International Journal of Population Data Science (2025) 8:5:04

International Journal of ™
Population Data Science IJPDS &

International Journal of

Population Data Science Swansea University

Journal Website: www.ijpds.org Prifysgol Abertawe

Data Note: Challenges when combining housing data from multiple sources to
identify overcrowded households

Laura Scott®”, Yan Weigang!, Marcella Ucci?, and Jessica Sheringham?

Abstract

Submission History

Submitted: 11/10/2024

Accepted: 07/04/2025

Published: 20/05/2025 Background
L This project in one urban local authority in London (England) sought to assess the feasibility of
London Borough of Islington, generating locally-derived indices of overcrowding using data available to local councils on the
Public Health Directorate, London . .
N1 2UD, England population and their homes.
University ~ College  London, We merged data at household level using the Unique Property Reference Number from publicly
Bartlett School Env, Energy & available Energy Performance Certificates and commercial property platforms, with data available to

Resources, London WCIE 68T, councils on the population and their housing characteristics, drawn from multiple sources including

England . . . . . o

3.0 council tax bands and council housing databases. Multiple imputation was used to address missing
University College London, : . > L :

Institute of Epidemiology and data. Using the dataset, it was possible to generate two indices of overcrowding for households
E‘ea:th‘?fe' London WCIE 6BT, with dependent children, based on the bedroom standard and the space standard, which could be
nglan

compared with nationally derived estimates.

Data challenges

We encountered three challenges with data. 1. Individuals in the population were excluded through
linkage with household-level data. 2. Definitions of overcrowding are ambiguous and variably applied.
3. Many local areas face high proportions of missing household data, particularly numbers of
bedrooms. We discuss how we addressed such problems and illustrate with a local example how
they could affect estimates of overcrowding prevalence.

Lessons learned

Further clarity is needed in how bedrooms are defined to compare overcrowding prevalence generated
locally and nationally. Access to national records on bedroom numbers would facilitate local areas
to identify overcrowding in their own populations. Despite these challenges, we demonstrate it is
feasible to generate overcrowding indices that can be useful for researchers and local policy makers
seeking to develop or evaluate strategies to address household overcrowding.
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Introduction

Local areas are seeking to identify household overcrowding
in their populations to address limitations with national data
[1]. In the UK, national overcrowding data based on census
surveys undertaken every 10 years may become inaccurate over
time [2]. Local policy makers also need more granular data to
understand which households are affected to inform the design,
location or targeting of services. There is little information
available for a typical council about the data requirements
and processes needed to generate local overcrowding indices,
and what could affect the usefulness and interpretation of any
index produced.

Our aim was to assess the feasibility of combining publicly
available and council-held data on households and their
housing conditions, to identify households in overcrowding.
Because children and their families can be especially affected
by overcrowding [3, 4], we sought to focus particularly on
households with dependent children. We conducted this work
in Islington, an urban borough in London, England.

Overcrowding: definitions

Overcrowding broadly encompasses situations where the
number of occupants exceeds the capacity of the dwelling
space available [5]. It is variously defined. Guidance in England
recommends the application of the ‘bedroom standard’ for
councils to allocate housing [6]. Homes with fewer bedrooms
than a household requires are considered overcrowded.
Overcrowding can also be identified by the space available
to residents. The English Government has produced minimum
space standards for new homes that take account of the type
of building and the number of inhabitants [7].

Data sources

To determine if a household is overcrowded, we needed
data on the population within a household (household
composition), and characteristics of their home (housing
characteristics).

Household composition of the population

Islington council linked key council administrative data such as
council tax, electoral register and data from council services
such as Adult Social Care, Education, Early Help and Housing.
This created a unique record for every resident, which is
a record created from 19 large databases held in lIslington
that contain person records. After substantial matching and
cleaning using the commercial data matching tool, Holistix
Data Hub (QES) [8], a unique record per person was created.
We verified these data to ensure they were current residents,
or children of current residents by confirming for every record
that an adult has a live relationship with the council (using
ten criteria e.g. current council tax account), and that each
child is a relation of one of these adults. Each person was
assigned to their current address on the Local Land and
Property Gazetteer. Total numbers of adults and numbers
of children with age and gender were then extracted for this
research.

Housing characteristics: number of bedrooms
and floor area

We list in Supplementary Data (Table S1) the sources we
identified as potentially relevant to provide data directly on
bedroom number or floor area of residential homes or sources
that could be used to impute these variables.

Methods

All analysis except where otherwise specified was conducted
in Stata 18 [9].

Data integration

We selected LLPG records that related to all “residential’
properties in Islington (n=117,707), to which available data
from the council on bedroom number (n= 59,199), council
tax band (n =107,549) and housing tenure (n =117,707) were
added. The authors merged these data at individual household
level using Unique Property Reference Number (UPRN), a
unique identifier at dwelling level to selected EPC variables
(habitable rooms, total floor area, building construction age,
type of property (e.g. flat or house)). The authors then merged
property records to a household-level file of the Islington
population register (Figure 1).

Cleaning of records

The cleaning of the records held within the council housing
database, other council systems and the LLPG are conducted
on an ongoing basis by the council as part of its data quality
programme.

We examined the quality and credibility of EPC records by
describing the range of values for each variable to identify
outliers, and to identify non-credible values. Values were
considered non-credible if they were outside of the expected
range for the data (e.g. floor area recorded as 1m?) or
where data did not align with other data sources, (e.g. where
total numbers of habitable rooms were less than numbers of
recorded bedrooms). Where there was a discrepancy between
council-held data and EPC, we considered council-held data as
more likely than EPC to be correct because the council relies
on the accuracy and currency of this information to conduct
housing repairs and to allocate housing to new tenants. Local
intelligence was used in some cases (e.g. knowledge that a
building had been recently converted to flats) which enabled
the authors to infer that EPC habitable room and floor area
values corresponded to an entire building, rather than one of
the dwellings within it. Spot checks on floor plans for dwellings
listed on publicly available housing data sites were also carried
out to verify or correct EPC-recorded habitable rooms data
where possible. As a result of these processes, a total of 2,500
(3%) of EPC values were either removed or corrected.

Processing

After merging, cleaning and restricting to households with
dependent children and known age of first child, there were
19,038 households in the dataset with bedroom number known
for 63% (Figure 1).
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Figure 1: Flowchart describing the process for joining datasets, data completeness and data exclusions to identify overcrowding at

household level
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We therefore sought to impute missing data. Research has
shown bedroom number is associated with building age, type
of property, tenure, habitable room number and council tax
bands [10, 11]. To inform a model for imputation, correlations
between numerical candidate variables with bedroom number
were explored. All were above the ‘rule of thumb’ of >0.5
recommended for inclusion in multiple imputation models
(range: 0.55-0.91, Supplemetary Data, Table S2) [12].

MICE (multiple imputation by chained equation) [12]
was applied to predict bedroom number using R 4.3.1.
[13] The proportion of missing data was too high in the
entire dataset to impute values for bedroom number for all
properties (Figure 1) [14]. We therefore restricted imputation
to households with dependent children where the data were
more complete. The skewed variables - total floor areas,
number of habitable rooms and bedroom number - were
transformed by using the square root of these variables. The
processed dataset had five imputations with 10 iterations. We
sought to check the validity of our imputations using the
URPN to identify the known addresses of a random selection
of properties of imputed bedroom numbers. We searched
publicly available data to compare reported bedrooms against
imputed bedrooms (n=50). Where exact bedroom data were
available on publicly available data (55% of sample), imputed
figures agreed in 75% of cases. Where publicly available
information gave a range of possible bedroom numbers based
on neighbouring properties (e.g. homes in the same street
could have 1 or 2 bedrooms), imputed values were within the
range of possible values in 100% of cases. A second validation
check was undertaken to compare imputed values with known
values for flats that were in the same housing block or houses

¢Data processes Exclusions Data purposes

in the same street where it might be inferred that bedroom
numbers should be similar. This was accurate in 87.5% of
cases. The imputed results also showed a similar distribution
to observed bedroom number (Supplementary Data, Figure
S1).

We used the data to identify household overcrowding using
the ONS bedroom standard to illustrate the similarities and
contrasts between overcrowding estimates using different data
sources [2]. Locally-derived prevalence using known bedroom
figures (13.1%) was higher but similar to nationally-derived
figures (9.4%) for the council’s population.

Discussion

We have described an approach to identifying overcrowding
at household level and demonstrated how such estimates
compare with nationally derived figures. We discuss below
three problems we encountered that relate to three myths
about data described by Christen and Schnell (2023) [15], i.e.:

1. The population is easily defined
2. Data definitions are unambiguous

3. Data are complete on all variables

The population covered in a database is not
easily defined

We experienced problems in defining and identifying the
denominator population (i.e. residential, households in
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Islington with dependent children). We had to exclude 12%
of records because the household LLPG file did not match
the population register file. We describe below what led to
exclusions of data.

Our local knowledge suggested that LLPG residential
property coding overestimated the number of properties, where
errors in the LLPG led to dwellings being classified as active
residential dwellings when in fact they were empty or not
used for residential purposes. Some exclusions upon merging
with population data were therefore expected and intended.
However, we may have ‘lost’ families living in properties that
were incorrectly classified as non-residential.

We were also aware our population register did not capture
all residents. Due to data protection permissions, we did
not have access to data on residents on the closed electoral
register. We relied on the open electoral register or where
individuals were known to the council because of using other
council services. This could lead to an underestimate of
overcrowding because adults that are only on the closed
electoral register cannot be counted in the total count of
household members.

Definitions of overcrowding are varied and
inconsistent

In the Introduction we described variations in definitions of
overcrowding.

In operationalising the bedroom standard, we encountered
ambiguities and inconsistencies in how a bedroom is defined.
There are implications of this ambiguity. Firstly, it limits data
integration possibilities. We had to exclude bedroom number
data from privately rented stock because different definitions
of bedroom were applied compared with council housing stock
(Table S1). Secondly, it may explain why in our example (S3)
locally derived figures were higher than figures from the census.
The census survey 2021 defined a bedroom as “any room
that has been permanently converted for use as a bedroom,”
which may include rooms originally built as living rooms.
The ambiguity caused by living rooms used as bedrooms is
recognised as more common in London and more common in
smaller properties [16].

Any efforts to identify overcrowding need to be informed
by local policies on housing allocation. In some councils, living
rooms are explicitly included in the number of bedrooms,
which would result in lower overcrowding prevalence [17].
ONS defines dependent children as anyone aged 20 or under;
children over this age would be entitled to their own room. In
contrast Islington Council defines dependent children as under
19 and some councils only include children aged under 17 years
[18]. These local differences in bedroom entitlements would
affect overcrowding prevalence estimates and ensuing policy.

Information was not available on key variables
for all records in the database

Islington Council held data on bedroom number on council-
held housing stock owned or previously owned by the council
(e.g. properties sold under Right-to-Buy). However, this
accounted for only 54.4% of residential properties (Figure 1)
and largely did not cover housing association, privately-rented
homes or owner-occupied properties.

We sought bedroom number data from other sources, but
it was either not permitted to share such data or definitions
of bedrooms were too different to be comparable to council-
held data (Table S1). In particular, Valuation Office Agency
(VOA) is the most complete source of bedroom number
data nationally but VOA are not permitted to disclose this
information to local councils.

We addressed missing data by using multiple imputation.
This was made possible by the availability of EPC information
on 66.6% of Islington property records. EPC records are
becoming an increasingly useful data source to understand
populations at household level. However, as others have
reported, the quality of EPC records varies [19]. This is
in part due to the age of reports; some variables have
only been required on more recent reports and are therefore
missing in older reports and in some cases, a property has
been changed since an EPC inspection was conducted. In
our experience, extensive checking and local knowledge was
required to identify implausible EPC values and correct values
that were not congruent with council-held data.

Imputed figures need further validation before using to
inform strategies that require accurate bedroom numbers at
household-level. Imputation may not be feasible for other local
authorities with a smaller proportion of housing with known
bedroom numbers.

Conclusions: recommendations and

lessons

We have described an approach to generating locally-derived
indices of overcrowding and demonstrated how such estimates
compare with nationally derived figures. Methodological
differences between generating local and national estimates
using the bedroom standard estimates affect estimates of
overcrowding, and — in turn — policies informed by them.

We encountered challenges in identifying denominator
populations, variations in definitions of overcrowding and
missing data on the population’s household characteristics.
Despite these challenges, the project illustrates the value of
‘real-world" data sources for local population research and
evaluation.

Below we provide recommendations and lessons learnt for
other areas.

1. Locally-derived indices of overcrowding are feasible to
generate, with some caveats, and can offer distinct
benefits to nationally-derived indices, e.g. provide
sufficient granularity to inform local policy. Nationally
derived data are useful to enable comparison with other
geographies.

2. Further clarity is needed locally and nationally on what
counts as a bedroom for calculating occupancy using the
bedroom standard.

3. Publicly available Energy Performance Certificate data
is a valuable resource for calculating household
overcrowding. Examining the ranges of EPC-recorded
values to identify outliers and comparing values across
multiple sources where possible is essential to identify
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and remove non-credible values to make EPC data fit
for purpose.

4. Sharing data between housing providers or making
available nationally-derived data on bedroom number
(e.g. collated by the Valuation Office Agency in
England) would enable councils to derive timely
estimates of overcrowding to inform the development
and evaluation of local policies to improve wellbeing.

Household overcrowding in the UK (and other developed
nations) is only one of the consequences of the lack of
supply of affordable homes. Other consequences include rising
numbers of people becoming homeless or living in temporary
accommodation, both of which are harmful to individuals
and are extremely costly for the public sector [20]. Accurate,
comprehensive and accessible information on dwelling sizes
(room numbers and floor area, with standardised definitions
relevant to wellbeing), in relation to household numbers
and demographic composition, is needed for overcrowding
research. It is also essential for wider housing and wellbeing
research that can inform policies to address problems caused
by a lack of housing supply.
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Supplementary Data

Table S1: Potential data sources for property/dwelling information

Data source

Description

Purpose in this study

Definition of households
Local Land and Property
Gazetteer (LLPG)
(n=117,707 residential
properties)

Bedroom number data
Data that could be used
Islington Council housing
database (n=38,836)

Commercial property websites:
historical data (n=28,355)

Other dwelling characteristics
Energy Performance Certificates
(EPC) (n=71,826)

Council-held: Council tax band
(n= 100,862)

Council: household tenure
(n=103,212)

Each council is mandated to maintain an LLPG, a
list of all addresses in its area (including houses,
flats, parking spaces). Addresses are assigned a
unique property reference, classified using a
nationally standardised list, and collated in a
national gazetteer (NLPG). [21]

Data on currently and previously owned council
stock in Islington: used for allocating properties to
residents and maintaining homes.

Islington properties advertised on the platform for
sale

Inspections conducted when a property is due to be
rented or sold. The requirement for EPCs was
introduced in stages from 2007. Apart from a few
exempted buildings, a building must have an EPC
when constructed, sold or let. Alongside energy
performance, they include up to 92 variables related
to characteristics of the dwelling and its
surroundings. [22]

Each household is liable to pay a fee to their council
for local services. The fee is in part determined by
the valuation ‘band’ for their home. The Valuation
Office Agency assesses the band of a property.
Banding is based on a number of characteristics of
the home, include size and layout. [23]

Tenure covers whether a household rents or owns
their property. For rented property it also covers
whether the landlord is the council or a housing
association or whether the household rents
privately. Tenure is associated with overcrowding,
and is associated with the type of properties and
characteristics of households within them. [24]

Data we investigated but were not able to use or permitted to access

Nethouseprice website download
tool

Commercial property websites:
current data

Properties sold over a number of years.

Islington properties advertised on commercial
property platforms for sale.

Derive the sample frame, i.e. all
residential properties within a local
authority area

‘Gold standard’ data on bedroom
number. (A bedroom is defined as
rooms designated as bedrooms when
property was built)

Historical data on bedroom number
(i.e. pre 2018)

The following variables were selected
to enable imputation of missing
bedroom numbers and estimate space
within homes:

total floor area

number of habitable rooms

type of property

building age

tenure

To enable the imputation of missing
bedroom numbers.

Current data on tenure

Current data on bedroom number.
Our request to access these data was
turned down.

Downloading of data on bedroom
number is no longer permitted from
platforms

Continued
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Table S1: Continued

Data source

Description

Purpose in this study

MetaStreet: Private rental sector
register [25]

Valuation Office Agency

Database of the characteristics of Islington housing
licensed for private rental under selective licensing
scheme. [26]

The Valuation Office Agency collects and collates
data on properties to provide the UK government
with information needed to support taxation and

benefits (e.g. council tax band, see above). This

includes the numbers of bedrooms in a property.

23]

Current data on bedroom number
in private rental sector properties.
Unable to use because bedroom count
included living rooms and therefore
could not be directly compared with
council housing stock data.

Current data on bedroom number.
Our request to access these data was
turned down because VOA were not
permitted to disclose this information
to local councils unless it is used in
connection with a function of VOA or
if there is a legal gateway established
by an Act of Parliament.
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Table S2: Correlation coefficients: independent numerical variables and bedroom number, used to confirm suitability of candidate
variables for multiple imputation

Number of Total Number of Council Property
bedrooms floor area habitable rooms tax band type
Number of bedrooms 1.00
Total Floor Area 0.80 1.00
Number of Habitable Rooms 0.91 0.84 1.00
Council Tax Band 0.56 0.69 0.59 1.00
Property type 0.56 0.64 0.61 0.58 1.00

(n=37,450)

Figure S1: Comparison of the distribution of imputed and actual bedroom number data
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