14th Congress of the International Society of Photogrammetry

Hamburg 1980

Commission VII Interpretation of Data

Working Group VII/3 Environmental Monitoring:

Interpretation of Urban Areas

Drse VeFol. Pollé

Senior Lecturer ITC - URBAN SURVEY

Invited Paper

The size of the net residential area on airphotos
as input for population and housing estimates

in large cities from developing countries.

Abstract

The technique of measuring the size of the net residential area is
an alternative to counting houses on airphotos. It is explained why
this alternative is useful in the situation of mass housing in the
large cities of developing countries. The choice of a particular
definition of net residential area,; suitable for airphoto-interpre-
tation, is analysed for its methodological consegquences.

Experiments with this technique are analysed on two aspects. Firsily,
in terms of interpreter behaviour, interpreter ability; training re-
quirements, and accuracy that can be reached. Secondly, in terms of
applicability in surveys for estimating population sizes and housing

stocks.
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Introduction

Research on the production of gquantitative data on housing and popula-
tion with the help of aerial photographs has been strongly influenced
by the wish to produce data as accurate as those from the census of
population and housing. Planners and managers of cities certainly need
data on population and housing. Their first priority is however not so
much accuracy as well up-to-date information. And their complaint in the
case of developing countries is that the data are not reliable. Another
complaint is that the areas for which aggregated data are available do
often not coincide with planning areas. & lot of effort has to be made
by them to convert the data into estimates for these planning areas.
Planners, working in developing countries, report therefore often that
they have produced their own data using airphotos complemented by field-
work. The advantages are clear:

- the information is up-to-date; it is astonishing how often airphoto
coverage of recent date is available, or can be made avallable,

- the information is reliable; the data are produced under the planners
control and reliability checks can be made,

- the data areas are suiting the planners needs; the user determines his
own areas prior to the measurements, which means an enormous saving
in time and cost.

The planners face however a number of problems when using airphotos:

- they do not know in advance what the best method isy so far there is
no generally accepted best method; a lot of time is spent by the indi-
vidual planner to devise his own interpretation and measurement proce-
dure,

- they underestimate training requirements; interpretation and measure-
ments are time consuming and the work is delegated to assistants; but
the planner does not know how much and what kind of training is needed
in order to obtain relevant and reliable data,

- the planner also wants to know how accurate the data will bej accuracy
testing is sofar strongly biased towards western (planned) housing
types and residential lay-outs; for more irregular housing areas no
test results are available.

This paper is meant {0 help solving these problems by analysing one

possible technigue: the measurement of the size of the net residential

area. (See also C.Ae. de Bruijn et al., 1976)
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Area measurement and unit counting as alternative technigques

Two alternative technigues are available when data on population and
housing are collected with aerial photographs.

One can count the houses or dwellings in an area. These data on housing
are multiplied with an occupancy rate (people per house) to obtain
population data.

Thne alternative is the measurement of areas: the urban area, the gross
residential area (as on land use maps) or the net residential area (as
described in this paper). These area data are multiplied with the hou-
sing density or with the population density to obtain data on housing
and population.

For many types of residential area the houses are visible on the airpho-
to and can be counted in sample areas to obtain the housing density. For
population data however some form of counting in the field has to be
done. In this respect require the two techniques the same amount of
fieldwork. The differences ly in the kind of photo inter;etation and
the amount of work in interpretation.

For the technique of unit counting one must be able to define the unit.
This is no great problem in the USA and Western Europe, and in other
cities with the same style of housing. In developing countries we find
the colonial cities with their european quarters and the new housing
projects (serie built housing). With the recent strong urbanisation in
these countries this type of housing becomes an ever smaller proportion
of the total housing area. Unplanned, irregular lay outs and makeshift
housing is growing much faster. In some of these areas the houses can
still be counted on airphotos (e.g. in Ankara and Tehran); in others it
ig difficult to distinguish bhetween the main house and secondary buil-
dings like kitchens, barns etc. (e.g. in Cape Coast and Paramaribo).
For this type of residential area it is more suitable to use the area
approach. Especially when one realises that with the unit counting tech-
nigque all houses in the area have to be interpreted seperately. The
area approach allows a more general interpretation. Time consuming
detailed interpretation can be limited.

In the humid tropics with an abundance of trees in the medium and low
density housing areas (e.g. in Yogyakarta) the area approach is the

only feasible technique.
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The net residential area

The chosen definition of the area that should be measured on airphotos
has a great influence on the amount of interpretation work, the amount
of fieldwork and the suitability of the data as indicator for the sigze
of the population and the number of houses. The amount of work increases
in this order: urban area, gross residential area and net residential
areaj but also the suitability as indicator. In each case the definition
should be chosen so that fieldwork is minimised. Detailed fieldwork in
the city centre and reconnaisance fieldwork in the other parts of the
city.

For the experiments we decided to take the most suitable indicator:

the net residential area defined as follows:

-— 3ll land use is classified as residential, except when it is
clearly identifiable on aerial photographs as non-residentialj
classified as non-residential will bes airfields, parks, univer-
sity compounds, cemeteries, industrial areas, transportation

(railroads, harbour, bus stations etc.), roads and streets,

commercial land use, governmental buildings, vacant land,; and

80 on. A walled-in terrain without building: non-residential.

4 house under construction, i.e. no roof, no garden: non-resi-

dential.

The difficulty in interpretation is found at the transition

zone between residential and non-residential. Some buildings

in an area are just too large to be a house IN THAT AREA. The

main rule here is that larger buildings along a main street

are not considered to be residential; mostly they contain

shopsy; work places, repair places, garages and offices.

Evidence is often that there is no garden or a garden too

small for a large house. — (1)
The uncertainty in the definition lies in the formulation: "except
when it is clearly identifiable as non-residential" . The big non-
residential elements are recognisable even on small scale photography.
But the smaller non-residential uses only at large scale photography.
However, the difference in interpretation possibilities between the
scales 1 : 5,000 and 1 3 10,000 (which are mostly used in cities) are
not expected to be of much importance. (2)
A more important factor will be proficiency in photo interpretation.

Being able to "identify" is highly depending on the frame of reference
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of the interpreter and on the amount of previous experience. The problem

is only partly remedied by the (oraly given) explanation: "in case of

doubt: classify as residential, because it is for you not clearly identi-

fiable as non-residential”. |

That means that the definition is inclusive; where the land use is not

clear it is included in the class residential.

Because of these considerations the following research questions were

chosen for the experiments:

~ When this definition is applied, are then the data produced by
different interpreters for the same area equal ?

~ Which training procedures are advisable ?

The experiments

In order to be able to judge with a minimum of staff time the interpre-

tation results the technique of the systematic dotgrid was used. For

each dot on the airphoto the interpreter had to decide: residential or

non-residential. With this technique a great number of individual yes/no

decisions are made. These are easily checked and discussed when wrong.

It is possible with this technique to make and instruct a2 set of decisi-

on rules for boundary cases and to apply these strictly.

The experiments made, can be subdivided as follows:

- the pilot experiment: the written instructions are minimal, procedures
have not yet been streamlined, the feedback is still haphazard,

- the Eegegxgd;egpgrimgnisi the written instructions are used without
changes in succesive experiments, procedures have been streamlined to
ensure the maximum of feedback for training purposes,

- the parallel experiment: writien instructions minimal and no feedback.

For the pilot experiment and for the repeated experiments the interpre~
ters were participants of the ITC-URBAN SURVEY course US 1. They had
minimally a bachelor degree in civil engineering, townplanning, archi-
tecture etc. The experiments were held after they had made at least the
basic exercises during two monthsg. Their cultural background was however
very diverse and no one had local knowledge of the city used for the
experiment.

For the parallel experiment university teachers in social geography in-
terpreted their own city. So they had local knowledge, but no previous

interpretation experience.
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The results of the experiments

1« The pilot experiment
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Figure 1. Measurements of the size of the net residential area in 21

districts, by 14 interpreters each. Measurements with dotgrids.

Total area 200 ha, covered by 5000 dots. Total number of inter-

pretation decisions 14 x 5,000 = 70,000. Frequency distribution

of the deviations in percent from the average for each district

from 14 interpreters.

(3)

A. outer districts B. city-centre-fringe districts

C. city~centre districts.
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The experiment shows clearly ( see figure 1, page 5) that in the city
centre and its fringe area, the interpreters become so uncertain that
the data produced become highly unreliable. For the outer districts

(in most cities the location of the fast growing residential areas) the
results are very satisfactory. Average deviations are there between

3% and 7 %.

The high deviations are concentrated on a few interpreters. They need
either more training or they have no aptitude for the work.

There is a slight skewness in the freguency distribution that indicates
an attitude of excluding, contrary to the inclusive character of the
definition. In later experiments this character was more stressed, and
this skewness was never repeated.

These results were discussed with the interpreters. After that another
136 districts were interpreted and measured each two times. The average
of each two measurements was used as standard and the deviations computed.

The results can be seen in figure 2 below.
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ofh 1% 2% 3% 4% 5% 6% V% 8% 8%
Pigure 2. Measurements of the net residential area in 136 districts in
7 different sectors of the city. Each district measured twice.
Frequency distribution of the deviations from the average of

twe measurements in percent.

One may conclude from this experiment that double measurements for the
sake of computing the average, are hardly worthwhile. The average of two
measurements will on the average not more deviate than 3 % from the in-
dividual measurement. When one takes into consideration that the inter-
preters without aptitude were not removed, and that the high deviations
were again found more often with them, it becomes clear that selection

of suitable interpreters pays more than double measurements.
2. The repeated experiments

The firet question posed was: how difficult is the interpretation, what

is the percentage of decisions causing difficulties ?
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Figure 3. Agreement between interpreters on the classification of the
individual dots as residential or not-residential.

Based on 7200 interpretation decisions by 9 interpreters.

From figure 3 above one may cdclude that for about 1/2 to 2/3 of all
interpretation decisions there is no difficulty. All interpreters

agree on the interpretation.

For 1/4 to 1/3 of the decisions only a minority (one or two interpre-
ters) seem to have a difficulty. .
Only between 7 % and 17 % of all decisions are difficult for a third or
more of the interpreters.

For training purposes the groups have therefore been divided in teams
of two. They make independently their interpretation, and compare their
results dot by dot.

Where they find differences in interpretation, they look again at the

airphote and discuss what could be the right decision. They alsoc try to
find out the cause of the interpretation difference (the error made by

one of them). Table 1, page 8 gives the result of these analyses.
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Table . Classification of errors made during interpretation of 5§ test
ares by 7 teams of two interpreters. Based on their own

judgement.

DEF - definition 7% +the definition of net residential area
DEL - delineation 5 % the boundaries between land uses
POS - position 26 4 the position of the dot and the land use

INT - interpretation 28 % the interpretation of the land use
KIS - mistake 22 % no explanation of the error

interpreters do not come 10 an agreement

EQA - eguality 6 % dot yes or no on boundary
EVI - evidence 6 % land use yes or no residential
TOTAL 100 % = 879 errora = 13 % of 7000 decisions.

As the errors are spread over a number of causes and even the largest
single cause (interpretation of the land use) occurs at only 3.5 % of
all decisions, it will be difficult to device procedures to remove
these errors. They will remain a "white noice" in the data produced.
But the comparison (as different from just taking the average) of the
two interpretations and re-interpretation does improve the results as
can be seen in figure 4, page 9.

Of all measurements 76 % are falling between + 8 % and — 8 %; this was
65 % before the comparison. And errors larger than 16 % (bad interpre-
ters !) are completely removed.

A seperate comparison was made with the standard interpretation pre-

pared by the staff. The size of the net residential area as measured by
the interpreters differed onthe average 6 % before pairwise comparison
and 5 % after pairwise comparison from the real value. But the number

of wrong interpretations was on the average 11 %. About half of the er-
rors cancel each other out, the other half is causing a real deviation
of the data.

The number of wrong interpretations differed from area to area and from
group to group. The lowest value observed was 6 % wrong and the highest
17 % wrong. The average was 11 % over all repeated experiments.

The conclusion must be that pairwise comparison by the interpreters re-

moves part of the errors and is as such a good iraining method. But com-

parison with a standard interpretation remains a better instrument.

Part of the errors are not detected by pairwise comparison.
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Figure 4. Measurements of the size of the residential area in 5 test
areas by 7 teams of two interpreters.
Frequency distribution of the deviation in percent from the
average of 14 interpretations for each test area. (3)
Total number of interpretation decisions 14,000.
A. Before pairwise comparison of the interpretations.
B. After pairwise comparison and discussion of the differences

between the interpretations by the members of the team.

After the training on the test areas was finished the interpreters were

asked to produce data on 9 city districts. BEvery district was measured

independently by 14 interpreters. Then the results were again compaired
pairwise and differences re-interpreted.

The result of this experiment is found in table 2, page 10.

The group average for the number of dots classified as residential is
hardly influenced by the pairwise comparison and re-interpretation of
part of the dots. This indicates that the deviations from the average
have a random character: they cancel each other out.

But the group's standarddeviation is reduced by 2/3: apparently does
re—interpre%aiion reduce the overall sgize of the deviations of individu-

al interpreters.
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Table 2. Measurements of the size of the net residential area with
a dotgrid in nine districts by 14 interpreters. The interpre-
tations are independent, but compaired pairwise after comple~

tion and improved through re-—interpretation of found differen—

CeSe
before comparison after comparison
average (3) standard- average standard-—
District (dots) deviation (%) (dots) deviation (%)

1 33 9 % 34 T %
2 87 5 % 86 2 %
3 71 3% 71 3%
4 95 5 % 94 3%
5 66 4 % 66 3%
6 65 10 % 66 10 %
7 205 4 % 203 3%
8 65 5 % 64 4 %
9 79 6 % 79 2 %
Total 766 3% 763 2 %

Another tendency can be read from table 2. If the number of decisions
increases, e.g. by aggregation of districts, than the standarddeviation
becomes lower. Apparently the effect of errors cancelling each other
out.

The whole procedure has also the effect of comforting the interpreters.
They can make their first interpretation without much mental strain.
Gross errors will be detected in the comparison and a correction can
than be made. It can however be expected that for a more experienced
interpreter this is hardly worthwhile. The procedure can be limited to

the training period.

3. The parallel experiment

. o mm om e om e e o e s e

In the parallel experiment about 3000 interpretation decisions were
made by inexperienced interpreters with local knowledge of the town.
It was direct production of data; no training sessions with feedback
and no pairwise comparisons. Only a comparison with a standard inter-

pretation. About 1900 dots were classified as net residential area.
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Although the districts were larger (about two times the amount of dots)
than those from table 2, the deviations instead of smaller were larger.
The average deviation was 18 %, against 5 % in table 2. Aggregated data
for the whole area resulted in a deviation of only 2 %. Again the errors
cancelled each other out. Individual results were up to 56 % wrong. The
main cause was misunderstanding of the definition of net residential
area. It proves that production of data without training sessions is
giving unreliable data.

Applicability of the technique

The usefulness of data on the size of the net residential area for the
production of data on housing and population must be judged in the
light of the sgensitivity of the models in which these data are to be
used.

Planning models contain normally sets of ratios whose values can vary
greatly in reality, but are given a limited number of arbitrarily chosen
values during the computations. For example, the amount of water to be
distributed in the city depends not only on its number of inhabitants.
The distribution method, the wealth of the people and their habits are
determining the waterconsumption per head. This ratio can vary greatly
from 20 liter per head per day to over 200 liter per head per day. This
difference (1:10) is large compared to an accuracy of 10 % in the
estimate of the residential area. Approximate data are in these models
often sufficient.

Considering this one may conclude that the accuracy reached with the
measurement of the size of the net residential area ( 5 % or better,
provided proper training of the interpreters ) makes it a useful

technique for the planner.
Conclusions

1. The technique of measuring the size of the net residential area on
airphotos can be applied by planners for the production of data on
population and housing. The accuracy of the technique is sufficient.

2. The accuracy of the data produced by photc interpretation can be
5 % or better, provided a proper training of the interpreters.

3. Training of interpreters should serve two aims:

- 1o make sure that the interpreter understands the definition and
the procedure, and applies this knowledge consistently

-~ to be able to remove from the group interpreters with insufficient
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10.

aptitude for airphoto interpretation.
In the training period is working in teams of two advisable. The
interpreters should make independent interpretations and compare
these afterwards. Where differences occur re-interpretation leads
to improvement of the data.
A standard interpretation should be available to make further checks
and to remove errors that still remain after pairwise comparison.
Without proper training errors of over 50 % may occur in the data
produced.
For developing countries conclusion 2 (on the accuracy) is only
valid for interpreters with sufficient schooling (minimal bachelor
degree). No experiments have been made with interpreters of tech-
nician level.
A general training in the interpretation of urban areas prior to
the specific training for these measurements seems advisable.
The dotgrid is most suitable for this type of training because
there is a clear right/wrong, which makes checking of the inter-
pretation feasible.
The technique is not applicable in the central parts of the town

(the city centre and its fringe) without elaborate fieldwork.

Notes
(1) Por the experiments airphotos of Tehran were used. The definition

is partly based on observations made during fieldwork there. When
used in other cities it may be necessary to make small adjustementis

to suit local conditions.

(2) When satellite data with pixelsize of 10 m become available, it is

necessary to reconsider this point. The same applies for monitoring

urban change with very small scale photography, i.e. 1 : 100,C00.

(3) The group average does not deviate significantly from the value of

the standard interpretation. (See page 8.)
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