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Abstract

The main aim of the study is to test a house pricing model by combining hedonic and asset-based pricing models. An understanding of
the relationship between house pricing and its return (the rental income) helps to establish houses as a significant asset class. The model
tested the relationship between house pricing (dependent variable) and the house attributes (independent variables) derived from Freeman’s
framework of housing attributes. This study uses a large data-set of 1,899 sample of new, high-end houses purchased between 2016 and
2019 collected from the national capital region of India (Delhi-NCR). The algorithm was built in R-Script, and stepwise multiple linear
regression was used to analyze the model. The analysis of the model proves that the three significant variables, namely, carpet area, pay-off,
and annual maintenance charges explain the price function. Further, the model is statistically fit. The major contribution of the study is to
understand the key factors and their influence on the house pricing. The model will be helpful in risk assessment in the housing investment
and enhance the chances of investment. Policy-makers can use information about the underlying valuation drivers of the house prices to

stabilize the market and also in framing the tax policies.
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1. Introduction

Houses have gained the status of a valuable asset class
in both the developed and developing countries. Housing is
reported to provide an excellent risk-return trade-off and is
a good alternative to stock and bond portfolios. Relative to
the stocks and bonds investment, direct housing investment
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provides advantages in the form of rental income as well as
a capital gain (Back & Lee, 2018). It also offers an inflation
hedge in the long run.

Developing appropriate house pricing or valuation
method is important for several reasons. First, houses as
an asset class face unique challenges in their valuation
because of their relative differences compared to other assets
like equity, commodities, bonds, etc. Second, house prices
are one of the indicators of the macroeconomic situation,
thereby necessitating the use of an appropriate and effective
method of house pricing or valuation (Calomiris, Longhofer,
& Miles, 2009; Wang & Kim, 2014). Another important
reason is the utilization of house pricing by various sectors
like banking, real estate (market correction) and government
(cost-of-living index).

Indian real-estate market is developing as an attractive
investment opportunity for local and foreign investors. In
2019, the housing sector reported a sale of 0.26 million houses
in seven major cities (IBEF, 2020). Further, the real-estate
sector in India is expected to reach USD trillion by the year
2030. As per a report, the main reasons for the rapid growth
of the real-estate sector, including housing, in India are,
“rising purchasing power, continuously rising population,
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increasing investments in socio-economic infrastructures,
rapid urbanization and migration of people from rural to
urban areas” (Research and Markets, 2015). There are very
few econometric studies on urban house pricing in India.
This research tries to fill this gap by empirically testing a
model of house pricing in Delhi-NCR (National Capital
Region).

The primary aim of the study is to develop a model for
house prices, including investment factors. It tries to refine
the hedonic pricing model by considering the variables
used in the asset pricing model. The model is evaluated
by regression analysis and confirmed by the application
of robustness checks. The rest of the paper is structured as
follows. Section 2 discusses the theoretical background of
the research. Section 3 describes the research methodology.
Section 4 illustrates the house pricing regression models.
The results are discussed in Section 5. Section 6 concludes
the research findings.

2. Literature Review

This section describes the existing models of house
pricing, variables affecting the house pricing, and a review
of the past studies.

2.1. Models of House Pricing

House pricing methods or models have been classified
into “Traditional” and “Advanced” Kusan, Aytekin and
Ozdemir (2010) and Pagourtzi et al. (2003). The traditional
models apply comparison methods or regression. Some
common methods in the traditional models are, “comparable
method, investment/income method, profit method,
development/residual method, contractor method, multiple
regression method and stepwise regression method”.
Advanced models consider the behavioral aspects of the
market players. These models include, “artificial neural
networks (ANN), hedonic pricing method, spatial analysis
method, fuzzy logic (FL), and Autoregressive Moving
Average (ARMA)” (Kusan et al., 2010). Nguyen (2016)
has listed more methods, namely, sales or rent comparison
model, capital asset pricing model, the income approach,
and the cost (of construction) approach.

2.2.Hedonic Pricing Model

The literature review shows that the hedonic pricing
model has been consistently used for predicting/valuing
house prices (Randeniya, Ranasinghe, & Amarawickrama,
2017; Lisi, 2019; Sunak & Madlener, 2017; Pace & Zhu,
2017; Kusan, Aytekin, & Ozdemir, 2010; Debrezion, Pels,
& Rietveld, 2007; Diao & Ferreira, 2010; Li et al., 2015;
Sunding & Swoboda, 2010). S. Rosen is believed to be the

earliest proponent of the hedonic model (Liu, 2013). This
model views houses as a product with bundles of attributes
(Lisi, 2019; Liu, 2013; Harrison & Rubinfeld, 1978). In the
conventional product pricing, price depends on demand
whereas in case of houses the price is determined by features
(Oladunni & Sharma, 2017). Liu (2013) also mentions that
the main reason for the popularity of the hedonic method has
been attributed to the heterogeneity of the product (houses),
and the unpredictable nature of its transaction. The hedonic
model has received criticisms too (Abidoye & Chan, 2017,
2018). Oladunni, Sharma and Tiwang (2017) point out the
issues in the open-ended nature of the house attributes. Fan,
Ong and Koh (2006) elaborate on the weaknesses further by
focusing on the basic model assumptions.

2.3.Asset-based Pricing Model

Since houses have been positioned as an asset, the
capital asset pricing model or asset-based pricing model has
gained prominence in the pricing and valuation of houses.
The asset pricing model applies the concepts of risk, return,
opportunity cost and tests the price in terms of return on
investment (ROI) (Phuoc, 2018). When translated into the
concept of RO, it provides a better tool for the stakeholders
for dealing in houses. The asset pricing model is being
applied more also because the simple log or power utility
models could not account for “basic features of asset pricing
data and time-series behavior of asset returns” (Hansen &
Cochrane, 1992). Palmquist (1980) applied asset pricing
model to house market in their study based in the United
Kingdom. They justified that the use of this model gives a
more elaborate view of the influence of factors on house
pricing. The asset pricing model applies a similar concept to
house pricing as in the equity market wherein instead of the
Price-Earnings ratio, House Price to Net Rentals is applied
in the housing market (Campbell & Cochrane, 2000).
Gelain and Lansing (2014) have highlighted that the asset
pricing model is better equipped to predict the volatility and
influencing factors related to housing pricing.

2.4.Past Studies

The literature on house pricing reveals many factors
that have been employed as a function of house pricing.
Freeman (1979) proposed one of the most popular
frameworks for considering the variables of house pricing.
He suggested there are three key attributes in the housing
market, namely, structural attribute (S) such as the size of
a building; accessibility or locational attribute (L) such as
the distance to central business districts; and neighborhood
(N) attribute such as the quality of the surroundings. These
or similar categories were used in other studies (Dubin,
1998; Nguyen & Do, 2020; Oladunni et al., 2017; Selim,
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2008). Environmental factors have also been added as an
attribute in house pricing in a recent study (Hussain, Abbas,
Wei, & Nurunnabi, 2019). Within these broad categories,
some researchers have focused on some specific attributes
like air pollution (Harrison & Rubinfeld, 1978); wind farm
(Sunak & Madlener, 2017); agriculture (Ready & Abdalla,
2005; Yoo & Ready, 2016); house interiors (Sirmans,
Macpherson, & Zietz, 2005); schooling (Yuan, Wei, &
Wu, 2020); open space (Zainora Asmawi, Mohit, Noor,
Abdullah, & Paiman, 2018). Kusan et al. (2010) modified
the traditional categories and named them “House factors;
Environmental factors; Transportation factors”. Stadelmann
(2010) considered thirty-one house pricing variables for
their study based in Zurich. They discovered that location-
specific variables are the most significant. Kusan et al.
(2010) applied the Fuzzy Logic system, to develop a model
for predicting house prices. They considered the variables
such as public transport, educational building, that fall
under the category of Accessibility or Location Attribute.
Some studies also considered macro-economic variables
(Kim & Park, 2005; Kok, Ismail, & Lee, 2018; Nguyen,
Bui, & Nguyen, 2019).

3. Research Methods and Materials

3.1. Mathematical Functional Form

In this study, the equation has been modeled as a hedonic
housing regression borrowing the features of an asset-pricing
model. House prices can be expressed as a function of the
three factors present in Freeman’s framework (Randeniya et
al., 2017).

P=f(S,N,L) (1)

Where, S =Structural attribute, N =Neighborhood
attribute, and L = Locational attribute

The most important aspect of the asset-based pricing
model is that, if the rent-to-price ratio exceeds the user-cost
rate, renting becomes less attractive than ownership. When
the rents equal the costs of owning, a state of equilibrium is
reached. This rent-to-price relationship fits well in markets
where rental regulation is absent or limited (Tu, de Haan,
& Boelhouwer, 2017). We have based our pricing models
on multiple regressions, where the prices of an individual
property is a response (dependent) variable, and their
associated characteristics, are explanatory (independent)
variables. Mathematically we formulate the model as:

Y =at+X B +XB,F...+ X B +e 2)

Where,
Y= Response Variable (Price)

X= Explanatory Variables affecting the price

o=Intercept

e= Error term

B> B,-.-B, are the regression coefficient associated with
the respective explanatory variables X, X, ...X ..

n

3.2. Data and Method

The research design of this study is a non-experimental
and explanatory design that used a multiple regression
analysis to test the relationship between price and rent. The
data collection process involved contacting the real estate
dealers in the Delhi-NCR region. The details and contact
addresses of the dealers were collected from yellow pages
and various online platforms. A total data set of 2,249
house buyers was received from the various dealers. The
data cleaning process included removal of missing values
and outliers, rounding up of numeric values to two-digits,
selecting ready-to-move high-end properties (price > INR
10 million), recently built (2016-2019) with sufficient social
infrastructure. We applied these parameters to ensure that the
property may qualify better as an investment asset. Because
of the data cleaning process, the final sample of 1,899
(response rate = 84.4%) was found fit for further statistical
analysis. The occupation of house buyers was found to be
business (25.9%), private service (25.2%), government
service (24.8%) and foreign employment (24%)

The master dataset was then imported in R environment
and transformed into a data frame. First, the dataset is listed
and checked if the assumption of independence of the
variable has been met by carefully examining that there is
only one data point per subject (observation). Further, cross-
tabulations were used to validate the data through frequency
analysis. Univariate normality, assumption and outliers are
checked, and to do this, the box-and-whisper plots were
plotted.

3.3. Study Variables

The proposed house-pricing model comprises of
two different types of variables — the response variable
(dependent) and the explanatory variables (independent).
The response variable is the price. The Freeman framework
was considered for selecting the explanatory variables
(Freeman, 1979). As per the framework, the variables
affecting house pricing may be categorized into three
main factors, namely, the structural attribute; accessibility
or locational attribute; and neighborhood attribute. The
details of the response and explanatory variables are
presented in Tables 1 and 2. Table 1 presents the summary
of qualitative explanatory variables, which are categorical.
The quantitative explanatory variables, which are discrete
or continuous are presented separately in Table 2.
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Table 1: Qualitative explanatory variables

increase expected annually)

appreciation of property each year

Name of the variable Description of the variable Categories Count (N) Frequency (%)
Gurgaon 516 2717%
. The location where the New Delhi 451 23.75%
Location -
property purchased Noida 460 24.22%
Faridabad 472 24.86%
One BHK 470 24.75%
The property type concerning Two BHK 490 25.80%
Type of Properties the number of bedrooms (BHK 5
— bedroom, hall and kitchen) Three BHK 430 22.64%
Four BHK 509 26.80%
Villa 468 24.64%
Apartment 491 25.86%
Type of Housin Type of property purchased i i
yp g yp property p Flats In B.Ig Housmg 434 22 85%
Societies
DDA Apartments 506 26.65%
2016 465 24.49%
Year of purchase of property 2017 492 25.91%
Year of Purchase by the end-user
2018 478 25.17%
2019 464 24.43%
0-5 450 23.70%
i iod (i 6-10 454 23.91%
Leasing Period Expected leasing period (in o
years) 11-15 514 27.07%
15 And Above 481 25.33%
The method by which property Cash Purchased 1891 99.58%
Payment method is purchased (cash payment/ 0.42%
bank loan) Bank Loan 8
. The available social Yes (SUfﬁCient) 1462 76.99%
Social Infra-Structure . . A —
infrastructure in the vicinity No (Not Sufficient) 437 23.01%
Table 2: Descriptive Statistics of Quantitative Explanatory Variables
Name of the variable Description of the variable MeantSD Max, Min
Price (Indicative in million Indian Ind?cative selling price (in million 1.89+0 68 4.00,1.00
rupees) Indian Rupees)
Size (Carpet area in the square foot) | The total carpet area in square foot 7674.53+3511.53 19436, 649
Payoff (Expected annual rental The expected payoff in the form of
income in INR hundred thousand) monthly rental plus security deposit 7.4420.97 11.00, 4.00
. . Amount of money spent on annual
Annual maintenance amount (in INR |/ e nance inclusive of annual 1,60541£0.599 3.3,0.38
hundred thousand)
property tax
Rental Increment (percentage of Increase in the rental amount
P 9 of property considering the 4.90+1.50 7.50,2.25
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4. Results and Discussion

Stepwise multiple linear regression modeling applied
to test the pricing model stated in section 2. The rationale
behind applying the multiple regression models is that it
helps in testing several explanatory variables simultaneously.
A stepwise regression method is a combination of a forward
selection and backward elimination. The major advantage
of the stepwise selection is that it can select a subset of
explanatory variables by using statistical criteria (Prost,
Makowski, & Jeuffroy, 2008). We have deleted the outliers as
the OLS (ordinary least square) estimators are too sensitive
to outliers present in the data.

4.1. Regression Results

We started with the first hedonic pricing model, wherein
we have considered all the eleven explanatory variables.
The variables are scaled as Z-score, to normalize its units,
range and magnitudes. Three explanatory variables carpet
area (size of the property); payoff (rental income); and the
annual maintenance charges, were found to be statistically
significant. This finding supports the postulated price
function. The regression results are presented in Table
3. Step-wise regression method applied to test the second
hedonic model. This statistical procedure helps identify the
best statistical model which neither under fits nor over fits
based on AIC (Akaike's Information Criterion). AIC is a
powerful and popular model selection statistical tool that
is based on the maximum likelihood estimator (Pan, 2001)
Again, it helps identify significant explanatory variables
contributing to the model. The result confirms that the
statistically significant variables identified in model 1 are
significant along with the intercept. Finally, we test the
house-pricing model with the three statistically significant
variables. This model not only confirms the price function
but established the statistical model fit.

A summary of the estimates of the three models on
different statistical parameters is presented in Table 3.

Table 3: Evaluation of the models

It may be noted that the models are similar to the various
parameters. The variance information factor (VIF) tests
the multicollinearity in the models and also the relative
strength of the models. The results show that there is no
multicollinearity in any of the models. Further, model 3
has the smallest VIF value showing that it best explains the
model relationship.

The correlation plot presented in Figurel helps in
understanding that the explanatory variables of price
function are not linearly correlated. Also, the absence of
heteroscedasticity was tested by applying Breusch-Pagan test
and we find that the p-value is 9.219¢-05 (<0.05) confirming
the absence of heteroscedasticity.
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Figure 1: Correlation plots

As per statistical conditions, all linear models need
to satisfy some strong assumptions concerning the data
structure. These are: (i) multivariate normality; (ii) no
multi-collinearity; (iii) linearity and; (iv) homoscedasticity.
Violating these assumptions may undermine the validity of
the regression models. The three regression models meet
the above-stated assumptions, as evident by the regression
plots. The diagnostic plots are illustrated in Figure 2.
Therefore, it is safe to assume that the obtained model is
relatively sound and trustworthy on the defined statistical
criterion.

Parameters Model 1 Model 2 Model 3 Criterion
RSE 0.5062 0.5057 0.5059 Smaller the better.
R? 0.4502 0.451 0.4495 Higher the better.
R? coefficients (adjusted). 0.449 0.4478 0.4486 Higher the better.
p-value of ANOVA <2.2e-16 <2.2e-16 <2.2e-16 Smaller the better.
Variance Payoff 1.842388 1.831725 1.831724 Smaller the better.
Information Carpet 1.043157 1.040974 1.040809 All VIFs <4, hence
Factor(VIF) | Maintenance Amount 1.890107 1.883188 1.879999 no multicollinearity.
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Figure 2: Diagnostic Plot Analysis for all Models

5. Conclusions

It is imperative to have a proper understanding of
the relationship between housing prices and rents to
reflect an asset price. This study aimed to understand
house pricing, considering it as an asset, with a focus
on the Indian real estate market. An understanding of
the relationship between housing price and its earning
in terms of rental income is significant for ascertaining
the investment worthiness of houses. An important
contribution of this study is to combine the asset-
pricing model with the hedonic model. The model, when

checked against various statistical parameters, confirms
that it conforms to the standards. The R-square (>0.44),
adjusted R-square (>0.44) and residual standard error
(£ 0.51) is taken into account for model fit. A minimum
benchmark of R-Squared is 0.45 is taken for the model
to be accepted. In a price-to-rent framework, credit
standards for first-time home-buyers significantly affect
house prices, in line with theory (Ortalo-Magné & Sven,
20006).

This study offers insight for modeling of housing
prices and rental estimates where market sentiments, laws
of economic geography and urban economics play a more
dominant role. The most important and complex task of
housing pricing modeling is the selection of variables. The
application of stepwise method has helped in selection of
important features that may be utilized for the development
of housing price index. The pricing model arrived at, helps
to understand the dynamics of housing prices and potential
risks of the economic law of return (investment) for strategic
business planners of the housing industry. Also, pricing can
be used for making marketing mix models. Future research
on the housing models will enable to plan the housing rental
index, the calculation of taxes and the development of social
infrastructure will help generate more multiple effects on the
urban economies.

The main limitation of the study is that housing price
model works only on the assumption of market equilibrium,
which is not true. The second factor that limits the
effectiveness of such a model is the difficulty in measurement
of some attributes such as social infrastructure, construction
quality, etc. This study could not include external factors
such as taxes and interest rates that may be a limitation on
the generalizability of the model.
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