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1. INTRODUCTION 

The emergence of new data systems 
presents a challenge to produce approp- 
riate methods and models for their effec- 
tive use. While this statement might of- 
fend some logical positivists, it is evi- 
dent that we have always been influenced 
by the form in which data are available 
not only in terms of the analytical meth- 
ods we employ but also in the ways we 
think about problems. This has been par- 
ticularly noticeable in urban analysis 
where the dominance of ecological studies 
owes much to the existence of census data 
by tract and, for similar reasons, dis- 
cussions of dynamics embrace decades 
rather than years. 

In this paper I discuss the poten- 
tialities of a type of data source which 
recently has been receiving increased at- 
tention, namely the annual population 
enumeration in which basic demographic 
data are augmented by information on 
socio- economic and housing characteris- 
tics (see, for example, the proceedings 
of the first five European Symposia on 
Urban Data Management). Variants on this 
theme are found in a number of European 
cities and Wichita, Kansas, the site of 
our own research, provides the prototype 
in North America. In evaluating such a 

system, we need first to consider the 
types of uses to which such data can be 
put and then to examine the nature of the 
benefits which accrue to these applica- 
tions. 

Most uses of urban data systems fall 
into three broad categories: 

i) administrative functions dependent 
upon routinely gathered data; 

ii) planning activities of both an amel- 
iorative (adaptive) and a control 
nature; 

iii) attempts to improve understanding of 
the ways in which individual cities 
function with a view to developing 
better theories of urban processes. 

In any case study the applications 
that can be developed depend to a large 
degree on the local institutional con- 
text. At the heart of the Wichita system 
lies the population enumeration which is 
required by Kansas law for assessment 
purposes. This administrative need drives 
the data collection process; the resulting 
limitations on the number and nature of 
questions asked reflect a sensitivity to 
potential public reaction which might en- 
danger the quality of the assessment. 
Under these circumstances we must expect 
to make compromises and to exercise in- 
genuity in our planning and theory- build- 
ing activities for external constraints 
prevent the design of ideal questions for 
all needs. 
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Despite limits on the range of var- 
iables, the content of the Wichita system 
has such strong advantages that we be- 
lieve it provides a major advance over 
other operational systems. These advan- 
tages stem from three separate character- 
istics of the data files: 

1. access to data on a wide range of 
variables describing each dwelling 
unit and its occupants. While con- 
fidentiality is maintained, access 
to the individual records promotes 
a great deal of flexibility in the 
construction of detailed cross - 
classifications. 

2. production of a complete enumeration 
every year. Critics have pointed 
to the inadequacy of the decennial 
census in documenting the rapidity 
and variety of change in our cities, 
yet we seldom possess alternative 
sources to indicate the appropriate 
time frame for monitoring such 
change. The annual enumeration 
provides a starting point for meas- 
uring the rates of change of differ- 
ent components of the urban system 
and for determining the most suit- 
able monitoring period for each com- 
ponent. 

3. an ability to link individual house- 
holds and dwelling units over time. 
Since transactions or changes of 
state are the basic observations we 
need to document process, this char- 
acteristic is potentially the most 
important of the three. However, 
taking advantage of this attribute 
presents the most challenging meth- 
odological problems and relatively 
little progress has been made to 
this point. 

These three characteristics are hier- 
archical in that we assume in our discus- 
sion that the annual enumerations each con- 
tain individual records and that longitud- 
inal files link individual characteris- 
tics from one year to the next. 

In the remainder of this paper, we 
use these three data characteristics as a 
framework for discussing applications of 
the Wichita system. For a number of 
reasons, the comments focus on the third 
category of use, that of improving our 
understanding of how cities function. 
Although they form the foundation for 
development of the system, administrative 
functions are routinized and of little 
relevance to our own interests. At the 
present time, planning applications are 
of a simple nature mainly comprising an 
annual 'state -of- the -city' report which 
serves as useful background information 
rather than as analytical input for var- 
ious public agency programs. Failure to 
utilize the properties of the data files 



to any greater extent underscores the 
general lack of experience in using these 
types of data in the profession as a 

whole. Methods of handling such data, 
their presentation and use in appropriate 
models of urban process are poorly devel- 
oped and we see it as part of our task to 
explore the possibilities in these areas. 
In particular, we need to develop models 
which relate to the instruments which 
planners have at their command such as 
the zoning laws, directed subsidies, 
mortgage rates, and location of public 
facilities. In the first instance, how- 
ever, we need to attain a better under- 
standing of the nature of processes 
around which we can build future appli- 
cations. 

Much of our initial research atten- 
tion has focussed on patterns of housing 
consumption and residential mobility 
within Wichita and I will use this work 
to illustrate our arguments. It provides 
a good case study in that much current 
planning concern focusses upon the hous- 
ing market; problems, such as the aband- 
onment of dwellings or the decline in 
school enrollment, develop quickly, are 
usually localized within the city, and 
they must be resolved within a reasonable 
time frame. Our understanding of the 
underlying processes is weak; census data 
are too coarse in both spatial and temp- 
oral detail and survey data generally 
provide too few observations to form a 

basis for tackling these issues. We 
therefore need to turn to alternative 
sources of data. 

2. THE VALUE OF MICRO -LEVEL DATA 

Of itself, the existence of detailed 
micro -level records for households and 
dwelling units is not exceptional. In- 
deed, the Census obtains far more de- 
tailed data on individuals each decade 
than are collected in Wichita. However, 
it is the ability to readily access these 
individual records which increases the 
value of the system for one thereby gains 
a great deal of flexibility in terms of 
output format. This attribute, coupled 
with the size of the enumeration which 
generates approximately 100,000 records 
per year, each with data on 25 -30 house- 
hold and dwelling characteristics, per- 
mits ideas to be examined in considerable 
depth. 

In considering the value of these 
data, we make three points: (i) they 
permit construction of detailed cross - 
classifications which lead to more policy - 
relevant descriptions of certain behavior; 
(ii) with large data files, more complex 
models of behavior can be constructed, 
and (iii) the flexibility of aggregation 
does not tie us to pre- specified classif- 
ications. Although it is clear that each 
of these attributes could equally well be 
attained from existing census data, it is 
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evident that the latter are not being 
used in this way. 

Example 2.1: Existing housing studies 
have stressed the importance of measuring 
income elasticities of demand for various 
dwelling characteristics (tenure, size, 
condition, etc.). It is argued that such 
measures contribute both to an understand- 
ing of consumer behavior and to the 
assessment of impacts of public policy on 
the housing market (de Leeuw, 1971). Al- 
though these values have usually been 
computed in aggregate terms for large 
populations, it is clear that if policies 
are to be designed to alleviate existing 
inequities, they must be directed at spec- 
ific segments of the market. In these 
circumstances, we need to know more about 
income elasticities than can be acquired 
from aggregate analysis yet few data are 
available to provide such detailed estim- 
ates (notable recent exceptions are found 
in Struyk and Marshall, 1974 and Strasz- 
heim, 1975). Partly, in response to this 
situation we estimated income elastici- 
ties of demand for tenure, size, value, 
rent, and condition for 31 different 
household types over four income ranges 
for both recent movers and the total pop- 
ulation of Wichita in 1973 (Moore et al., 
1975). 

For the purposes of this paper, it 
is perhaps most useful to look at a num- 
ber of conclusions which arise from this 
work: 

1. elasticities vary not only from one 
population subgroup to another but also 
vary for different income ranges for the 
same household type (violating the oft - 
adopted assumption of the Engel curve). 
This situation is clearly illustrated for 
different -sized households in Figure 1. 

2. the functional form of the relation- 
ship between income and elasticity is dif- 
ferent for different household types (for 
example, in the case of tenure it in- 
creases with increasing income for house- 
holds with several pre -school children 
whereas it decreases for elderly couples 
whose children no longer live at home). 

3. from a policy standpoint, the con- 
sistently low values of demand elastic- 
ities for low- income families with chil- 
dren suggests any subsidy program designed 
to improve housing conditions for this 
group should be specifically tied to hous- 
ing expenditure rather than be in the form 
of a general income subisdy (although it 
cannot, of course, address the more gen- 
eral policy issue of whether such a goal 
is desirable (de Leeuw, 1974)). 

Of course, many questions are left 
unanswered by a single study such as this. 
Perhaps the most important concerns the 
effect of local supply conditions on 
elasticity measures. Some progress could 
be made in this regard by replicating the 
study in successive years but it would 
seem that a more valuable strategy would 
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be to employ existing micro -level census 
data in a wide range of urban environ- 
ments. The outcome would have particular 
value in suggesting differences between 
cities in their response to alternative 
housing programs. 

Example 2.2: Closely related to the prev- 
ious example are those instances in which 
we need to impose controls on a study de- 
sign to test specific hypotheses. A typ- 
ical case concerns the detection of racial 
discrimination in the housing market. Do 
blacks have lower propensities to own, do 
they pay higher prices than whites for 
similar housing, and so forth? How do we 
compare the two groups such that we do 
not confound income, age, and family 
structure differentials in our evaluation? 
Two studies (Altman and Tam, 1974 and Tam, 
1975) have examined differences in rental 
payments and ownership rates respectively. 
Both studies concluded that the degree of 
racial difference was noticeably smaller 
than had generally been assumed in the 
literature once the population differences 
had been controlled. An example of these 
differences is provided in Figure 2 which 
identifies racial variations in ownership 
rates for different socio- economic and 
family types. 

Example 2.3.: Once we address problems 
at this level we realize that other tradi- 
tional procedures do not sit quite so 
comfortably. Can we continue to utilize 
simple linear models which ignore inter- 
actions between independent variables? 
Can we assume that the same functional 
forms are appropriate for modelling a 

given behavior over different household 
types? When we recognize these as import- 
ant issues, what methods are appropriate 
to answering these questions? Since much 
of the data contained in the enumeration 
is either nominal (sex, migration exper- 
ience, structure type) or ordered catego- 
rical (number of rooms, income class, 
rent category), we have been able to make 
extensive use of recent developments in 
multidimensional contingency table analy- 
sis (particularly the material contained 
in Fienberg et al., 1975). In examining 
the structure of ownership rates, Tam 
(1975) applied these procedures in logit 
form, from which he was able to identify 
a number of important interactions, par- 
ticularly that between income and house- 
hold size, which contribute both statis- 
tically and interpretively to explana- 
tion of rate differentials. The more 
difficult issue is whether the contribu- 
tion they make is worth the additional 
effort in data collection and analysis. 
Certainly the differences between estim- 
ates which include and exclude the inter- 
actions are statistically significant; 
in absolute terms the differences are 
small (often less than ten percent) and 
whether they are important depends on the 
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particular context in which they are being 
computed. 

Example 2.4: Implicit through all of the 
above comments is that we are able to main- 
tain considerable flexibility in the con- 
struction of classifications. Access to 
the individual records in the estimation 
of elasticities, for example, permits us 
to combine individual data on age of 
household head, age and number of children, 
and number of other household members to 
produce complex life cycle classes. In 
addition, we are not tied to any one a 

priori grouping, a fact which is particu- 
larly important in the spatial treatment 
of certain problems. We are not bound by 
specific tract or block group assignations 
which makes the data much more amenable to 
direct manipulation for questions such as 
those concerning access to facilities, 
school redistricting or selection of bus 
routes. It is well known that analytical 
results are sensitive to the classes we 
choose and therefore we need to retain 
this flexibility to ensure that our in- 
ferences are not subject to avoidable 
bias. 

3. THE BENEFITS OF AN ANNUAL ENUMERATION 

Possession of a sequence of enumera- 
tions stimulates questions concerning the 
nature and rate of change from a compara- 
tive static perspective. The simplest 
procedures, identifying changes in selec- 
ted population and housing characteristics 
from one year to the next, in fact consti- 
tute the most valuable output from the 
system as far as local agencies are con- 
cerned. The school board can obtain up- 
to -date tabulations of the distribution 
of pre -school children, the urban renewal 
agency can identify any marked shifts in 
vacancy rates in the housing stock and 
the advance plans department can monitor 
its own short -run population projections. 
Most of the computations are straightfor- 
ward and much use is made of standard 
graphic packages such as SYMAP. Although 
these outputs are not fed into any formal 
models of change they provide invaluable 
information on both the current state and 
recent changes in the system which can 
serve as background material for many 
local decisions. 

A second set of questions concerns 
the short -run stability of relationships 
between variables. A wide variety of 
models in the areas of housing, transpor- 
tation, and delivery of social services 
assume either implicitly or explicitly 
that calibrated parameters are stationary; 
perhaps even more fundamentally they 
assume that the structure of the relation- 
ships between the variables remains the 
same. Although the identification of in- 
stability in these attributes of our 
models perhaps tells us more about their 
misspecification than about the variability 
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of the real world, we must make use of all 
available information in an area in which 
theory is so weak. 

Example 3.1: Our continuing interest in 
residential mobility stems from a belief 
that this phenomenon lies at the root of 
many changes in neighborhood character- 
istics. In attempting to build a model 
of the propensity to move which is relev- 
ant to discussions of neighborhood change 
we have placed a strong emphasis on occu- 
pancy characteristics of dwellings. We 
thereby recognize a need to consider the 
type of housing that is being consumed by 
a household as well as life cycle attrib- 
utes which, together with tenure, form a 
dominant focus of previous research 
(Rossi, 1955; Speare, 1970). 

We begin with a simple model based on 
the 1971 and 1972 enumerations: a four - 
way table was constructed using the follow- 
ing variables: [1] - movement propensity 
(1 = move; 2 = not move); [2] - tenure; 
[3] - size of household; [4] - size of 
dwelling (number of rooms). Program ECTA, 
which applies the procedures developed by 
Goodman (1971) for fitting models to 
multi -way tables, was used to identify 
that a significant interaction exists 
between size of household and size of 
dwelling and movement propensity (a [124] 
interaction in the model terms). The 
structure of the element -by- element ef- 
fects in this interaction suggests a 

marked pattern of increased movement prop - 
ensitiesin both undercrowded and over- 
crowded situations. In the present con- 
text, the issue is whether this structure 
is maintained over time. Applying a sim- 
ilar analysis to data from the 1972 -3 
enumerations we are able to show that, 
although the specific parameter values 
(the effects) exhibit some variability, 
both the sequence in which different 
models are fit to the data and the pattern 
of the interaction effects are the same 
in both years. 

Identification of such stability 
suggests that we have a valid basis for 
estimating mobility rates in this context 
(although certainly not the only one). 
The question still arises as to whether 
we need to add further variables in the 
specification of the model to account for 
the variation in parameter values but 
this seems to be more a pragmatic than a 

theoretical issue. 

4. THE LINKAGE BETWEEN SUCCESSIVE FILES 

Documentation of successive states 
of a system is not sufficient to provide 
the analytic base for policy decisions. 
If we are to identify the leverage points 
at which policies are most likely to be 
effective, we need to know more about the 
components of change, who participates 
and under what circumstances. In order 
to achieve this level of understanding 
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we need to be able to follow specific 
individuals through the system, to iden- 
tify the transactions in which he par- 
takes; in other words, we need a longi- 
tudinal file. 

Since we are concerned with the com- 
ponents of change in small residential 
areas, a logical place to start using 
the linkage properties of the data is in 
the context of demographic accounting 
models (see, for example, Stone (1971), 
Rees and Wilson (1973)). The basic ac- 
counting model used in our studies (Gale 
and Moore, 1972; Moore and Gale, 1974; 
Moore, 1975) is specified as follows: 

a(t +1) = (a(t) - d(t))[(I- R(t))F(t) 

+ R(t)G(t)] + n(t) 

where 
a(t) is the s- element vector of 

frequencies at time t in 
each occupancy class (these 
classes being defined by the 
assignment of a household with 
given characteristics to a 

dwelling with specific char- 
acteristics) 

d(t) is the vector of decrements to 
these occupancy frequencies 
due to demolitions in the 
stock 

R(t) is the s x s diagonal matrix 
of movement rates for each 
occupancy class for the period 
t - t +1 

F(t) is the s x s matrix of condi- 
tional transitions rates be- 
tween occupancy classes for 
dwellings not experiencing 
household relocations 

G(t) is the corresponding transition 
matrix for dwellings receiving 
household relocations 

n(t) is the vector of occupancy in- 
crements due to new construc- 
tion. 

R(t), F(t) and G(t) contain the paramet- 
ers to be estimated for the accounting 
model. We might note at the outset that, 
given the structure of the files, all 
estimates of these values are prospective 
since we can measure the rates of occur- 
rence of these events between t and 
t +1, given the characteristics at time t; 

this is an attribute that cannot be 
achieved with retrospective histories. 

Although we have ideas as to the 
appropriate structure of R(t) in some 
circumstances, we have few a priori 
notions as to the nature of F(t) and G(t) 
and must proceed in an empirical vein. 
In experimenting with this structure we 
have focussed on the problem of changes 
in overcrowding in the housing stock at 
the neighborhood level, using as an 
example, the individual changes in occu- 
pancy for two areas in Wichita from 1971- 
1973 (Moore, 1975). 

Three separate issues are involved 



in using this structure: (i) estimation 
of the parameters R(t), F(t), G(t); (ii) 
determination of the degree of stability 
in the parameters over time, and (iii) an 
evaluation of the consequences of any ob- 
served non - stationarities in the param- 
eters. Table 1 provides estimates of the 
parameters for one neighborhood near the 
center of the city in 1972 -3. We can see 
that the dwellings not experiencing house- 
hold relocations play as important a part 
in change in this area as the movers. 
Furthermore, although overcrowded units 
are more likely to experience a household 
move, they are also more likely than non - 
overcrowded units to be overcrowded after 
a new family moves in; this latter prop- 
erty tends to reduce the overall effect 
of mobility in decreasing overcrowding. 
Such behavior strongly suggests that sup- 
ply constraints are serving to restrict 
the housing choice for large (and prob- 
ably low- income) families. 

Attempts to test for parameter sta- 
tionarity reveal a complex situation with 
some elements (notably F(t) appearing 
stationary and the remainder fluctuating 
from one year to the next. Unfortunately, 
with large numbers of observations even 
small differences are statistically sig- 
nificant which led us to look at other 
attributes of the parameter shifts. The 
matrix [(I - R(t))F(t) + R(t)G(t)] was 
replaced by the single matrix P(t). The 
latter was estimated separately for 1971 -2 
and 1972 -3, the resulting matrices being 
labelled P(1) and P(2). In two separate 
simulations, P(1) and P(2) were repeatedly 
applied to the occupancy vector for 1971 
to generate two time paths for the neigh- 
borhood. Although there is certainly a 

change in the long -run frequency of over- 
crowded rental units resulting from param- 
eter shifts between the two years, the 
numerical difference is small and the 
overall structure of local housing con- 
ditions remains the same. 

The outcome of this preliminary anal- 
ysis is to suggest further lines of re- 
search. We need to clarify our ideas 
with respect to the nature of parameter 
shifts which are significant to particu- 
lar local situations. One obvious strat- 
egy is to experiment with different hyp- 
othetical forms for the parameter matrices 
to determine the degree of variation in 
different elements necessary to produce 
overall structural change. Once this has 
been accomplished we can then address our- 
selves to the question of what types of 
action are likely to produce that level 
of change in the parameters. 

5. CONCLUSIONS 

We still have a great deal to learn 
about the use of micro -level data in gen- 
eral and longitudinal files in particular, 
even in the restricted field of housing 
analysis. In using files such as these, 
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the gaps in our knowledge of micro -level 
behavior are rapidly exposed. Even the 
simple act of documenting events contrib- 
uting to change, as in our overcrowding 
example, provides insights as to the rela- 
tive importance of different processes 
which we have not been able to obtain be- 
fore. 

We therefore see the gap between 
development of process- oriented models 
and applications as still being consider- 
able. For some tile to come, the main 
applications of the files will be two- 
fold: (i) the provision of up -to -date 
information on single variable distribu- 
tions as background to decision making, 
and (ii) the use of the files as a detail- 
ed sampling base for in -depth surveys. 
More sophisticated use depends first on 
the identification of the nature of spec- 
ific processes and second on the integra- 
tion of policy instruments into models of 
these processes. 
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TABLE 1. PARAMETER ESTIMATES FOR BASIC ACCOUNTING MODEL, 1972 -3. 

(i) M(1972) 

State 1 2 3 

1. Owned - Overcrowded 
2. - Not Overcrowded 
3. Vacant 
4. Rented - Overcrowded 
5. - Not Overcrowded 
6. Vacant 

(ii) F(1972) 

1. Owned - Overcrowded 
2. - Not Overcrowded 
3. Vacant 
4. Rented - Overcrowded 
5. - Not Overcrowded 
6. Vacant 

(iii) G(1972) 

1. Owned - Overcrowded 
2. - Not Overcrowded 
3. Vacant 
4. Rented - Overcrowded 
5. - Not Overcrowded 
6. Vacant 

.103 0 0 

0 .099 0 

0 0 .591 
0 0 0 

0 0 0 

0 0 0 

.765 .193 0 

.014 .948 0 

0 0 1 

.138 .025 0 

.003 .098 0 

0 0 0 

.091 .394 .273 

.051 .394 .263 

.190 .810 0 

.018 .064 0 

.006 .055 0 

0 0 0 

4 5 6 

0 0 0 

0 0 0 

0 0 0 

.488 0 0 

0 .484 0 

0 0 .591 

.035 .007 0 

.001 .038 0 

0 0 0 

.750 .088 0 

.028 .871 0 

0 0 1 

.030 .212 0 

.051 .240 0 

0 0 0 

.170 .556 .193 

.088 .671 .179 

.173 .827 0 

All zeros are logical zeros. 
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