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Abstract

The real estate industry is critical to determine the standard of living in the country and creates
huge potential for investments which contributes towards the growth in the overall economic
activities of a country. The macroeconomic indicators such as CPIl (Consumer Price Index),
stock rate, gold rate, exchange rate, and oil prices are key determinants of the economic
performance of a country and impact the investment opportunities and affect the supply and
demand of housing in a country. This study covers the impact of macroeconomic variables on
the housing price index in the region of South Asia comprising Pakistan, India, and China. The
study covers the influence of these factors under the assumptions of Arbitrage theory. The
prediction will be deduced from the implementation of a random forest algorithm with other
neural network algorithms. The comparative analysis of these models will determine the
accuracy and predictive prowess of different algorithms and how it contributes to the
enhancement of predictive performance.
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CHAPTER 1

This chapter explains the house price index and its importance in the real estate market and
covers the historical background of the house price indexes and different methodologies
developed over a period. The theories will be covered which will guide the relationship of
macroeconomic factors and their impacts on house prices. The reason for motivation to do this
study will be briefly discussed and the problem statement and research objectives with
corresponding research questions will be covered in this chapter. The significance of the study
will be discussed in the last part of this chapter.

1.1INTRODUCTION

The success of a nation’s economy can be determined by how much housing it incorporates
into its society. Housing is an integral component of ownership, family growth, and the creation
of wealth opportunities in the country’s economy. The housing industry association with
suppliers, household expenditures, and linkage to the financial system enabled them to drive
the country’s economy (Harris et al., 2006). With the passage of time and technological
advancements, the trend shifted to live in urban cities rather than rural areas due to advanced
infrastructure and good employment opportunities therefore the demand for housing increased
significantly. Salam et al. (2020) stated that people tend to move to urban cities where their
lifestyles can be improved. In China, urbanization took a rapid increase in four big cities where
the rate of urban population increased from approx. 18% in 1978 to 64% in 2020 (Huang et al.,
2022). Due to increased demand housing prices skyrocketed as well, and repercussions were
felt in all levels of countries from developed to developing countries and the reasons vary
depending on their economic situation, availability of land, and trade surplus/deficit. With the
new developments on the rise and the increasing population, the price factor spread to new
sites consisting of all necessities of life causing a ripple effect (Meen et al., 1999).

People tend to move towards the best opportunity and would like to live in such neighborhoods
which can empower their families, upscale their employment chances and upgrade their living
standards. This is observed that areas where public transport (bus, train) stations opened or
their stop situated, the housing prices increased in that surrounding as it benefits people to reach
home early and efficiently. Martin et al. (2014) reported that the investors capitalized on the
increased demand and subsequently raised prices. The prices are dependent on multiple factors
which include firstly the physical condition of the house and the market situation. The
advertising agencies promote specific areas as per their contractual agreements, but it will only
influence the public if the area is situated near necessary infrastructure such as hospitals,
schools, work, and markets. In our current global world, once a platform is created by some
developed country then cheap labor is imported from less developed nations to streamline the
economic activities. According to Q. Zhou et al. (2020), this leads to a higher population
density, which in turn prompts well laden classes to fulfill the growing housing demands. This
contributes to increased productivity and fosters economic activity.
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Due to rising demand in real-estate, various house pricing indexes emerged over the years
which focused on different input parameters as per the requirements of the market during that
time. These indexes monitor the health and stability of the market and potentially identify
growth and investment opportunities which are helpful for investors and policy makers. The
House pricing index (HPI) is a statistical measure that is used to measure the changes in house
pricing over time and acts as an integral tool to analyze trends in the housing market. It also
provides information about residential properties whose prices are getting appreciated or
depreciated over the years. These indexes are deduced by different methodologies which
consider different factors such as residential property characteristics, transaction details, and
market conditions of that region. The indexes are used by investors, policymakers, researchers,
and real estate professionals which can determine either investment on certain properties will
be profitable to them or not. As mentioned by Shiller et al. (1993), investors require knowledge
of the estimated house prices to make informed decisions about property investment and
securities purchases. Their involvement has played a crucial role in driving the nation's
economy. Adetunji et al. (2022) stated that the prediction of house price variation instead of
exact specific house value is considered more beckoning to real-world applications as pricing
is linked with multiple factors such as location, population, and characteristics of house
therefore prediction required other variables as well in addition to house price index.

Hill et al. (2018) noted that Eurostat, a statistical authority responsible for providing statistical
data on European countries, suggested the use of hedonic methods for determining house
pricing indexes. However, Eurostat did not specify a particular method to be employed.
Consequently, there is variation in house price indexes across different countries, as each
country adopts different techniques for their determination. In China, the National Bureau of
Statistics publishes data on different cities which includes commercial and residential
properties while in India Reserve Bank of India developed a housing price index in 2010 which
covers ten big cities of India, and this is based on the cost of construction methodology which
incorporates the influence of factors like land, construction cost, and market conditions. In
Pakistan, the State Bank of Pakistan introduced a housing price index in 2013 consisting of
eight big cities of the country, and it’s based on a hedonic model which includes the property
attributes such as size, location, etc.

Macroeconomic indicators play a pivotal role in shaping the financial sector of a country, as
they provide crucial insights into the overall state of the economy and influence the feasibility
of potential enhancements. According to Hilbers et al. (2001), among the various indicators,
unexpected fluctuations in housing prices have the potential to significantly impact the stability
of the financial sector. VVarious macroeconomic indicators, such as the inflation rate, exchange
rate, consumer price index, and others, have a direct bearing on the purchasing power of
individuals, thereby affecting the demand for housing and subsequently impacting the real
estate industry of the country. Research conducted by Wong et al. (2019) has revealed the
presence of a long-run connection between macroeconomic indicators and housing prices in
Malaysian housing market. According to their findings, the interest rate and exchange rate
exhibited a negative impact on housing prices, implying that fluctuations in these variables can
potentially influence the affordability of housing and deter prospective buyers. While the
inflation rate and population showed a positive relationship with macroeconomic indicators,
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indicating that change in indicators will influence a change in house price index. The
acknowledgement of these macroeconomic indicators on housing prices, stakeholders can
deduce potential influence on the financial sector and devise strategies to enable stability and
economic growth.

In today’s world, advanced machine learning methods are widely used, and researchers are
reaping benefits of these approaches. The major advantage is their ability to manage structured
and unstructured data and can efficiently extract meaningful insights from these datasets. The
various aspects of housing can be determined by the machine learning algorithms and unknown
hidden patterns can be identified to deduce further information (Yang et al., 2021). The
conventional methods of house prediction often rely on simplistic models that may have
constraints in capturing complex relationships in the data. However, with hybrid approach, the
accuracy of house prediction can be significantly improved. The hybrid of algorithms shows
substantial improvements in the accuracy of house prediction than conventional approaches
(Guetal., 2011)

Considering the existing research on the impact of macroeconomic variables on the house price
index in China, India, and Pakistan, conducting new research aims to go deeper into the subject
by determining the benefits and limitations of previous approaches. The focus of this research
will be to comprehensively analyse the housing price index in these three countries and
examine how macroeconomic factors influence it in the backdrop of unique dynamics in each
country’s real estate market considering their distinctive economic, political, social, and
cultural contexts. This involves assessing essential macroeconomic indicators such as
exchange rates, stock rates, gold rates, international oil prices, and consumer price index, and
their effects on housing prices.

Overall, this research will be crucial for advancing knowledge in the field and providing
valuable insights for various stakeholders involved in the housing sector to do well informed
investment decisions

1.2 PROBLEM STATEMENT

Housing is an integral component of society which fulfills the basic human needs as well as
act as potential investment opportunity for investors, policymakers, and entrepreneurs to reap
benefits from real estate market. Therefore, accurate prediction of price is critical in doing well
informed decisions. The housing prices changed due to change in economic activities in that
region, Williams et al. (2016) examined the impact of economic policy on housing prices where
with increase in interest rate, housing prices decreased. The analysis of impact of
macroeconomic indicators are necessary to determine the expected variation in house pricing.
Mohan et al. (2019) examined the impact of five macroeconomic indicators such as interest
rate, unemployment rate, consumer price index, oil rate and Dow jones industrial average on
housing prices. The prior studies incorporated various macroeconomic indicators to determine
the impact on housing prices, but none managed to capture the impact of selected
macroeconomic indicators under the assumptions of Arbitrage theory.
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“It is pertinent that housing prices are always impacted by different microeconomic variables
however the impact of macroeconomic variables such as gold price, oil price, exchange rate,
interest rate and inflation rate towards house pricing has not been discussed. Moreover, the
predictability of house price index within the framework of Arbitrage theory assumptions
involving the ML techniques is still unaddressed”

1.3 RESEARCH QUESTION

The primary aim of this research is to examine the correlation between macroeconomic
indicators and housing price indexes within the framework of Arbitrage theory. Considering
this objective, the research will concentrate on addressing the following questions

1. Is there any impact of macroeconomic variables on housing prices under the Arbitrage
theory

2. What is the predictability/strength of labor cost on the stock market

3. What is the policy implication for the housing market based on the results of this
research

1.4 RESEARCH OBJECTIVES

In pursuit of our research question, this study aims to fulfill the following additional objectives

1. To assess the impact of macroeconomic variables on housing prices under the
assumptions of Arbitrage theory

2. To predict the impact of gold rates on housing prices

3. To evaluate the strength of predictability of housing prices through macroeconomic
variables using random forest analysis and neural networks

4. To compare the predictability and accuracy of both models

1.5 SIGNIFICANCE OF STUDY

The study's significance is more evident when considering study’s impact on multiple levels:
industrial, academic, and societal. The real estate market plays a significant role in the economy
of Pakistan, and even during the recent COVID outbreak, the government implemented specific
amnesty schemes to bolster this industry. These strategic measures aimed to benefit investors,
individuals, and the overall economy by driving economic activity, creating wealth, and
enhancing productivity.

1.5.1 Informed Policy Decisions

Policymakers recognize the importance of analyzing the relationship between macroeconomic
indicators and housing prices. Housing market has significant implications for economic
growth, financial stability, and social welfare. By identifying the key factors that influence
housing prices, policymakers can develop targeted campaigns to promote housing affordability
and resolve issues associated with housing market to ensure sustainable economic
development. lacoviello et al. (2010) stated that monetary policy shocks have a greater impact
on housing prices compared to consumer prices. Therefore, policymakers analyze the potential
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impact of policy changes on housing prices and able to make informed decisions regarding
housing sector.

1.5.2 Assisting Investors

Investors in the real estate sector rely on accurate predictions of housing prices to make
informed investment decisions. By incorporating machine learning techniques, the study
provides a valuable insight for forecasting housing prices. Accurate predictions enable
investors to determine market trends, identify potential investment opportunities, and evaluate
risk profit ratio. According to a study conducted by Hong et al. (2020), it is affirmed that
housing prices have a direct impact on investor sentiment. Therefore, investors can determine
optimal entry and exit points in the market, identify under appreciated or overvalued properties,
and make informed decisions regarding real estate investment opportunities.

1.5.3 Financial Risk Management

A comprehensive understanding of the relationship between macroeconomic indicators and
housing prices can provide valuable insights for devising effective risk management strategies.
The banks and other financial institutions can analyze the findings to assess the potential risks
associated with housing market fluctuations. In an emerging economy, Ayberk et al. (2022)
stated that variations in house prices exerts an impact on bank’s lending decisions and
strategies. This evidence demonstrates the significant benefits that relevant studies can offer to
financial institutions and address any potential issues and lending practices changed as per
prevailing situation.

1.5.4 Analysis under the Assumption of Arbitrage Theory

The inclusion of the Arbitrage Theory assumption in the study adds unique dimension to the
analysis of housing markets. By exploring whether the theory holds true in the context of
housing prices, the study analyzes the two of its major components i.e., market efficiency and
price differentials. If the assumption is validated, it reinforces the notion that market forces
quickly adjust housing prices to reflect relevant macroeconomic indicators, thereby enhancing
market efficiency.

1.5.5 Machine Learning Approaches

This study utilized machine learning methods to improve predictive accuracy of results and
analyze the strength and influence of relationship between independent and dependent
variables.

The study holds substantial significance as it focused into the relationship between
macroeconomic indicators and the housing price index, utilizing machine learning techniques
such as random forest and other renowned machine learning methods for accurate housing
price predictions. Additionally, the study examines the feasibility of Arbitrage Theory within
the housing market context. The practical implications of this study extend to policymakers,
investors, financial institutions, and the overall economy. The insights obtained from the study
contribute to informed decision-making, enhanced risk management strategies, economic
stability, and determining the optimal predictive modeling methodologies. Moreover, the
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validation of the Arbitrage Theory assumption sheds light on market efficiency and provides
valuable insights into price dynamics within the housing market.

1.6 THESIS STRUCTURE

The thesis document contains 5 chapters, introduction, literature review, methodology,
estimation & modelling, analysis & results. The brief description of each chapter mentioned
below

Chapter 1: This chapter provides a historical overview of the house price index and sets the
foundation for addressing the problem statement, defining research objectives, and highlighting
the significance of this study.

Chapter 2: This chapter explains the literature review in perspective of various approaches
being used to calculate house price index and discuss the impact of macroeconomic variables
on target variable. Further theoretical framework and underlying theories discussed.

Chapter 3: This chapter introduces the methodology employed in this research, along with a
discussion on the data utilized. It also incorporates various machine learning approaches,
techniques for determining feature importance, and the basis for predicting the house price
index

Chapter 4: This chapter highlights the results of techniques being used followed by detailed
analysis. This shows the importance of each variable and determine its impact on house price
index of all countries.

Chapter 5: In this chapter, the results will be analyzed, and the findings will be explained to
comprehend the significance and impact of each variable in predicting the house price index of
three countries. The hypothesis will be tested against the obtained results and concluding
remarks as well as the limitations of the study will be provided.

1.7 CHAPTER SUMMARY

This chapter discussed the reasons behind mass movement of population to urban setting.
Further it described the house price index, purpose of its existence and its utilization to predict
house prices. This also described the importance of machine learning approaches being utilized
to study the impact of macroeconomic variables on housing prices in these countries. The
chapter established the research gap and outlined the problem statement, research objectives,
and research questions. The significance of this study explained within the framework of
Arbitrage theory assumptions. Finally, the chapter concluded by providing an overview of the
thesis structure for this research.
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CHAPTER 2

In this chapter, the literature review is presented, providing a thorough discussion of the
macroeconomic factors and how they influence the house price index. Moreover, it searches
through the historical context of different indexes that have been utilized and currently
employed approaches, offering a comparative analysis of these methods. Furthermore, this
chapter broadly examines each explanatory variable and its effect on housing prices, evaluating
its findings by existing research studies and references.

2. LITERATURE REVIEW

2.1 Comparative Analysis of methods

The methodologies which are being used to predict house price indexes are hedonic regression,
repeat sales regression, and cost of construction methods. According to Court et al. (1939), the
application of hedonic regression models originated when Andrew Court examined the changes
in car prices over time, considering the car's specific characteristics. The model is based on
Lancaster theory of consumer demand based in 1967 which states that customer take the benefit
not from the actual content of item but from the features it possesses e.g., If consumer wants
to buy a car, then it prefers specific type of acceleration, interior-exterior characteristics, safety,
and security etc. therefore consumer is balancing the investment on car with cars features it
possess. Similarly, to determine the implications of air pollution on housing prices, Ridker et
al. (1967) utilized the hedonic method approach on housing in 1967 (Hill et al., 2013). Later,
Sherwin Rosen presented a theory of hedonic pricing in 1974 which states a model that
determines the features and internal-external factors which impact the price of item in the
market (Xiao et al., 2017). The hedonic models deduced that price of item can be determined
by the inclusion of features of that item to do the impact analysis. To determine the weight of
each feature of item, an econometric equation developed

P:a+2{<=1ﬁ*c+ €

Here P represents log price of item, C consists of features of item, S represents regression
coefficient and ¢ is error term.

There are several factors to check prior implementation of hedonic method approach. The
functional relationship between item and its attributes needs to be determined to check the
linearity/non-linearity of hedonic price function (Lisi et al., 2013). The hedonic model
incorporates item features therefore selection of variable is very important. The features such
as size of house, type of house, number of rooms and floors, structural features, location, and
distance to main city center etc. The list can include much more variables and selection should
be based mainly on knowledge of dependent economic theories and research requirements
(Amemiya 1980). There are several methods to resolve issues of multicollinearity in which
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explanatory variables are highly corelated and heteroscedasticity where spread of data points
across regression line are unequal (Xiao et al., 2017).

The repeat sales method based on determining the transaction prices of traded properties at
least more than one time in given dataset. This method focused on the recent two consecutive
transactions and not on property characteristics. These methods generally more suitable for
large dataset where detailed data descriptions are non-existent. In 1963, Baily et al. (1963)
stated BMN method which assigned equal weights irrespective of time interval between two
transactions e.g., if any property sold after 10 years and in comparison, properties sold after 4
years, both will have same impact on index level. To enable fairness, in 1987-1989 Case and
Shiller states that in case there will be more time between two consecutive transactions then
with the increased time, the variance of log price will be higher as well, so they proposed to
assign less weight if time between transactions is higher (Hill et al., 2022)

There are multiple flaws identified over the time related to repeat sales method. To implement
this model, it is essential to have information on multiple transactions of the same property,
which means that single-sale transactions are not included in the analysis. During the
application of the repeat sales method, Case et al. (1989) stated that it is necessary to exclude
single-sale transactions from the analysis. In the given dataset, these single-sale transactions
comprised approximately 96% of the data, resulting in a significant portion of the dataset being
rejected. Secondly this is a general phenomenon that if same property sold many times, then a
bias emerged in buyers mind that such property may have some flaws or issues due to which
no buyer kept this property for long also called lemon bias. The repeat-sales method encounters
an additional challenge related to revisions of the entire index when new periods are included.
Several studies have demonstrated that these revisions can be significant in magnitude (Hoesli
etal., 1997)

The hedonic models usually generate more precise results in comparison to repeat sales
regression especially if the dataset is small, another aspect is that repeat sales methods are likely
to suffer from revisions as it determines valuation of house over time by checking various sale
prices of same item which impact the precision and accuracy of models (Van de Minne et al.,
2020). Repeat sales method is widely used in USA but it also captures more irrelevant features
whereas hedonic regression required house pricing and house characteristics with their current
condition. The availability of all this information is challenging and in the absence of proper
information, hedonic model accuracy will be affected.

2.2 House Price Dynamics

Numerous approaches have been devised to create precise housing price indices across various
countries. In 1987 Case-Shiller index was developed and considered among quite known and
followed indexes in the United States. This is based on repeat sales methodology and its
objective is to track price changes of the same selected properties over time. This method was
quite useful for regional analysis but lack in incorporating smaller markets and includes
properties having multiple sales transactions. In 1991 FHFA House Price Index was developed
which resolved the issue of the Case-Shiller index and incorporates a wide range of properties
including single homes to apartments. This model used data from Fannie Mae and Freddie Mac
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mortgages (Truong et al., 2020), and it excludes properties that didn’t finance through them
creating a lapse in this index. In 2005 Eurostat House Price Index was developed which is
designed for countries of Europe. This index covers the EU members and utilizes national
statistical data to ensure consistency. As this index is utilized for multiple countries so the
possibility of accurate historical data of all countries is difficult to ensure and consistency can
be distorted (Mick Silver et al., 2012). Another aspect is of data quality variation across
different states and countries will also affect accuracy. CoreLogic Home Price Index was
published in 2006 and its based-on Case-Shiller methodology but as its data availability based
on a larger number of metropolitan areas and property types therefore it can cover lot more
areas in comparison to Case-Shiller index. The downside is that it has limited historical data in
comparison to Case-Shiller index. In 2016 UK House Price Index was developed which
covered all the countries residing in the United Kingdom, this index uses data from multiple
sources such as national statistical offices, registers of Scotland, etc. Therefore, this index can
cover all markets. The index was enabled in 2016 therefore there could be issues with the
historical data of some regions which can affect the accuracy.

2.3 Effects of Real estate investment

Macroeconomic indicators have a significant impact on the housing price index across various
types of investments. In residential real estate, changes in indicators like stock rates and
exchange rates can affect the supply and demand of housing, consequently influencing
individuals' purchasing power. Additionally, economic indicators such as interest rates can
impact consumer behavior, affecting the demand for newly planned real estate projects like
houses, apartments, and commercial properties. The profitability of these projects is directly
influenced by interest rates, which can result in price increases if additional funds need to be
recovered. Real estate investment trusts (REITS) are also influenced by economic indicators,
as they are affected by overall market conditions and investor decisions. Fang et al. (2016)
examined the relationship between real estate investment trust and macroeconomic indicators
in China, Japan and Singapore and study findings concluded that there is significant evidence
of existence of causal relationship between them. Lastly, mortgage loans are impacted by
macroeconomic indicators, particularly interest rates. When interest rates rise, mortgage-
backed properties become less attractive to investors, impacting the housing market's supply
and demand dynamics. Conversely, when interest rates decrease, it leads to price appreciation,
establishing an inverse relationship.

The influence of macroeconomic indicators on these investments can differ based on factors
such as location, property type, market conditions, and the specific characteristics of the
investments. Additionally, other factors, such as government policies, and investor sentiment,
can also influence the relationship between macroeconomic indicators and the housing price
index in these investment categories. Housing markets are influenced by a combination of
regional, national, and global factors, which can result in diverse trends and dynamics therefore
it is important to consider the specific context of every region and the prevailing economic
conditions when analyzing the relationship between macroeconomic indicators and the house
price index.
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2.4 Macroeconomic Indicators Dynamics

This study aimed to assess the impact of multiple macroeconomic variables on house price
index. These explanatory variables are gold prices, stock price, exchange rate, international oil
rate and interest rate of China, India, and Pakistan

2.4.1 Gold Price Dynamics

The investors are constantly seeking investment opportunities that can enhance their risk-
adjusted returns and provide portfolio diversification. Throughout history, gold has been
widely regarded as one of the key investment options for achieving these objectives. Its unique
properties, such as being a tangible asset with unique value and a long-standing store of wealth,
have made it an attractive choice for investors across different time periods. Gold's ability to
retain value and potentially do a protection against economic uncertainties and inflation has
contributed to its persistent appeal as a major investment avenue. The impact of the
macroeconomic indicator such as gold rate, on the house price index of countries can vary and
is influenced by several factors. The specific characteristics of each country's housing market
will contribute to the uniqueness of the relationship between gold rates and house prices.

Sindhu et al. (2013) examined This research paper primarily centers around the examination of
several factors, namely the exchange rate between the US dollar and the Indian rupee, crude
oil prices, repo rate, and inflation rate, and their respective connections to gold prices. The
main emphasis of this paper is to explore the relationships between these factors and the prices
of gold. One of the key findings of this study is the presence of an inverse relationship between
the US dollar and gold prices. As the value of the US dollar fluctuates, it has an impact on the
prices of gold in the opposite direction. Furthermore, the study reveals that crude oil prices also
play a role in influencing gold prices. Changes in crude oil prices can have an impact on the
movement of gold prices, although the nature of this relationship may vary. Additionally, the
research highlights the interdependency between gold prices and repo rates. The repo rate,
which is the interest rate at which the central bank lends money to commercial banks, can affect
the prices of gold. Changes in repo rates can lead to corresponding adjustments in gold prices.
Lastly, the study demonstrates a dependent and positive correlation between gold prices and
inflation rates. As inflation rates increase, gold prices tend to rise as well. This presents
evidence that there is impact of gold on inflation rate and consequently have indirect impact
on real estate as well. In case of high inflation, investors avoid investing money on real estate
and as a result real estate market impacted significantly.

Mensi et al. (2022) examined the price movements in one market, such as REITSs, can influence
and impact the prices of oil and gold, and vice versa. The aim is to understand the dynamics of
these spillovers during periods of both high and low fluctuations in the financial markets. Based
on MS-VAR (Markov-switching Vector Autoregressive) model, the interconnections between
real estate investment trust (REIT), oil, and gold markets are examined. The analysis and
evidence suggest that the REIT markets are influenced by both oil and gold markets, with the
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strength of the impact varying depending on the severity of fluctuation in market. The impact
is more significant once fluctuation severity is high as compared to low fluctuations,

KARAGOZ et al. (2021) focused on investigating the macroeconomic factors that influence
the fluctuations in house prices at a detailed level in the Aegean region (Turkey). The Aegean
region has experienced rapid population growth in recent years due to industrialization and
significant immigration activity. The study considers various variables to determine their
impact on the House Price Index, which serves as the dependent variable. The variables
considered include the price of gold, the stock market index, the exchange rate between the
Turkish Lira and Euro, the interest rate on housing loans, the consumer confidence index for
the housing sector, and the regional consumer price index.

By utilizing ARDL (Autoregressive Distributed Lag) bound test, there is a prominent
relationship exists between the variables for all studied regions. Based on the estimated results,
the analysis reveals that house prices in the Izmir region are influenced by two key factors,
namely gold prices, and the general price level. In the Aydin sub-region, the study identifies a
more diverse set of variables that significantly impact housing prices, including gold prices,
exchange rates, interest rates, population, and the general price level. On the other hand, in the
Manisa sub-region, the analysis highlights three main variables that play a crucial role in
shaping housing prices: exchange rates, interest rates, and the general price level.

Based on ARDL bound test, Ali et al. (2022) showed that oil price shocks and real income have
a direct impact on housing market prices, both in the short and long run. Additionally, the
results indicate that fluctuations in gold prices have a negative impact on housing prices,
persisting in both the short and long run. As gold prices rise, there is a corresponding decrease
in housing prices. This can be attributed to various factors, such as the preferences and behavior
of investors and buyers in response to fluctuations in gold prices, as well as the specific
characteristics and trends of China's housing market.

Hepsen et al. (2012) examined the potential existence of a lasting association between
macroeconomic indicators and the property price index in Dubai. To achieve this objective, the
study analyses monthly data over a duration of eight years 2003-2010. The cointegration
analyses are employed as a methodology, the findings reveal the presence of relationship
between gold prices and Dubai residential property price index. Salisu et al. (2020) explained
that assets such as stocks, gold, and the variation in their prices affect inflation in the country
which affects the buying power and affects housing prices.

These research papers explain the relationship between the macroeconomic variable i.e., gold
and housing prices and provide significant evidence of presence of relationship between them
however the house price index predictability is still unaddressed under the assumptions of
Arbitrage Theory and machine learning techniques.
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2.4.2 Oil Prices Dynamics

Mensi et al. (2013) explained a substantial volatility spillover between oil prices and S&P 500
index. The understanding of volatility spillover is critical for investors, policy makers and risk
managers as it helps them in determining the risks associated with market fluctuations and
change their investment strategies and focus on implementing mitigation measures. Based on
VAR GARCH model, this research paper determines the highest correlation exists between
S&P 500 index and WTI index (International Oil prices index), and with gold index as well
concluded the fluctuation in these variables have direct impact on stock market index and they
have indirect impact on investors behavior and market sentiment.

Similarly, Hoesli and Reka (2013) also shared a presence of volatility transfer between REIT
(Real Estate Investment Trusts) and stock market of USA. This highlights that when oil and
gold prices experience significant fluctuations, it creates a ripple effect. These fluctuations can
directly influence the stock market, affecting investor sentiment and as a result, the real estate
market, which is closely linked to the stock market, is also subject to these effects.

By employing a comprehensive Bloomberg REIT index as their unit of analysis, this research
delves into the detailed relationship between Real Estate Investment Trusts (REITs) and
various market factors including oil prices, stock markets, bond markets, interest rates, and
inflation. Their findings suggest that REIT returns showed a positive response to expectations
of high oil prices, surpassing the impacts witnessed in the stock and bond markets. This
suggests that REITs are more sensitive or responsive to changes in oil prices than traditional
stock and bond investments.

Nazlioglu et al. (2016) aimed to establish a framework that can effectively analyze and quantify
the causal connections between oil prices and different categories of REITs. By accounting for
smooth structural changes, the model offers an enhanced understanding of how fluctuations in
oil prices influence the performance and behavior of various REIT types. By utilizing Granger
causality-type tests, which analyze the predictive ability of past oil price movements on future
changes in REIT returns, this study establishes a basis for understanding the influential
connections between oil prices and the REIT sectors. The results emphasize the notable
influence of oil price fluctuations on the performance and behavior of these various types of
REITs specifically in the healthcare, hotel, warehouse/industrial, residential, and retail sectors.

Killins et al. (2017) examined and analyzed the relationship between these housing price
indices and various measures of demand and oil supply shocks within the global crude oil
market in perspective of Canadian and USA market. Based on SVAR (Structural Vector
Autoregressive) model, this paper determines the influence of oil-specific fluctuations,
particularly related to precautionary demand, it is noteworthy that these fluctuations have a
more noticeable and significant impact on housing prices within the Canadian market
compared to the housing market in the United States. This finding suggests that the oil trading
status of a country, whether it is a net importer or net exporter, plays a crucial role in
determining the magnitude of impact on housing prices.
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Magnusson et al. (2019) explored the existence of a connection between oil prices and the
occurrence of turning points in house prices. By doing a comprehensive analysis, this research
focused on the intricate relationship between oil prices and both the increasing trends and
critical junctures within the housing market. The findings presented in this study are derived
from quarterly data encompassing the period from 1990 to 2018, specifically focusing on the
Scandinavian countries. The linear regression model was utilized and incorporate
macroeconomic indicators such as oil rate and logit model used to analyze the relationship
between oil prices and house prices. The results of the analysis indicate a positive correlation
between house price inflation and oil prices, leading to the conclusion that there is substantial
evidence supporting the notion that fluctuations in oil prices significantly impact the real estate
market.

These research papers investigate the connection between macroeconomic variables,
specifically international oil rate, and housing prices. They present compelling evidence
supporting the existence of a relationship between these variables. However, one aspect that
remains unexplored is the predictability of the house price index within the framework of
Arbitrage Theory and machine learning techniques.

2.4.3 Inflation Rate Dynamics

The impact of the inflation rate on the house price index is not uniform across all circumstances
and may vary based on specific economic conditions, policies, and market dynamics. The
research and data analysis plays a crucial role in gaining valuable insights into the precise
quantitative relationship between inflation and housing prices. This aid in comprehending the
magnitude and direction of this impact, offering a more comprehensive understanding of how
inflation affects the fluctuations in the housing market.

Korkmaz et al. (2019) examined the potential impact of inflationary impact on the housing
price index (HPI) in the context of Turkey. For the purposes of this study, comprehensive data
from 26 regions of Turkey spanning the period between 2010 and 2019 has been employed.
The study incorporates not only the house price index, but also consumer price index. The
findings of the study, as determined by the Konya Causality test, suggested that to maintain
stability in the real estate market, it is crucial to effectively manage and control the inflation
rate. The results indicate a significant relationship between inflation and the real estate market,
indicating that fluctuations in inflation can have an impact on the stability of housing prices.

In a study conducted by Kuang et al. (2015), the focus lies on examining the connection
between inflation rates and housing prices specifically in the urban areas of China. The study
encompasses a comprehensive dataset comprising information from 35 major cities across
China. The data utilized for analysis covers a substantial timeframe ranging from 1996 to 2010.
Utilizing a four-sector general equilibrium framework that encompasses firms, constructors,
customers, and the central bank, this study examines the evidence of the relationship between
inflation and housing prices. By considering the interactions and interdependencies among
these key actors, the study aims to shed light on the dynamics between inflation and housing
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prices. The findings of the study provide compelling evidence of a robust positive relationship
between inflation and housing prices. These results suggest that as inflation increases, housing
prices tend to exhibit a noticeable upward trend.

Zeitz et al. (2008) established a link between previous research conducted on a smaller dataset
of houses and the findings obtained from analyzing a much larger sample of 136,000 houses
located in the Jacksonville area. The study primarily focuses on utilizing time series data to
investigate the relationship between inflation and the selling prices of houses over a specific
period. By employing quantile regression analysis, this study examines whether inflation
affects low-priced and high-priced houses similarly or if there are differential impacts. the
study concludes that inflation exerts an equivalent impact on houses across different price
ranges, suggesting a uniform relationship between inflation and housing prices irrespective of
the price category.

TITMAN et al. (1982) developed an equilibrium model whose purpose is to examine the
variation in inflation rate and its corresponding impact on housing sector.
The model used in this study aims to estimate and quantify various aspects related to housing
consumption. It specifically focuses on determining the quantity of housing services consumed
by individuals, as well as identifying those who own or rent their homes. Additionally, the
model seeks to assess the extent of rental property ownership among individuals. To achieve
this, the model incorporates individual characteristics, such as demographics or socioeconomic
factors, as well as factors like anticipated inflation rates and tax rates. By considering these
variables, the model further examines how rental rates and purchase prices of housing are
influenced

Based on findings of the study, it demonstrated that due to the lack of indexing in the U.S. tax
system for inflation rate changes, an increase in the expected inflation rate leads to a rise in real
housing prices while causing a decline in real rental rates. This implies that the purchasing
power of housing increases as inflation expectations rise. However, it is important to consider
the elasticity of housing supply. If the supply of housing can respond to changes in demand,
the consumption of housing services will also increase. In conclusion, the findings suggest that
the interaction between inflation expectations, housing prices, rental rates can significantly
impact housing consumption patterns and affordability.

Habanabakize et al. (2022) aimed to examine the impacts of inflation (measured by the
consumer price index), interest rates, rental prices, and political risk on housing prices. The
analysis is conducted using a comprehensive dataset comprising monthly data from January
2002 to December 2019. The study employs a combination of statistical techniques, including
the VAR (Vector Autoregressive) model, the Johansen test for cointegration, VECM (Vector
Error Correction Model), and Granger causality test. The findings of the study reveal that
inflation, interest rates, rental prices, and political risk significantly influence housing prices in
both the short run and the long run. Based on these findings, the researchers suggest that
maintaining stability in the inflation rate, interest rates, and political situation is crucial to
improve the housing market and achieve stability in real estate market.
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Melnychenko et al. (2022) examined the interdependence between inflation rate and real estate
market by analyzing the data of Poland real estate market. The study focused on analyzing the
quarterly fluctuations in the average price of 1 square meter of housing across Poland's eight
largest cities during the period spanning from 2009 to 2021. The analysis utilized a panel model
based on regression analysis method, where variations in the price of one square meter of
housing were examined as a function of changes in corresponding inflation. To further optimize
the model and ensure consistency piecwise linear model was used in study and findings of
study concluded that with the increase in inflation, the housing prices in largely all major cities
of Poland increased and in only once city the impact was not prominent.

These research papers focused into the correlation between inflation rate, a macroeconomic
variable, and housing prices, and providing substantial evidence in support of their
interdependence. However, an area that has yet to be thoroughly examined is the predictability
of the house price index. This aspect, which remains unaddressed within the assumptions of
Arbitrage Theory and machine learning techniques, presents a avenue for further exploration
and investigation.

2.4.4 Exchange Rate Dynamics

The exchange rate represents the value of one currency in terms of another currency. It is
determined by various factors such as supply and demand dynamics, interest rate differentials,
economic conditions, and market sentiment. The influence of the exchange rate on the house
price index is not a straightforward relationship, as it can be affected by and interplay with
various other economic factors. These factors include but are not limited to interest rates,
inflation levels, and government policies. The complex dynamics and interactions among these
variables necessitate a comprehensive analysis to fully understand the combined effects on the
housing market.

Yang et al. (2012) aimed to investigate the connection between the real effective exchange rate
of the Chinese currency (RMB) and housing prices. Based on the VAR (Vector Autoregressive)
test, this study utilizes data with range of 2007-2010. The concluded findings vary for two
scenarios: impact in long run and impact in short run. The model indicates a high accuracy in
capturing the relationship between the variables under analysis. The linear fit of the model
explains the influence and correlation between the two variables.

In the short run, an increase in housing prices leads to a decrease in the value of the RMB
exchange rate, indicating a inverse relationship. However, in the long run, the impact of real
estate prices on the RMB exchange rate turns positive, suggesting a direct relationship.

Bahmani-Oskooee et al. (2018) examined the relationship and assess the impact either
fluctuations in exchange rate impact the housing prices in OECD countries or not. This study
incorporates the quarterly data from 1994 to 2016 to do this analysis. Based on Granger
causality approach this has identified that in half of samples housing prices impacting the
exchange rate while in other cases exchange rate is impacting the housing prices.

The study conducted by Yamaka et al. (2022), focused on exploring the interrelationship
between exchange rates and the real estate market. The primary objective is to analyze this



KINZA NISAR THESIS WRITING

connection during periods of economic expansion and contraction. Using Granger causality
tests, the researchers discovered compelling evidence of a significant relationship between
exchange rates and housing prices. This relationship was found to be more pronounced during
periods of economic expansion compared to periods of economic contraction. The consistent
nature of this relationship was observed over an extended period, except for two specific time
periods: 1998-1999, marked by a significant financial crisis in Asia, and 2008-2009, which
witnessed one of the most severe financial crises in the history of the United States. The
findings of this study shed light on the dynamic association between exchange rates and the
real estate market, emphasizing their interdependence.

Marsel et al. (2022) focused on investigating the influence of various macroeconomic
indicators, including the inflation rate, exchange rate, GDP, interest rate, and real estate, on the
Indonesian stock exchange indexes. The study period spans from 2011 to 2019, and a total of
36 samples were collected using the saturated sampling method.

Using the multiple regression method, the researchers analyzed the data and derived significant
findings. Specifically, they observed a notable negative relationship between the exchange rate
and the real estate indexes listed on the Indonesian stock exchange. This indicates that changes
in the exchange rate have an impact on the performance of the real estate sector within the
stock market.

Njoroge et al. (2019) investigated the impact of the exchange rate on the residential property
market in Kenya. To achieve this, the researchers collected and analyzed secondary data from
the first quarter of 2005 to the fourth quarter of 2018 using a secondary data collection sheet.
To obtain the most accurate and reliable results, the study employed various statistical tests and
diagnostic tests. Specifically, a Vector Error Correction Model (VECM) was utilized to
examine the short-run relationship between the exchange rate and the performance of
residential properties, while an Auto-Regressive Distributed Lag (ARDL) model was
employed to explore the long-run relationship.

The findings of the study revealed that the exchange rate had a negative impact on the
performance of residential properties in Kenya in the short run. However, in the long run, the
exchange rate was found to have a positive effect on the performance of residential properties.

The findings of these papers provide strong evidence supporting the existence of a connection
between explanatory and dependent variable. However, there is still a research gap when it
comes to understanding the predictability of the house pricing using Arbitrage Theory and
machine learning techniques. This aspect requires further investigation to better comprehend
how these advanced methods can contribute to forecasting the behavior of the house price
index.

2.4.5 Stock Price Dynamics
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The stock rate, often measured by reputable stock market indices such as the S&P 500, reflects
the overall performance and fluctuations of publicly traded stocks. It is influenced by factors
such as investor sentiment, corporate standing in market, economic indicators, and global
market conditions. The remarkable progress and expansion of Asia's economy have resulted in
a notable appreciation of both the stock and real estate markets within the Asian region. This
upward trend has captured the attention and interest of investors worldwide, who recognize the
potential for significant returns and growth in these markets.

Lin et al. (2011) examined the relationships between stock rate and real estate market and
specifically targeted Asian countries such as Taiwan, China, South Korea, Japan, Hong Kong,
and Singapore. Due to expansion of Asian market in recent years, the investors keen to
diversify their portfolios and aim for maximum returns. The findings of this study indicates
that there is interdependence exists between stock rate and real estate in Japan while limited
interdependency exists between them in other Asian countries such as Taiwan, China and Hong
Kong. For Singapore and South Korea, it provides potential chance for diversification of
portfolios and investment avenues for keen investors.

Another interesting scenario emerged from this analysis is that sometimes stock market leads
the real estate market in some countries while in other countries real estate market takes the
precedence therefore this implies that there exists a relationship and dependency between stock
rate and real estate market.

Similarly, Yousaf et al. (2020) analyzed the dependency existence between stock rate and real
estate market of Pakistan. The data collected from four big cities of Pakistan i.e., Karachi,
Rawalpindi, Lahore, Islamabad. The data of plot price index and house price index of these
cities taken to find the evidence of this relationship. Based on Johansen cointegration test, this
showed that the stock markets are linked with the real estate market. Furthermore, the study
reveals that in the long run, there is a causal relationship from most house markets to the stock
market, indicating that changes in the housing market have an influence on the stock market
over a period. On the other hand, in the short run, the study finds evidence of a causal
relationship from most plot markets to the stock market. This implies that in the short term,
fluctuations in the plot market tend to impact the stock market. Overall, these findings suggest
that the real estate market, both in terms of houses and plots, exhibits a leading role in driving
changes in the stock market in Pakistan.

Apergis et al. (2011) investigated the interdependency of real estate market and stock market.
This study utilizes data of USA and UK starting from 1985 to 2006 and analyzed both markets.
Based on cointegration analysis and error correctness techniques to ensure consistency, the
findings of the study reveal a strong degree of integration between these two markets,
indicating that they are closely interconnected and influence each other's behavior.

In the study conducted by Ali et al. (2017), the researchers explored the causal dependency
between the stock market and real estate market across various European countries. The
analysis is based on a dataset comprising monthly data from 22 European countries, spanning
the period from 2007 to 2010. The main objective of this study is to examine the presence of a
relationship between these two markets, both in the short run and the long run. Using the
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dynamic Ordinary Least Squares (OLS) approach, the researchers uncover interesting findings.
They observed a positive relationship between the stock market and real estate market in fifteen
of the examined countries. However, in five countries, a negative relationship is observed.
These results suggest that there is indeed a causal relationship between these variables, but the
direction of influence differs depending on the specific country and the time frame analyzed.

The study finds that in the long run, the stock market and real estate market has bidirectional
causality. On the other hand, in the short run, the stock market continues to lead the real estate
market. These findings highlight the importance of considering both the short-term and long-
term dynamics when analyzing the relationship between the stock market and real estate market
in European countries.

In a study conducted by Batayneh et al. (2015), the researchers investigated the presence of a
causal relationship between the stock market and housing prices in Saudi Arabia. The yearly
data of Saudi Arabia collected starting from 1985 till 2012. By employing Granger causality
and VAR (Vector Autoregression) tests, the analysis revealed that both the stock rate and
economic growth have a significant impact on determining housing prices. The findings of the
study indicated the existence of a causal relationship between the stock rate and housing prices,
with the stock market playing a more prominent role in driving fluctuations in housing prices
compared to economic growth.

These research papers present compelling findings that establish a strong relationship between
macroeconomic variables, specifically the stock rate, and housing prices. However, there
remains a gap in current research regarding the predictability using Arbitrage Theory and
machine learning techniques.

2.4.6 Interest Rate Dynamics

The impact of the macroeconomic indicator, specifically the interest rate, on the housing price
index refers to how variation in interest rates influence the overall movement of housing prices.
The interest rate plays a significant role in the housing market as it affects the cost of borrowing
money for purchasing a home.

When interest rates are low, it becomes more affordable for individuals to apply for loans to
finance their home purchases. This increased affordability leads to higher demand for housing,
which, in turn, can drive up housing prices. Lower interest rates also make it more attractive
for investors to enter the housing market, further helped in price increase.

On the other hand, when interest rates rise, borrowing becomes more expensive, reducing the
affordability of housing. This can impact demand and slow down the pace of housing price
increases. Higher interest rates can also lead to a decrease in economic and investment activity
in the housing market, as the cost of borrowing becomes less favorable.

Chen et al. (2022) indicated that the deposit interest rate has a substantial impact on housing
prices and the overall activity in the real estate market. Furthermore, it is observed that an
elevated level of deposit interest rate leads to a more effective regulation of house prices.
Additionally, this higher interest rate serves as a deterrent against market bubbles, effectively
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curbing excessive and unsustainable price growth. In summary, the study highlights the crucial
role played by the deposit interest rate in shaping housing prices, market activity, and the
prevention of anticipated bubbles in market.

Similarly, the evidence of this relationship validated from Vietnam. In Vietnam, Ho chi minh
city is one of big economic powerhouse of country and lot of people tend to live in this city to
drive economic activity. The purchase of house is difficult due to persistent housing prices
fluctuations.

Bui et al. (2020) examined the impact of interest rate on housing prices in the city. The quarterly
data of city collected from 2009 till 2018. The aim of this study to analyze the impact in both
short and long run. Based on ARDL (Auto Regressive Distributed Lag) approach, the findings
showed that variation in housing prices in city significantly caused by interest rate in both short
and long run. Additionally, its specified that there is a positive impact on housing prices by
interest rates in short run while impact changed to negative when analyzed in long run,
providing evidence that there is interdependency between these variables.

The research conducted by Shi et al. (2014) focused on investigating the real estate market in
New Zealand and aims to examine the relationship between interest rates and housing prices.
The study utilized a dataset spanning from 1999 to 2009, during which the fluctuations in
interest rates were influenced by various economic factors. Through their analysis, the
researchers discovered a significant positive correlation between interest rates and housing
prices. This implies that as interest rates increase, there is a corresponding upward movement
in housing prices. The findings suggest that changes in interest rates play a crucial role in
shaping the dynamics of the housing market in New Zealand.

Lin et al. (2021) investigated the housing market in Hong Kong and analyze the price
fluctuations in real estate market. The data of price variations collected starting from 1981 to
2001. The influence of interest rates on housing prices exhibits a distinct pattern, particularly
in the period before 1997 when inflationary situation was prevalent. During this time, interest
rates were found to have a significant positive impact on housing prices.

In the study conducted by Zhang et al. (2017), the focus was on analyzing the relationship
between real interest rates and housing prices in China using quarterly data. The researchers
employed a Vector Error Correction (VEC) model to investigate this relationship and draw
conclusions. The findings of the analysis revealed that there is a negative impact of interest
rates on housing prices in the long run. This suggests that as interest rates increase, housing
prices tend to decrease. However, in the short run, there were some indications of a positive
impact of interest rates on housing prices. This means that in the short term, an increase in
interest rates may lead to an initial rise in housing prices.

The VEC model allowed for the examination of both the long-term equilibrium relationship
and the short-term dynamics between real interest rates and housing prices. It provided insights
into the adjustments that occur in the housing market over time in response to changes in
interest rates.
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Above mentioned research papers provided enough evidence that interest rate has relationship
with housing prices and any fluctuation in interest rate cause fluctuation in house price index
as well. This relationship should be studied under the assumptions of Arbitrage theory to
explore predictability further.

The provided research papers examine the relationship between macroeconomic variables,
such as gold prices, oil rates, inflation rate, interest rate, exchange rate and housing prices.
They highlight the influence of these factors on the housing market and provide insights into
the dynamics of their interconnections. They highlight the importance of managing and
controlling these macroeconomic factors to maintain stability & economic activity in the real
estate market. These studies highlight the interdependencies and causal relationships between
these variables, both in the short run and the long run. The studies employ various
methodologies including VEC models, ARDL bound tests, VAR GARCH models, and SVAR
models to analyze the relationships and quantify their impacts.

The research conducted in Asian countries such as Taiwan, China, South Korea, Japan, Hong
Kong, and Singapore suggests that there is interdependence between the stock rate and real
estate market in Japan, while limited interdependency exists in other Asian countries. These
findings provide potential opportunities for portfolio diversification and investment avenues
for keen investors. Similarly, studies conducted in Pakistan, European countries, Saudi Arabia,
Vietnam, New Zealand, and China indicate that there is a significant relationship between the
stock rate, interest rate, and housing prices in these regions. In some cases, the stock market
leads the real estate market, while in others, the real estate market takes precedence.
Additionally, the impact of interest rates on housing prices can be both positive and negative,
depending on the short-term or long-term dynamics.

Predicting house prices is a complex task that involves analyzing various economic indicators,
market dynamics, and policy factors. Arbitrage Theory, which is based on the principle of
eliminating risk-free profit opportunities, can potentially be applied to forecast housing price
movements by considering factors such as interest rates, inflation, and market inefficiencies.
On the other hand, machine learning techniques offer a data-driven approach to predict house
prices. These techniques involve training models on historical data and utilizing algorithms to
identify patterns and relationships between variables. By considering factors such as inflation,
exchange rates, interest rates, housing market indicators, and socioeconomic factors, machine
learning models can learn to make predictions about future house price movements. Combining
Arbitrage Theory and machine learning techniques could potentially enhance the accuracy and
robustness of house price predictions. However, there remains a gap in current research
regarding the predictability of housing prices using Arbitrage Theory and machine learning
techniques. Further exploration of these approaches could provide valuable insights into the
predictability and forecasting of housing price movements based on macroeconomic variables.

2.5 Underlying Theories
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There are several theories which can explain the trend of population migrating to urban cities
from rural areas and how prices soared due to high demand of housing once this population
reach urban destinations.

The Supply and Demand Theory explained the relationship between price of a product and
people willingness to buy or sell it. With the increase in price of product, supply increases
while demand decreased and vice versa. This theory explained the high prices of housing in
urban cities. As stated earlier that people opt for better quality of life and better growth
opportunities for better lifestyle for their family so percentage of migrating people increased
and their demand for housing also increased. Due to limited land in business hubs of cities the
housing prices are way more than the outskirts of cities owing to low demand.

Arbitrage Theory: This theory explained that how market participants exploit price variations
to make risk free profits. There are certain key elements of this theory

e Markets are efficient and price will adjust to reflect all available information
e Price variation occurred due to multiple factors and create opportunities for arbitrage
e Prices will revert quickly to their equilibrium levels

In the context of housing prices, arbitrage theory suggests that changes in macroeconomic
indicators can create opportunities for investors or market participants to capitalize on price
differentials between housing markets or properties.

For example, if interest rates are expected to decrease, arbitrage theory suggests that housing
prices may increase due to increased affordability and demand. In this scenario, investors may
seek to purchase properties in anticipation of future price appreciation.

Arbitrage theory also considers other macroeconomic indicators that can influence housing
prices, such as inflation rates, exchange, and interest rate. High inflation rates may impact the
purchasing power of potential homebuyers, leading to fall in housing prices.

It's important to note that arbitrage theory relies on the assumption of market efficiency,
meaning that prices in the housing market should accurately reflect all available information.
However, in practice, markets may not always be perfectly efficient.

2.6 Theoretical Framework

The primary emphasis in this study is on the predictability aspect, and therefore, the study will
not be specifically examining or incorporating mediator or moderator variables within the
scope of our thesis. Our research objective is centered on developing predictive models and
analyzing the factors directly influencing the phenomenon under investigation, rather than
exploring the potential mediating or moderating factors that may be involved.
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IVs (Independent Variables) DV (Dependent Variable)

Gold Price House Price Index

Oil Price

Stock Price

Exchange Rate

Interest Rate

Inflation Rate

The theoretical framework states the independent and dependent variables and explains how
each independent variable is explaining the variation and affecting dependent variable. In this
model, the independent variables are exchange rate, gold rate, stock rate, oil prices, inflation
rate and interest rate while dependent variable is house price index.

2.7 Hypothesis

The hypotheses will be structured to explore the specific impacts of selected macroeconomic
indicators, such as gold prices, oil prices, stock rate, exchange rate and interest rate on housing
prices.

H1: The change in oil price has effect on the change in housing prices

H2: The change in interest rate has effect on the change in housing prices
H3: The change in stock price has effect on the change in housing prices
H4: The change in gold price has effect on the change in housing prices
H5: The change in inflation rate has effect on the change in housing prices

H6: The change in exchange rate has effect on the change in housing prices

2.8 Chapter Summary

This chapter discussed in detail about different approaches being used to calculate house price
index and comparative analysis of currently used house price indexes around the world. This



KINZA NISAR THESIS WRITING

examined the supporting literature thoroughly regarding impact of macroeconomic indicators
on housing prices and found conclusive evidence of existence of relationship between
independent and dependent variable. The two theories discussed on basis of which literature
review validated
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CHAPTER 3: METHODOLOGY

This chapter focused on research methodology, dataset collection and preprocessing
approaches. The removal of multicollinearity discussed, and machine learning algorithms
thoroughly explained in terms of actual implementation and enhancements in performance with
utilization of hyperparameters. The measures which will be utilized to measure predictive
prowess also incorporated in this chapter.

3.1 Data collection

The data of macroeconomic indicators (gold price, oil price, exchange rate, stock price,
inflation rate, interest rate) of three countries China, India and Pakistan collected from multiple
resources and aligned to consolidate into primary data. Managing the availability of data for
all selected macroeconomic indicators in three different countries was challenging, so data had
to be extracted from multiple sources. The data sources mentioned below

e Thegolbaleconomy.com
e Investing.com

e Zameen.com

e rateinflation.com

e fxempire.com

e finance.gov.pk

The duration of collected data alongside its frequency and uniqueness of data mentioned below

e Duration: May 2013 to April 2023

e Frequency: Monthly

e Data Files: Individual excel files (Pakistan, China, India)

e Countries: China, India, and Pakistan

e Unique dataset: Exchange rate, Stock price, Inflation rate, Interest rate
e Shared dataset: International oil prices, international gold price

The dataset of oil prices and gold prices are shared between three countries. For oil prices,
Brent oil considered as standard for setting international oil prices therefore historical data of
brent oil prices considered for this research. Similarly regrading gold prices, LBMA considered
as standard for international gold prices and historical data being utilized for this study.

The other macroeconomic indicators such as exchange rate, stock price, inflation rate and
interest rate of each country differentiated from each other, and their unique values
incorporated for China, India and Pakistan.

3.2 Sample Structure

This study includes the dataset of three south Asian countries, China, India, and Pakistan. The
aim of this study is to determine the causal relationship between macroeconomic indicators and
house price index of these countries. Kumar et al. (2003) also examined the power cycle of
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these countries at regional and global politics stage amid uncertainties and instabilities in these
countries.

China is amongst the leading economic powerhouse and experienced a significant and robust
growth over a past decade or so. It has maintained a trade surplus economy and have a growing
middle class and remarkable infrastructure.

India is seventh largest economy in the world but in comparison to China it has steady growth
and moving at moderate pace. The country is facing trade deficit, but deficit is on continuous
decline in recent years.

Pakistan is facing crucial crisis regarding economic activities in the country and have severe
trade deficit and external debt issues. The macroeconomic indicators are severely impacted by
the risk of default at hand.

While China, India, and Pakistan are geographically close, they have distinct cultural
differences. However, India and Pakistan share some cultural similarities due to their historical
connections. Both countries also face similar issues. In Pakistan, the real estate industry
remains robust despite the country's challenging economic situation. Hence, this study focuses
on these culturally unique yet similar countries with the potential to become economic
powerhouses in the future. The aim is to analyze the impact of macroeconomic indicators on
house price indexes in these countries using relevant datasets.

3.3 Data Preprocessing

The data of different sources merged into one consolidated primary excel sheet and loaded to
perform the preprocessing and analysis parts. In dataset there are some instances where data
was null and was not present in source as well. e.g., The house price index of countries
extracted from source on quarterly basis as availability of daily was limited to recent years
only. Therefore, percentage change of values between one quarter to another quarter calculated
to fill the gap between two quarters.

%Change Q = (Present Quarter Value — Previous Quarter Value / Previous Quarter Value) / 3

The above formula returns the outcome of % change between two quarters. Now to fill values
in empty fields between two quarters following formula utilized

Previously available Quarter value + (Previously available Quarter value * % Change Q)

The outcome of this statement filled the blanks in the data and this approach utilized in whole
sheet for the house price indexes. Prior to this approach another approach utilized to fill the
gaps between filled cells which were forward filling and backward filling approach. In this
approach, if current value is null then previous value inserted into current empty cell making it
forward filling approach while in backward filling approach, post current value copied and
inserted into current value to fill the gap. The limitation of this approach is that once same
value filled in series then any calculation which includes the combination of previous and
current value remained void as desired outcome couldn’t retrieve further impacting the analysis
of study.
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3.4 Multicollinearity

The dataset contains multicollinearity when there is significant relationship exists between
explanatory variables which impacts the predictive accuracy of the model. The focus of study
is to explain the variation in target variable but with this anomaly, the impact of each
independent variable on dependent variable cannot be calculated with accuracy. This caused
standard errors to increase, and unreliable results processed. Shrestha et al. (2020) stated that
multicollinearity impacts the explanatory variables in such a way that even significant variable
became insignificant to the model. The other major impact is of overfitting where model gave
good results on training set but once model exposed to testing or new dataset then model gave
sharply different result which caused huge difference in actual and predicted values.

In this study, the same issue of multicollinearity was prevalent in the dataset and all value of
variables have VIF (Variance Inflation Factor) greater than 10 showing high level of
collinearity between independent variables. In dataset, amongst independent variables, interest
rate and inflation rate have data in percentage whereas other indicators have their own measure
of units.

Exchange 139.07
Qil 23.73
Gold 100.35
Stock 31.48
Inflation 38.95
Interest 6.21

To develop same scale for all explanatory variables and remove multicollinearity from dataset,
natural logarithm (LN) applied on each variable

Gold Price

The explanatory variable of gold price has high value of 100.35 which shows high level of
collinearity between independent variables. To remove collinearity the impact of change in
independent variable on change in house price index calculated. The natural logarithm applied
on division of current gold price value and previous gold price value which is mentioned below

A Change in Gold Price = LN (Current Month Gold Price / Previous Month Gold Price)

QOil Price

The explanatory variable of oil price has high value of 23.73 which breached the minimum of
limit value 10, showing existence of collinearity between independent variables. To remove
collinearity the impact of change in independent variable on change in house price index
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calculated. The natural logarithm applied on division of current oil price value and previous oil
price value which is mentioned below

A Change in Oil Price = LN (Current Month Oil Price / Previous Month Oil Price)

Stock Price

The explanatory variable of stock price has high value of 31.8 which shows high level of
collinearity between independent variables. To remove collinearity the impact of change in
independent variable on change in house price index calculated. The natural logarithm applied
on division of current stock price value and previous stock price value which is mentioned
below

A Change in Stock Price = LN (Current Month Stock Price / Previous Month Stock Price)

Exchange Rate

The explanatory variable of exchange rate has exuberant high value of 139.07 which shows
high level of collinearity between independent variables. To remove collinearity the impact of
change in independent variable on change in house price index calculated. The natural
logarithm applied on division of current exchange rate and previous exchange rate value which
is mentioned below

A Change in Exchange Rate = LN (Current Month Exchange Rate / Previous Month Exchange
Rate)

House Price Index (HPI)

The house price index variable is target variable of this study and to enable percentage change
on all variables and align them on same scale, the natural logarithm applied on division of
current month house price index value and previous month house price index value which

A Change in House Price Index = LN (Current Month HPI / Previous Month HPI)

With the use of natural algorithm on independent (stock price, oil price, gold price, exchange
rate) and dependent variable (house price index), the VIF value significantly decreased, and it
became less than 10 for al variables. The following results calculated post implementation of

natural logarithm

Exchange 139.07 1.28

Oil 23.73 1.168
Gold 100.35 1.029
Stock 31.48 1.269
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Inflation 38.95 2.58
Interest 6.21 2.43

Now the multicollinearity between independent variables removed and this study can
determine the individual variable impacts on target variables.

3.5 Analysis & Estimation Techniques

This study emphasized on determining the causal relationship between explanatory variables
and target variable and assess the impact of each macroeconomic indicator on housing price
index of three countries. The analysis and estimation approaches refer to set of methods being
utilized to analyze the dataset thoroughly, utilized hyperparameters to enhance predictive
performance and apply estimation measures to perform comparative analysis of algorithms.
This study employed two machine learning models namely Random Forest and XGBoost to
perform required predictions on selected dataset.

3.5.1 Random Forest

In implementation phase, Random Forest will be used which is widely used supervised
machine learning algorithm and most preferrable to solve classification and regression
problems. This algorithm comprises a subset of decision trees, and the more trees we include,
the more accurate our predictions of the dependent variable become. Random Forest utilizes
an averaging method across the data subsets and combines multiple classifiers to address
complex problems. It builds upon the implementation of decision trees and operates as an
ensemble method, leveraging the combined predictions of various decision trees to produce
more precise results. It is important for Random Forest to perform well that the variables
involved have low correlation with each other. The major advantage of using this algorithm is
to cater overfitting issue where model gave accurate results in training but failed to perform in
testing data. Another advantage of this model that it can capture non-linear and complex
relationships better than others in most cases. Song et al. (2021) employed four machine
learning approaches to determine the pressure sore and findings concluded that random forest
performed better amongst all employed methods.

Feature Importance

The purpose of this study is to determine the relationship between explanatory and target
variables. The random forest method provides a way to perform the feature importance
approach and identify the key features of the model who are contributing more to the prediction
of target variable. The feature importance can be calculated by evaluating decrease in impurity
in each node of decision tree. This also involved the node probability which can be determined
by total count of samples that reach the node and divided by total number of samples. The
higher the outcome of this calculation, more important that feature will be to the model.
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Model based on Gini impurity to determine the feature importance

where

Gini Impurity = Ziczlfi(l — fi)

C represents count of unique labels

fi represents the frequency of a label

Where

RFfi

RFfisub(i) =Y. j € all trees * normfi sub(ij) /T

T represents total count of trees
sub(i) represents importance of feature calculated from all trees

normfi sub(i,j) represents normalized feature importance in the tree

Hyperparameters

To further increase the performance of this algorithm, the hyperparameters can be further
analyzed and values can be changed as per requirement of model. The following values needs
to be changed to improve the prediction prowess. The commonly used hyperparameters which
were utilized in this study as well mentioned below

N_estimators: This includes the total number of decision trees to be included in the
model. The increase in number of n_estimators have direct relationship with
performance of the model but in case the number of trees included are of large count
then it increases the computational complexity of the model and consequently impact
the performance of the model.

Min_samples_split: This involves the minimum samples required to do the split at node
level. With the increase in its value the overfitting issue in model can be resolved.
Min_samples_leaf: This involves the minimum samples required to be available on leaf
node. This also helped in resolving overfitting issues of the model.

Max_features: This involves the maximum number of features to be considered. The
lower value helped in reducing correlation amongst trees whereas the higher value can
increase the computational complexity.

Max_depth: This involves the maximum depth allowed for each tree in the model. In
case depth is large then complexity will be increased, and it can lead to overfitting
issues.

Bootstrap: This involves data sampling with replacement and consequently helped in
enabling randomness in the model.

The optimal values of tuning of these hyperparameters vary as per dataset and acceptable
tradeoffs.

3.5.2 XGBoost

XGBoost also called Extreme Gradient Boost is an extension to gradient boost decision tree to
enhance performance and accuracy of model. This is based on decision tree algorithms and
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focuses on ensemble learning which is to enhance accuracy of prediction by ensemble of
relatively less accurate models. This has three main components

e Loss Function: This determines the performance of model in terms of accuracy with
existing data and this will determine the difference between observed and predicted
values

e Weak Learner: This is used for classification of data with high error rate and weak
accuracy

e Additive Model: This is used for addition of models on incremental basis and reach
towards final model

This model used enhanced regularized model to resolve overfitting issues. It can effectively
determine the complex relationship between independent and target variable with better
accuracy. In case of small dataset, these models prone to overfitting when model is not properly
regularized. Ibrahem et al. (2021) employed multiple models such as SVM, XGBoost and
neural networks to predict correct groundwater level in Malaysia. The results showed that
XGBoost performed significantly better than neural networks and SVM (support vector
machines) in various situations.

Feature Importance

The feature importance in XGBoost algorithm is based on gain concept which is responsible
for the improvement in objective function of the model. The gain in XGBoost represents the
relative importance of a feature in the model. It is calculated by considering the contribution
of each feature for each tree in the model. If a feature has a higher gain value compared to
another feature, it indicates that the former is more significant in generating predictions.
Essentially, the gain helps us understand the importance of different features relative to each
other within the XGBoost model. The ranking of most impacting features calculated in the code
of this study, and it’s attached in Annex.

Hyperparameters

To make the XGBoost algorithm perform better, it is important to analyze and tweak the
hyperparameters according to the specific needs of the model. Changing the values of the
following hyperparameters can help improve the accuracy of predictions. These
hyperparameters are commonly used and few of them were also utilized in this study.

e N_estimators: This determines the number of trees to build in the model. With the
increase in number of trees the performance will be increased but at same time training
time may also increase.

e Learning_rate: This act as learning curve for the model. Usually, smaller value of
learning rate is preferred to maintain stable learning over the time. Though this requires
more iterations to align.

e Max_depth: This is commonly used hyperparameter to define the maximum depth of
the tree. More the higher value the more it has chance to capture complex relationship,
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but trade-off will be issue of overfitting therefore optimal value needed to incorporate
to avoid this issue.

e Subsample: This included the fractions of samples to be utilized in each iteration of
boosting. The value of under 1 considered optimal as it helped in randomness and
avoidance of overfitting issues.

e Colsample_bytree: This one manages the fraction of features to be utilized for each
tree. This also introduces randomness via selection of subset of features and helped in
reducing correlation issues.

e Reg_alpha, Re_lambda: These are responsible for enabling regularization (L1, L2) in
the model and their optimum values can be beneficial to avoid overfitting issues.

e Min_child_weight: This includes the minimum sum of weight required in child node
during tree development which consequently helped in sustaining model stability.

e Gamma: This involves the minimum loss reduction needed for a split to occur. The
higher values can prevent overfitting issues

The hyperparameters and feature importance techniques implemented in the model. To avoid
overfitting and generalization issues, there is a need to set optimal values of hyperparameters
to get precise and desired results.

3.5.3 Prediction Measures

These are some of machine learning algorithms which are relevant to house prediction problem
solving. The usage and selection of algorithms will be decided once best attributed selected for
feature selection. Once method selected and implemented with the steps mentioned above, the
interpretation will be the key in identifying the accuracy of results. To measure the accuracy of
results following metrics used

Mean Squared Error (MSE)

This is calculated as mean of squares of difference between actual value and the predicted

values
(yi — yi*) 2
n

The variables used in above equation explained below

yi = actual value where i IS iterative observed value
yir = predicted value of ith observation
n = number of observations
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Mean Squared Error is useful for comparing different models and assessing their performance.
However, this is to be noted that the values of MSE are in squared units, which might not be
as easy to interpret as MAE. Additionally, due to squared units, MSE can be influenced by
large errors or outliers more than MAE.

Mean Absolute Error (MAE)

Mean Absolute Error (MAE) is determined by finding the absolute difference between each
predicted value and its corresponding actual value. These absolute differences are added
together for all the samples and then divided by the total number of samples to obtain the
average.

This is calculated as mean of absolute value of difference between actual and predicted value

n

lyi — yi*|
n

=0
The variables used in above equation explained below
yi = actual value where i is iterative observed value
yir = predicted value of ith observation
n = number of observations

This method considers errors equally irrespective of size of error; therefore, this method is
suitable when all errors are considered equally important and there is no significant difference
in the importance of estimations. The lower value indicates better model performance, as it
indicates small difference between actual and predicted values.

Root Mean Squared Error (RMSE)
The root mean squared error is calculated by taking the square root of mean squared error

RMSE = sqrt (MSE)

RMSE is also sensitive to outliers or larger errors like MSE due to squaring operation. The
lower value of RMSE indicates better accuracy and overall performance of the model. RMSE
operates in the unit of target variable which enables it to better measure to interpret results in
comparison to MSE. According to Chai et al. (2014), it is stated that RMSE (Root Mean
Squared Error) outperforms MAE (Mean Absolute Error) when the error distribution follows
a Gaussian or normal distribution.
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Coefficient of determination(R”2)
This is the commonly used approach to evaluate the performance of regression model in fitting
the data. This method explains the variability of singular factor caused by its association with
another factor. The value resides between 0 and 1 and called as goodness fit. The higher the
value the more fit that model is, and variability can be explained. The low r square value is
more likely the worse result for predictive values. R square alone cannot be trusted for
determining the reliability of model as other measures needs to be considered for the accuracy
of model.

R square = Sum of squares regression / Total Sum of squares

The various performance measures are being used to evaluate the model, and the results will
be presented in the next chapter. It is important to acknowledge that each measure has its own
advantages and limitations. Therefore, it is crucial to select and utilize the measures based on
the specific requirements of the study, taking into consideration their acceptable limitations.

3.6 Chapter Summary

This chapter discusses two algorithms: Random Forest and XGBoost, which are used in the
study. The enhancements of the model are performed by tuning the hyperparameters of these
algorithms and determining key features through feature importance analysis. Additionally,
performance measure methods are discussed and employed to interpret the results. The next
chapter will focus on the discussion and interpretation of these results.

Chapter 4 Estimation and predictive modeling

In this chapter, the focus is on showing the outcomes of model iterations, specifically in
selected countries. The results deduced from training and testing datasets will be presented and
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comparative analysis of performance metrics also included. The hyperparameters of both
algorithms will tuned to enhance the accuracy and testing results will be presented in
perspective of feature importance

4.1 Model development

The objective of this study is to understand how economic factors influence house price index.
This is crucial to identify the key features that have a significant influence on the house price
index.

For data analysis, measures were taken to address multicollinearity, which refers to high
correlation amongst selected features. This was done to ensure influence of each variable on
the house price index and impact could be individually assessed.

The variables such as stock price, exchange rate, gold price, oil price, and the house price index
values were transformed using the natural logarithm. This transformation was appliedto enable
same scale across all variables. While variables such as inflation rate and interest rate were
already expressed as percentages and did not require any further transformation.

By making these modifications to the data, the study aims to establish a model that captures
how changes in the independent variables correspond to changes in the house price index. This
will enable a better understanding of the individual impact and contribution of each variable in
influencing the housing market.

A House Price Index = A (Gold Price + Oil Price + Stock Price + Exchange Rate + Inflation
Rate + Interest Rate)

4.1 Resources used for implementation

The code implementation of this study performed in python and google collab was used to
execute results which incorporates all necessary libraries. The dataset was split into training
and testing with distribution of 80% assigned to training dataset whereas 20% assigned to
testing dataset.

4.2 House Price Index Dynamics Country wise

The house price index of each country; China, India and Pakistan extracted and plotted to
analyze the performance of target variable over the years. The actual values of house price
index of each country as well as percentage change values visualized against duration of dataset
to analyze the general trend of target variable

China
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The visualizations depict the actual values of the House Price Index (HPI) for each country, as
well as the changes in house price indexes over time.

4.3 Impact of A macroeconomic indicators with A house price indexes

The impact on change in housing price index can be evaluated by assessing the change in
macroeconomic indicators. The comparison of HPI against each independent variable will be
visualized and this will be followed for each country China, India, and Pakistan
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A Stock Price -> A HPI A Inflation Rate -> A HPI
A Stock Price vs A HPI A Inflation Rate vs A HPI
0.2 0.25
0.15 02
0.1
0.05 0.15
0 0.1
-0.05
0.05
-0.1
-0.15 0
[as] <t uwn [¥a] Vo] ~ [0} [#3} o o i o~
0.2 SR S B s S
_0’05>$CSQ3>ECBQS
-0.25 Ss7z%83s3535% 24732
03 2 3888°3g8¢g8°
e HP| e Stock e HP| e | nflation
A Exchange Rate -> A HPI A Interest Rate -> A HPI
A Exchange Rate vs A HPI A Interest Rate vs A HPI
0.2 0.25
0.15 0.2
0.1 0.15
0.05 0.1
0 0.05
o n 0] o YO —
o005 % i, o KA 0
EERE Fs53¢§ MIVYS8L5 23 Q R N
01 L L8525 428 388 S 555535555853
-0.15 2 g8g8°gz38gs3°
e HP| e Exchange e H P cm— | R

The visualization of the impact of changes in macroeconomic indicators on the house price
index (HPI) of Pakistan reveals that there are occasions when these explanatory variables
project a similar effect on the HPI. However, in most cases, the substantial fluctuations in the
independent variables do not conform to an equivalent impact on the HPI.
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INDIA
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The visualization of the impact of changes in macroeconomic indicators on the house price
index (HPI) of India reveals that there are instances when these explanatory variables such as
stock price exhibit a similar magnitude of effect on the HPI. However, in most cases, the
substantial fluctuations in the independent variables do not produce an equivalent impact on
the HPI. Further Interest rate didn’t impact the change in HPI of India.

CHINA
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A Exchange Rate -> A HPI A Interest Rate -> A HPI
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Upon examining the visualizations of the relationship between changes in macroeconomic
indicators and the house price index (HPI) of China, it becomes apparent that there are limited
cases where these explanatory variables exhibit a parallel impact on the HPI. According to the
visualizations, variations in the interest rate and inflation rate fail to adequately explain the
fluctuations observed in the HPI.

4.4 Random Forest

The random forest algorithm utilized to determine the impact of explanatory variables on house
price indexes of these countries. The visualization showcases the outcomes of model training
and testing, highlights the most significant features, and provides a comparative analysis of the
actual and predicted house price indexes across these countries.

PAKISTAN

Hyperparameters utilized to further tune the results and improved the testing and training
results. The tuning of hyperparameters on Pakistan dataset set as below

n_estimators 500

min_Samples_split 15

min_samples leaf 5

max_features log2
max_depth 30
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Model Training and Testing Results

The performance measures metrics utilized to observe the performance of model in training
and testing. Following is the outcome of results obtained for Pakistan dataset

IPAKISTAN| 0.0023847| 0.0000095| 0.00307857] 0.0104409] 0.00014094] 0.011872

As per results, its observed that the model achieved low error rate between training and testing
phases and results are considerably close to actual values.

The difference in results of training and testing phase achieved post-employment of
hyperparameters. The error rate decreased across all values and percentage difference achieved
mentioned below alongside absolute difference in values

Before Hyperparameters

0.0023847

0.0000095

0.00307857

0.0104409

0.00014094

0.011872

Post Hyperparameters

0.0050207

0.000044

0.00663493

0.0080883

0.0000887

0.009423

Dafference

-0.002636

-0.0000345

-0.0035564

0.0023526

0.00005224

0.002448

% Difference Achieved

-0.263609

-0.0034543

-0.355636

0.2352579

0.00522376

0.244841

Actual HPI vs Predicted HPI

Below is the graph to show the representation of actual and predicted values of target variable
which is house price index (HPI). The results seem to be close to each other citing low error
rate
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Most important features

By utilization of feature importance implementation in random forest algorithm, the most
important features by ranking which are contributing the most change in HPI of Pakistan are
mentioned

Top 10 Feature Importance

0.00 0.05 010 015 020 025 0.30 035 0.40
Feature Importance

This is to be mentioned that in prior results before tuning hyperparameters the visualization
representing relationship between change in interest rate on change in HPI didn’t reflect much
significant contribution.

INDIA

Hyperparameters utilized to further tune the results and improved the testing and training
results. The tuning of hyperparameters on India dataset set as below

n_estimators 900

min_Samples_split 15

min_samples_leaf 1

max features log2
max_depth 70

Model Training and Testing

The performance measures metrics utilized to observe the performance of model in training
and testing. Following is the outcome of results obtained for India dataset
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0.002916| 0.0000129

India

0.003603| 0.00407{0.0000236| 0.004867

As per results, its observed that the model achieved low error rate between training and testing
phases and results are considerably close to actual values.

The difference in results of training and testing phase achieved post-employment of
hyperparameters. The error rate decreased for MSE and RMSE whereas for MAE error rate
increased by 0.13%. The percentage difference achieved mentioned below alongside absolute
difference in values

Before Hyperparameters| 0.0015318| 0.0000038| 0.0019728| 0.0040239| 0.0000241| 0.004916
Post Hyperparameters | 0.002916| 0.0000129| 0.003603| 0.0040702| 0.0000236| 0.004867
Difference -0.001384| 0.0000008| -0.00163| -0.000046| 0.0000005|0.0000486

% Difference Achieved | -0.13842]  0.00008| -0.16302 -0.0046|  0.00005| 0.00486

Actual HPI vs Predicted HPI

Below is the graph to show the representation of actual and predicted values of target variable
which is house price index (HPI). The results seem to be close to each other citing low error
rate
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Most important features

By utilization of feature importance implementation in random forest algorithm, the most
important features by ranking which are contributing the most change in HPI of India are
mentioned

Top 10 Feature Importance

Features

0.00 0.05 olo 015 0.20 0.25 030 0.35
Feature Importance

This is to be mentioned that in prior results before tuning hyperparameters the visualization
representing relationship between change in interest rate on change in HPI didn’t reflect much
significant contribution.

CHINA

Hyperparameters utilized to further tune the results and improved the testing and training
results. The tuning of hyperparameters on China dataset set as below

n_estimators 700
min_Samples split 5
min_samples leaf 1
max_features log2
max_depth 70

Model Training and Testing Results

The performance measures metrics utilized to observe the performance of model in training
and testing. Following is the outcome of results obtained for China dataset

China 0.001086| 0.0000022| 0.0014835|  0.00543| 0.0000361| 0.006011
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As per results, its observed that the model achieved low error rate between training and testing
phases and results are considerably close to actual values.

The difference in results of training and testing phase achieved post-employment of
hyperparameters. The error rate decreased in MSE while slight increase observed in MAE and
RMSE

Before Hyperparameters| 0.000719 |0.0000009 | 0.000959 | 0.00503 |0.0000304| 0.005517
Post Hyperparameters | 0.001086 |0.0000022]0.0014835| 0.00543 |0.0000361 | 0.006011
Difference -0.00036 |0.0000008 | -0.000524 | -0.000046 | 0.0000005 [-0.000494

% Difference Achieved | -0.0367 | 0.00008 | -0.05245 | -0.0046 | 0.00005 | -0.0494

Actual HPI vs Predicted HPI

Below is the graph to show the representation of actual and predicted values of target variable
which is house price index (HPI). The results seem to be close to each other citing low error
rate

Actual vs. Predicted

0.100
—— Actual

0.075 - ———  Predicted

0.050 A

0.025 A

0.000 A

Values

—0.025 A1

—0.050 A

—0.075 A

-0.100

10
Data Points

Most important features

By utilization of feature importance implementation in random forest algorithm, the most
important features by ranking which are contributing the most change in HPI of China are
mentioned
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Top 10 Feature Importance

eature Importance

This is to be mentioned that in prior results before tuning hyperparameters the visualization
representing relationship between change in interest rate on change in HPI didn’t reflect much
significant contribution.

4.5 XGBoost

The XGBoost algorithm was employed to analyze the influence of explanatory variables on
house price indexes in multiple countries. The results of model training and testing were
visualized to illustrate the outcomes. The visualization highlights the most important features
and offers a comparative analysis of the actual and predicted house price indexes across the
countries.

PAKISTAN

The hyperparameters were adjusted to optimize the results and enhance the performance of
training and testing on the dataset specific to Pakistan. The tuning of hyperparameters aimed
to improve the accuracy and reliability of the model's predictions for the Pakistani dataset.

n_estimators 500

min_child weight 5
max depth 30

Model Training and Testing Results

The difference in results of training and testing phase achieved post-employment of
hyperparameters. The error rate decreased in MSE while slight increase observed in MAE and
RMSE, the percentage difference achieved mentioned below alongside absolute difference in
values



KINZA NISAR THESIS WRITING

Training 0.0004597( 0.0000005| 0.000713
Testing 0.0103968( 0.0001473| 0.012137
Difference -0.009937( 0.0000008| -0.01142

% Difference Achieved| -0.99371 0.00008| -1.1424

Actual HPI vs Predicted HPI

Below is the graph to show the representation of actual and predicted values of target variable
which is house price index (HPI). The results seem to be close to each other citing low error
rate

Actual vs. Predicted
0.100

—— Actual

0.075 - ——— Predicted

0.050 +

0.025 A

0.000 A

Values

—0.025 A

—0.050 A
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—0.100

o 5 10 15 20
Data Points

Most important features

By utilization of feature importance implementation in random forest algorithm, the most
important features by ranking which are contributing the most change in HPI of Pakistan are
mentioned

Top 10 Important Features

IR

Inflation

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Importance

This is to be mentioned that in prior results before tuning hyperparameters the visualization
representing relationship between change in interest rate on change in HPI didn’t reflect much
significant contribution.
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INDIA

The hyperparameters were adjusted to optimize the results and enhance the performance of
training and testing on the dataset specific to India. The tuning of hyperparameters aimed to
improve the accuracy and reliability of the model's predictions for the Indian dataset.

n_estimators 500

min_child weight 15
max_depth 30

Model Training and Testing Results

The difference in results of training and testing phase achieved post-employment of
hyperparameters. The error rate decreased in MSE while slight increase observed in MAE and
RMSE, the percentage difference achieved mentioned below alongside absolute difference in
values

Training 0.0011698| 0.0000022{ 0.001501
Testing 0.0047157| 0.0000361| 0.006016
Difference -0.003546| 0.0000008| -0.00452

% Difference Achieved| -0.35459| 0.00008| -0.45156

Actual HPI vs Predicted HPI

Below is the graph to show the representation of actual and predicted values of target variable
which is house price index (HPI). The results seem to be close to each other citing low error
rate

Actual vs. Predicted
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Most important features

By utilization of feature importance implementation in random forest algorithm, the most
important features by ranking which are contributing the most change in HPI of India are
mentioned

Top 10 Important Features

R

Inflation

Stock

Gold

oil

Exchange

0.00 0.05 0.10 015 0.20 0.25 0.30
Importance

This is to be mentioned that in prior results before tuning hyperparameters the visualization
representing relationship between change in interest rate on change in HPI didn’t reflect much
significant contribution.

CHINA

The hyperparameters were adjusted to optimize the results and enhance the performance of
training and testing on the dataset specific to China. The tuning of hyperparameters aimed to
improve the accuracy and reliability of the model's predictions for the dataset.

n estimators 500

min_child weight 5
max_depth 30

Model Training and Testing Results

The difference in results of training and testing phase achieved post-employment of
hyperparameters. The error rate decreased in MSE while slight increase observed in MAE and
RMSE, the percentage difference achieved mentioned below alongside absolute difference in
values

Training 0.0005835|0.00000061| 0.000784
Testing 0.0051842| 0.0000329| 0.005736
Difference -0.004601| 0.0000008| -0.00495

% Dafference Achieved| -0.46007 0.00008| -0.49524
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Actual HPI vs Predicted HPI

Below is the graph to show the representation of actual and predicted values of target variable
which is house price index (HPI). The results seem to be close to each other citing low error
rate

Actual vs. Predicted
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Most important features

By utilization of feature importance implementation in random forest algorithm, the most
important features by ranking which are contributing the most change in HPI are mentioned

Top 10 Important Features

IR

Inflation

Exchange

Gold

Qil

Stock

0.0 0.1 0.2 0.3 0.4 0.5
Importance

This is to be mentioned that in prior results before tuning hyperparameters the visualization
representing relationship between change in interest rate on change in HPI didn’t reflect much
significant contribution.

4.6 Comparative Analysis of Models

The comparative analysis of random forest and xgboost involving results of testing data
mentioned below

Pakistan 0.008088310.000089|0.009423 | 0.0103968]0.0001473 {0.012137
India 0.0040702 |0.000024| 0.004867 | 0.0047157 | 0.000036 |0.006016
China 0.00543 0.000036|0.006011 | 0.0051842| 0.000033 |0.005736
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As per results observed for both models, it seems that for every country different model will
be preferrable as error rate is changing per country dataset. In India dataset, XGBoost
performed better than random forest and gave less error rate. In Pakistan case, random forest
performed better while in China scenario, MAE and RMSE performed better in random forest
while MSE performed better in XGboost.

4.7 Comparative Analysis of Models

The comparative analysis of topmost contributing variables retrieved by random forest and
XGBoost mentioned below

1 2 3 4 5 1 2 3 4 5
Pakistan Interest Gold Inflation 01l Exchange | Interest | Inflation Gold Stock | O1l
India Interest Gold Inflation Stock | Exchange | Interest | Inflation Stock Gold | Oil
China Interest | Inflation | Exchange 01l Gold Interest | Inflation | Exchange | Gold | Oil

As per observed results this can be seen that both algorithms rightly predict interest rate as top
contributor in change in HPI for all countries. For Pakistan, top 3 are interest rate, gold price
and inflation rate for both algorithms whereas similar results from both models can be seen in
case of China, where top 3 are interest rate, inflation rate and exchange rate. In case of India,
gold is second key contributor as per random forest whereas inflation rate considered
corresponding key contributor from XGBoost results. The inflation and stock rate comes third
and fourth for random forest whereas same variables come on second and third with respect to
XGBoost results.

4.8 Chapter Summary

In this chapter, the impact of changes in macroeconomic indicators on house price indexes for
all countries was presented. Two algorithms, random forest and XGBoost, were utilized to
analyze and predict the outcomes. The results of model testing and training were extracted and
presented. Furthermore, the top key contributors to the target variable were identified, and the
results were showcased. The graphs were used to visualize the relationship between actual and
predicted values of HPI. Lastly, a comparative analysis of the extracted important features and
testing results achieved from random forest and XGBoost was conducted and presented.

Chapter 5 Discussion and Conclusion
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The purpose of this chapter is to discuss and assess the model's findings to support the
hypothesis and move closer to the conclusion. To determine its influence and contribution to
the change in house price indexes, this study also compares the error rate with the absence of
a variable included in the discussion. The chapter will conclude by discussing the results of the
available research.

5.1 Evaluation of Hypothesis

This study formulated six hypotheses regarding change in macroeconomic indicators with
corresponding impact on change in house price indexes of Pakistan, China, and India. The
model will be analyzed and evaluated on basis of feature importance of both algorithms and
correlation to validate the feature importance outcome. The partial plots will be used where
correlation factor is low to determine the impact and reason of non-significant values.

This study consist dataset of three countries therefore hypothesis validation will be done by
country wise

Hypothesis validation in case of China

In case of China, the outcome by random forest algorithm observed that interest rate, inflation
and exchange rate are top 3 contributors to change in house price index whereas oil, gold and
stock prices are least contributed towards change in target variable. This is further validated by
determining the correlation between macroeconomic indicators and house price index.

Correlation Results

Stock -0.013095
Gold -0.009548
Oil 0.077516
Exchange 0.076158
Inflation 0.145463
Interest Rate | 0.061106

As per above results, stock and gold have weak negative relationship and with the increase in
stock and gold, the house price index in China decreases slightly. The close to zero value
showed a weak association with target variable. The oil, exchange and inflation showed a
moderately positive relation and indicated the existence of association between independent
and target variable. The Interest rate has weak relationship which conflicts with the feature
importance results determined by random forest and xgboost. Therefore, partial plots utilized
to further check the associations and accept or reject the hypothesis. The inflation and exchange
positive association was validated as they were in top 3 contributors observed by both
algorithms.

Partial Plots
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The partial plots utilized to check the impact of single feature on target variable and assess the

direction of relationship. The following graphs generated to show partial plots
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This can be seen from partial plots as well that stock, oil and gold which are considered as low
contributors are showing change in HPI with change in each of these variables, but change is

not much significant. The interest rate, inflation and exchange plots mentioned below
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These plots showed that there is considerable change in HP1 with change in exchange rate and
inflation rate further validating the feature importance ranking of these variables. The interest
rate which was top contributor showed straight line indicating no association between them.
This is further checked with training predicted data to assess the reason of this straight line. As
per checked there is significant variation exists between change in interest rate and change in

HPI.
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As time series data is being used, the splitting technique employed is designed to ensure that
the predictive testing phase includes values that may not have a significant impact on the Home
Price Index (HPI). The interest rate of China generally doesn’t change much and remain
constant which further validates the straight-line result.

As per above evaluations, this can be observed that all variables have association with target
variable and there is evidence of change in HPI impacted by change occurred in
macroeconomic indicators though stock and oil have weak association.

Hypothesis validation in case of India

In case of India, the outcome by random forest algorithm observed that interest rate, gold and
inflation are top 3 contributors to change in house price index whereas stock, exchange and oil
prices are least contributed towards change in target variable. This is further validated by
determining the correlation between macroeconomic indicators and house price index.

Correlation Results

Stock 0.04098
Gold -0.19467
Qil -0.056888
Exchange 0.010661
Inflation 0.134044
Interest Rate 0.497154

As per results observed, interest rate, inflation and gold has moderately positive association
with target variable and the stock, exchange and oil has weak relationship validating the results
of feature outcome extracted prior.
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Partial Plots

The partial plots utilized to check the impact of single feature on target variable and assess the
direction of relationship. The following graphs generated to show partial plots
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As per results obtained, this can be observed that all macroeconomic indicators showed change
in HPI with change in their values however as per predicted by feature importance and
correlation, the interest rate, gold, and inflation is showing more fluctuations in HPI in
comparison though there is clear evidence of strong association in interest rate, inflation and
gold and weak association in stock, exchange, and oil.

Hypothesis validation in case of Pakistan

In case of Pakistan, the outcome by random forest algorithm observed that interest rate, gold
and inflation are top 3 contributors to change in house price index whereas oil, exchange and
stock prices are least contributed towards change in target variable. This is further validated by
determining the correlation between macroeconomic indicators and house price index.
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Correlation Results

Stock -0.042466
Gold -0.254761
Oil -0.06129
Exchange 0.042906
Inflation 0.28629
Interest Rate 0.231846

A per above results this can be seen that stock, oil and exchange rate have weak association
with HPI and interest rate, inflation and gold prices have moderate association with HPI. This
validated the outcome of feature importance determined earlier.

Partial Plots

The partial plots utilized to check the impact of single feature on target variable and assess the
direction of relationship. The following graphs generated to show partial plots
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As per above results, stock and exchange rate have insignificant impact on HPI whereas interest
rate and gold are causing significant variations in HPI. As inflation rate is amongst top 3
contributors as per feature importance and correlation therefore partial plot generated for

predicted training dataset to determine the impact

0.02
nnnnnnnnn

The above graph validated the impact of inflation rate on HPI and validated the results of
feature importance and correlation. In case of Pakistan all variables have some association with
change in HP1 however exchange and stock have weak association with change in HPI.

5.2 Comparative Analysis of Countries

The selection of these countries for this study provided interesting insights due to huge
population and diverse and emerging markets. Amongst them China observed a rapid growth
in their economy and India is also moderately growing their economy whereas Pakistan is in
crisis comparatively therefore it is interesting to analyze the contrast and people preferences in
housing market. These countries have influential power in the region as well therefore
combination of these countries enabled us to determine the relationship of economic indicators

on HPI.
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In case of Pakistan and India, stock prices have weak association with change in HPI, due to
growing economies, people tend to move towards long term investments and desire potential
returns.

5.3 Conclusion

The study aimed to determine the impact between changes in macroeconomic indicators on
change in house price index of China, India, and Pakistan. The time series data of these
countries analyzed with the predictive prowess of random forest and xgboost algorithms. These
algorithms further tuned by configuring hyperparameters settings and ranking of feature
importance generated by both algorithms. The performance metrics such as MAE, RMSE and
MSE were utilized to analyze predictive accuracy. The focus of study lies on examining six
hypotheses regarding the impact of macroeconomic indicators (stock prices, oil prices, gold
prices, exchange rates, inflation rate and interest rate) on HPI changes. These hypotheses were
further authenticated by analytical methods such as feature importance by random forest and
xgboost, correlation identification between features and HPI, and partial plots generation to
identify the individual feature contribution in influencing the change in HPI.

The results of study indicated that stock and oil prices have generally weak influence on HPI
changes in these countries. In contrast, inflation rate and interest rates have consistent positive
relationship with HPI. The gold prices have consistently negative or inverse relationship with
change in HPI in all countries. It is important to recognize the limitations of this study,
including the availability and duration of data for all macroeconomic indicators across the
countries examined. However, despite these limitations, the study has provided valuable
insights into the impacts of economic variables on changes in the house price index (HPI).
These findings offer valuable information regarding how factors such as stock prices, oil prices,
gold prices, exchange rates, interest rates, and inflation rates can potentially influence the
fluctuations in HPI. As per this study its observed that, the associations of features with HPI
may be strong or weak but there is clear evidence that change in macroeconomic indicators
influenced the change in house price index of China, India and Pakistan under the assumptions
of Arbitrage theory.

Chapter Summary

This chapter focused on authentication of hypothesis and determining the weak and strong
association between macroeconomic indicators and HPI. The hypothesis was then validated by
outcome of correlation factor and further analyzed by partial plots to identify the impact of
single feature on target variable. The purpose and conclusion of study with evidence observed
discussed in the end.
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