF PRIVATE
FREE SPACE
7. Landscaping X X
8. Condition of Graseed
Areas X X
9. Presence of Litter
or Garbage X X
C. NONRESIDENTIAL LAND USES
10. Areal Incidence of Non-
resldential Uses X X X
11l. Linear Incidence of
Nonresidantial Uses X X X
12. Specific Nonresiden-~
tial Hazards and
Nuisances X X X
13, Smoke TIncidence X X X
*Source: Barry S. Wellar. "Utilization of multiband aerial photcgraphs in

urban housing quality studies,"” Proceedings of the Fifth Symposiw of Remote

Sensing

of the Environment.

An n Arbor:

University of Michigan, j. 917.
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Ol oot GUALITY TABLE 1 (Continued)
Criteria Extractable
C lteria Extractable Criteria Usad in
Used by from Housing Quality
Item _ APHA Imagery Study

14. Hazards to Morals k

and Public Peace X E
15. Nomn Structure- /

supporting La. d

{Utilized) X X
16, Non Structure- ;

supporting Land

(Unutilized) X X
17. On-street Parking X X

HAZARDS AND NUISANCES
FROM TRANSPORTATION SYSTEM

18. Street Traffic X
19, Railiroads and

Switchyards X
20. Alrporis Y
21. Alleyways

ES
"

LTl

HAZARDS AND NUISANCES
FROM NATURAL PHENOMENA

22, §8nurface Floodiag X
23. Swamps or Marshes X
24. Uneven Ground X

bl

ENADEQUATE UTILITIES AND
SANITATION

25, Sanitary Sewage
System X
26. Public Water
Supply X
27. Streets and Side-
walks X X X
28, Condition of Park~
ways X X

INADEQUATE BASIC COMMUNITY
FACILITIES

29, Elementary Public
Schools X X X
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TABLE 1 (Continued) )
Extractable
Criteria Criteria Criteria Used in
Used by Extractable Housing Quality
Itenm APHA from Imagery Study
30, Public Play-
grounda X X X
31. Public Play-
fields X X X
32, Othaer Public
Parks X X X
33. Public Trans-
portation X
34. PFood Stores X




e

1
b
-
|
{
|
el

oz oo “d&wn‘&m e

14—

TABLE 2

STRUCTURAL AND ENVIRONMENTAL VARIABLES ;g

j i
UTILIZED IN THE LOS ANGELES STUDY L
1. Land Use - suitability for residential devt.
2. Condition of Street Lighting
3. Presence of On-Street Parking A
4. Street Width Y
5. Street Malntenance B
6. Street Grade %
7. Condition of Parkways o
g. Hazards From Traffic
9. Adequacy of Public Transportation Variables
10. Number of Buildiigs/Lot Potentlially
11. Number of Units/ .ot Measurable
12, Condition of Fen -es Using Remote
13. Adequacy of Lot 3ize Sensors
14,  Access to Buildivgs
15. Condition of Sidewalks
16. Condition of Landscaping

17. Refuse

18. Parcel Use

19. Adverse Fffects of Resldences

20, Nulsances from Loading/Parking

21. Unclassified Nulsances from Industry etc,

22, Overall Block Rating

23. Noise/Glare (block)

24, Smoke

25. Condition of Accessory Builldings
26, Premise Rating

27. Noise, Fumes and Odors (Parcel) Variables Not

28. Construction Type Observable B
29,  Age of Dwelling Using Remote ¥
30. Condition of Structure Sensors %

! 31. Condition of Wall :
l 32, Condition of Roofs

37, Condition of Foundation

34, Condition of Electrical Installations
5. Condition of Paint

r 36. Other Exterior Factors

37. Overall Parcel Rating

*
Source: Frank E. Horton and Duane F. Marble, "Housing quality
in urban areas: Data acquisition and classification through the analvsis

n o' remote sensor imagery," in Second Annual Earth Resources Aircraft Pro- E
gram Status Review. Vol. I, Part 15, Manned Spacecraft Center, Houston, i
Texas, 19270, p. 7. {

————
2
-
!
3
|
[
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related to socloeconomic conditions, the physical environament can be
uaed as a surrogate with some measure of success.

While it 1s not advisable to utilize the tool of remote sensing
as a subptitute for census evaluation entirely, between censal periods 1t
can be effective as a monitoring device. The combination of image
analysls and census data is by far the most ideal and wherever feasible
both should be utilized. Very high correlations between environmental
quality meagsures and certain census variables were revealed b this
study and once thelr validity 1s proven, thede surrogate measures can be

employed.
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SECTION IIX

LOGISTICS OF THE STUDY

Land Use Classification Scheme

As stated earlier, a land use classification scheme which 18 accep=
table to both a city plunner and an image analyst 1s not easy to devise.
Figure 2 in the earlier part of this text showed the classification
scheme developed by the Inter-Agency Steering Committee of the U.S.
Geological Survey. Although followed to a large degree, some changes
were made based on the peculiarities of Galveston., The final classifica-
tion is given in Figure 3. Differences in the two systems lic in the
category under the Inter-Agency clagsification of "mixed, strip and
clustered settlement" which was not used in our study, and in the category
of "water" which does not appear in the government classification. Water
was included as a separate category due to the nature of Galvzaston's
environmental character, but it did not prove to be a useful category for
analytical purposes in thig study. The other category which was separated
out for analysls purposes in the Galveston classification was "vacant and
unimproved land". Under the government classification scheme this would
have appeared as '"open and other".

The final work shee” used by the 1lmage analyst included »oth land uses
and quality indicators. It appears as Figure 4. A discussion of the
quality indicators or factors used in the analysis appears in the following
pages.

Analysils of Residential Quality

In developing a methodology for assessment of urban residential

quality through the use of remote sensing, one of the problems is the
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COMPARABLE LAND-USE CATZIGORIES

Galveston: Land-Use
Categories
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R = Eingle family dwell ing
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RH - Over 3 story dwelling
Trailer Parks
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Vacant & unimproved

*This category has not been included as such in the initial classification
scheme but will appear later when blocks with 50% or less resldential use

1.8, CGeological Survey: Land

Use Categories Level Il
Classification

Resident {al

Mixed#*
Strip & Clustered
Settlement

are lsolated and aggregated as a new category.
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gelection of photo indicators which will prove to be adequate surrogates
in classifying this quality. These indicotors or factors must serve
two purposes: they must be readable to the photo interprete: and they
must be objective enouph to permit both manipulation mathemat ically and
to allow replication by other researchers. While complete objectivity is
not possible when measuring quality, it is essential to utilize as many
indicators which lend themselves to objective measurement as possible.

As mentioned previously, several of the major remote sensing studies
of the last few vears have developed sets of these quality indicators.
They were reviewed to determine applicability to the Galveston area and
from this review, ten quality factors were selected which, taken either
individually or as a composite measure, yiclded a measurement of residen-
tial quality which was pertinent to the test arca. Table 3 lists these
quality factors, as well as other studies in which these factors appeared.

The amount of follage (trees and shrubs) and green lawn has been
found to be a useful measure of urban quality in virtually every one of
the above mentioned remote sensing studles. Greenery and follage is
directly correlated to better housing qualicty while its absence is a
correlate of poor envirommental quality. Utilizing this factor for
Galveston ylelded some interesting results, inasmuch as there are some
areas of the city with little open green lawn, and very dense housing
which are nevertheless considered to be middle income aieas, socloeconomi-
ecally. They are atypical of the middle class housing of the Southwest

which 1is generally single family surrounded by green open spa-:e. In

general, the results shovad that foliage did not prove te be a strong qualiey

variable, but that when it did appear, both the directiom and thr . .rength
of the association were positive for middle and upper income housing and

negative for lower income neighborhoods.
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Sidewalls have only bheen uged {n wvie study as an indicator of qualicy,
and that waa as a wvinlt L o composbte measure of general strect quality.
However, must urban poterty ateas lu rhe Houaton-talveston County area
are chardcterized by 1ick of gldewalks wmnd this factor was felt to be
potentially usetul tor this pur pose.

The lack of garagces and drivewavs in me2ny urban poverty areas has
been noted by previous wuthors In studies uging remote sensing. This
factor is intercvhangeal le with tihe titles "on street parking". This charac-
teristle s especianlly prevalent 1o poverty aress In Lhe Soultwest United
States.

The presenve of sorbs and pulters In middle clageg Jdevelopments 1s
usually in sharp contr, st to thelr abeence 1n urban poverty neighborhoods,
especially In the Housion-Galveston area. "aved strveets udually accompany
curbs and gutters in m-ddle and upper incow: areas but often «do not in
lower Income residentil: i nelghborhoods where the street has bLeen hastily
installed and dralnage ditehes remsln,  Therefore, 1t was felt that these
two items should he sepirated for wore careful anviyais,

Litter 1s as wildeiy nsed a factor as joliage and green oen space.
The presence or absence of 1itear {s not 8 localized peographic occurrence
but rather one which manf{ests ftself in ans crban area in the U.S.

Lot frontage has not besen widely used is a quality/density indicant,
It ig generally assuwed that smaller lots appear 1n low income housing
areas due to the higher cost of larger resilentilazl parcels. In addition,
shorter frontage reflects the trend for poverty areas to be subdivided
into smaller tracts with less frontage Lo savold larger properiy taxes.

Agaln, there are some areas In Galveston which may prove the exception to




this general observation. These are the areas of high density, eghort
frontage and older two story residences referved te earlier which could
be degcribed as middle ‘ncome areas 1n some blocks, and as lower income
areas in others. This measurement of frontage to indicate both density
and quality showed an interesting association between these two groups
of gociceconumic clusses.

Size of housge as a4 quality facter has been used {n previcus studies.
Size 18 given in three =ub-categories: small {1730 or less scuare feet);
medium (L200-2000 square feet); and large (2000 plus square foet).
A previous Texas srudyl grouped hous'ng in roughly equivalent categorles;
low income areas revealed averape sizes of from 380 to 1220 square feet,
middle incowe areas frow 1110 te 1560.

All cf the nbove fwtore of housing quality have been delineated in
a fashion so as to be measured objectively. Each is gquantifirble in terms
of amount so that there {4 less opportunity for subjective jur gment to
intervene. Thus, presence or absence of driveway, sidewalks, curbs and
gutters, paved streel, lltter and foliage are recorded by percentages
which can yleld an ordinal srale. The scale quantities can either be
aggregated into a cowmposite measurement, or can be iscolated and compared
ag geparate guality factors for each health outcome.

The one exception to this svstem of clasgification fs the factor

"residential quality". This lLas been included to compare the relative

accuracy of the image analyst's subjective judgment vs. object lve

1. Davies, S., Tuvahov, A. and Holz, K.K. "Use of Remote Sensing to
Determine Urban Poverty Neighborhoods,” in The Surveillant Scene Remote
Senging of the Enviropment, Ed. by R. Holtz, Houghton, Mifflir, Co., 1972,
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measurenent of quality Indicators. While ft is obvious that cven in
objectlve measurement there Is bound to be some subjectivity, it was
hypothesized that there would be a difference between the two kinds of
evaluation.

However, correlation analysis showed that the subjective
evaluation did not differ significantly from the objective evaluation.
Thig result was unexpected, and has led to the conclusion that while
the objectlive evaluation included discreet quality indicators which are
useful for anrlysils and research purposes and for meonitoring purposes,
where a time factor {ie involved, subjectilve evaluation of neighborhood
and residential quallty will suffice in terms of comparative accuracy with
objective medasurement.

Time Schedule for the Remote Sensing Project

From the first overflight of Galveston to the flnal writing of
thies research repor:t, the Galveston demote Sensing project ocoupied about
13 months of time. Invelving the Principal [nvestigator, one ~roject
director, one ilmage analyst, three student ztatistical and research
aides and a statistical consultant. This tlme frame included all data
gathering from the Galveston hospitals and ity Health Department, the
analysis, recording and coding of the land ige sheets, image inalysis
of some 1300 city blocks which comprised the total City of Galveston, and
all of the usual coding, keypunching, computationsg and so for:h involved
with census data and health data analysis. The actual computer analysils,

which was the last phare of the project, occupled about three months.

e e e
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A work flow chart is Inecluded to give the reader a clearer picture
of the work program for this study. Each phase of the project is called
a ''sequence' and has a time frame attached to it, Figure 5.

Time Involved in fmage Analysis

One aspect o) the research project iluwportant to potential urban
studies using remote sensging, ig the time 1involved in {mage analysis or
photo Interpretation. fFor this project it was determined that the image
analyst was able to complete one census bloeck at an average of 12-135
minutes per block depending upen the kinde and diversity of land uses
invelved. This meant that the worle sheet shown as Figure 4 was completed
in that length of time. In addition to the cowmpletion of the work sheet,
this time frame included an outline on an overlay used to identify each
block within each census tract in the city, annotation on this overlay of
the type of land use analyzed, measurement of the quantity of each type
of land use in square feet and a final four way cross-check for accuracy
betwien the overlay, the light table, the census tract map, and a
Galveston City Engineering map., The 1300 city blocks were analyzed in
approximately 13 weeks,

Briefly, the methodology used by the image aialyat was to first look
through a stersogcoplc viewer which lncreased the size of the photographs
From 1:24,000 to 1:6000 for purposes of analysis and to determine the
kinds of land usee in each block and the quality of the residentdial
areas in each block. The image analyst then usad a grid of 100 x 100 to
estimate area in each block and transformed this measurement via a
slide rule to a square f{ootage measurement. A previnus pilot study had

tested the rellability of four different methods of measuremert, including
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FIGURE 5

GALVESTON WORK FLOW CHART
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the planimeter, the grid, the dot pattern and the slide rule, and it had
been determined that the grid method was as reliable as the planimeter
and the det pattern with very little range of error occurring between

1

them. For this reason, it was decided to use the combination of the

grid and the slide rule conversion as the wmethod of measurement.

1. Rueh, Marjerle and Vernon, Sally, Urban Environmental Health
Applications of Remote Sensing, Contract NAS 9-128272, The University of

Texas Health Science Conter at Houaton School of Public Health, December,
1973, (Unpublished).
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SECTION 1V

RESULTS AND SUMMARY

The results of the research undertaken in this project have demon-
strated two main points:

1. That land use and residential quality Indicators equal and some-
times surpass census indica“ors as predictors of morbidity and mortality
levels.

2. That the assoclation between land use, residential quality and
negative health indlces 1s a statistically slgnificant one for most of
the health indices selected.

What these two con~lusions say in effect is that land use and resi-
dentlal quality act as :urrogates for soclo-economle status and cultural
patterns, These spatially distributed characteristics can be measured
and predicted threough viewing the environment via remote sensing.
Information regarding health levels of inhabitants of an environment can
be inferred from that data interpreted from aerial photographs. This is
demongtrated in the following sections,

TB, VD and the Environment

The two health indices which show the stronpest assoclation wich
the environment are tuberculoses and venereal diseage. This <onfirms find-
ings from other studies. inasmuch as these are "soclal" diseases which are
often associated with cortain scclo-economic characteristics of the pop-
ulation,

The environmental characteristics assoclated with TB and VD are some-

what similar vet differ in detail. The particular land uses and quality
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factors associnted with each are listed below. The number next to

each measure is the percentage of rhe variance in the regresslon equation
which was accounted for by each measure. The higher the percentage of
explained variance, the stronger the association. The direction of the

aggoclation, i.e., positive or negative, 1s given in the sign coclumn.

T8 vD
Model 4.4 Model 8.4
SICGN MEASURE # VARIANCE SIGN MEASURE L VARIANCE
— Paved Streets 57% 4+ Litter 28%
- 8q. Ft./Dwelling Unit 70% +  Industry 48%
-~ Vacant Land 3% + Multi-Family Res. 63%
~ Single Family Res. 75% - Curbs & Gutters 69%
- Sidewalks E ~ Houge Size 71%
- Litter 19X + Community Facilities 73%
-~  General Condition 79% ~ Single Family Res. 13%
= House Size 1% + Sidewalks 734
- Hi-Rise Apt. g2% - Paved Streets 13%
+ Parking Lots 747

The table indicates that in the case of VD, /4% of the variance
was explained by the first ten variables or measures in the regression
equation. In the case of TB this rose to 82%Z. These percentages are
considered to be rather high, showing a very strong assoclation between
the environment and these two diseases.

These results become more interesting vhen viewed as a contrast
between the r-»nsus variables as the traditicnal predictors of health

status, and the land use and environmental quality measures. The

:‘éi‘c‘r‘ -
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comparison between the census asg a predictor and land use/quality as

a predictor for TB showed the census explaining 54% of the variation

and land/use quality explaining 82% of the variatien. For VD the dif-
ferences were much smaller; 71% for the census and 74% for land use/
quality. When the census and land use/quality measures were combined in
one computer model the percentage of explanation rose only to 8%,

which seems to indicate that censua and land use/quelity are measuring
more or less the same thing. This would tend to substantists the pre-
vious statements that Jand/use quality are simply surrogates iov the
characteristics of the population living in each of the ecols; Lleal areas
being analyzed. If th s 1s the case, then the arsument for ute of re-
mote sensing intercensially, or between census periods, can bt given
strong support.

The land usef/quality measures were also better predictor: than the
census for mortality in the two age group ‘Inder 18 and Betwecn 18-61.

The explaired variations here are 204 for the census vs. 42% tor land use/
quality in the mortality age category Under 1B. For deaths wl ich could

be called "premature" in the senee that they did not cccur in the Over

62 age groups, the environment reflects conditions which may tave lead

to these earlier than normal deaths. What these conditions my be is a
tangled web of socio-economic, cultural and environmental factors which
this study does not go into.

Neighborhood profiles have been sketched for each of the dependent
health variables. These profiles are based on the independent variables
which showed the stronpest association with each dependent he.lth variable.
The neighborhood profile for VD is included here as an examp e. The full

report contains the complete set of neighborhood profiles.

4
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Helghborhood Profile: Venerzal Discase

A heavy mix of industrial ane residential land uses with poot
environmental maintenance appears to describe the neighborhood profile
appociation with V.D. Industrial uses, multi-family and litter account
for up to 70% of the variation in Models 8.2, 8.4 and 8.6} When the
cengug variable measuring black peopulation enters the eguation, these
four independent variables account for 77% of the varlation (see Model
8.1).

As 1s common 1in so many American cities, thig type of neipghborhood is
to be found where publiec housing and older industrlal establishments
exliat silde by side. Since public housing is penerally occuplaed by black
families, this accounts for the aseocviation of percentage of blacks
with multi-family units. (Simple correlation coefficient of .437,
dgritficant at .0l level.) In addition rooming houses converted from
former single family dwellings often appear in these kinds of nelghbor-
hoods.

In this analysis, VI} shows an overwhelmilng appearance, then, in the
poorest neighborhoods of the city, populated predominantly by blacks.
Since VD reporting suffere from an acknowledged bilas in faver of the
poor {(upper and middle class whites suporess VD information) 1his
neighborhood profile must be viewed with these facts in mind., While the
disease data certalnly acknowledges the overwhelming preponde arce of
cases appearing in this kind of neighborhood, it must be reco:nized that
this does not preclude the existence of other types of neighborhoods

where VD exists but is not a matter of publle record.

1. See Appendix for detailed explanaticn of models.

S UL ST
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Other Health Indices

The other health indices did not show quite so strong an associa-
tion with land use and residential qguality. However, five of triie remain-
ing eight show explained variation of over 40%; these are Mortality
Under 18, Mortality between 18-61, hypertension, cardiac arrest/myocardial
infaretion (heart atrack) and shigeila/salmonella. The two variables
which do not show highly significant levels of association with the
environmwent are hepatitie and meningitis. Part of the reason for the
poor showing of these lat.er two was that the number of cases occuring
did not provide a full distribution over the city and therefore "gaps"
in the data weakened the strength of the analysis.

The neighborhood profile for hepatitis is helpful in attempting
to sketch the kinds of settings which are revealed by the computer model.
While the levels of association are not as high as for the otler depen-
dent variables, significance levels were still acceptable. (fee Appendix
for full listing of levels of association.) It should be notid that
the nelghborhood profile is a composite of variables which prcsumably
interact with each other. The reader will note in the aeighbt rhood
profile as glven below, that the linkages between open vacant areas,
litter, industrial uses and mulivi-family housing combine to reveal a
kind of prototype setting 'n which hepatitis may be likely te occcur.

The remainder of the regression model results can be noted in
Appendix I, Models 1.1 through 10.6. These include each health index
vhich was used in the study and the various computer medels wi ich were

run to ascertain the level of association between different t-pes of
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independent variables: land use, residentisl quality and ceisus. The

.

health variables are numb. through 10. The mcdel numbers are deci-
mals .1 through .6.

The model results basfcally show that health and poverty continue
to be strongly inter-related, even into this decade with the extensive
health intervention systems thus far developed, This is not an unusual
finding but rather one which confirms previous research over many
decades, linking poor housing and environmwental conditions to poor health.
However, these findings differ in that they were obtained through the
use of remote sensing rather thun through means of ground survey or census
analysis,

These data also show that for some diseases, poverty is not the
strongest predictor. lor hypertension, and heart attacks, the land use
and residential quality variables which show the strongest assoclation
were those characteristic of middle income neighborhoods. This does not
mean that the poor do not also suffer from hypertension and heart attacls,
but rather that the predominant ecological patterns of these diseases
were quite different from the communicable diseases included in this

study.

Neighlorhood Profile: Hepatitis

When viewing the neighborhood profile for the distribution of hepatitis
city-wide (Model 5.4), the regression model gives us a pictur: of a neigh-
borhood of duplex type multi-family housing with developed open space,
sidewalks, an absence of litter, wide streets and lot grontages and a
lower ratio of dwelling units to total block group square footage, indi-

cating lower external densities. These are predominantly res:dential areas
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with little commercial or industrial usage. The predictive vilue of this
model only reaches 287 at best, however, with significance le.els between
005 and .01,

The profile changes decldedly when the nixed land use modcl (Medel
5.6) is analyzed. Here we see neighborhoods which are of low quality
with multi-family and industrial uses contiguous to each other, with
small dwelling units, unpaved streets and a poorly maintained neighbor-
hood appearance. Litter accounts for 20% of the variation in this model.
The predictive value of the mixed land use model reaches to 8(%, or
about three times that of the model for the city as a whole,

The presence of litter in this wixed land use model repeats the
outcome of the Houston study, which associated undeveloped lard and
streets with areas of refuse and trash. The additiomal conne«tion to
the neighborhood profile generated by the meningitis equation should be
noted, in that the neipyhborhoods are not only of similar types, but the
presence of litter as & result of alleyways, undeveloped area: and
streets 1ls striking in both models for both citles.

Since hepatitis is a disease which is often transmitted tlrough
infected shellfish, other food vehicles, and food handlers, tte associa-
tion between poor nelghborhoods poorly maintained, is an indiiect associa-
tion between people with a greater likellhood of contracting |epatitls due
to poor nutritional habits and higher succeptibility to disease in
general rather than an association with land uses which harbor infected
foods. It should also be polnted out that hepatitils is trans itted
fecally as well ag orally and therefore persons in poorly mail tained
physical environments would be at greater rigk than trose in vell

maintained neighborhoods,
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Delineation of Poverty Neighborhoods

Poverty nelghborhoods are revealed by the data In this rejort. Pri-
marily mixed land uses of an older vintage (early 20th centur industrial
establishments, for instance, rather than newer post-war indu:trial parks),
coupled with poor environmental maintenance are the most familiar charac-
teristics. Lack of greenery and sidewalks, narrow streets, external and
internal crowding yilelding high densities both of buildings t¢ total
gquare footage and %arger numpers of persous living in smaller dwelling
units, are additional characveristics. There is almost a com; lete lack
of natural or man-made amenity. Multi-family housing, rooming houses
and single person households complete the picture.

The implications for health are obvious and well documentecd. Litter
and poorly maintained streets, yards and alleyways are a breecing place
for flies and insects which are disease carriers as well as a myriad of
bacterial and viral hosts. People living in crowded conditions experience
both psychelogical and physical stress, lowering body resistance to
digease, Children who play in a poorly maintained environment! are much o
more likely to contact and pass on disease to each other. The fecal and
oral transmission of disease bacteria is facilitated in this kind of

environment.

2
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SUMMARY

Two points are relterated. First, remote sensing i1s an excel-
lent tool tc use in recording an image of a city., With certain land use
and quality variables selected for analysis, it can reveal an ecolegical
map of the city wuch more quickly and thoroughly than ground survey
techniques. Second, this ecological wmap can then be complimeited and
expanded by adding to it various scocial and health indicatores which will
give a more complete picture of the city suitable for further analysis.
From the analysis stage the public and private sector may then move into
the intervention stage for the purpose of altering the envircnment in
such a way as to improve quality of life for urban residents.

The advantage of remote sensing over ground survey techniques is
not only speed but continuity. The monitoring process can occur on an
annual basils enabling decision-makers to keep up with change in the
urban fabric and respond accordingly. Scclal and health indicators can
also be gathered on a yearly basis, as indeed many are at the present
time, and distributed spatially to coumplement the ecological map pro-
duced by remote sensing,

This study has been an attempt to operate in precisely ttis fashion,
documenting the urban environment for an entire citv in a ratter short
time period. In addition, the study has shown the viability cf certain
asgoclations between the man-made environment and levels of hcalth. More
complete and thorough health data gathering procedures would 1ake this

kind of study even wore fruitful, an area where improvement i: needed.
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In addition, the clags fication syatem used in this study could be
altered. It remains now for cities to adopt this methodology on a

regular basis to speed up and refine dats guthering processes presently

employed.
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APPENDIX

Results of Computer Analysis
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10.4 UNWEIGHTED REGRESSION
LAND USE/INDIVIDUAL QUALITY

T
<

SIGN VARTABLE R
- §Q. FT./D.U. .11
+ OPEN SPACE L15
+ LITTER .18
(¥) MULTI-FAMILY RES. .20
+ CUKBS & GUTTERS .22
- HOUSE SIZE .30
+ HIGH RISE APT. .32
- PARKING LOTS .34
(+) LOT FRONTAGE .36

- COMMERCIAL .37
F. = 3.59

Sig. at. 001

DEPENDENT VARIABLE 10; MENINGITIS

10.6 SELECTED BLOCKS OF MIXED USES:

10.5 QUALITY
COMBINED LAND USE AND QUALITY
SIGN VARIABLE R? SIGN VARIABLE R?
+ STREET WIDTH .09 + STREET WIDTH .16
~  DRIVEWAYS .15 + OPEN SPACE .207
{+¥) LOT FRONTAGE .189 + MULTI-FAMILY .266
+ PAVED STREET .21 + LITTER .30
- ROLIAGE e - HOUSE SIZE .319
+
(=) CPRBS & GUTTERS .23 + CURBS & GUTTERS .398
+ STREET WIDTH kEMOVED BY COMPUTER
+ GENERAL CONDITIOR .23 (=) PAVED STREETS L428
- FOLIAGE 44
(+) DRIVEWAYS 46
== - VACANT .436
e S
o
<
F. = 1,25 T F. = 3.56
Sig. at. -005 ..{‘*; Sip. at. 005
=&
Py P
3 N
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DEPENDENT VARIABLE 10; MENINGITIS -

10.1 CENSUS AND LAND USE 10.2 LAND USE UNWEIGHTED 16.3 CENSUS ONLY e
SIGN VARIABLE R SIGN VARIABLE R SIGN VARIABLE r*

- AVG. VALUE-OWN. 0CC. D.U. .16 + LITTER .05 ~  A¥G. VAL.-OWN. OCC. D.U. .16

+ QUALITY INDEX 21 + OPEN SPACE .10 + ¥ BLACK .19 ;
+ >1,01 PERSONS PER ROOM .24 + MULTI-FAMILY .14 - 1 PERSON HOUSFHOLDS 216 y
(¥} AVG. ROOMS/OWN. OCC. .26 + VACANT .15 - % UNDER 18 .23 E
- SQ. FT./D.U. 277 - WATER .158  + »1.01 PERSONS PER ROOM  ..246 i
(+) VACANT .299 + QUALITY_ INDEX .16 ~  POPULATION/D.U. RATIO .27 ;
{-) POPULATION/D. U. .318 - INDUSTRIAL .17 - TOTAL OWN. OCC./D.U .28

~ 1 PERSON HOUSEHOLDS .359 + HIGH RISE APTS. .17 + TOTAL POPULATION .28

+ OPEN SPACE 378 {(+) PAVED AREAS 17 + AVG. ROOMS-OWR.0€C ©.U. .29

+ COMM. FACILITIES .385 -  COMMERCTIAL .175 - AVG. ROOMS-RENT. D.U. .29

F. = 3.83 F. = 2.79 F. = 2.5

Sig. at. ,0053<>.001 Sig. at. .025<>.01 Sig. at. .025

NOTE: Where two signs are given, (the top sign is the simple
correlation coefficient and the lower sign is the
regression correlation coefficient}. When only one i
sign 1s given both coefficients are in agreement.
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9.4 UNWEIGHTED REGRESSION

LAND USE/INDIVIDUAL QUALITY

SIGN VARIABLE

+ OPEN SPACE

+ MULTI-FAMILY RES.
- COMM. FACILITIES
-  FOLIAGE

(+) PAVED STNEETS

+ STREET WIDTH

(+) HOUSE SIZE

+ INDUSTRIAL

~ PARKING LOTS

+ CURBS & GUTTERS

(+) SQ. FT./D.U.

F. = 5.51
Sig. at. .001

.37

.38

.39

.40

.41

L4l

42

DEPENDENT VARIABLE 9; SHIGELLA SALMONELLA

9.5 QUALITY

SIGR VARIABLE
- FOLIAGE

+ PAVED STREETS

+ HOUSE S5IZE

+ [LOT FRONTAGE

- SIDEWALKS

+ CURBS & GUTTERS

— GENERAL CONDITION
+ DRIVEWAY

— STREET WIDTH

F. = 1.60
Sig. At. .23

.02

.12

.16

.17

.18

.18

.18

.18

.19

9.6 SELECTED BLOCKS OF MIXED USES:

COMBINED LAND USE AND QUALITY

SIGN VARIABLE

+ OPEN SPACE

~  COMM. PACILITIES
Xy STREET WIDTH

- POLIAGE

+ CURBS & GUTTERS

- PARKING LOTS

- SINGLE FAMILY RES.
(+) HOUSE SIZE

(+) SIDEWALKS

+ PAVED STREETS

F. = 5.45
Sig. at. .001

2

R

.30

.36

L40

L4215

.49

. 54

.57%

.59

.61

.637
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DEPENDENT VARIABLE 9; SHIGELLA SALMONELLA

9.1 CENSUS AND LAND USE 9.2 LAND USE UNWEIGHTED 9.3 CENSUS ONLY
2 2

SIGN VARIABLE R SIGN VARIABLE R’ SIGN VARIABLE R !
.22 + OPEN SPACE .22 - AVG. VALUE-OWN. OCC. DU .10 i

+ OPEN SPACE

_  AVG. VALUE-OWN. 0CC. D.U. 287 + MULTI-FAMILY RES. .26 - AVG. ROOMS-RENT. D.U. .13
- COMM. FACILITIES .32 ~ COMM. FAcILITIIC _nac - 1 PERSON HOUSEHOLDS .20
- AVG. ROQMS-RENT. D.U. .349 (%) INDUSTRIAL 20+ AVG. VALUE-RENT. D.U. .23
- PAVED AREAS .38 - PAVED AREAS 308 - TOTAL POPULATION .24
+ QUALITY INDEX .40 (¥} LITTER .31 + % BLACK . 248 i§
+ MULTI~FAMILY RES. .415 + QUALITY INDEX .31 + 7 OVER 62 .25 E
+ AVG. VALUE-RENT. D.U. 427 _ COMpSTCIAL .31+ 7 UNDER 18 .25 ?
- COMMERCIAL 537 - QINGLE-FAMILY RES. 31 -~ »1.01 PERSuiS PER ROOM L 25 E
+ % BLACK 44 &y vACANT 31 - TOTAL OWN. 0CC. D.U. .25 ;
F. = 4.87 F. = 2.79 F. = 2.08 :
Sig. at. .00L Sig. at. .005 Sig. at. .05<>.025 ‘

NOTE: Where two signs are given, (the top sign is the gimple
correlation coefficient and the lower sign is the
regression correlation coefficient). ;
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DEPENDENT VARIAELE 8; VD = ;
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8.4 UNWEIGHTED REGRESSION 8.5 QUALITY 8.6 SELECTED BLOCKS OF MIXED USES: |
LAND USE/INDIVIDUAL QUALITY COMBINED LAND USE AND QUALITY @

¥

SIGN VAETABLE R? SIGN VARIABLE R? SIGN VARIABLE R’ 3
A

z}i

+ LITTEK .28 - DRIVEWAYS .22 + INDUSTRIAL . 298 1
!

3

+ INDUSTRY .48 + SIDEWALKS .26 + LITTER .57 i
i

4+ MULTI-FAMILY RES. .63 - FOLIAGE .29 + MULTI-FAMILY .72 'ﬁ
(+) CURBS & GUTTERS .69 (+) GENERAL CONDITION .13 (+) CURBS & GUTTERS .75 %
- 3

~ HOUSE SIZE .71 (+) PAVED STREETS .35 - HIGH RISE APT. .77 )
+ COMM. FACILITIES .73 - HOUSE SIZE .35 - SINGLE-FAMILY RES. .78 ;
- SINGLE-FAMILY RES. .73 ~ LOT FRONTAGE .36 - HOUSE SIZE .787 ;
M

- 5

¥} SIDEWALKS .73 + STREET WIDTH .36 (+) COMM. FACILITIES .79 :
(+) PAVED STREETS .73 (¥) SQ. FT./D.U. .80 a
+ PARKING LOTS .74 (+) PARKING LOTS .808 )
i

F. = 17.58 F. = 4.02 F. = 13.12 .
Sig. at. .00l Sig. at. .00L Sig. at. .001 :
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DEPENDENT VARIABLE §&; VD

8.1 CENSUS AND LAND USE 8.2 LAND USE UNWEIGHTED 8.3 CENSUS ONLY i
SIGN VARTABLE r? SIGN VARTABLE R% SIGN VARIABLE R’
+ % BLACK .62 + LITTER .28 + 7% BLACK .62
+ INDUSTRIAL 707 + IK - 3TRIAL 46 - TOTAL OWN., OCC. D.U. .66
+ MULTI-FAMILY RES. .78 + MULTI-FAMILY RES. .61 + <1.0l PERSONS PER ROOM .67
+ LITTER .769 ¢y coMM. FACILITIES .63 + AVG. VAL.-OWN. OCC. D.U. .69 ;
+ PAVED AREAS 778 (+) QUALITY INDEX .64 + TOTAL D.U. .70 '
(+) QUALITY INDEX .79 - HIGH RISE APT. .65 (E) TOTAL RENT./D.U. 71 s
+ COMM. FACILITIES .79 + PARKING LOTS .66 - TOTAL POBULATION .71 i
- HIGH RISE APIS. .795 - OPEN SPACE .67 - % UNDER 18 .71 f
(+) AVG. VALUE~RENT. D.U. .797 - VACANT .67 - 1 PERSON HOUSEHOLDS .71
(+) % OVER 62 .80 - SINGLE-FAMILY RES. .67 -~ POPULATION/D.U. RATIO .68 a
- ZOVER 62 L7
F. = 24.62 F.o= 12.71 F. = 15.20
S8ig. at. .001 S5ig. at. .00L Sig. at. .001 ?

NOTE: Where two signs are givan, (the top sign is the simple
correlation coefficient and the lower sizm is the

regression correlation coefficient). When only one
- sign is given both coefficients are in agreement.




DEPENDENT VARTALLE 7;

CARDIAC ARREST/MYOCARDIAL INFARCTION

7.4 UNWEIGHTED REGRESSION 7.5 QUALITY 7.6 SELECTED BLOCKS OF MIXED USES:
LAND USE/INDIVIDUAL QUALITY COMBINED LAND USE AND QUALITY
SIGN VARIABLE R’ SIGN VARIABLE R’ SIGN VARIABLE R’
+ HOUSE SIZE .09 + HOUSE SIZE .09 + COMMERCIAL .15
+ COMMERCIAL .17 - DRIVEWAYS .15 - PARKING LOTS . 258
- PARKING LOTS .24 - CURBS & GUTTERS 1y + STREET WIDTH .46
)y LoT FRONTAGE .28 + STREET WIDTH .25 + HOUSE SIZE .55
+ OPEN SPACE .30 + PAVED STREETS .27 - LITTER . 597
+ SIDEWALKS .33 + FOLIAGE .27 - INDUSTRIAL .637
&y curss & cutTERS .38 _  GENERAL CONDITION .28
+ STREET WIDTH .42 (+) 5Q. FT./D.U. .649
+ FOLIAGE A - MULTI-FAMILY RES. .65
+ SG. FT./D.U. .45 + PAVED STREETS .659
F. = 4,97 F. = 2.74 F. = 7.79

Sig. at. .001 S$ig. at. .01 Sig. at. .001
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6.4 UNWEIGHTED REGRESSION
LAND USE/INDIVIDUAL QUALITY

¥
P

STGN VARIABLE R
+ DRIVEWAYS 12
- VACANT .22
- CURBS & GUTTERS .31
- WATER .37
* GENERAL CONDITION -39
(+) PARKING LOTS .41
~ COMM. FACILITLES 42
+ LOT FRONTAGE 43

(+) LITTER b
~ SIDEWALKS 45

F. = 5.06

5ig. at. .001L

DEPENDENT VARIABLE 6; HYPERTENSION

6.5 QUALITY

SIGN VARTABLE
+ DEIVEWAYS

PAVED STREETS

+ GCENERAL CORDITION
(+) STREET WIDTH

+ FOLIAGE

+

(=) FRONTAGE

— SIDEWALKS

F. = 2.77
Sig. at. .01

.12

. 157

.187

.09

.22

.23

.24

6.6 SELECTED BLOCKS OF MIXED USES:
COMBINED LAND USE AND QUALITY

SIGN VARTABLE

- VACANT

+ OPEN SPACE

+ MULTI-FAMILY RES.
(<) STREET WIDTH

(+) LITTER

+ CURBS & GUTTERS

- WATER

+ DRIVEWAYS

(=) HOUSE SIZE

- SINGLE FAMILY RES.

F. =1.72
Sig. at., .10

R2

.06

.29

- 30

«31

» 347

. 357
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DEPENDENT VARIABLE 7;
CARDIAC ARREST/MYOCARDIAL INFARCTION

7.1 CENSUS AND LAND USE 7.2 LAND USE UNWEIGHTED 7.3 CENSUS ONLY
SIGN VARTABLE R® SIGN VARTABLE r? SIGN VARIABLE R
+ % OVER 62 .26 + OPEN SPACE .04 + % OVER 62 .26
+ S$Q. FT./D.U. .34 - VACANT .09 - 1 PERSON HOUSEHOLDS .34
+ AVG. ROOMS-RENT. I.TU. .40 + COMMERCIAL 12 ~  Z BLACK .37
+ COMMERCIAL 42 - PAVED AREAS .17 - AVG. VALUE-OWN. OCC. D.U..40
‘ - 1 PERSON HOUSEHOLDS .45 + QUALITY INDEX .21 - >1.01 PERSON PER ROOM .43
|
- AVG. VALUE-OWN. OCC. D.U. 466 - INDUSTRIAL .23 - TOTAL OWN. OCC. D.U. .45
K - >1.01 PRRSON HOUSEHOLDS .50 - MULTI-FAMILY RES. .25 + AVG. ROOMS;RENT. D.U. 47
g ~ TOTAL OWN. 0CC. D.U. .52 + HIGH RISE APT. .26 + % UNDER L& .49
! () AVG. VALUE-RENT. D.U. .537 + POPULATION/D. U. RATIO  .498
1
I: - % BLACK .55 - AVG. ROOMS-OWN. OCC. D.U..50
) ,s
3
\fi
F. = 7.50 F. = 2.33 F. = 6.14
Sig. at. .001 Sig. at. .025 Sig. at. .001

o, L L e T,

™

NOTE: Where two signs are given, (the top sign is the simple
correlation coefficient and the lower sign is the
regression correlation coefficient). When only one
sign is given both coefficients are in agreement.
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6.1 CENSUS AND LAND USE
SIGN VARTIABLE
+ AVG. VALUE-OWN. OGC. D.U.
+ 7 OVER 62

- VACANT

- TOTAL D.U.

- COMM. FACILITIES

(+) % BLACK

(=) QUALITY INDEX

- COMMERCIAL

+ AVG. VALUE-RENT D.U.
(+) LITTER

F. = 7.97
Sig. at..0Q0L

NOTE:

DEPENDENT VARTABLE 6; HYPERTENSION

6.2 LAND USE UNWEIGHTED

R2 SIGHN VARTABLE
.19 + GSINGLE FAMILY RES.
.35 — INDUSTRIAL

.39 — VACANT

.426 + QUALITY INDEX

.47 - MULTI-FAMILY RES.
<30 + HIGH RISE APT.
.518 ” - WATER

.54 — (COMM. FACILITIES
.55

.56

F.

=1.19

Not Significant

Where two signs are given, (the top sign is the simple

correlation coefficient and the lower sign is the

regression correlation coefficient).

When only one

sign 1s given both cocefflicients are in agreement.

R

.07
.09
-10
.11
.11
.12
.12

.12

6.3 CENSUS ONLY

SIGN VARIABLE

+

-+

F.

AVG. VALUE-OWN.OCC. D.U.
7% OVER 62

AVG. ROOMS-OWN.OCC. D.U.
TOTAL D.U.

% BLACK

POPULATION/D. U. RATIC
TOTAL POPULATION

>1.01 PERSONS PER ROOM
TOTAL RENTAL UNITS

TOTAL OWN. OCC. D.U.

= 5.98

Sig. at. .00L

ALITVAD ¥00d 40

.48

.48

.49
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DEPENDENT VARIABLE 5; HEPATITIS

5.4 UNWEIGHTED REGRESSION 5.5 QUALLTY 5.6 SELECTED BLOCKS OF MIXED USES:
LAND USE/INDIVIDUAL QUALITY COMBINED LAND USE AND QUALITY
SIGN VARIABLE R SIGN VARIABLE r? SIGN VARIABLE R [
+ MULTI-FAMILY .05 + SIDEWALKS .05 + INDUSTRIAL .28
+ OPEN SPACE .13 + HOUSE SIZE .07 + LITTER . 34
+ SIDEWALKS .16 + CURBS & GUTTERS .09 + MULTI-FAMILY RES. .71
- LITTER .19 + STREET WIDTH .10 (+) CURBS & GUTTERS 74
- HOUSE SIZE .21 - FOLIAGE 11 - HOUSE SIZE .76
- PARKING LOTS .23 + LOT FRONTAGE .14 ~ APTS.-HIGH RISE .77
+ STREET WIDTH .25 + GENERAL CONDITION .14 (+) COMM. FACILITIES .78
+ LOT FRONTAGE .26 - DRIVEWAY .15 (+) DWELL UNIE/SQ. FT. .78
~ COMM. FACILITIES .27 (+) PARKING LOTS .79
- DWELL. UNIT/SQ. FT. .28 (+) OPEN SPACE .80
F. = 2.39 F. = 1.00 F. = 12.54
Sig. at. .075¢>,01 NOT SIGNIFICANT Sig. at. .001
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DEPENDENT VARIABLE 5; HEPATITIS

5.1 CENSUS AND LAND USE 5.2 LAND USE UNWEIGHTED 5.3 CENSUS ONLY

SIGN VARIABLE R SIGN VARIABLE &% SIGH VARIABLE r?
+ MULTI-FAMILY .05 + MULTI-FAMILY RES. .05 - AVG. VALUE-OWN.OCC. B.U. .04
+ OPEN SPACE .13 + OPEN SPACE .13 + AVG. ROOMS-RENT D.U. .06
+ ¥ OVER 62 .16 + QUALITY INDEX .15 + 7 OVER 62 .09
+ AVG. ROOMS-RENT. D. U. .187 - COMM. FACILITIES .16 + ¥ UNDER 18 .11
- COMM. FACILITIES .208 - WATER .17 - % BLACK .12
(+) VACANT .22 &y ousTRIAL 17 + >1.01 PERSONS PER ROOM .13
- AVG. VALUE-RENT. D.U. .24 + HIGH RISE APT. .18 ~ POPULATION/D. U. .14
) sq. FT./D.U. .25 COMMERCIAL .18 - TOTAL OWN. OCC. D.U. .149
+ QUALITY INDEX .26 SINGLE FAMILY RES. .18 - 1 PERSON HOUSEHOLDS .15
£y % BLACK .278 VACANT .19 + TOTAL RENTAL B, U. .16
F. = 2.35 F. = 1.47 F. = 1.17

Sig. at. .023 Sig. at. -23 Sig. at. .23

NOTE: Where two signs are given, (the top sign is the simple
correlation coefficient and the lower sign is the
regression correlation coefficient}. When only one
sign is given both coefficients are in agreement.
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DEPENDENT VARTABLE 4; TEB ;

:

4.4 UNWEIGHTED REGRESSION 4.5 QUALITY 4.6 SELECTED BLOCKS OF MIXED USES: :
LAND USE/INDIVIDUAL QUALITY COMBINED LAND USE AND QUALITY %
SIGN VARIABLE r? SIGN VARIABLE r? SIGN VARIABLE g §
;

- PAVED STREETS .57 - PAVED STREETS -57 + COMMERCIAL -209 :
- 5Q. FT./DWELL. UNIT .70 - DRIVEWAY .65 ~  VACANT .34 :
- ;

-  VACANT .73 {(+) SIDEWALES .66 - PAVED STREETS .51 %
i

- SINGLE-FAMILY RES. .75 - GENERAL CONDITION .66 - LITTER .56 %
!

- STREET WIDTH .77 - STREET WIDTH .67 - S§Q. FT./D.U. .61 _%
- + »“]
(+) SIDEWALKS .77 - FOLIAGE .67 (-) PARKING LOTS .64 é
bt

bl

- LITTER .79 + SIDEWALKS .65 @
- GENERAL ColDITION .79 ~ MULTI-FAMILY RES. . 668 g
!

— ﬂw
(+) HOUSE SIZE .81 - SINGLE FAMILY RES. .678 %
3

- HIGH RISE APT. .82 - DRIVEWAYS . 689 g
4§

:

F. = 28.42 F. = 17.94 F. = 6.87 !

Sig. at. .00l Sig. at. .001 Sig. at. .001 ’




DEPENDENT VARIABLE 4; TB

4.1 CENSUS AND LAND USE 4.2 LAND USE UNWEICHTED 4.3 CENSUS ONLY
SIGN VARTABLE R SIGN VARIABLE r? SIGN VARIABLE r?
+ INDUSTRIAL .368 + TINDUSTRIAL .43 + 1 PERSON HOUSEKOLDS .31 1
+ 1 PERSON HOUSEHOLDS .639 + COMMERCIAL .52 + ¥ UNDER 18 .38 i
— QUALITY INDEX .579 -  VACANT .58 + TOTAL POPULATION .45
- VACANT .606 - QUALITY INDEX .63+ >1.01 PERSONS PER ROOM .47 .
- LITTER 627 - LITTER .65 - % BLACK 49

+ >1.01L PERSONS PER ROOM .55 (+) PAVED AREAS .65 - POPULATION/D.U. RATIO . 509 %
+ AVG. VALUE-OWN. OCC. D.U. .657 + COMM. FACILITIES .66 + AVG. BRMS./OWN. OCC. D.U. .52 fj
- TOTAL POPULATION .667 (¥} MULTI-FAMILY .66 - TOTAL D.U. .53
- % OVER 62 .67 - SINGLE FAMILY .67 - % OVER 62 .54
- POPULATION/D.U. RATIO .678 - WATER .67 + AVG. RMS./RENT. B.U. .54
F. = 12.85 F. = 12,93 F. = 7.22 i
Sig. at..001 Sig. at. .00L Sig. at. .Q01 E

NOTE: Where two signs are given, (the top sign is the cimple
correlation coefficient and the lower sign is the
regression correlation coefficlent). When only one
sign is given both coefficients are in agreement.
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AGE ADJUSTED 1971-72 MORTALITY

DEPENDENT VARIABLE 3; MORTALITY OVER AGE 62

3.4 COMBINED LAND USE & QUALITY 3.5 QUALITY 3.6 SELECTED BLOCKS OF MIXED USES:
FOR TOTAL CITY COMBINED LAND USE AND QUALITY
STGN VARTABLE &? SIGN VARTABLE r? SIGN VARTABLE R
+ $Q. FI./D.U. .07 + SIDEWALKS .03 + FOLIAGE 17 !
+ COMM. FACILITIES .158 _  STREET WIDTH .05 + COMM. FACILITIES . 248 ;
- GOPEN SPACE .176 - HOUSE SIZE .06 + PAVED STREETS . 285 |
+ COMMERCIAL .189 &) DRIVEWAY .08 - OPEN SPACE .324 :
+ FOLIAGE .197 - CURBS & GUTTERS .09 - CURBS & GUTTERS .360
+ TNDUSTRIAL .22 —  GENERAL CONDITION .10 + INDUSTRIAL .409
(¥) MULTI-FAMILY RES. .24 + PAVED STREETS .10 + COMMERCIAL .459
—  WATER .25 + HOUSE SIZE .49
+ PAVED STREETS .25 - WATER .51
~ CURBS & GUTTERS .26 _ HIGH RISE APT. .518
F. = 2.35 F.o= 1.3 F. = 3,29 «

Sig. at. .02<>.,03 Sig. at. 25 Sig. at. 005 L
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AGE ADJUSTED 1971-72 MORTALITY |
ﬂ;
DEPENDENT VARIABLE 3; MORTALITY OVER AGE 62 :
. j‘;
3.1 CENSUS AND LAND USE COMBINED , 3.2 LAND USE 3.3 CENSUS i
SIGN VARIABLE R SIGN VARTABLE 912 SIGN VARIABLE g 2
+ QUALITY INDEX .16 + QUALITY INDEX -16 + AVG. VALUE=OWN.OCC D.U. .03
]
+ COMM. FACILITIES .21 + COMM.FACILITIES 21 (F) ve. ROOMS-OWN.OCC. D.D. .04 ]
.
+ 8Q. FT./D.U. 24 + Db.U. PER BLOCK GROUP .24 (t} 1 PERSON HOUSEHOLD 048 i
3
+ 4
+ COMMERCIAL .27 + COMMERCIAL 27 ¥y . 01 PERSON PER ROGM .05 1
P
- WATER -29 = WATER 23 _ roTAL own. occ. D.U. .07
‘!
+ MULTI~FAMILY .30 + MULTI-FAMILY .30 + TOTAL RENTAL D.U o8 i
- - - ‘1;
(¥} INDUSTRIAL .307  (¥) INDUSTRIAL .307 AVG. RENT 09 %
(*) 1 PERSON HOUSEHOLDS .31 + AVG. ROGMS—RENT. D.U 10 !
+ TOTAL/RENT. D.U, .32 - % BLACK 11 b
- POPULATION/D.U. .12 :
F. = 2.35 F. = 2.76 f
Sig. at,025 Sig. at. .01 F. = .80

Not Significant

NOTE: Where two signs are given, (the top sign is the simple !
correlation coefficient and the lower sign is the '
regression correlation coefficient}. When only one

sign is given both coefficients are in agreement.




AGE ADJUSTED 1971-72 MORTALITY

DEPENDENT VARIAFLE 2; MORTALITY AGES 18-61

2.4 COMBINED LAND USE & QUALITY 2.5 QUALITY 2.6 SELECTED BLOCKS OF MIXED USES:
FOR TOTAL CITY COMBINED LAND USE AND QUALITY
SIGN VARTABLE R SIGN VARIABLE r? SIGN VARIABLE r? ;
- HOUSE SIZE .22 - FOLIAGE .19 -  VACANT .089 1
+ INDUSTRIAL .277 ~ PAVED STREETS .23 - HOUSE SIZE .189 ;i
+ WATER .319 - DRIVEWAY .25 + LOT FRONTAGE .289 ‘
- VACANT .35 - CURBS & GUTTERS .25 + OPEN SPACE .34
+ OPEN SPACE .40 (+) FRONTAGE .27 + WATER . 397
(+) LOT FRONTAGE b - CENERAL CONDITION .28 + INDUSTRIAL .41
- CURBS & GUTTERS .458 - STREET WID. .29 + DRIVEWAYS 428
(+) LITIER AT ~ HOUSE SIZE .30 - HIGE RISE APTS. a4
- HIGH RISE APT. 48 +  SIDEWALXS 456
(+) SIDEWALKS .49 - FOLIAGE .46
F. = 5.90 F. = 3.57 F. = 2,68
Sig. at. .nm Sig. at..005 Sig. at. .Qi




AGE ADJUSTED 1971-72 MORTALITY

DEPENDENT VARITABLE 2; MORTALITY AGES 18-61

2.1 CENSUS AND LAND USE COMBINED 2.2 LAND USE 2.3 CENSUS

SIGN VARTABLE &’ SIGN VARTABLE R SIGN VARTABLE g2

+ % BLACK .20 + MULTI-FAMILY -09  + 1 PERSON HOUSEHOLD .12

+ WATER .25 + INDUSTRIAL .15 - AVG. RENT .20 |
s

+ 1 PERSON HOUSEHOLDS .29 + WATER .26 - TOTAL D. U. .23 i

+ >1.01 PERSONS PER ROOM $31 + LITTER .25 + >1.01 PERSONS PER ROOM .27

- AVG. VALUE-RENT. D.U. .34 ~-  VACANT .28 (f) POPULATION/D.U. .31

(+) sq. FT./D.U. .36 - HIGH RISE APT, .31 - Z OVER 62 .33

+ COMM. FACILITILES .31 - AVG. VALUE OWN. OCC. D.U..338 |

—  VACANT .37 + $Q. FT./D.U. .32+ TOTAL POPULATION .34 |
:

+ INDUSTRIAL .39 - TOTAL RENTAL D.U. . 346 i
i

+ :

() % UNDER 18 .40 - TOTAL OWN. OCC. D.U. .35 :

+ TOTAL D. U. .41
5

F. = 4.95 F. = 2.97 F. = 3,27 3

Sig. at. 001 Sig. at. .Q01 Sig. at. 001

NOTE: Where two signs are given, (the top si is the simple
correlation ceoefficient and the lower sign is the

regression correlation coeffictent). When only one sign
ils given both coefficients are in agreement.
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1.4 COMB:NED LAND USE & QUALITY

SIGN
+

-+

+)

FOR TOTAL CITY

VARIABLE

INDUSTRIAL

PAVED STREET

LOT FRONTAGE
CURBS & CUTTERS
SQ. FT./D.U.
GENERAL CONDITION
HOUSE SIZE
MUILTI-FAMILY RES.
HIGH RISE AF1.

VACANT

F. = 4.45

Sig.

at. .001

.159
.337
<357
.37
.38
.39
.397
407
.41

42

AGE ADJUSTED 1971-72 MORTALITY

DEPENDENT VARIABLE 1; MORTALITY UNDER 18

1.5

SIGN

+

+)

QUALITY

VARIABLE

STREET WIDTH

GENERAL CONDITION

CURBS & GUTTERS

FOLTAGE

HOUSE SIZE

LOT FRONTAGE

STREET WIDTH

SIDEWALKS

F. = .95

Not

Significant

.03

.079

.08

.09

-10

.105

.107

.107

1.6 SELECTED BLOCKS OF MIXED USES:
COMBINED LAND USE AND QUALITY

SIGN
4

+

F.
Sig.

VARIABLE

INDUSTRIAL

PAVED STREETS
MULTI-FAMILY
VACANT

COMM. FACILITIES
SQ., TT./D.U.
STREEl WIDTH
PARKING LOTS
HIGH RISE APT.

CURBS & GUTTERS

= 3.89

at. .05

RZ

.31

<437

448

.46

479

.488

.527

.54

.35

«35
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AGE ADJUSTED 1971-72 MORTALITY

DEPENDENT VARIABLE 1; MORTALITY UNDER 18

.
T VIS [P I T Py g

1.1 UNDER 18 MORTALITY 1.2 UNDER 18 MORTALITY AND 1.3 UNDER 18 MORTALITY
CENSUS AND LAND USE LAND USE. CENSUS
COMBINED
SIGN VARIABLE G SIGN VARIABLE r? SIGN VARTABLE R®
+ INDUSTRIAL .20 + INDUSTRY .20 + I BLACK .12 ;
+ 2 BLACK .25 +  MULTI-FAMILY .24 - AVG. ROOMS, RENT. D.U. .16 :
- LITIER .27 —  VACANT .25 + ¥ UNDER 18 .165
_ + "1
1 PERSUK HO . . Al ) . ¥
+) HOUSEHOLDS 29 - QUALITY INDEX 26 (%) >1.01 PERSONS PER ROOM 169 }
- - 0CC. D.U. .17 X
COMMERCIAL .31 _ HIGH RISE APT. .27 AVG. VALUE OWN.0CC. D.U 1
- : z + ) .0ce, D.U. ]
AVG. # ROOMS, RENT. D.U. .31 + PARKING LOTS .27 AVG. ROOMS OWN.OCC. D.U 18 f
+ ] N. . D.U. . ) + PERSO EHO . :
AVC. # BOOMS, OWN. 0CC. D.U 35 . COMMERCIAL 28 1 PERSON HOUSEHOLDS 19
+ ;
+ TOTAL # RENT. D.U. .36 (=) TOTAL PGPULATION .198 ;
+ MULTI-FAMILY .39 + AVG. RENT .20
+ TOTAL POPULATION 61 + POPULATION/D. U, - 207
i
F. = 3.74 F. = 2.44 g. = 1.60 ;
Sig, ak. .001 Sig. at. -025 Sig. at. .25

NOTE: Where two signs are given, (the top sign is the simple
correlation coefficient and the lower sign is the
regression correlation coefficient}. When only one
sign is given both ceoefficients are in agreement.
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