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Remote Sensing and Urban
Public Health

Environmental data interpreted from aerial photographs were
found to be as good as census data in predicting health
status in an urban community.

INTRODUCTION

H EALTH STATUS is the outcome of
multi-factorial circumstances. One set

of factors influencing a population's health is
the urban environmental set. The purpose of
this project was to determine the applicabil­
ity of, remote sensing in the form of aerial
photo,graphy to urban public health prob­
lems ..spatial distributions ofvisual, physical,
environmental characteristics in urban areas
were,identified from photographs, and their

block groups. For each block group, selected
census data, believed to be related to health,
were chosen. Environmental infor­
mation-aerial photographic interpretations
of land uses and quality-formed another
data set for each block group. The census and
land-use data were independent variables in
the models to predict health outcomes.
Health outcome data were solicited from
several local agencies and consisted of mor­
bidity and mortality rates.

ABSTRACT: Measures of the environment derived from aerial photo­
interpretation procedures were compared to census environmental
measures for their ability to discriminate among health status areas
in an urban community. Univariate and multiple step-wise linear
regression analyses were performed on a sample of 37 census block
groups which represented a cross-section ofsocio-economic levels in
Houston, Texas. Six morbidity and mortality rates were the depen­
dent variables while environmental measures from aerial photo­
graphs and from the Census formed the two independent variable
sets. Environmental data gathered by remote sensing were found to
be as good as census data in predicting rates ofhealth outcomes and
offered the advantage of flexibility in time and space.

association to health problems was meas­
ured. Detailed health data, as well as census
data from several environmental subareas of
Houston, Texas were collected and utilized
to characterize these subareas and the differ­
ences between them. Environmental charac­
teristics were analyzed to determine ifhealth
differences among areas could be predicted
through the visual expression of remote sens­
ing data.

The analysis was carried out on a socio­
economic cross-sectional sample of census

Subareas for analysis consisted of seven
census tracts which were divided into 37
block groups. Socio-economic levels ranging
from low to high as designated by the City of
Houston Health Department were rep­
resented, with the preponderance of the
block groups falling into medium-low and
low socio-economic levels. The analysis was
carried out on the block group level because
it was felt that the sample tracts were too
heterogeneous and concealed environmental
differences which appeared at the block
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group level. Univariate and multiple step­
wise linear regressions, correlation coeffi­
cients, and spatial distributions by SYMAP
were utilized.

Census data were compared to land-use
data in predictive ability. The census is an
important data source for social and
economic information, but it has several
shortcomings. Most important, it is gathered
only once in every ten years, and it is geo­
graphically inflexible, Le., tract and block
group boundaries are fixed. In addition, cen­
sus housing data ignores neighborhood en­
vironmental conditons and provides for the
most part subjective evaluation of structures.
By contrast, data from aerial photos can be
summarized by any desired geographical unit
and flights can be flown at any time for fre­
quent monitoring.

PREVIOUS SOCIAL ApPLICATIONS OF REMOTE

SENSING

Only one previous study (Mullens, 1969)
attempted to correlate health indices with
photographic surrogates and with socio­
economic variables. However, the ability to
evaluate housing quality by using remote
sensing data has been widely demonstrated,
and these studies have important implica­
tions for our research since many health
studies have demonstrated an association be­
tween poverty and disease or poor health
status. Studies which utilized aerial photog­
raphy to evaluate housing quality were re­
viewed prior to initiating this investigation as
well as studies which showed an association
between housing quality and health (Rush
and Vernon, 1973).

Green (1955, 1956, and 1957) used black­
and-white aerial photographs to provide data
on the social structure ofa city by relating it to
the physical spatial structure. He found a
statistical association between a number of
physical and sociological variables in Bir­
mingham, Alabama. Whereas high statistical
association did exist between each of his four
physical data categories and several sociolog­
ical variables, anyone photo-data category
alone had only a limited predictive value,
and so he combined various categories of so­
cial and of physical data. The four photo
categories of physical structural attributes
were combined by using the Guttman
Scalogram method (Stouffer, 1950) to con­
struct a "residential desirability scale." A
"socio-economic status scale" based on five
social data items also was constructed. A cor­
relation of the two scales in the case of Bir­
mingham showed that the "residential de­
sirability scale" accounted for 78 per cent of

the variation in the "socio-economic status
scale."

Detailed photo interpretation of residen­
tial areas was used to delimit poverty areas
and was validated by comparison with cen­
sus data (Manji, 1968). With large-scale
photography (about 1: 10,000) poverty areas
could be identified by certain indicators such
as debris, junk-yards, warehouses and small
businesses. It also was possible at this scale
to evaluate the quality of individual housing
units in each block (Mumbower and
Donoghue, 1967).

Low-altitude multiband aerial photog­
raphy was used to identify areas oflow hous­
ing quality (Weller, 1968). Each factor in the
American Public Health Association survey
appraisal method was evaluated as a poten­
tial item for measurement on aerial photo­
graphs together with additional factors con­
sidered to be indicators ofpoor housi ng qual­
ity. The presence oflitter, garbage, wrecked
or derelict cars, and piles oflumber and rub­
bish in the neighborhood on both occupied
and vacant lots proved to be the best single
indicator of low quality housing. Other en­
vironmental features associated with low
quality included a lack of landscaping to­
gether with the presence of weeds on vacant
lots, the number of vacant lots, and the exist­
ence of nonresidential hazards and nuis­
ances, primarily industrial plants and
warehouses.

Bowden (1968) used color-infrared imag­
ery at a scale of 1:60,000 to differentiate the
quality of a broad range of residential neigh­
borhoods in an area centered over downtown
Los Angeles. When census tract data on in­
come and home values were correlated with
residential classifications based on aerial
photographs, it was found that four broad
categories of housing quality could be iden­
tified.

Horton and Marble (1970) and Moore
(1970) used data gathered from a survey con­
ducted in Los Angeles by the County Health
Department in the spring of 1968 to evaluate
housing quality. They used 37 structural and
environmental variables which they divided
into two groups-those potentially measura­
ble by remote sensing and those not measur­
able by this method. Analysis showed that
"for each basic housing element, the vari­
ables acting as indicators ofthatelementtend
to be highly correlated with other variables
within the element" (Horton and Marble,
1970).

The authors rejected the idea of estimating
overall housing quality at the parcel level
based only upon remote sensor observation
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of environmental variables. At the block
level, however, they found that the structural
variables were associated with a number of
environmental variables, primarily those
which identify the level of upkeep oflots and
the existence ofland uses incompatible with
residential development. Overall housing
quality, then, may be estimated at the block
level by using the environmental subset.

Mullens (1969) used low-altitude, large­
scale, color-infrared photos to differentiate
and classify types of residential areas in Los
Angeles on the basis of characteristics of the
physical environment. The author investi­
gated the hypothesis that since socio­
economic characteristics oflarge urban popu­
lations are associated with specific types of
residential environments, it would be possi­
ble to associate characteristics of the physical
environment with socio-economic variables
within residential environments. The resi­
dential areas in this investigation were mostly
low and middle income housing.

In general, Mullens found that surrogates
which were good indicators for one socio­
economic variable were also good indices for
most of the other socio-economic variables
examined. The author grouped the study
areas into four categories on the basis of rank­
ing of the areas by socio-economic variables
and ranking of the areas by values of photo­
graphic surrogates. A high correlation of0.83
existed between the ranking produced by the
total ofall socio-economic ranks and the rank­
ing produced by the total of all surrogate
ranks.

Mullens also obtained from local public
agencies in the Los Angeles area statistics on
public health, mental health, crime and de­
linquency. The rankings between public
health as measured by morbidity occurrence
rates and photographic surrogates, did not,
however, have very strong correlations. The
correlations between public health rankings
and social rank indicators also were lower
than expected. Correlations between mental
health ranking and the social rank variables
were similar to the correlations between the
public health ranking and these social rank
variables. The correlations between the men­
tal health ranking and the photographic sur­
rogates increased in general between 0.10
and 0.20 above public health correlations.
Statistically significant but low correlations
indicated that the relationship between qual­
ity of residential area and degree of criminal
activity can be observed by using photog­
raphy, but that photographic surrogates can
only broadly separate areas of high crime
from areas with lower crime rates.

Senger (1969) sought to test the validity of
the relationships established by Mullens be­
tween socio-economic characteristics of the
urban population and photographic surro­
gates from color-infrared imagery in a con­
trasting environmental area. This contrast
was expected either to increase the signifi­
cance of the Los Angeles study or to point out
its limitations. The results of Senger's inves­
tigation confirmed the validity of the
methodology developed by Mullens, but
further research is necessary to test the
criteria at different scales and in different
areas (Senger, 1969; Mullens, 1969; and
Davies, et a!', 1972).

Davies, et a!', (1972) used conventional
suborbital black-and-white photography at a
scale of about 1:23,000 and suborbital color­
infrared photography at a scale of about
1: 190,000 to examine a middle and low in­
come residential area in Austin, Texas. The
investigators found that poverty areas can be
delimited from the imagery and that suitable,
environmental indicators of urban blight
form useful parameters in determining hous­
ing quality.

These investigations demonstrated the
capability of utilizing aerial photography to
evaluate residential environments. Based on
the literature of both remote sensing and
health studies, the following empirical
generalization was formulated: Patterns of
land use and residential quality and density
are associated with and act as an influence
upon health. This investigation is unique in
its attempt to identify health status areas
through the use of aerial photography.

DATA AND METHODOLOGY

PHYSICAL ENVIRONMENTAL DATA

Low-level color photography, taken at
scales of 1:6,000 and 1: 12,000 in October,
1970, was interpreted by an experienced
photo interpreter. Eleven land-use
categories were identified and residential
land use was further broken down into qual­
ity and density levels, thus making a total of
22 designations. Density was assigned on the
basis of the amount of lot frontage with less
than 60' as high density; 60 '-90 " medium
density; and 90' plus, low density. Resi­
dential quality was subjectively evaluated
and assigned to one of four categories by the
photo interpreter: Excellent, Good, Fair, or
Poor. His assessment was based on the
evaluation of such things as roof condition,
lot size, lot coverage, presence of swimming
pools, presence of sidewalks and garages,
street width and amount of vegetation. Ver-
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ification of photo interpretation by ground
survey was done on a sample basis and photo
classifications were found to represent
adequately the environmental features.

Quantification of land-use classifications
into percentages of total block group area was
necessary for analysis. Four ways of deriving
area measurements were explored on a sam­
ple ofthree block groups in order to select the
most efficient method for measuring land
uses in the remaining block groups. The four
methods included (1) image analysis slide
rule, (2) planimeter, (3) O.I-inch scaled grid
overlay, and (4) systematic point counting
(Hsi, 1971). It was found that estimates de­
rived from the systematic point counting
technique were as precise as those of the
other three methods, and since this method
was more efficient than the others, it was
chosen. Advantages included the ability to
measure irregularly shaped areas, to obtain
independent measures of each land-use
category, and to obtain rapid measurements
in a less tiring way.

Some of the original 22 land-use categories
were later modified by combining, separat­
ing or blocking their entry into the analytic
models. Whenever an original variable was
deleted, its values were always included
in a combined variable which entered the
computer analysis. Originally, residential
density and quality were combined but these
were later separated in order to determine
their relative strength.

CENSUS DATA

Census data were used as a standard data
set against which to compare the predictive
capability of the land-use data set. Because
the analysis was being done on the block
group level, indices were limited to those
which were reported by blocks. Several
socio-economic indicators and density meas­
ures were available at this level hom the 1970
Census. Quality indicators consisted of aver­
age rent, average value owner-occupied

housing, percentage ofrented dwellings, and
computed property value. Density or over­
crowding was measured by the percentage of
households with greater than 1.01 persons
per room, the percentage of one person
households, percentage of population imder
18, a ratio of total number of dwelling units to
total population, and a ratio of total popula­
tion to total number of dwelling units.

HEALTH DATA

Health data were collected £i'om three
agencies and consisted of a standardized
age-adjusted mortality rate, morbidity rates
for tuberculosis, shigella and salmonella, in­
fectious hepatitis and meningitis, and rates of
juvenile delinquency, and mental health.
Data were gathered over a time span of from
three to eight years with the exceptton of
mortality data which were easily available for
only one year at the block group level. Crude
disease rates per 1,000 population were com­
puted for all morbidity and behavioral data.
Mortality data were standardized on the basis
of sex, and three age groups by the indirect
method. The difference between the crude
death rate for each block group and the age­
standardized death rate for that block group
was used in the computer analysis. Most dis­
eases were not well reported by private
physicians, and this fact probably biased the
data toward users of public health clinics.

METHODOLOGY

Multi-variate step-wise linear regression
models were constructed using the
BMD02R computer program. In step-wise
regression the computer program considered
one variable at a time, choosing a sequence
according to the highest correlation between
each individual independent variable and
the dependent variable. Thus, the program
began with the correlation matrix. In subse­
quent steps the correlation became multiple,
i.e., the correlation between the dependent
variable and all independent variables hav-

TABLE 1. CUMULATIVE MULTIPLE CORRELATION COEFFICIENT OF FIRST TEN VARIABLES IN
STEP-WISE REGRESSION MODELS.

Health Outcome Mixed Data Model Photo Model Census Model
R R2 R R2 R R2

Mortality 0.84 0.70 0.65 0.42 0.70 0.50
Tuberculosis 0.89 0.79 0.67 0.45 0.81 0.65
Shigella/Salmonella 0.95 0.90 0.82 0.68 0.85 0.72
Infectious Hepatitis/Meningitis 0.77 0.60 0.71 0.50 0.49 0.24
Juvenile Delinquency 0.85 0.72 0.76 0.57 0.74 0.55
Mental Health Referrals 0.84* 0.70* 0.82* 0.66* 0.66* 0.44*

* Figures based on Step # 11 because a preceding variable dropped out of the equation.
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ing entered the equation. The effect of add­
ing a variable at each step was to re-examine
the variables incorporated into the model in
previous steps and to alter the earlier rela­
tionship between the entered variables and
the dependent variable so as to decrease their
individual effect.

Any independent variable (X) or group of
X's may not be related to the dependent vari­
able (Y) in a straight line. Because this was a
linear model, if a group ofX's were related to
Y in a curvilinear relationship, the computer
tended to pick a new X variable to compen­
sate for the curve and make it linear. Thus,
caution must be taken in attributing ex­
planatory power to every entering variable.

Rt:SULTS AND ANALYSIS

Associations ofenvironmental data from the

Census and from aerial photographs with
health data were measured both together and
in separate computer models so that compari­
sons could be made among the three. The
objective was to determine if data from aerial
photographs were as highly related to health
outcomes as the more traditional census data.
Six relationships between health and envi­
ronment were explored. Patterns of land use
and residential density and quality were re­
lated to

1. mortality rates
2. incidence of tuberculosis, a respiratory dis­

ease
3. - 4. incidence of shigella and salmonella,

and infectious hepatitis and meningitis,
communicable diseases.

5. referral rates of deli nquents
6. prevalence of mental health referrals.

TABLE 2. RANK ORDER OF 10 VARIABLES IN MIXED DATA MODEL WITH EACH HEALTH
OUTCOME.

Modell
Photo Variables Mort TB SIS HIM JD MH

*R Excellent 9 10
R Medium
R Good
R Medium Good 10 4
R High
R Fair
R Medium Fair
R High Fair 2
R High Poor 9
Apartments 6
Commercial 9
Industry 6
Unimproved I
Park 2 3 7 3
Green Space 8 5 5
School 3 6 4 I
Church 4 5 3 4
Cemetery
Streets 2

Census Variables
Avg. Rent 10 10

*Avg. Value Own Occ 7 8
Total Dwelling Units I 5
% Blacks 8

*% Hsdh>1.01 poplrm 9 8 2
*% I Person H shd 5 3 10 6
% Under Age 18 I 9
% Over Age 62 7 10
% Hshd Female Head
Total People 2 4 7
% Rented Hshd I 2 6 5 It

*DuiPop 8
PoplDu 6 4 7 7
Computed Value Hshd 8 3

t Variable removed in 9th step.
Household; DuiPop = Total* R = Residential; Own Occ = Owner Occupied; Hshd =

Dwelling Units 7 Total Population.
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Three multi-variate step-wise linear re­
gression models were constructed (Table 1).
The Mixed Data Model allowed free choice
of either census or photographic variables to
best predict each health outcome. The Photo
Model used data from interpreted aerial
photographs as the independent variables for
each health outcome and the Census Model
used only census data as independent vari­
ables.

These Models were designed to determine
how much variability of health data could be
explained after a limited number of indepen­
dent variables entered the equation. In this
case, ten steps were arbitrarily chosen. The
Mixed Data Model served as a measure ofthe
maximum explanatory potential using both
sets of environmental data. Each model was
compared to the Mixed Data Model to deter­
mine the ability ofa single set ofenvironmen­
tal measures in predicting health outcomes.

Multiple regression coefficients and per­
centages of explained variation were re­
corded in Table 1 after completion of ten
steps in the step-wise regression equations.
Table 1 indicates that with free choice of
photographic and census variables 60 to 90
per cent of the variation in health outcomes
was explained after only ten steps. More of
the variation was accounted for by free selec­
tion from both variable sets than by either set
alone.

In the separate models, the explained vari­
ation was maximized for three health out­
comes by use of photographic data. The
photographic variables were better predict­
ors of infectious hepatitis/meningitis, juvenile
delinquency, and mental health referrals. For
two of these, the photo variables explained
26 per cent and 22 per cent more of the varia­
tions than did census variables.

Census data were better predictors for mor­
tality, tuberculosis, and shigella/salmonella.
Census variables accounted for 21 per cent
more of the variability in the tuberculosis data
than photo variables but were only slightly
more sensitive than photo data for the other
two health outcomes.

Table 2 illustrates the order ofentry ofvar­
iables in the Mixed Data Model. Census vari­
ables clearly entered more frequently than
photo variables in predicting tuberculosis
and shigella/salmonella. However, in the
separate models census data explained only 4
per cent more of the variance than photo data
for shigella/salmonella. The photo variables
entered more frequently in predicting infec­
tious hepatitis/meningitis and mental health
referrals. Equal numbers ofcensus and photo
variables entered the equations for mortality

and juvenile delinquency predictions, health
outcomes with little predictive difference in
the separate models.

CONCLUSION

Neither set of independent variables de­
rived from the Census or photographs was
clearly superior to the other for predicting the
selected health outcomes. Environmental
data gathered by remote sensing was found to
be as good as census data in determining
rates of health outcomes. In this case remote
sensing was found to be an effective tool use­
ful in identifying public health problem areas
in an urban community. The applicability of
this technique is being further validated in a
smaller, heterogeneous urban community.
Health planners may find aerial photography
a faster and more current source of data than
present methods such as the Census and
other surveys.
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