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Abstract

Housing affordability (HA) is considered an important determinant of a country’s socioeco-
nomic development and stability. However, its optimal measurement has remained a major
concern worldwide. In recent decades, methodological development and researches on
housing affordability measurement approaches (HAMA) have accelerated and continue to
grow exponentially. Despite this intensive global development, very few attempts have been
made to present the theoretical bases and track the developmental trends of these
approaches. Thus, this study attempts to fill this literature gap and extend prior studies by
exploring several alternatives of HAMA; with a focus on their methodological weaknesses.
This paper highlights three emerging novel methodologies, which complement the relative
strength of the conventional approaches. Findings suggest that the main research evidence
which summarizes the weaknesses in the conventional measures is; their inability to incor-
porate sustainability features and over reliance on economic dimension. While the complex-
ity of emerging methodologies, though deepen the overall understanding of multiple
concerns that breed HA problems. But are less transparent, more data intensive, and their
computation is very demanding, with a high tendency that their complex nature could
weaken their uptake by researchers. This study raises concern over the nearly sole reliance
on the conventional approaches in the reformations of policy instrument, despite their over-
whelming weaknesses. It reiterates the need for reconsideration and offers new insight, but
not conclusive information on better ways to conceptualize and measure HA.

Introduction

There is a growing scholarly concern for the development of better methodologies that could
optimally measure housing affordability (HA), as part of efforts towards addressing the ever
escalating housing cost. These concerns are targeted towards achieving a wider range of posi-
tive policy and economic outcomes, such as; enhanced housing and transportation
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infrastructure, income adequacy, household wellbeing, reduced inequalities and improved
rental housing [1]. These discussions among others, are the major issues that continue to steer
HA at the core of several international discourses on policies related to housing. However, as
discussions over HA issues continue, there is no consensus on the concept based on its mean-
ing and measurement approach. Several arguments hold that this could be the result of the
multiple views employed in its analysis [2], which produces a different outcome depending on
what constitutes the approach [3].

Therefore, if debates on HA must be sought to address rising costs escalations, then the
conventional definitions and traditional methods of measuring HA must be re-examined.
Undoubtedly, HA must be viewed holistically with respect to the general ecosystem and should
be responsive to sustainability issues [4,5]. It is noteworthy to mention that a growing number
of studies have advanced the conventional measures, and the scope transcends poverty mea-
surement and mere economic considerations [6,7]. Academic interest in HAMA has increased
extensively, particularly as new methods are developed and older ones improved. Several
approaches have been developed in this field. Despite this intensive development worldwide,
prior surveys were not able to keep pace and little efforts have been made, to present the theo-
retical basis and developmental trends of various HAMA. Therefore, it is the conviction of the
authors that there is a need for a new qualitative inquiry to consolidate current studies under-
taken in this field. In this regard, a review of 98 scholarly journal articles indexed in Web of
Science Core Collection, Google and ProQuest was conducted. Consequently, this study docu-
ments the exponentially growing academic interest in HAMA, and reviews the various studies
exploring the concept, debates and challenges in undertaking HA analysis.

Aim and article structure

This study neither aims to construct a new approach, nor rectify the weaknesses in various
approaches, but to track, through an extensive literature review, the extent to which housing
researchers have advanced methodologically in innovating better alternative methods for
improved measurement outcome. The objectives are to present descriptions of identified
methods and the continuing discussions on their relative suitability as affordability measures.
For instance, some researchers advocate for complete replacement of the normative measures
and have either proposed or developed alternative methods [6,7,8] that account for their weak-
nesses [3]. Others have modified these normative measures [9,10]. While, some argue for their
continuous usage due to ease of application, global acceptance and common sense appeal
[11,12]. This article articulates these debates and narrates the situation with review on HAMA
and their weaknesses based on the main research question: What are the methodological weak-
nesses in the various HAMA as identified by researchers over the last few decades? From this,
the following four sub-questions emerge: (1) What are the conceptual irregularities arising
from the widely accepted definitions of HA? (2) What are the recent methodological dis-
courses on the current worsening affordability trends across the globe and policy responses to
quell them? (3) Which methods could serve as an alternative to the conventional approaches?
And (4) What are the various procedures for improving HAMA as proposed by housing
researchers?

The answers to these sub-questions will present sound evidence on the developmental
trends of diverse approaches, as well as their suitability as affordability standards. This will per-
mit clearer theoretical explanations of the identified approaches. In the end, the study consti-
tutes a firm background for methodological discussions and proffers insight into future
directions in HA agenda. By harmonizing wide collection of research in this field over a rela-
tively long period, this article makes a valuable contribution to HA literature. It demonstrates
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that HA concept has evolved from its original meaning, which was focused on economic
terms; to broader dimensions incorporating social and environmental criteria. And that incor-
porating wide ranging criteria that impact on households quality of life leads to better mea-
surement outcome. Most key authors have embraced this evolution and view the change as
positive.

The rest of this study is structured accordingly; Second Section describes the review search
methods. Third Section discusses the literature search results based on research questions.
Forth Section discusses the literature review findings and presents suggestions for improving
HAMA and directions for future research, based on research aim, purpose and question. Fifth
Section presents conclusion based on the contribution of the study to the international HA
literature.

Review search methods
Study selection procedure

A review of related literature was undertaken between December 2016 and June 2018. Assess-
ment methods of HA were investigated leading to an understanding of the weaknesses,
strengths, uses and limitations associated with each method. The reports of empirical studies
from peer-reviewed academic journals were given priority. The main for inclusion criteria for
article selection is that the content significantly discusses HA concept and/or measurement
approach (see S1 Table in Supporting Information). In the event of uncertainty, the complete
text of the paper was read by the researchers. In addition, review papers, book reviews, non-
empirical articles, news items, non-English publication, duplicates, monographs, editorials
and encyclopedia articles were excluded from the data collection technique. Furthermore,
housing affordability indexes developed by professional bodies and housing counselors were
not considered, since they are not readily used by housing researchers.

A wide publication era was considered to reflect significant sources and historical materials
that are relevant in forming the objective of this study. The time frame of this study is within
2000 and 2018, which is synonymous with the development of measures for assessing housing
needs, problems and the calculation of affordable housing areas; that are the hallmark of the
Millennium Development Goals (MDGs) Target 11 of Goal 7; relevant to all 191 United
Nations (UN) member states.

Searching procedures

The literature search was grouped into two steps, as shown in Fig 1. Firstly, a wide-ranging
search was conducted for common measurement approaches in title, abstract, and keywords
used for related publications in HA research. In the second step, the “snowball” method of
scanning through the reference list of relevant articles and the most recent published papers
for related papers as well as previous studies they cited, was used to obtain relevant articles
which significantly influenced the subject under review, since the search results of most data-
bases were recently published and frequently cited articles. The main search terms include:
“affordable housing, housing affordability concept, housing affordability measure, indicators of
housing affordability, measures of housing need”; but were not entirely restricted to the
aforementioned.

Literature search results

As of June 2017, the initial search results yielded 1068 references. Further scrutiny of poten-
tially relevant materials under investigation based on methodological decision analysis
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\i
Housing affordability measure: The major search items were; urban housing,
housing poverty, affordable housing, low income housing, housing affordability,
housing affordability measure, indicators of housing affordability, housing cost

burden, housing policy, decent housing and related additional terms derived
from papers retrieved.

Step 1

Studies included: definitions and measurements of housing affordability,
conventional measurements of affordability, limitations, weakness and criticisms
of the conventional methods, emerging methodologies in affordability
measurement.

——>| Studies excluded: Studies based on abstract, title including non empirical
articles, non-English publications, letter to editors and duplicates, Regression
models, Econometric analysis.

Included source type: 66 articles, 5 books, 1 conference proceedings, 2
dissertations, 18 report/document (e.g. Australia policy document).

Out of 366 relevant references included in this review, 102 were extracted
——>| based on critical analysis of the main measured outcome and major result
findings, which met the inclusion criteria of the final data set.

Fig 1. The literature review flowchart.

https://doi.org/10.1371/journal.pone.0221246.9001

Step 2

produced a total of 91 references. 65 were journal articles, 01 conference papers, 05 books, 03
dissertations, 18 reports/documents (e.g. Australian policy document). An extraction data
sheet was prepared to illustrate the final data set. (see S2 Table in Supporting Information).
These references were retrieved from ProQuest (n = 04); Web of Science (n = 61); and Google
Scholar (n = 26) online search engines (see S2 Table in Supporting information).

Meaning and definitions of housing affordability

The phrase “housing affordability” (HA) is polysemous in meaning, because it is used to
describe several components of housing needs such as housing condition, housing costs, hous-
ing quality, household income and overcrowding. HA has become a multi-faceted phrase [13]
due to its heuristic nature. It has been perceived differently by several researchers who have
used various definitions and methodological approaches in measuring it [14]. However, HA is
generally described as households’ ability to access and obtain decent housing without
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Table 1. Selected key definitions of housing affordability based on literature.

References
[17]
(18]

(19]

[20]

(21]

[22]
(23]

[11]

(24]

(6,7]

[25]

Focus
Economic

Economic

Economic

Economic

Economic

Economic

Socio-economic

Socio-economic

Socio-economic
Social, Economic &

Environmental

Social, Economic &
Environmental

Definition
Households ability to acquire decent accommodation by the payment of a reasonable amount of its income on shelter

Affordability is about securing some prescribed housing standard (or different standards) at a cost (rent or price) which
exerts no unreasonable burden on household incomes, according to any third party (mostly the government).

The ability households to occupy housing that meets socially acceptable standards of adequacy, considering household
composition (size and type) at a net cost which allows them sufficient income for survival without plunging them below
some poverty standard.

Focuses on the housing expenditure-household income relationship, and thus seek to design, a measure that can establish
what amount of rent spent on the housing that is considered affordable.

Affordability is about the concept of opportunity cost of housing, what is forgone in order to secure housing and if that
which is forgone is unreasonable or moderate in some sense.

Households are experiencing affordability burden, if the cost of housing displaces excessively other expenses.

Affordability describes the ability of households to meet the costs of housing, while there is the possibility of maintaining
other basic expenses.

Housing affordability is the articulation of the challenges that confront households in balancing the actual or potential
housing cost, as well as the non-housing expenses, within the limits of their income.

Affordability is a broad concept that is concerned with housing appropriateness and standards, as well as social and
neighborhood issues, in addition to economic participation.

Affordability is comprised of some broader and more sustainable perceptions of wide ranging criteria such as economic,
environmental and social aspects that affect households.

The housing affordability concept should receive both social and economic content, in addition to the ecological content.

https://doi.org/10.1371/journal.pone.0221246.t001

experiencing unwarranted financial hardship [15,16]. Such a broad description refers to two
aspects: (1) Attainability—access to a house at a certain period and; (2) Sustainability—the
possibility of the household to continue maintaining the house. This implies the ability (or
inability) to sustain economic commitments with regard to the housing already obtained [2].

Conceptual irregularities in housing affordability definitions. Earlier attempts by
researchers to define HA were characterized by diverse interpretations which focused primar-
ily on the economic dimension; as illustrated in Table 1. For instance, Howenstine’s [17] inter-
pretation of HA as an ‘unreasonable amount’ was faulted by Maclennan and William, [18]
whose definition, though clarified the question of ‘unreasonable amount’ but their concept of
a ‘given standard of housing’ and ‘unreasonable burden’ was also not comprehensive. Hancock
[21] introduced the concept of opportunity cost. This implies trade-offs made by households
in order to afford housing cost and whether such trade-offs is reasonable or excessive. The
weakness in the concept of opportunity cost is that it created an understanding of HA that
does not imply any form of measurement approach.

Only a few studies attempted to distinguish the HA concept from its measurement
approach. A very clear example is the views of Chapman [26], who opined that HA is the mea-
sure of the financial outcome of outright purchase or renting a house. Recently, researchers
began to see the need to consider other non-monetary dimensions into the definitions and
measurement approaches of housing affordability. For instance, Leishman and Rowley [24]
posited that HA is comprised of housing standards and appropriateness, as well as social,
neighborhood issues and economic participation. However, Rowley and Ong [27] questioned
the extent to which neighborhood quality is addressed when evaluating the appropriateness of
affordable housing with regards to cost.

Housing affordability concept-Weaknesses and new understanding. Indeed, the
debates, concerns and opinions about HA concept reflect the different assumptions and priori-
ties of researchers with different orientation. For instance, economists mostly prioritize clarity
of concept, utility, and objectivity [28], while sociologists usually focus on social inequality
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concerns and the research capacity of HA to cover actual experiences of household housing
stress [29]. Architects are focused largely on providing savings and cost reductions in both
upfront costs and the ongoing cost of occupation [30]. Such diverse academic orientation led
to the revelation of the weaknesses in the conventional measurement approaches, and argu-
ments in support of methodologies that better reflect the concept of HA.

However, there are no generally agreed standards by which it is conceived or measured.
Thus, international housing policy documents of most countries adopt the ’rule of thumb’,
advocating that 30 percent or more of household income should be spent on housing for it to
be considered affordable [31]. This notion is usually propagated without any recourse to
household composition, size, housing quality or neighborhood characteristics, income levels,
age groups and location. Therefore, the 30% affordability standard as a qualifying ratio is
flawed. But it has remained the reference point for housing policy’s purposes; for instance, in
allocating housing vouchers, low-income tax credits, stamp duty concessions and grants.

The most common weakness in the HA concept is its insensitivity to the effect of housing
supply; and neglect for people’s heterogeneous behaviors within the same income group. This
is consistent with Stone et al.,, [32] assertion that the HA concept must be founded on the inter-
action flanked by households and their houses. The authors maintained that affordability is
not an innate attribute of the house and its measurement must not depend upon house price
and income alone; owning that an affordable house could be different for each individual.
Therefore, it suggests that in measuring affordability the approach applied must significantly
capture each human variable that describes such relational concept.

Adopting sustainability principles into measurement criteria of HA. Recent studies are
starting to consider wider dimensions of the criteria that induce HA problems and have advo-
cated that HA assessments should address more sustainable and wide ranging criteria such as
economic, environmental and social aspects that affect households [6.7]. This implies that a
broader range of quantitative and qualitative criteria must be accounted for, towards achieving
actual HA. These include, but not limited to, social wellbeing, neighborhood and location
issues. In addition to sustainability and health concerns, housing standards and appropriate-
ness, housing market, transportation cost, households and their quality of life as well as politi-
cal criteria [33,27,34] instead of exclusively focusing on income and housing price as the prime
determinants. Congruently, it is essential that both sustainability and affordability issues are
tackled simultaneously in the measurement approaches used in HA analysis [7]. These are
illustrated in Fig 2, a model for understanding the evolving concept of HA.

Current affordability trends and weaknesses in policy responses

Recent discourse on HA are focused on whether meager income and/or issues of housing
inadequacy trigger HA problems. For instance, as shown in Table 2 Americans (US) public
policy is guided on the perception that HA issues are problems of poverty [35,18], and inade-
quate housing triggering a 3% worse-case needs [36]. Hence, solutions have been addressed on
the side of demand policies, such as eliminating regulatory barriers. However, merely remov-
ing regulatory barriers might be of limited benefit to low-income households, supposing that
housing developers continually focus on luxury houses [37]. In nearly all countries of Europe
and the United Kingdom, policy framings are based on concerns that HA problems are caused
by insufficiency of affordable housing supply; and that the lower income households suffer
affordability stress the most, even though they pay for cheaper houses [38]. Therefore, have
sought solutions on the supply side with increased housing provision, and development of
urban planning to ensure that housing supply respond better to changing demands [39]. How-
ever, the over dependence on the private sector to supply more housing units weakened the
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Sufficient Social Rental
Housing

Adequate housing
supply

Sufficient Private
Housing

Availability of Owner
Occupier Housing

Availability of Low-
Cost Housing

Ability to Sustain other
day-day cost of Living

Socially Acceptable
Standard of Living

Social Cohesion

Access to
Transportation
Services

Opportunities for
Employment and Job

Access to Quality
Education (e.g.
Schools); Early Child
hood Care Services.

Access to Shopping
Facilities; Health
Services; and Open
Green Public Spaces

Attributes

[ 1 criteria

Fig 2. A conceptual model for understanding the HA concept. (Source: Adapted from [4,6,7].
https://doi.org/10.1371/journal.pone.0221246.9002
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potency of the policy changes; coupled with the adoption of America’s (US) “demand-side”
policy which did not exert meaningful impact to reverse the UK’s worsening volatile housing
prices, nor improve overall affordability, that is occasioned by demand pressure through in-
migration [39].

In China, the major causes of high housing prices may not necessarily be the problem of
demand and supply, rather fiscal and financial problems. Hence, policy framings are geared
towards the restriction of housing purchase [40]. However, uncertainty still blights the appro-
priateness of such policy on the Chinese housing market since its implementation, with some
researchers arguing against it, noting that it was not founded on the main reasons for high
housing prices, and shrinks trade volume in housing market [41]; while others argue in its
favor, noting also that it decreased the growing levels of housing prices [40]. Similarly, in Tur-
key and almost all developing countries, policy responses are predicated upon the fact that HA
dilemmas are issues of inadequate funding and access to finance. Solutions have been sought
on reforming policy frameworks to encourage access to homeownership, taking into account
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Table 2. Summary of key policy responses of selected countries and their attempts in addressing worsening housing affordability problem.

Perceived key triggers of
housing affordability
problem

Poverty.

Limited housing supply.
Lack of decent quality
affordable housing.

Lack of sufficient rental
housing for low-income
populace.

Housing market volatility
and changes in income
distribution.

Changing regulatory regime
that impedes large-scale
development in expensive
locations.

Not as a result of declining
availability of land.

Insufficiency in affordable
housing supply.

Demand pressure caused by
in-migration.

Affordability brunt is borne
more by the low-income
households.

Failures of housing market
occasioned by pro-market
reforms.

Not necessarily a problem
of demand and supply.
Rather fiscal and financial
problems.

Housing system
Imperfections

Growing inequality in
income and wealth

Orientation of affordability
Policy (Solutions sought)

Solutions sought through the side
of demand policies.

Removing regulatory barriers.
Encouraging infrastructure
investment.

Self-Help approaches.
Encouraging access to affordable
housing, for both owners and
renters.

Restructuring assistance for the
homeless.

Changes in the regulations of
housing supply.

Solutions sought through the side
of supply policies.

Increasing new housing supply.
Urban planning development
Making supply of housing more
sensitive to market conditions.

Geared towards restrictions of
housing purchase.

Suppression of housing markets
speculation.

Adopting strict administrative
measures.

Creating market-oriented housing
system.

Stimulating affordable housing
investment.

Promoting housing subsidies.

Key Housing policy
initiative

Low Income Housing Tax
Credit (LIHTC)

HOPE VI Program
Housing Choice Voucher
(HCV) program

Hardest Hit Program

Housing Green Paper
Sustainable Communities:
Building for the Future
Starter Home Initiative

Capped-Price Housing
(CPH) also known as
dual-restriction
commodity.

Public Rental Housing
(PRH)

Home Purchase
Restriction (HPR) Policy.

Enactment Date | Country | Major weaknesses in the policy strategies

1987
1993
1998
2010

2000
2003
2015

2007
2007 state level
and in 2010
nation-wide
2010-2015
Re-enacted back
in 2016

USA

UK

China

Removing regulatory barriers alone might
be of limited benefit, if the focus of
housing developers is fixated on
developing luxury houses.

Current federal expenditure on housing is
weakly targeted, because of huge amounts
it spends on the mortgage interest
deduction, which essentially profits the
wealthy homeowners.

Current political will in allocating
significant new resources to check this
dilemma is extremely weak.

Rents in housing financed with tax credits
are fixated to a given sum, so the
percentage of income paid on housing by
tenants may increase if their incomes
decline and could spend over 30 percent
of their income on rent.

The normative policy agenda ought to
focus on better understanding of the
benefits of limits and costs of new
construction.

Marred by the over dependence on the
private sector for the provision of
additional housing units.

Wrong adoption of America’s “demand-
side” policy.

Higher income tenants occupy some of
the cheaper housing targeted by tax
credits, and this weakens the policy
rationale for such supply-side measures.
New build cannot totally address housing
affordability, also managing and
modernizing existing housing stock must
be considered.

Starter home is a short-term initiative
that fails to address the main issues
behind affordability problem.

Merely increasing housing supply alone
creates its own demand.

Focused essentially on sale volume.
Restrictions on housing purchases can
only suppress housing prices in the short
period.

Perceived as an ineffective approach in
controlling rising housing prices.

Only postpones certain categories of
demand for the future instead of total
elimination.

Beclouded with uncertainty in terms of its
suitability.

Not founded on the reasons behind high
housing prices.

Not concerned on the impact it exerts on
housing markets.

Raises entry cost into housing market.
Price of housing is not determined by the
effective households’ demands.

(Continued)
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Table 2. (Continued)

Perceived key triggers of Orientation of affordability Key Housing policy Enactment Date | Country | Major weaknesses in the policy strategies
housing affordability Policy (Solutions sought) initiative
problem
Lack of funds. Solutions sought through policy | Mass Housing Fund 1980-1998 Turkey | Budget deficit and inefficiency in the
Poor access to finance. reforms to encourage access to Planned Urbanization and | 2002-2014 mortgage markets weakened the potency
Rising poverty due to homeownership. Housing Production 2014-2018 this policy.
migration occasioned by Liberalization and deregulation of | Program 2010-2023 Encouraged the growth of shanty and
political instability in the institutional and legal framework | Tenth National luxury homes rather than the much
Middle East. as it concerns the control of urban | Development Plan needed social and mass housing.
Housing system development. KENTGES Integrated Unable to develop institutional form that
Imperfections Tax exemption and reduced vat Urban Development could deliver housing to the targeted
Growing inequality in rate. Strategy and Action Plan populace.
income and wealth Discouraging luxury housing Policies are formulated non-theoretically.
through additional tax.
Financial subsidy and incentive.
Lack of funds. Fiscal policies border on National Policy on 2006 Nigeria | Increased governmental spending alone
Poor access to finance and | increasing governmental Housing (NHP). 2011-2015 cannot guarantee affordability as various
insufficient financial spending. National Transformation 2014-2043 players in the financial sector could hit
mechanism. Solutions sought through policy | Agenda. back through trade and exchange rate
Slow administrative reforms to encourage access to Final Draft Nigeria Land, fluctuations, leading to continuous
procedures and homeownership. Housing and Urban weakening of the currency’s purchasing
cumbersome regulatory Provision of tax holiday for Development Roadmap. power.
approval process. housing developers The federal and state government is
Increase in speculation and | To reduce the number of expected to carter for about 50% of the
inflation. individuals excluded from housing supply deficit; while the private
Dearth of housing financial services. sector covers the rest.
integrated planning and Addressing legislative bottlenecks Current trend of leaving the provision of
programs. shredding housing. housing to the dictates of market forces
Very small amount of Delivering at least one million cannot support affordable housing.
mortgage lending decent affordable housing units Housing prices could be increased by easy
institutions. annually. credit policy.

Establishing a new mortgage
regime and developing secondary
mortgage market.

Negotiating more favorable
mortgage terms.

https://doi.org/10.1371/journal.pone.0221246.t002

that running cost affordability may be problematic for many low-income homeowners

[42,43]. In the Nigerian context, fiscal policies border on increasing governmental spending
only [44]. This implies that more money is available to households and therefore, households
have a leveraged purchasing power. More income for households would mean that, affordabil-
ity would also rise proportionately. However, the weakness in this policy response is that it
does not guarantee affordability as various stakeholders in the financial sector could hit back
through trade and exchange rate fluctuations, thus resulting in the continued weakening of the
Nigerian currency’s purchasing power, as with the Turkish currency.

The worsening HA problems experienced across the globe seem to defile solutions. Many
of the policy responses discussed above failed to address the issues for which they were
enacted. This could be attributed partially to hastily affordability analysis founded on the con-
ventional measurement approaches. An ill-defined and poorly measured affordability dilemma
will always lead to inappropriate policy response that may have little or no effect in ameliorat-
ing affordability stress suffered by residents. Therefore, considering several dimensions (rather
than just economic) in the measurement approaches of the criteria that influence affordability
burden could perhaps be a major step in tackling this ever growing monster.
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Housing affordability measurement approaches (HAMA)

HAMA that is employed by housing researchers can be broadly classified into three distinctive
approaches. According to their frequency of application and developmental trend such as con-
ventional approach, scarcely used approach, and emerging innovative approach. This is shown
in Fig 3. Each approach is unique, but fundamentally describes the assumptions of a reasonable
payment for housing [45] and the interaction between income and housing cost [3]; as well as
the ability for mortgage repayment [46]. However, measuring HA based on the capability to
meet loan/mortgage requirements is generally flawed, due to the leniency of qualification crite-
ria for a mortgage [47]. Researchers have recently argued that HA can only be measured in
comparison to income. Yet, many professionals, journalists and analysts often use rents or
housing prices and/or the increments of both with no references to income in describing HA.
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Fig 3. Classification of HAMA based on literature survey.
https://doi.org/10.1371/journal.pone.0221246.9003
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The weakness in such description is that prices alone and trends in house prices or rent posses
only anecdotal value, but are no indicator of HA without any form of comparison to incomes
[38]. This is because when income rises proportionately with house price, HA remains
unchanged. There are several other technical and methodological weaknesses regarding
HAMA as illustrated in Table 3. These weaknesses largely reflect what constitutes costs of
housing and household income measurement [3,45] collective concern about survey data qual-
ity [48] profound insensitivity to other costs linked with housing quality and choice [33,14].

Conventional approaches. There are three kinds of conventional approaches as identified
in literature. These are Income ratio method (IRM), residual income method (RIM) and com-
posite method (CM). However, IRM and RIM are generally classified as normative measures.
It refers to the certain threshold value of a standard or a limit of HA [11]. This implies that a
list of benchmarks are set to determine if a given household income can offset housing cost.
Normative measures have been dominant and frequently utilized in housing affordability
research.

Income ratio method (IRM)

The IRM designates a threshold value or percentile level of housing cost to income ratio in
assessing the housing consumption ability of households [49]. It assumes that no matter the
household income, a certain percentage of their income will always be devoted to housing-
related expenses. This offers a method that enables researchers, to set a benchmark for HA
based on empirical data analysis. The IRM has a long history of development and are of several
types such as: housing-expenditure-to-income-ratio, rent-to-income-ratio, ongoing-housing-
cost-to-income, house-price-to-income-ratio, housing-loan-repayment-to-income, debt-to-
housing-price and mortgage-to-income.

Usually, new IRM is coined to address the weaknesses in an older method. For instance,
Wegmann, [9] modified IRM and coined a replacement metric called the subsidy per housing
affordability equivalent (SHARE) ratio. Nonetheless, traditional approach of IRM is simply the
same as the definition. That is, households suffer HA stress when the ratio of income to hous-
ing cost (the affordability ratio) go beyond a given threshold ratio. Mathematically, IRM states
that:

House Price

Housing A ity —
ousing Affordability Income of the Household

(1)

The most common of this method is the Price to Income Ratio (PIR) method. It refers to
the ratio of median house price and median annual household income. In essence, it measures
the number of years that a household needs to accumulate their wealth from their disposable
annual incomes in order to purchase an average housing unit:

_ Average Unit Price of Housing x House Size
~ Per Capita Annual Disposable Income per Household x Population per Household

PIR

HA = f(Price, Long — term Income, Government Policy).
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Table 3. Summary of findings based on the literature reviewed.

Approach/Method

IRM

Conventional

(Normative)

Approaches
RIM
Composite
Method

Strengths

Ease of application.

Ease of affordability comparisons across
regions.

Based on a small number of regularly
available variables.

Enjoys global acceptance.

Applicable in a range of areas to study the
differences across households and
affordability trends over time.

Measures the actual household expenditure
relative to their actual income.

Effective where the economic realities are
similar for all chosen samples.

Considers household structure and different
levels of income among different households.
Sensitive to housing market realities in
income and housing.

Acknowledges that people have different
spending needs.

Addresses equity concerns.

Incorporates housing quality.

The correlation flanked by housing and non-
housing expenditure is well articulated.
Considers household spending pattern and
the leverage effect.

More sensitive to the ability of households to
confront their housing and non-housing
expenses, as compared to both ratio and
residual income approaches.

Addresses the concept of opportunity cost,
that is perceived as the fundamental nature of
HA, i.e, the tradeoffs that are made to
acquire housing and if such tradeoffs are
rational or extreme.

Weaknesses

Arbitrary benchmark, no clear
rationale behind affordability
thresholds.

Does not account for household
structure and level of income of
various families, unless modified.
Does not address housing quality
and adequacy.

Concentrates on economic aspects
only.

Erroneously assumes that every
family and individual has equal
capacity to pay for housing.

Fails to address non-housing
expenditure.

Could over and under estimate
affordability problems.

Its confusion with poverty
measurement.

Insensitive to the living cost of
different areas.

Does not account for the influence
of housing quality on location
preference on housing cost (no
account of location tradeoffs).
Creates a certain threshold above
which affordability becomes
increasingly subjective.

Focuses on the economic
dimension of affordability.
Requires an element of
generalization and judgment about
household type.

‘Costs of living’ are determined by
some form of normative
assessment.

Fails to address other important
issues, such as; the return on
investment for housing
expenditure, in terms of
neighborhood and housing quality.
Insensitive to the tradeoffs between
cheap and affordable housing.
Excludes household savings,
wealth and other financial aids
while depending entirely on
household income.

Superficially defines the point at
which individuals’ acquires the
right to live independently.

Key Variables Used | Common Application

Areas

House price.
Monthly gross
income.
Monthly rent.

Ascertaining the market
realities in housing and
income.

Comparison of same type
of household
affordability over
different areas in a given
time frame.

Describing household
expenditure.

Eligibility criteria for
public housing subsidy
allocation.

Predicting household
ability for housing
payment.

Commuting cost.
Non-housing
related expenditure.

Discerning norms for
mortgage loans and
housing allowances.

Geographic For comparing HA
location. situations of two
Household size. households.

Loan amount. Valuable in forecasting

Household the expenditure patterns
Composition. of low and medium
Spending Pattern. | income families.
Effective in affordability
studies of small areas.
Living Standard, In measuring rental
neighborhood housing affordability.
quality. Affordability trends over

Running costs
Maintenance costs,
and commuting
costs.

Rental or Mortgage
payments.
Externalities: Cost
saving on transport,
living styles

time of a region.

(Continued)
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Table 3. (Continued)

Approach/Method Strengths Weaknesses Key Variables Used | Common Application
Areas
Behavioral | Considered to be more accurate in Difficult to access data required for | Household income. | Forecasting household
Scarcely Used demonstrating the households’ expenditure | its assessment. Household consumption patterns
Approaches pattern. Sometimes shows a vague proof on | characteristics. and choice behavior.

Integration into the normative approach is the behavioral pattern of people’s | Housing Choice.
possible, for determining the benchmark housing consumption.
affordability ratios.

Subjective | Enables respondents to reveal various Fluctuates over time more often Household income. | Assessing housing
scenarios and issues that shape their housing | than objective measures. Household consumption patterns.
stability, which are rarely measured. These indicators are often derived | Composition. Forecasting real estate
Accounts for differences of what informs from samples that do not represent | Household prices.
housing choice, like taste and experience. the entire population. Therefore, Perception. Mortgage/loan

the generalizability of findings Housing Quality. repayment ability of
could be limited. Housing Type. home owners and rental
housing.
MCDM | Aids in network and complex decision Time consuming with large Housing Price. Assessing sustainable
Emerging making numbers. Household Income. | housing affordability.
Innovative Offers a means of problem structuring and Ignores the different effects among | Externalities: Cost
Approaches working through information. clusters. saving on transport,
Without all measures being converted into Perfect consistency is very difficult. | living styles, etc.
the same unit; social, cultural, economic and | Some forms of MCDM may be
environmental considerations can be traded | deterministic.
off. Does not take into account the
uncertainty in weightings.
Different models of MCDM can
provide dissimilar outcome if used
for the same problem.
Gini Easy interpretability, since it is founded on As a relative measure, its use and | Household net Estimating the
Coefficient | ratio analysis. interpretation is controversial. income. relationship between
Considers segmentation and examines Neglects the causes of inequality. | Monthly rent income inequality and
inequality in HA. Data on absolute regional and housing affordability of a
Allows the comparison of income individual income is lost. given population.
distribution in different countries, regions
over time.
MPP Permits a better exploration of housing price | The three-dimensional plot and House Price. Regional comparison of
dynamics. the contour map provide a lot to Household Income. | housing affordability
Can offer salient information on future important information on the trends.
evolution trends of housing prices. distribution dynamics, however,
Enables the comparison of the effectiveness | they are
of housing policy on price trends in various | difficult to interpret.
housing units’ sizes across cities over time. The three-dimensional plot and
It is absolute data-driven, and no the contour map provides a lot of
assumptions are imposed on the model. important information on the
distribution dynamics, however,
they are
difficult to interpret.
The contour maps and three-
dimensional plot provide much
salient information on distribution
dynamics, but the interpretation is
very difficult and challenging.
https://doi.org/10.1371/journal.pone.0221246.t003
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This model is highly associated with Paldam Macau’s (1970) equilibrium model which
states that:

D(P,Y,,G,) —Q'=0
SP)—-Q =0

Qd:Qs

Where, the demand for residential properties (Qd) is a function of price (P), the long-
termed income (Yo) and the government policy (Go). The supply of residential properties
(Qs) is a function of price (P).

Use of IRM: IRM has often been used due to its relative ease of application. For instance, to
determine social housing qualification, and in estimating the size of groups with affordability
issue, as well as to assess the prospective borrowers’ ability to service a mortgage. Dong and
Zhou, [5] used the ratio of rent to income (RIR), to empirically analyze the impact of HA on
the permanent migration will of rural-urban migrants. Similarly, Rowley, et al. [50] examined
how the use of ratio measures could give consideration to broader financial stress.

Weaknesses in IRM: IRM suffers multiplicity of weaknesses like the inability to consider
quality changes over time of housing stock, and the influence of housing cost appreciation
[51]. It designates a small value for a certain cordon of income to housing cost [21] and errone-
ously assumes that households with different income can afford all non-housing expenditures
with 70 percent of their income. IRM is unable to estimate the amount of new households that
should have emanated if individuals did not share houses or had remained in their parents’
houses as a result of their inability to afford rental or mortgage payments [52,53,11].

Most prominently, the ratio measures generally do not consider the spatial dimensions of
transport cost, irrespective of the enormous effect housing location exerts on household com-
muting expenditure [14]. Hence, underestimates the number of households over burdened by
combined commuting and housing costs. Fundamentally, IRM focuses on the “typical”
(median) property and ‘typical’ (median or average) household; hence it neglects the price and
property type variations which the first home buyers as well as those low and moderate income
households would preferably demand. It can also underestimate the affordability burden of
lower-income households and could overestimate such burden for households with higher
income. Consequently, its adoption as a measure of HA has always faced criticism.

Residual income method (RIM)

RIM was developed as a better alternative to IRM. It perceives HA from a basic non-hous-
ing consumption perspective. Thus, it reveals the interaction between housing cost, income
and non-housing expenditure [54]. RIM is hinged on the idea that HA is the ability of house-
holds to offset their housing cost, yet retain the capacity to meet non-housing expenditures
[11]. Simply put, the income left after housing payment. It is the belief of the protagonists of
this method that it makes more sense to evaluate if households posses enough income to meet
other none housing expenses after offsetting housing cost, instead of assessing an arbitrary per-
centage of income consumed by housing [54]. Relying on this notion the “shelter poverty”
concept was introduced. It describes as “shelter poor” households whom having paid for
decent housing, becomes incapable of meeting other non-housing needs at a minimum
socially acceptable standard [29]. A phenomena described as ‘after housing’ poverty, in poverty
literature. This implies that RIM cares whether the income left after housing expenses plum-
met beyond shelter poverty or housing-induced poverty levels [53]. Recently, Luckey [10]
introduced a location-sensitive residual income (LSRI) technique, which considers the benefits
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and impacts of transportation decision on HA. However, mathematically RIM is given gener-
ally by:

Housing Affordability (HA) = f(income, Housing costs, expenditure on non — housing necessities)

Such that : HA = f(Inc, HC,NHExp) (2)

Hence, RIM posits that expenditure on one item would mean the potential sacrifice of oth-
ers [11]

RIM = residual income — housing costs

= (Household disposable income-basic non-housing living expenses)-monthly mortgage
repayments:

When RIM is less than 0, monthly disposable income of the household after meeting the
basic living expenses is not enough for mortgage loan repayment, and vice versa [55].

Use of RIM: Yang, et al., [56] used this method in Beijing to analyze the relationship
between affordable housing programs and household accessibility to public services and
affordability of decent housing. Revington and Townsend, [57] identified affordable rental
housing locations when rapid public transit services are considered using RIM. More recently,
Mundt, [58] applied a comprehensive RIM where affordability is at risk to determine house-
hold types and market segments.

Weaknesses in RIM: Yip, [59] allergies its confusion with poverty measurement, while Hen-
man and Jones, [60] claim that a separate benchmark is required for each household rather
than a uniform percentage, This implies that in solving problems of HA, data requirement
transcends housing and labor markets, thus, making it more burdensome. RIM like the IRM is
economically focused, and as a result do not assess the non-monetary and qualitative aspects
of housing. It problematizes affordability study in the sense that it relies on the minimum
housing and non-housing consumption, which is considered subjective and differs among dif-
ferent classes of income, regions and cities, and therefore, should not be used in the analysis of
HA on a macro level.

Composite method (CM)

As the debate over the methodological superiority of the RIM over IRM rages, other studies
seem to favor CM [61]. Indeed, arguments have been raised by earlier studies that it is not pos-
sible to account for all the concerns associated with HA in one simple measurement approach.
The protagonists of CM maintain that HA should not be assessed using one approach [62] but
combining a number of concepts [63] and developing multiple overlapping measures [64] that
can provide better understanding of HA which is more reliable; and reduces the methodologi-
cal weaknesses in IRM and RIM.

Generally, this method uses the composite regression equation as specified thus:

Y ~ N(6,0°) (3)

Where, Y is the Dependent (or Response) variable; 0 is the constant or intercept of the
regression model, ¢” is the variances and covariances of the random term. Hence, the model
can be written as:

Yij = ,[))o + ﬁlXIij + ﬁZXQij + ﬁ?)XBij + K (4)
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Such that,
[ Y, ] _ﬁoj,l 1 _ﬁj,l 1 _/J‘z:l ]
Y, ﬁoj,? ﬁj‘Z o
Yij — | Yis i B, = ﬁoj,;s : ﬁj = ﬁj.a cand p = Hiz
| Yix | L Bojx ] L Bix ] | Hix |

y = Error associated with the model.
Y is the estimator for affordability while X;, X,, and X;, are identified housing challenges
(factors) in the study area; ﬁf and coefficients of X} in the model.

Use of Composite Method: Thalmann, [65] combined the three indicators of affordability:
rent-to-income ratio, housing consumption and quality based measures. Updating his studies
in Thalmann, [22], the author used the RIM rather than the rent-to-income ratio (RIR) and
computed it along with housing consumption measure and quality-based measure to quantify
and determine over consumption and overpayments of housing services. Ndubueze, [62]
refined and updated in Ndubueze, [66] combined the RIM and PIR while adjusting for hous-
ing quality to formulate an aggregate measure of HA. Recently, Tang, [64] used RIM (budget
and poverty-line standard), along with RIR in order to complement their weaknesses and opti-
mize their strengths for rental affordability measurement. Similar to Sunega and Lux [67], Sar1
and Khurami, [42] assessed HA using a composite of subjective approach, RIM and IRM.

Weaknesses in CM: It considers household income as the only financial source of housing
purchase. But other distortion factors such as family savings, housing subsidies and other capi-
tal incomes are neglected. CM does not address what gets back to households for what is spent
on housing in terms of neighborhood and housing quality [68]. CM produces misleading
result when presented as an independent measurement unit since it identifies good or bad pol-
icy, but fails to provide how the policy can be improved. In application, the composite is faced
with challenges of which indicators should be used to devise the composite in the first place?
What should the individual influence of each sub-indicator on the composite be? Are the data
sources comparable when measuring the same phenomenon in a cross-country perspective?
These weaknesses must be considered before applying the technique.

Scarcely used measurement approaches.

Behavioral approach

The behavioral approach assesses affordability by examining the housing decisions of indi-
vidual households. It simply reviews the housing consumption behavior of a household. This
implies that the behavioral approach focuses on the normal housing decisions while adjusting
for what households with certain incomes and compositions confronted by certain prices opt
to pay for housing [19]. Behavioral approach deals with understanding the choices households
make regarding location, type, tenure, and size of housing. It also deals with the problem of
mortgage arrears and repossessions, so as to investigate the household’s affordability based on
their decision. Households housing consumption behavior is a veritable tool for HA assess-
ment. However, the outcome of the research performed by Fein, et al., [69] and Maclennan,
et al., [70] were inconclusive. Yet, the advocates of behavioral approach believe that when HA
problem is assessed as an explicit issue and the empirical data available is sufficient to support
an in-depth research, this approach would better reveal households’ spending pattern towards
developing indicators of HA [59]. It is also believed that the threshold developed from a behav-
ioral point of view, that is, the point at which the increments in cost of housing indicates a
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different qualitative model in its interaction with household income, suggests an indication of
housing in-affordability, and can be employed as well to validate affordability outcomes of
other measurement approaches.

Use of Behavioral Approach: Arguably, the behavioral approach can be integrated into the
normative measures in determining the threshold affordability ratios. Using this approach,
Wood et al,, [71] observed that the behavioral effects of several kinds of housing allowances
are insufficiently examined, because housing subsidies could discourage unemployed house-
holds from seeking employment opportunities in other locations. Similarly, Grinstein-Weiss,
etal, [72] observed that low income households saving behaviors are mainly influenced by the
structured opportunities they are offered. Recently, Olanrewaju and Woon, [73] combined
both internal and external criteria that influence household decision-making to study home-
buyer/homeowner behaviors.

Weaknesses in the Behavioral Approach: The behavioral approach is considered difficult
to compute and many a time unable to present a real evidence of the behavioral path of peo-
ple’s housing consumption. However, with the invention of behavioral economics and the per-
ceived weaknesses in normative measures, behavioral approach is believed to have potential
for further development.

Subjective approach

Given that both behavioral and normative measures are regarded as objective measure-
ments. Kearns et al., [74] offered a completely different approach, called the subjective
approach. Subjective approach summarizes the subjective evaluation of households’ perception
of their housing need [75] in relation to housing quality and condition, affordability dilemma
and overcrowding. It directly asks respondents if they consider their house affordable or not,
as the qualitative and subjective measurements are checked against their financial position and
other quantitative criteria. The data generated are used to establish a threshold cordon of their
HA with the conviction that households are better positioned to offer the best assessment of
their housing situation. This approach rests on the assumption of homo economicus. Following
this approach HA is a function of household income. Mathematically, it states that,

Housing Affordability = f(Household income) (5)

Use of Subjective Approach: Subjective indicators are often employed as predictors control-
ling price of property [75] or as a complement for objective indicators. Stiglitz, et al. [76] noted
that obvious difference between objective and subjective indicators which is impossible to
explain under human psychology or money illusion could lead to ineffective distribution of
public resources and weakening trust in official statistics, in some countries (e.g. the UK). Nev-
ertheless, it is believed that subjective measures can offer other information left out under stan-
dard objective measures, and can support cost-benefit analysis and policy evaluation as well as
aid the identification of potential policy problems [77]. It is therefore remarkable, that studies
in housing have marginally devoted interest in developing alternative HA measures that
responds more precisely to subjective perceptions of housing stress [68].

Weaknesses in the Subjective Approach: Subjective indicators easily fluctuate over time
more than the objective measures [42]. This approach requires normative assessments of what
represents the “living costs”. However, it seems that adopting some sort of normative basis for
definition and measurement is unavoidable in any HA analysis [78].

Emerging innovative methodologies. New methods of measuring housing affordability
are emerging as a result of improved understanding of affordability burden, and the fact that
the existing HA measures focus mainly on the fiscal dimension while other modified
approaches mostly re-emphasized the weaknesses of the methods they tried to amend. Three
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emerging novel methods (which are essentially adaptations from the distinctive measurement
approaches, but with more robust methodologies) were identified in the literature. Examples
are; multiple criteria decision making (MCDM); Gini coefficient and mobility probability plot
(MPP) methods.

Multiple criteria decision making (MCDM) method

MCDM is a tool involving both qualitative and quantitative factors [79]. It is a set of meth-
ods that supports the consideration and aggregation of several criteria, often numerous, mostly
at variance, decision criteria [80], which is used to describe, choose, rank or sort, a range of
alternatives to support a decision process [79].

Use of MCDM: Several models within the MCDM methodological framework have been
suggested [81]. The most commonly used MCDM models include; the Complex Proportional
Assessment (COPRAS), Analytical Hierarchy Process (AHP) and Technique for Order of Pref-
erence by Similarity to Ideal Solution (TOPSIS) [7]. A novel study by Mulliner, [68] refined
and updated in Mulliner, et al,, [6] adapted the COPRAS model to assess HA, as an instance
on how to apply MCDM for HA analysis. The findings indicate that taking into account addi-
tional criteria that clearly consider housing location and community sustainability, housing
quality amongst others; against mere economic considerations alone, can significantly impact
affordability calculations. Adopting the same method in Sabah, Malaysia Said, et al., [80]
assessed the best locations for the development of sustainable affordable housing programs.
Mulliner, et al., [7] investigated the applicability of several models within the MCDM method-
ological framework, for optimal HA assessment. The study revealed that various MCDM mod-
els can be applied for sustainable HA assessment, as a result of the model’s ability to address
the numerous conflicting decision criteria and the multidimensionality of issues found in HA
problems. Mathematically put -

Housing Affordability = f(Alternatives) in their ranking order. Such that :
HA=f;i=1,2,....,n (6)

For instance, the COPRAS method is represented as

q;
d; == Xij (7)
ij Z}_Zl %, ij

where x;; is the value of the i-th criterion of the j-th alternative, and qi is the weight of the i-th
criterion.

Weaknesses in the MCDM: When several models within the MCDM methodological
framework are employed to assess same problem, they often generate different results [81].
MCDM is susceptible to manipulation which could alter the degree of result accuracy. Daniel,
et al., [82] remarked that though the complex nature of this measure deepens the overall
understanding of multiple concerns which breed HA problem, there is a chance that its com-
plexity could weaken the uptake by analysts and researchers.

Gini coefficient method

The Gini coefficient measures the inequality within the income distribution of a given pop-
ulation (by means of a ratio analysis). It captures the influence of income inequality in estimat-
ing HA. Various approaches are applicable here, for instance, RIR estimate based on average.
However, the method is based on net PIR. Mathematically,

Household Net income
GH =

Housing Price
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Such that the HA at a period t, can be estimated as:

P _
GH, = B, + B,GA, + B, (X) + B,CONTROLS + ¢, (8)

t

where, t is a time period index, GA and GH are net income and housing affordability Gini
coefficients, respectively, £ is the average housing price-to-net income ratio (across all house-
holds at time t), CONTROLS is a matrix of macroeconomic variables, including gross domes-
tic product (GDP), unemployment rate (UNEPR), exchange rate (EXR), among others.
Meanwhile, 3, to 3, are parameters, 3, is a vector of parameters and &, is a random disturbance
term associated with the model.

Use of Gini Coefficient Method: The Gini coefficient method can be applied in the compar-
ison of income distributions across different sub-populations [37]. A novel study by Ben-Sha-
har and Warszawski, [83] adapted the Gini coefficient method to estimate income inequality
in HA, and to evaluate the factors associated with the time-varying inequality measures of HA.
More recently Dong, [37] used this method to evaluate the effect of growing income inequality
on low income tenant families’ worsening rental affordability.

Weaknesses in Gini Coefficient Method: The Gini coefficient mainly lies on its relative
nature; then information on absolute regional and individual income is lost, and fails to con-
sider the causes of inequality [84]. Also, as a measure of inequality and the fact that it only iso-
lates the inequality in the distribution of a particular macroeconomic variable. Thus, it isolates
the magnitude of the variable to a relative rather than an absolute degree which implies that a
country can witness simultaneously, for instance a rising income inequality and a reduction in
absolute poverty [84]. It is also quite possible to have countries of disparate income levels hav-
ing similar or even in some cases, identical Gini coefficients, which implies a high income
country having the same Gini coefficient as a very low income country, or moreover a region
with predominantly low income and low quality housing, having the same HA inequality
index as a region with higher income and predominantly higher housing quality. Conse-
quently, Gini coefficients should not be used as a stand-alone quantitative measure of a partic-
ular variable such as wealth and housing affordability. Instead, it is advisable to augment it
with other measures that capture the variable on an absolute scale.

Mobility probability plot (MPP)

MPP was originated by Cheong and Wu [85] for studying regional inequality. It is based on
PIR which is obtained by dividing the house price by income [8]. MPP is the transitional
dynamics of HA based on Markov transition matrix approach and the stochastic kernel tech-
nique. It is however used to analyze the mobility of PIR for cities, thereby measuring city-level
trends of HA. MPP is expressed in percentages (ranges between —100 and +100). A positive
value of MPP suggests that the city will have a net probability of moving upward in the distri-
bution of PIR, thereby indicating that the PIR of the city will become higher and higher, and
the housing price will be more unaffordable. In contrast, a negative value of MPP indicates
that the city has a net probability of moving downward in the distribution of PIR which indi-
cates that the city has a high tendency of registering a decline in the PIR.

MPP can be computed by calculating p(x) as:

p(x) = [[g(2/x)dz — [(g,(z/x)dz ©)

Where, [ is the function of integration, X is an observed value of relative household income
at time t; and g,(z/x) is the transition probability kernel which maps the distribution from time
t
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Use of MPP: A novel study by Cheong and Li, [8] adopted the MPP to study the transitional
dynamics of HA indicators. Li, et al., [40] employed the MPP method to analyze the mobility
of housing price growth and impact the enactment and withdrawal of home purchase restric-
tions (HPR) policy have on changes in housing price.

Weaknesses in MPP: Li, et al., [40] remarked that although the contour maps and three-
dimensional plot generated provides much salient information on the distribution dynamics,
the interpretation may be very difficult and challenging.

Discussion

The literature findings revealed several conceptual irregularities of HA definitions which exists
in most references included in this study. However, whether explicitly or implicitly defined, or
formulated methodically on an operational basis, such as, loan/rent/mortgage to income ratio,
the vital constituents of the definitions like monthly rent or gross monthly income differ con-
siderably, depending on the context, research objectives and data available. An accurate defini-
tion and measurement of HA would inform appropriate policy intervention, but a narrowly
construed definition would promote other agendas with little interest in affordability.

Furthermore, several HAMA have been developed by researchers, and applied in varied sit-
uations over the last few decades building on past research findings, in an attempt to influence
policy responses more precisely. Some of these approaches like the ratio measures are often
utilized due to their ease of computation, and appeal to peoples’ common sense experience;
since they generally require data on housing cost and income. However, some others are
underutilized due to their high subjectivity demand or complexity. It is notable that, except for
the emerging innovative approaches, many of the other measures do not consider household
size, transportation cost, housing choice and household preference. They erroneously assume
that there are no distinctions between household and household characteristics. In addition,
most approaches experienced similar nature of development and modification, for instance,
the transition of the income ratio measures from housing expenditure and income ratio to
loan/mortgage/rent and income ratios; as well as the innovation of residual measure, amongst
others. In recent years, due to the observed weaknesses of prevalent approaches, researchers
began combining different methods of HAMA. It was also observed from literature that in
identifying problems of affordability, the results of several HAMA are weakly correlated when
applied independently to the same problem of same time frame. But a strong level of congruity
is reported on affordability results when they are combined. This combination of multiple
approaches is intended to check the weaknesses that are preponderant in certain approaches,
especially in normative measures and to further enhance the reliability of measurement
outcomes.

It is believed that the modified approaches, along with some approaches in their original
form, can reach extreme heights of success in their application (e.g. ratio, residual and subjec-
tive measure combinations, amongst others), if proper evaluations of their strengths alongside
their weaknesses are conducted. More so, the recent realization by researchers for the need to
consider the multiple dimensions of affordability stress, such as social and ecological dimen-
sions as well as economic dimension have allowed more complex (innovative) methods to
emerge and earlier ones, modified. Thus, offering new insights into the HA concept. As sum-
marized and presented in Table 3, this study identifies the commonly and scarcely used as well
as the emerging innovative approaches for measuring HA. It also determines their applicability
in a particular circumstance by examining which strengths and weaknesses that are prevalent
in each approach. Other range of issues involved in undertaking HA assessment was
expounded upon, in order to avail researchers with multiple choice of several types and caveats
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of concern to the validity of measurement approaches for solving specific affordability burden,
housing stress and calculating areas for affordable housing development. However, the deter-
mination of the most appropriate affordability measurement approach could be influenced by
the description of research objectives, the orientation of the researcher, policy guidelines and
available data. The assessment of HAMA performed in this review offers a framework on how
these approaches could be applied in specific circumstances.

In summary, this paper is considered as an attempt for the generation of further and evolv-
ing discussions within HA research domain, which would ultimately lead to a clearer and
more holistic insight into the dynamic nature of HA. It could also inspire a renewed research
agenda for conceptual refinement and the development of more assessment methods that can
draw closer links with sustainability principles by taking into account the social, environmen-
tal and economic criteria that impact on the quality of life of households.

Suggestions for methodological improvement of selected HAMA

Many researchers of diverse orientation have put forward several recommendations and sug-
gestions on how different HAMA can be enhanced, in order to eradicate their various inherent
weaknesses. Some of the key recommendations as suggested by housing researchers are pre-
sented in Table 4.

Suggestions for future research

There is a dearth of research focus comparing HA issues between developing and developed
economies, and the appropriateness of applying normative measures in developing economies.
Almost no study in the last decade compared the distinctive approaches of affordability except
partly for [67] and [42], who compared and/or combined the objective and subjective afford-
ability measures. In addition, this review affirms the dominance of the IRM despite the

Table 4. Summary of the suggestions for the improvement of selected HAMA.

Key Reference Approach/Method Suggestion/Recommendations
[86,12,6,7,64,82] In conceptualizing HA, the social, economic and ecological aspects that determine households’ well being must be
Housing Affordability | considered.
Concept Broadening the concept of housing affordability measure to incorporate material deprivation, would capture

individuals truly having HA problems (not merely individuals at risk).

Apply equivalent income in place of income, while adjusting household incomes for household composition. This
[21,22,68,87,3,50,88,53] | Normative Measures | modification could reclassify more single person households that were wrongly classified as low income.

(IRM and RIM) The ratio measure can be improved by considering the experiences of individuals over time (i.e. use of longitudinal
data). Especially, with regards to the negative and positive life circumstances that breed HA stress.
Use of subjective approach to improve the normative measures. However, this suggestion underestimates the role
households’ subjective assessment play in comprehensive understanding of the HA problems.
Formulate objective indicators to consider households subjective perception of problems of housing. This may
offer a more precise approach of measuring housing needs.
To improve the IRM, compare poverty lines with housing cost deducted income. Also provide data disaggregated
by household type and develop many ratio measures for different types of household.
Use residual income or disposable income against housing cost rather than overall household income for it better
captures housing cost induced poverty.
Subjective evidence of material hardship and payment problems could be employed to validate ratio measures and
identifies the best thresholds to apply.

[65,64,82,62] Develop multiple overlapping measures of affordability.
Composite Method Take into account all qualitative and quantitative criteria that affect household wellbeing.
Material deprivation measure if applied in combination with the 30/40 ratio, offers a more precise measure of poor
HA experience which is naturally associated with wider concerns in which these issues are suffered.

42,89,90 ubjective roac se of a scale, while collecting housing cost burden data as reporte ouseholds, instead of reducing it into
[ ] Subjective App: h Use of le, while collecting housing burden d: P d by h holds, i d of reducing it i
categories.
Case study may provide more support for developing the subjective approach.

https://doi.org/10.1371/journal.pone.0221246.t004
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overwhelming weaknesses except for RIM in a few quarters. Other measures are yet to gain
traction amid academics, researchers and analysts. The remote and immediate causes of these
disparities beg for attention. More studies are encouraged to utilize the emerging methodolo-
gies advocated by this review in different regions and context for a revalidation of the benefits
attributed to it. Furthermore, future studies are encouraged to research on newer approaches
that can utilize and incorporate the strengths of other approaches, while addressing or alto-
gether eradicating their weaknesses.

Conclusion

HA problem is a crucial issue affecting several cities across the globe in both developing and
developed countries. Measuring HA dates back more than 40 years, since 1970’s. During this
timeline a huge number of approaches were developed by researchers of diverse orientation,
leading to what has been referred to as ‘methodological chaos’ and according to Wilcox (1999)
a ‘vexed’ concept (as cited in [91]). This is reflected in the fact that HA literature reveals an
abundance of differences and at times contradictory definitions, concepts, techniques and
methodological ideas about HA. Therefore, this review recommends that the immediate need
for the future of HA literature is amongst other things to resolve the confusion over ‘the defini-
tions/concepts and measurement approaches/methods/techniques of HA analysis. This review
makes a beginning at this need by tracing the origin, theoretical underpinnings and growth of
HAMA,; as well as the subsequent evolution of the various methodologies. A classification of
the methodologies into three main approaches is provided and the salient characteristics
(weaknesses and relative strengths) of these approaches are compared and contrasted.

This review revealed the lack of consensus on the most appropriate approach. However, the
best method can be obtained by analyzing the various weaknesses and strengths inherent in
each method. Researchers and policy makers must be detailed about which HAMA they
adopt, why they adopt it, and if the method being adopted is appropriate for its purpose. The
study then calls for continued conceptual refinement and further development of more appro-
priate approaches that could better consider the multi-dimensionality inherent in HA prob-
lem. The issues discussed in this paper will assist in formulating techniques that can be used in
measuring HA in a sustainable manner. Measuring HA transcends housing price and income
terms. Therefore, an ideal HA metric must take into consideration a range of social, environ-
mental and economic criteria; which borders on broader concept of housing appropriateness
covering accessibility, affordability, amenity and adequacy, that impact on residents’ quality of
life. This will ensure that both sustainability and affordability concerns are tackled concur-
rently in any HA analysis. It is hoped that this research will inspire future studies to establish a
broader housing affordability concept and metric that is better aligned with sustainability.

Since MCDM method fairly takes into account the dynamism of HA indicators, which
addresses the major measurement weaknesses in the conventional approaches. Though there
are insufficient studies that employ the MCDM method due to its complexity, reporting tech-
nique and heterogeneity. It may be an effective and efficient method of measuring HA prob-
lem. Therefore, to effectively explore the potential benefits and validate the soundness of this
emerging novel method, future studies and policy makers are encouraged to utilize it.

Research contribution

This study makes four contributions to the international HA literature. Firstly, it developed a
classification scheme of HAMA that is based on the frequency of application and developmen-
tal trends. Secondly, it structurally reviewed existing literature to guide the research on HA
concept and measurement. Thirdly, it identified several approaches and weaknesses of
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HAMA,; as well as suggested techniques that can be effectively used to improve different
HAMA. Again, it identified issues of interest to be undertaken by future studies. This study
will be a guide for improving HAMA, as well as aid policy makers in shaping policy framings
and informing on appropriate housing policy direction. Finally, this study satisfies early-career
researchers’ need for an easy reference to HAMA studies and publications.
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