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INTRODUCTION 

R EMOTE SENSING TECHNOLOGY is slowly finding 
more wide-spread application within the social 

and planning sciences. One such area is the esti- 
mation of population data. This paper describes the 
results of an empirical study that combines aerial 
photo-derived housing unit counts with certain de- 
mographic multipliers to make small area popula- 
tion estimates. The findings suggest that the tech- 
nique is well suited to calculating timely population 
data in the absence of conventional population or 
housing surveys, and that the accuracy of the overall 
methodology is most affected by the precision of the 
demographic multipliers derived from non-photo- 
graphic sources rather than by errors in the photo- 
based counts. 

METHODOLOGY 

Housing unit methods for population estimation 
are commonly based on an estimated housing stock 
derived from school district surveys, utility files, 
plat maps, or census count updates using building 
permit data or certificates of occupancy (U.S. Bu- 
reau of the Census, 1966). This estimated housing 
stock is multiplied by an average household size to 
obtain an approximation of the population size. This 
basic format was used by Hsu (1971) in a photo- 
graphic study near Atlanta, Georgia, although pre- 
vious demographic work had questioned the accu- 
racy of this relatively crude methodology (Starsinic 
and Zitter, 1968). Recent research has shown that 
accuracy can be greatly improved by adjusting the 
housing stock for levels of vacancy, and by making 
the vacancy levels and household sizes functions of 
the composition of the housing stock (Smith and 
Lewis, 1980; 1983). 

This study tests the effectiveness of aerial ~ h o -  
tographs as-an alternative source of the housing 
stock data for use with the more refined technique 
described above. Two housing types are used to de- 
scribe the housing stock's composition: single-family 
and multi-family structures. Improved methods for 
enumerating these structure types have been re- 
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ported (Watkins, 1984), and the use of these vari- 
ables with type-specific vacancy rates and household 
size figures has been effective in increasing the tech- 
nique's accuracy. 

The following equation outlines the procedure 
used in this study to estimate total population: 

P,  = [HC, - (HCs x VRs)]HSs 
+ [HC, - (HC, X VRM)]HSM 

where HC, and HC, are the photo-derived housing 
counts for single-family and multi-family units re- 
spectively, VRs and VR,, are the associated vacancy 
rates used to adjust the housing counts, and US, 
and US, are the number of persons per household 
for each structure type. Housing counts were made 
for three census tracts in Boulder, Colorado, for two 
census dates. Counts for 1970 were made from 
black-and-white aerial photographs with a scale of 
1:20,000, and 1980 counts were made from black- 
and-white photographs with a scale of 1:6000. The 
results of the photographic housing count are sum- 
marized in Table 1. The necessary vacancy rates and 
household sizes for 1970 were computed from city- 
wide 1970 census data on occupied housing units 
and populations, with the same structure-specific 
values being applied to all three census tracts. The 
1980 values used in the study were taken from a 
1978 intercensal survey and were assumed to have 
remained constant between 1978 and 1980. These 
same structure-specific 1980 counts were also ap- 
plied to all three census tracts. These data are 
shown in Table 2. The populations computed for 
each census tract using this methodology were com- 
pared with census data as a test for accuracy. Even 
though the census results are not error free, they 
are a commonly used source of information and a 
reasonable standard for comparison. 

RESULTS 

The results of the study are shown in Table 3. The 
relative error by tract for both census dates is cal- 
culated as the ratio of the difference between the 
population estimated using housing counts and the 
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TABLE 1. PHOTOGRAPHIC AND CENSUS HOUSING COUNT 
COMPARISON: 1970 AND 1980 

TABLE 2. DEMOGRAPHIC AND HOUSING MEASURES USED IN 
THE 1970 AND 1980 STUDIES 

Dwelling Units 

Study1 Photo Census Relative 
Area Count Count Error (%) 

3 
Total 

Vacancy Rates1 Household Sizes2 

Year Single Multiple Single Multiple 

1970 1.4 4.3 3.4 2.1 
1980 0.6 2.1 3.2 2.0 

- - 

' Vacancy rates shown as percent of all units of the SDecified tvDe that 
- 0.37 are vacant.. 

Household sizes represent the  number of persons per household of 
- 0.79 the specified type. 

1980 
1 2112 222 1 -4.91 
2 2052 2117 -3.07 
3 1624 1651 - 1.64 

Total 5788 5989 -3.36 

' The study areas remained constant in terms of geographic size over 
the two test years. 

census population figures to the census population 
figure. The most noteworthy result is the relatively 
small size of the reported errors. This is true for 
both 1970 and 1980 and for all of the study areas 
except Area 1 in 1980 (a positive error, the esti- 
mated population exceeded the census count, of 
16.57 percent). 

A more detailed look at the results of each census 
date application reveals several important points. 
First, the magnitude and direction of error in the 
1970 study parallels the expected results, that is, 
the housing unit counts from the aerial photographs 
were lower than the census figures, and the corre- 
sponding total population should therefore also be 
underestimated (i.e., negative relative error). Study 
Area 2, however, exhibited a positive relative error, 
which may be due to the complex housing compo- 
sition of the area. As Table 3 shows, the majority of 
the dwelling units in this tract are in multiple-unit 
structures, unlike areas 1 and 3, and many of these 
structures are converted single-family dwellings, 

the most difBcult type to correctly identify (Watkins, 
1984). 

The 1980 results show rather startling differences 
from the 1970 application. The lowest error was re- 
corded for Study Area 2 which, as noted above, has 
the most diverse housing composition. Further- 
more, all of the other errors of estimate exhibit a 
positive trend with an overall error much larger 
than the 1970 study. What makes these results even 
more intriguing is that the overall housing count 
error, -3.36 percent, was much greater in 1980, 
and opposite in sign to the total relative error of the 
population count. 

These results lead to one of the most important 
findings of this study: the accuracy of a photo-based 
population estimation procedure is highly depen- 
dent upon the accuracy of the household size and 
vacancy rate figures. Support for this statement ap- 
pears in two ways. First, the housing counts are 
quite accurate as compared to the census and they 
also exhibit a consistent direction of error (see Table 
1). Second, the population errors of estimate are not 
clearly related to the housing count errors. Taking 
the 1980 results for Area 1 as an example, both the 
housing count and population estimates showed the 
greatest deviation of any tract from the census fig- 
ures, but these deviations were in opposite direc- 
tions. The primary causes of this difference are the 

TABLE 3. ESTIMATED AND CENSUS POPULATION COMPARISON: 1970 AND 1980 

Photo Household Count Population 
Relative 

Area Single Multiple Estimated Census Error (%) 

1970 
1 
2 
3 

Total 

1980 
1 
2 
3 

Total 
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use of demographic measures that were not repre- 
sentative of the housing composition of that partic- 
ular census tract. 

The city-wide vacancy rate and household size 
values no doubt vary from those of each separate 
census tract. Individual tract computations would 
improve the results, but there would be an added 
cost of having to conduct more detailed ground sur- 
veys to isolate the necessary information for all the 
census units under study If the total population for 
a large number of tracts within a city is to be 
studied, then the application of city-wide rates will 
better represent the aggregate characteristics of all 
the tracts. Smaller areas of study, or areas com- 

I prised primarily of a specific housing type, may war- 
rant detailed surveys to derive the vacancy rates and 
household sizes at a sub-city scale. Such detailed 
surveys would also have the added advantage of 
being made independently of the Census Bureau 
studies. Furthermore, it may be necessary to focus 
on alternative dwelling unit types when they appear 
either to dominate an area, or possess occupancy 
characteristics that differ greatly from standard 
single-unit or multiple-unit structures. Mixed-use 
structures in a commercial area may fall into this 
category. It is clearly not enough to assume that the 
housing composition variables are uniform 
throughout a city. Area 1, for example, experienced 
the addition of nearly 700 mobile homes between 
1970 and 1980, and the vacancy patterns and family 
composition of these structures probably vary con- 
siderably from the city average for single-family 
units. 

This study applied demographic measures to pho- 
tographicallv-derived household counts as a means 
of-estimating populations at a sub-city level. Tract 
figures were used to provide an explicit test for ac- 
curacy against decennial census data, and the 
method provided fairly useful results. The evidence 
indicates that housing unit counts from photos are 
quite accurate. Therefore, the key to the overall 
accuracy of the population estimate is in deter- 
mining the values of the demographic measures- 
vacancy rates and household sizes in this study- 
that most effectively convert the housing unit enu- 
meration into a population figure. Unfortunately, 
these measures are "invisible" to the photointer- 
preter, and must therefore be acquired from non- 
photographic sources, either by detailed survey or 
by extrapolation from known data. The methods 
used to obtain these measures will, of course, be 
determined by time or monetary constraints and the 
level of accuracy required in a particular study. 

The value of this method lies not in its ability to 
replicate census data, but in its ability to produce 
timely and representative results in the absence of 
standard surveys for user-specified study areas. 
Data restrictions such as political boundaries, mis- 
filing of records, or misreporting of building permits 
and demolitions can be overcome with the use of 
aerial photographs which, in the case of many mu- 
nicipalities, are easily obtained from planning de- 
partments, utility companies, or engineering firms. 
The only requirement of the photographs is that 
they be of sufficient quality to allow accurate 
dwelling-unit enumeration. Scales ranging from 
1:20,000 to 1:40,000, for example, should be ade- 
quate for areas with predominantly single-family 
dwellings, while larger scales, of approximately 
1:6,000 to 1:10,000, may be needed for neighbor- 
hoods comprised of multiple-unit or multiple-use 
structures. 

Finally, as with other applications of remote 
sensing, care must be taken in selecting the ancil- 
lary data to use in conjunction with the image in- 
terpretation. As social science and planning uses of 
remotely sensed data become more widespread and 
better understood, these outside data should im- 
prove. The quality of the photo-derived housing 
counts is one indicator of the great potential for re- 
mote sensing in the these areas; the errors intro- 
duced by the demographic estimates indicate how 
much is not yet known. 
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Instructions to Authors 

Manuscripts should be sent to Editorial Coordinator, Photogrammetric Engineering and Remote 
Sensing, American Society for Photogrammetry and Remote Sensing, 210 Little Falls Street, Falls Church, 
VA 22046. Manuscripts are reviewed and refereed by the ASPRS Review Board. Those accepted for 
publication are edited for conformance to the Journal's style, and for grammar and spelling. 

In order to help speed the review process, the author is requested to indicate in his covering letter the 
subject area into which his paper falls, as follows: 

Primary ~ a t a  Acquisition. including data acquisition, processing, and storage. 
Remote Sensing Applications in geography and land use, plant sciences and forestry, and archaeology 
and anthropology. 
Remote Sensing Applications in geological sciences and hydrospheric sciences. 
Photogrammetric Applications, including computational photogrammetry, cartography, surveying, and 
close-range photogrammetry. 
Practical Papers and Professional Practice (see below for a definition of practical papers). 

Typing. Manuscripts must be typed double-spaced on 
one side of 8'12- by 11-inch or A4 International (210- by 
297-mm) white paper, with 30-mm (1%-inch) margins all 
around. This means that every part of the manuscript 
must be  double-spaced: title page, abstract, text, foot- 
notes, tables, references, appendixes, figure captions. 
Single-spaced manuscripts will not be  accepted. 

Number of Copies. To facilitate the review process, 
five (5) copies of papers and five (5) copies of prime- 
quality illustrations are needed; for line drawings, the 
original plus four (4) xerographic (or equivalent) copies 
are acceptable. 

Paper Length. Lengthy papers are not encouraged. 
Papers are limited to 12 Journal pages, including tables 
and figures. A 30-page manuscript (including tables and 
figures), when typed as indicated above, should equal 
about ten Journal pages. 

Title Page. The title page shall include authors' names,, 
affiliations, and addresses (including ZIP code); a short 
title; and a one-sentence subtitle to amplify the title. 
Authors' degrees, titles, or positions will not be included 
in the Journal. 

Abstract. All articles (except "Briefs," i.e., articles of 
less than five typewritten pages, and letters for the 
"Forum" column) must include an abstract of 150 words 
or less. The abstract should be  complete, informative, 
succinct, and understandable without reference to 
the text. 

Figures and Tables. Figures will normally be reduced 
to page or column width by the printer. Each figure or 
table must be submitted as a separate page with the 
figure number noted outside the figure area or on the 
back of the figure. Figure captions must be listed (typed 
double-spaced) on a separate sheet. Only glossy prints 
of photographs are acceptable. Line drawings, including 
lettering, must be of finished quality for reproduction 
in the Journal. Tables, however, will be typeset by the 
printer. Authors should write to the Editor regarding 
unusual formats for figures or tables (e.g., foldouts). 

Color Reproduction Costs.  The Society has only 
limited funds available for the reproduction of color il- 
lustrations. Therefore, it is requested that authors, if at 
all possible, help defray the cost of color reproduction 
up to a maximum of $700 per page. The authors' cover 
letters must indicate whether or not they will be able to 
cover all, or a portion, of that cost. The inability to pay 
such costs will not affect acceptance or rejection of a 
paper. However, the ASPRS Review Board retains the 
prerogative to determine whether or not color is necessary 
to an understanding or appreciation of the article. 

Metric System. The metric system (SI Units) should 
be used except when the English System uniquely char- 
acterizes the quantity (e.g., 9- by 9-inch photograph, 
6-inch focal length, etc). Authors should refer to 
"American Society of Photogrammetry Usage of the 
International System of Units," Photogrammetric 
Engineering and Remote Sensing, Vol. 44, No. 7, 1978, 
pp. 923-938. 

Equations and Formulas. Authors should express 
formulas as simply and neatly as possible, keeping in 
mind the difficulties and limitations encountered in 
typesetting. 

References. A complete and accurate reference list is 
of major importance. Only works cited in the text should 
be included in the reference list (typed double-spaced). 
Cite references to published literature in the text by 
author and date, for example, Jones (1979) or (Jones, 
1979) depending upon sentence construction. Personal 
communications and unpublished data or reports are not 
included in the reference list; they should be shown 
parenthetically in the text (R. P. Jones, unpublished data, 
1979). References are arranged alphabetically by the last 
names of authors. Multiple entries for a single author are 
arranged chronologically. Two or more publications by 
the same author in the same year are distinguished by a, 
b, c after the year. The reference should include the 
author(s) name, date of publication, title of article, name 
of periodical, volume number, issue number, and in- 
clusive page numbers. 
Practical Papers. The author of a Practical Paper is en- 
couraged to: 

Describe an application or methodology in which the 
principles or instruments of photogrammetry or remote 
sensing were applied. 
Tell readers "how to do it." 
Stimulate readers to consider whether the approach de- 
scribed might be used in their own work. 
Specify what firms, individuals, equipment, hardware, 
software, or services were utilized in carrying out the 
project, without including statements of an unduly lau- 
datory or commercial nature. 
Describe practical parameters of a completed, ongoing, 
or proposed undertaking in photogrammetry or remote 
sensing. These parameters may include such factors as 
costs, manpower, equipment, schedules, contracts, and 
technical problems. 
Include complex mathematical or scientific arguments, 
if necessary, in an appendix only. 
Include references where appropriate. 


