CUPUM 2015 231-Paper

Agent-based Estimation of Household Micro-data
with Detailed Attributes for a Real City

Nao Sugiki, Tomoya Muranaka, Noriko Otani, and Kazuaki Miyamoto

Abstract

Intensive developments in land-use microsimulation models have been
made in order to forecast changes in household attributes and location.
However, a micro-data set of the base year is usually unavailable because
of the right to privacy. Thus, this study proposes a system based on a con-
venient and practical method to estimate the agent-based household micro-
data set of the base year in a real city. First, a set of member attributes is
generated based on existing methods. Second, other attributes are synthe-
sized based on their similarity, which is defined as the distance between
the estimated and the referenced sample households. Finally, we use a case
study to demonstrate the utility of the system by applying it to Toyama
City in Japan.
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1. Introduction

In the field of urban modeling, microsimulation is becoming a popular ap-
proach to describe the detailed changes in land use and transport in a me-
tropolis. This technique provides the detailed information necessary for
decision making on emerging issues at the household or firm level. In this
study, we consider the individual household data required for the base year
in a residential microsimulation.

An individual household is characterized by many attributes, such as
member composition and age, housing type and location, car ownership,
and income. Each of these attributes must, in principle, be defined for the
base year in the microsimulation. However, these data are usually unavail-
able because the content of administrative registers and censuses are pro-
tected by the right to privacy in most countries. As a result, the data used
in microsimulation models are so-called “synthetic populations.” These are
created from generally accessible aggregate data provided by the national
census, with additional information obtained by conducting sample sur-
veys. Most existing procedures used to generate synthetic populations es-
timate the number of households by type after categorizing households us-
ing the iterative proportional fitting procedure (Pritchard and Miller 2009;
Miiller and Axhausen 2011; Lee and Fu 2011). However, this approach has
several shortcomings when the model has to deal with many types of
household attributes. Another approach is to generate a set of individual
synthetic households using Monte Carlo sampling by agent (Moeckel et al.
2003). Here, each household has a unique set of attributes (i.e., “micro-
data,” in the terminology of this study).

Miyamoto et al. (2010a, 2010b) used the Monte Carlo approach to de-
velop a comprehensive system based on a method to estimate the micro-
data set of the base year. Their model handles both continuous and discrete
attribute variables by agent (i.e., a household and its members) (see also
Sugiki et al. 2012). These authors proposed an indicator to evaluate the
goodness-of-fit of the two micro-data sets originally presented in Otani et
al. (2010), and subsequently extended in Otani et al. (2011). Then, this in-
dicator was used to develop their system in a rational and objective man-
ner. Moreover, they demonstrated the utility of the system by applying it to
person-trip survey data for the Sapporo metropolitan area. However, the
system has not yet been applied and validated in a real city.
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This study proposes a convenient and practical system to estimate the
agent-based household micro-data set of the base year for a land-use
microsimulation of a real city. The system consists of two estimation stag-
es. In the first stage, a set of member attributes is generated for a given
number of households and household size. The attributes describe each
member’s relationship with the household head, gender, and age. In the se-
cond stage, further attributes are synthesized using the attributes of the
most similar sample household, taking spatial proximity into account. The-
se attributes include the housing type and commuting zone. Finally, we
confirm the utility of the system in a case study in which we apply the
method to 160,000 households in Toyama City. The sample data set is
constructed from the results of a questionnaire survey conducted in Toya-
ma City. The data set contains the micro-data, as well as data on the popu-
lation by age band and by gender, and on the number of households by
household size. The latter data are taken from the national census and are
used as control totals in each zone.

2. System Development

2.1 Estimation Procedure

The system proposed in this study consists of the two estimation stages
shown in Fig. 1. In the first stage, a set of member attributes is generated
for a given number of households and household size. The attributes de-
scribe each member’s relationship with the household head, gender, and
age, and are generated using the same approach as existing methods
(Miyamoto et al. 2010a, 2010b; Sugiki et al. 2012).

In the second stage, attributes such as housing type and commuting zone
are synthesized using the attributes of the most similar sample household.
Here, similarity is defined as the distance between the estimated and the
referenced sample households, considering their spatial proximity. Similar-
ity is calculated by household composition, member age, and member
gender, and the spatial distance between the zone of the estimated micro-
data and referenced sample data. Each estimation or synthesis and adjust-
ment is probabilistic and uses the Monte Carlo approach.

Although this system has been developed to estimate the micro-data set
of the base year, it provides an alternative procedure emphasizing conven-
ience and practicality making it applicable to a land-use microsimulation
in a real city.
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The estimation of the household micro-data set for the base year is based
on the following propositions:

Households are the target agents.
Households are characterized by members, and members are character-
ized by their relationship with the household head and their gender and

age.

Households and members are specified by optional attributes utilized in
land-use and transportation analyses, such as housing type, commuting

zone, and so on.

231-4



Agent-based Estimation of Household Micro-data ...
CUPUM 2015 231-5

e The number of households by household size and the number of indi-
viduals in five-year age bands are available from census data for the
study area.

e Samples are available for which the micro-data are known.

e The study area is divided into zones, and the spatial distance between
each pair of zones can be defined.

2.3 Estimation Method for Household Composition Attributes

Fig. 2 shows the flowchart of the estimation procedure for the household
composition attributes. The basic estimation principles are as follows:

¢ The population micro-data set for the base year is estimated from prob-
abilities obtained from a sample micro-data set.

e The relationships between attributes (e.g., household member composi-
tion and age of members) are considered if a member composition is
common in the sample data set. These relationships are derived from the
sample set.

¢ |f a member composition is rare in the sample data set, the age composi-
tion is determined to be the same as that of the sample.

e The synthetic population is adjusted to fit the marginal conditions (e.g.,
population by age band by gender).

e Each estimation or synthesis and adjustment is probabilistic and uses the
Monte Carlo approach.

This system is novel for dealing with the relationships between continu-
ous attributes. In this case, the age of household members x is considered.
The procedure only applies to households whose membership composition
c is sufficiently common, such as sampled data that have over 10 degrees
of freedom. However, when the member composition c is rare, the age
composition X is used for the sample household. First, we use a principal
component analysis to convert the original attribute variables
X = (X, Xp,+,X,,) (i.e., the ages of household members) for sample

households with m members into independent or non-correlated variables
P=(Py, P2y P -

Pi = Zvikxk , (2.1)
K
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where p; is a non-correlated variable for member i, x, is the age of
household member k, and v, is the principal component of i for house-
hold member k . Written in matrix form, we have:

p=Vx. 2.2)

Then, based on the sample values, the cumulative frequency curve of p,

is drawn for m principal component variables (see Fig. 3). From Egs. (2.1)
and (2.2), we have:

x=V'p=Wp, (2.3)

X = Zwik P - (2.4)
K

To generate a synthetic household, a random number ran  is generated

for member 1 of household s. Then, p, is obtained from Fig. 3, and the
principal component variable x, (or age) is obtained for member i of

household s from Eqg. (2.4). The procedure is repeated to generate further
synthetic households until the total number of households in the study area
is attained. Therefore, by introducing the independent variables as inter-
vening variables, the relationships between attributes are easily dealt with
and the system becomes straightforward to operate.
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Fig. 3. Correlation determination using the independent variables

2.4 Estimation Method for the other Attributes

To conduct a residential or transport analysis using household micro-data,
additional attributes are required for households and members, such as
housing type and commuting zone.

In this study, these attributes are synthesized using the attributes of the
most similar sample household. The method used to measure the good-
ness-to-fit between the observed and estimated micro-data sets is presented
in Otani et al. (2010, 2011). The measure is defined as the minimum value
of the distance summation, and is applied to the separation distance be-
tween households.

Ideally, the most similar household sample should be selected from the
same zone (i.e., by considering regional characteristics). However, a bi-
ased estimation result is assumed in the case of zones with fewer samples,
because referable sample data are limited in the same zone. From the
viewpoint of system flexibility, we also need stable estimation results,
even when the number of samples is low.

Thus, in addition to using the household composition attributes, the sep-
aration distance is also defined using spatial proximity in order to deter-
mine the attributes of the target micro-data, including the surrounding
zones.

The estimation method is shown below. The attributes are first estimat-
ed for members and then for households, and refer to the attributes of the
sample household with the same number of household members. Target
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household b and referenced sample household s are represented using the
following equations (in vector format):

b=/, -, a},z"), (2.5)

s=(a/, ---,ay,2°%). (2.6)
Here, K is the number of combinations of a member’s relationship with
the household head and gender, a, is the age of member k , and z is the
zone of the target or referenced household.
The age c;' of member m considers the relationship with the house-
hold head and gender, and is defined as follows:

o = a tk=k" _ @7
“ 1099 1k % k™ '

The member attributes m of target household b are added by searching
the individual sample using the minimum separation distance. The mem-
ber-based separation distance p _dis(b,,s, ) is defined by the consisten-
cy of a member’s attributes and the zonal spatial proximity, and is repre-
sented as follows:

K K
p_dis(bm,sm»:JZ(cEm —cn) Y (2% (2.8)
k=1 k=1
Here, z" is the spatial distance between the zones of target household b
and referenced sample household s. In addition, ¢ is a weighting coeffi-
cient of the member’s attributes and the spatial distance, and is defined as
the inverse of the average of z*. When p_dis(b, ,s,) IS minimized, the
similarity of the sample member is adjudged to be greatest.

The attributes of target household b are added by searching the house-

hold sample using the minimum separation distance. The household-based
separation distance h_dis(b,s) is defined using the similarity of the

household member composition and the zonal spatial proximity, and is
represented as follows:

h_dis(b,s) =\/ZK:(aE —a})? Jri(zbs)2 : (2.9)
= par}
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When h_dis(b,s) is minimized, the similarity of the sample household
is adjudged to be greatest.

If two or more samples of the minimum separation distance exist, one is
selected probabilistically using the Monte Carlo approach.

3. System Application

3.1 Target Area

Toyama City is a city in Japan with half a million inhabitants. In this sec-
tion, we estimate the city’s household micro-data set as a case study in or-
der to apply the system to a real city. The target area consists of seven ma-
jor regions, and is divided to 82 middle-sized census zones. This makes it
suitable for a land-use microsimulation, as shown in Fig. 4.

Toyama
Prefecture__X-"~

’ 82 Zones
Region 1 Jvte

:Toyama =

Region 5

:Fuchu _ “
Region6 __
‘Yamada

Region4 _-
Yatsuo

’ \ N
Region7 Régionz Region 3 =
:Hosoiri  :Osawano -Oyama

Fig. 4. Target area and zone setting

3.2 Data

The household sample micro-data are constructed from questionnaires col-
lected by the government of Toyama City and our research group. The
questionnaires were applied as follows:

Period: December 2011 to January 2012

Area: Toyama City in Japan

Target households: 14,073 households sampled randomly from 140,743
households

Sent questionnaires: 14,073
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¢ Collected questionnaires: 5,089 (36.2%)
¢ Sending and collecting: by mail (reply envelopes were enclosed)

Questionnaires with serious missing values were discarded, leaving full
information available for 3,649 households and 8,411 individuals.

Data on population by age band by gender and number of households by
household size from the 2010 national census were utilized as the control
totals in each zone. In the national census, the total population derived
from the population by age band by gender is generally not equal to that of
the number of households by household size. This is because the catego-
ries for households with over seven members are integrated, and the num-
bers of household members who live in certain facilities are unknown.
Thus, the population by age band by gender is adjusted to the total popula-
tion derived from the number of households in our case study. The total of
marginal condition data were 158,833 households and 409,621 individuals.

3.3 Category Setting

Age is categorized into five-year groups (except over 85 years of age). The
following 20 general household types were selected based on members’ re-
lationships with the household head and their gender: head (male), wife,
one child (male), two children (male), three children (male), grandchild
(male), brother, father, other (male), two other members (male), head (fe-
male), one child (female), two children (female), three children (female),
grandchild (female), sister, mother, child’s wife, other (female), and two
other members (female). Table 1 shows the household types defined by the
combinations of relationships with the household head. These are catego-
rized by extracting household type from over 10 samples in the question-
naires.

With regard to attributes other than household composition, the follow-
ing were considered from the gquestionnaire data: employment and school-
ing status, commuting zone of the household head, car ownership, com-
muting mode of the household head, and housing type. Employment and
schooling status is categorized into full-time job, part-time job, housewife,
student, unemployed, and other. There were 84 commuting zones, 82 of
which are in Toyama City. Then, one zone represents the remaining part of
the Toyama Prefecture outside of Toyama City, and one zone is the area
outside the Toyama Prefecture. Car ownership is used as a dummy varia-
ble, and represents whether the member has free use of a car. The commut-
ing mode of the household head is categorized as car, train, bus, and walk
or bicycle. Lastly, housing type is divided into own-detached, own-
apartment, rent-detached, and rent-apartment.
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Table 1. Categories for household type

Number of
Household
Members

Household Type (Composition of Household Members)

1

Single (male)
Single (female)

Couple

Head (male) + child (male)
Head (male) + child (female)
Head (female) + child (male)
Head (female) + child (female)
Head (male) + mother

Two other members

Couple + child (male)

Couple + child (female)

Couple + father

Couple + mother

Head (male) + child (male) + child (female)
Head (male) + sister + mother

Three other members

Couple + two children (male)

Couple + child (male) + child (female)
Couple + two children (female)

Head (male) + child (male) + mother
Head (male) + child (female) + mother
Couple + son-generation couple

Four other members

Couple + two children (male) + child (female)
Couple + child (male)+ two children (female)
Couple + three children (female)

Couple + two children (male) + mother

Couple + child (male) + child (female) + mother
Couple + son-generation couple + grandson
Five other members

Couple + son-generation couple + grandson + granddaughter
Six other members

Seven members
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3.4 Calibration

The parameters of B to generate x; from p; given by ran, are generated
using parameter matrix A. The latter matrix was obtained using a principal
component analysis for household types in the sample household data set
with more than 10 degrees of freedom. Table 2 shows the results of B for
four-member households as a part of the parameter estimation results.

Table 2. Parameters of B for four-member households

Household Type by P, P, Ps P, C

41 x, | 0494 0532 0504 0469 10.197

Couple x, | 0711 -0352 -0556 0248 4.156
+ two children (male)

X, | -0.438 -0.351 0.030 0827 3.361

x, | 0242 -0686 0660 -0.187 9.697

42: x, | 0520 0490 0470 0519 10.108

Couple x, | 0546 -0531 0457 -0.459 3.823

+ child (male)

+ child (female) x; | -0.080 0677 0.168 -0.712 9.601
x, | -0.653 -0.138 0.736 0.117 3.704

43: x, | 0521 0463 0519 0495 9.923

Couple X, | -0.811 0014 0471 0346 9.423

+ two children (female
( ) Xy -0.259 0.886 -0.271 -0.272 3.872

X, | -0.063 0.010 -0.659 0.749 3.231

44 X, | 0482 0647 0455 0376 12525
Head (male) x, | 0255 -0660 0089 0701 6.200
+ child (male)
+ mother x, | 0449 -0380 0553 -0.590 11.975
X, | 0708 -0.037 0692 0134 17.075
45: x, | 0540 0596 0492 0333 11621
Head (male) x, | -0.097 -0.107 -0.381 0913 11.138
+ child (female)
+ mother X, | -0462 -0354 0779 0234 5483
x, | 0697 -0712 0082 0024 16.931
46: X, | 0451 0553 0435 0550 15875
Couple

X, 0326 -0.309 0.722 -0.526 10.000
X 0.263 0.658 -0.302 -0.638 14.969
X, 0.789 -0.407 -0.446 0.116 9.813

+ son-generation couple
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3.5 Results for Household Composition Attributes

Using the data and estimated parameters, the household composition at-
tributes for all micro-data sets were estimated for the 82 zones. Table 3
shows the aggregated number of households by type, and each type’s share
of the same household size for the observed sample. The table also shows
the estimation results for three representative zones with different popula-
tion sizes, namely 16 (Gofuku district), 69 (Hayahoshi district), and 81
(Hosoirihokubu district).

The influence of the estimation results was a concern in some zones.
For example, in zone 16, the number of households by household size and
the age structure of the population deviated. However, no extraordinary
deviation for specific household types appeared in the estimation results
compared with the results of the questionnaire sample. The system suc-
cessfully synthesized the household micro-data set by zone, regardless of
population size or number of households. The characteristics of the house-
hold sample was reasonably reflected. This confirmed that the system is
able to estimate the household composition attributes in small zones.
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Table 3. Estimation results for household composition

“?ﬁ]msglé:‘;"}ﬁ;'e‘;” Ost;srf]?’l‘zd ZONE 16 ZONE 69 ZONE 81
Single (m) 456  57%| 3,276 55% 422 55% 41  57%
Single (f) 350 43%| 2,639 45% 350 45% 31 43%
Couple 1,067  79% 654  66% 634 71% 81 74%
Head (m) + child (m) 36 3% 1 01% 24 3%| - -
Head (m) + child (f) 49 4% 2 02% 35 4% 3 3%
Head (f) + child (m) 12 1% - - 11 1%| - -
Head (f) + child (f) 55 4%| - - 62 7% 7 6%
Head (m) + mother 74 6% 1 01% 72 8% 14 13%
Two other members 52 4% 339 34% 56 6% 4 4%
Couple + child (m) 354  39% 118  18% 333  38% 29  38%
Couple + child (f) 310  34% 111 17% 310 36% 14 18%
Couple + father 17 2% 17 3% 17 2% 1 1%
Couple + mother 127 14%| - - 83 10% 21 27%
Head (m) + child (m) + child (f) 12 1% 82 13% 17 2% 1 1%
Head (m) + sister + mother 12 1% 85 13% 15 2% - -
Three other members 85 9% 239  37% 90 10% 11 14%
Couple + two children (m) 122 22% 153  31% 215 25% 7 13%
Couple + child (m) + child (f) 203 36% 227 46% 350 41% 17 32%
Couple + two children (f) 78  14% 51  10% 141 16% 1 2%
Head (m) + child (m) + mother 40 7% 1 02% 40 5% 10 19%
Head (m) + child (f) + mother 29 5%| - - 30 3% 4 8%
Couple + son-generation couple 32 6% 1 02% 18 2% 2 4%
Four other members 60 11% 64 13% 70 8% 12 23%
Ci”fﬁﬁ; (t]l’)vo children (m) 21 13% 97 62% 68 21% 2 5%
Couple :hicl':j'r'gn(r(?)) 14 9w| 18 12%| 41 13% 1 3%
Couple + three children (f) 11 7% 11 7% 22 7% 3 8%
Couple + two children (m) 2 % 1 1% 23 % 3 8%
Cf‘é‘r’]'if d+(f)h'+' ‘?n(gt"r)]er 1 7% - - 21 ™% 2 5%
Cftg:;engszc:]n-generation couple o1 13%| - ) 21 7% 5 13%
Five other members 73 45% 29 19% 121 38% 23 59%
Couple + son-generation couple 22 23% 38 57% 6 28% 3 1%

+ grandson + granddaughter
Six other members 32 34% 45  67% 90 54% 16 62%
Seven members 15 100% 30 100% 63 100% 12 100%
Total 3,864 - 8,330 - 3911 - 381 -
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3.6 Results for other Attributes

Employment and schooling status, the commuting zone of the household
head, car ownership, the commuting mode of the household head, and
housing type were estimated using the same method, taking into account
spatial proximity. The spatial distance was set as the straight line distance
between zones. The inverse of the average spatial distance between zones
was set as a weighting coefficient of a member’s attributes. Then, the spa-
tial distance was taken from Eq. (2.8). To compare the estimation results
with and without spatial proximity, we also estimated the case in which the
separation distance is defined by the household composition attributes on-
ly. Then, we compared the results with those of the proposed system.

The comparison results of household share by employment and school-
ing status and by housing type in zone 74, where the number of responses
was relatively low, are shown in Tables 4 and 5, respectively. For em-
ployment and schooling status, the differences in the estimation results
with and without spatial proximity are relatively small. In contrast, the re-
sults for housing type do not seem to be replicable. Table 6 shows the de-
tached and apartment shares compared with the data obtained from the na-
tional census. Here, the estimated share is different from the previous
results, indicating that the estimation accuracy improves when using sam-
ples from surrounding zones. In summary, the utility of the system after
taking spatial proximity into account is confirmed.

Table 4. Estimation results by employment and schooling status (zone 74)

Emp;?])(/jment Observed Estimated Estimated
schooling status Sample | (without spatial proximity) | (with spatial proximity)
Full-time job 34.2% 20.6% 23.8%
Part-time job 8.7% 8.2% 6.5%
Housewife 8.1% 13.5% 11.5%
Student 17.4% 17.3% 14.1%
Unemployed 27.5% 36.4% 40.7%
Other 4.0% 4.0% 3.4%
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Table 5. Estimation results by housing type (zone 74)

. Observed Estimated Estimated
Housing Type Sample (without spatial proximity) | (with spatial proximity)
Own-detached 93.8% 94.3% 79.9%

Own-apartment 0.0% 0.0% 1.6%
Rent-detached 0.0% 0.0% 2.6%
Rent-apartment 6.3% 5.7% 15.9%

Table 6. Comparison with the national census for detached and apartment housing

types (zone 74)
: ; Estimated
Housing Type National Census (with spatial proximity)
Detached 1,075 84.8% 1,061 82.5%
Apartment 193 15.2% 225 17.5

4. Concluding Remarks

This study proposed a convenient and practical system to estimate the
agent-based household micro-data set of the base year for a
microsimulation in a real city. The system consists of two estimation stag-
es. In the first stage, a set of member attributes is generated for a given
number of households and household members using existing methods.
These attributes are the relationship with the household head, gender, and
age for each household member. In the second stage, other attributes are
synthesized using the attributes of the most similar sample household.
These attributes include the housing type and commuting zone. Here, simi-
larity is defined as the distance between the estimated and referenced sam-
ple households, taking spatial proximity into account.

To test the system in a real city, we estimated the household micro-data
set for Toyama City. The city was divided into 82 zones, and sample data
were collected using a questionnaire survey. Then, data from the national
census were used as control totals in each zone. The system successfully
synthesized the household micro-data set by zone, regardless of population
size or number of households. Moreover, by comparing the estimation re-
sults with and without spatial proximity, we confirmed the utility of the
proposed system.
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