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Abstract 
 

The empirical paper studies the relationship between property value and hedonic attributes. 

To indentify the determinant characteristics the influent the private real estate price, their 

degrees of significance and help with the valuation procedure, 8870 private residential 

property transactions with caveats lodged across country are selected from Urban 

Redevelopment Authority of Singapore. 40 models are tested and RMSE, R-Square, Adjusted 

R-Square, F-Value tests are performed to discover the overall fitness of the models. Breusch-

Pagan F-Test is performed to test the existence of heteroskedasticity and VIF test to check 

multicolinearity. Z score is performed to check the spatial autocorrelation.  

Three founding are discovered. Firstly, size, age, floor level, population density level, latitude 

and construction status are core attributes resulting from the regression. Secondly, new district 

zones classified by functions are detected instead of 28 administrative districts. Thirdly, 

government policies and local customs (Feng Shui) are proven to be determinant variables as 

well. Two suggestions are given to regulate the market in the end of this article.        
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1. Introduction 

1.1 General Information of Singapore 

Singapore is considered as the most beautiful country in Asia and famous for its 

high standard of living, which ranks the top in Asia and No. 28 in the world 

according to the Mercer 2013 Quality of Living Survey. Low crime rates and 

high healthcare standards are also mentioned in Mercer’s report of safest city in 

Asia-Pacific region in 2013. All the advantages contribute Singapore to become 

the most attractive country to live and absorb numerous investments all over the 

world. Singapore ranks first among 183 countries in IFC’s report- Doing 

Business 2011 (The World Bank and the International Finance Corporation, 

2010) and similar result is also achieved by PricewaterhouseCoopers in the end 

of 2009. Meanwhile, Singapore government implements many economic 

measures to smooth the recovery from Financial Crisis and stable the society. 

According to Land Transportation Authority, Singapore government estimated 

to spend $60 billion SGD to double rail network by 2017, Singapore Tourism 

board forecasts that by 2015, visitor arrivals will reach 17 million compare to 

9.7 million in 2009. To achieve this goal, the government developed new 

recreational attractions such as Martina Bay Sands, Gardens by the Bay, 

Universal Studios etc. to attract worldwide experts and tourists.  The potential 

business success and its high standard of living to the highest degree encourage 

foreigners from the world chooses Singapore as their destination of travelling, 

doing business and immigration.  

90% of Singaporeans live in the HDB house, which I will explain more in the 

later part and almost all the Singaporean dream to migrate to a private 

condominium before their 40s. Foreign buyers pushed up the price in 2009 and 

2010 due to the loose market and political environment, and influenced the 

critical demand for the local buyers. Even though that the government has 
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tighten the rulings, most Singaporean’s hearts are still fluttering with fear. In 

Singapore, anything related to housing price will trigger a domestic outcry.     

1.2 Overview of Housing Market 

1.2.1 Public and private residential housing markets 

Singapore is divided into five planning regions called central region (CR), east 

region(ER), north region (NR), north-east region (NER) and west region (WR), 

and housing market usually uses another zoning map which divided Singapore 

into 28 districts. Central region is the first highly developed region with 

traditional shops and houses. North region and west region are famous for 

industrial region. North-east region is relatively under developed due to the 

reserved forest and national park and east region is close to airport and known as 

east coast recreational region.  

In Singapore, the housing market could be divided to two parts; houses provided 

by Housing& Development Board belong to public market and private markets, 

which presented by private developers. Only Singapore citizens are eligible to 

apply HDB houses, people with permanent residential could only buy from 

government second-hand markets. Foreigners without PR are not allowed to 

involve public housing markets.  HDB aims to improve the standard of living of 

native Singaporeans, and the price is highly controlled by government. Many 

regulations are published to constrain real estate bubble of public housing sector 

and ensure the priority of native citizens. Up till 2010, 85% citizens live in HDB 

houses (including 93% households have property right and 7% low-income 

households that rental from government).  Other 15% Singaporeans bought 

relatively higher quality houses from private markets. This could be divided to 

Landed, Executive Condominium, Apartment and Condominium, etc. From 

1989 till 2009, the number of resident households increases from 472700 in 
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1989 increase to 1119600 in 2009.During 20 years, the number of resident 

households with HDB houses increases only 300%, but the private resident 

households increase over 1200% with a sharply booming since 2006 and a 

slightly decrease in 2009, this shows a significant demand of private housing 

market. (Department of Statistics, 2010) As a small size country and South-

Asian business centre, non-residents account for 25.3% and within residents, 

79% are Chinese according to the population census in 2010.  

With the implementation of the Additional Buyer’s Stamp Duty (ABSD) 

measures in December 2011, and enhanced Additional Buyer’s Stamp Duty in 

January 2013, local buyers are expected to dominate the market as foreigners are 

constrained by tighten domestic monetary control and higher Stamp Duty. 

Without the foreign impact, Singapore private housing market is tend to be more 

market oriented.    

1.2.2 Housing Loans, Interest Rate, Transaction Cost and Property Tax 

Compare to most of the Asian countries, Singapore has one of the lowest interest 

rate and housing loan interest rate, from 2001 first quarter till 2014 first quarter, 

the 12 months bank fixed deposits rate is floating between 0.29% to 0.32%.  

Unlike other Asian countries, all local banks, foreign banks and approved 

financial organizations are allowed to grand housing loans to individuals and 

institute buyers according to their own risk approach policies to both private 

markets and HDB houses. Normally loan tenure is between 10 to 40 years 

depends on the customers’ preference, loan to value(LTV) ratio is controlled to 

maxim 80%. Among all the financial institutes, there are 3 kinds of housing loan 

packages: 1). Fixed interest rate, which maybe fixed for the first 2or 3 years, 
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followed by Sibor1+X%(X is determined by individual bank, floating between 

0.5% to 2% for the last 3 years) 2). Floating rate, this is Sibor+X% during the 

entire housing loan period. 3).Board rate, which is the banks own rate, lower 

than the first 2 options. It was very popular between 2005 till 2007, but it also 

explored many problems using financial crisis, so most of the customer will 

choose fixed rate or floating rate instead. HDB has its own financial support to 

lower income residents which are unable to afford initial down payment with 

higher LTV and higher interest rate.  Financial Institutes interest rate has been 

floating from 0.7% till 2% and HDB own interest rate remains at 2.6% in the 

last few years. Overall home loan interest rates remain at historical low across 

all banks. 

There are 3 components of transaction cost: First is the lawyer’s fee and 

valuation fee, which will subsidized by mortgaged bank, cost from SGD$2500 

till SGD$7000. Second will be the agent’s commission if you purchase the 

property from resale market, which will cost you 0.5% to 2% of your total 

transaction price. Third one will be the stamp duty which is around 3% of your 

transaction price (for example, first residential property). 

Property tax is involved yearly, which is 4% of your estimated regional rental 

income which is done by government if you are owner occupied and 10% of 

your estimated regional rental income if the property is used for investment 

purpose.   

1.3 Nature of the problem 

Due to the limited territory, land is a precious resource, which means Singapore 

has a high housing price per square meters in Asia. Attributes such as location, 

                                                           
1 SIBOR stands for Singapore Interbank Offered Rate. It is the reference rate in which financial institutions lend unsercued 
fund to other financial institutions in Singapore Interbank Market. The rate is determined by the Association of Banks in 
Singapore (ABS), there are 1/3/6/12 months Sibor. Most of the housing loan packages are using 3 months sibor.   
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size of the apartments contributes the high property price. Moreover, almost all 

the apartments sold in Singapore are fully decorated which also increase the 

property price. As the financial center, this figure is even higher. Owner-

occupied housing is the most valuable thing in the single family household 

which accounts for about 30 percent of total assets. (Edward N. Walff, 1998).  

Like most of the western countries, there is a third party valuation firm involved 

in each transaction. In Singapore, HDB has its own valuation department, only 

private sectors will involved a valuation firm in the market. But due to the 

computation among hundreds of firms, the property valuation procedure is in a 

mess. Sometimes, the property agents will contact a home loan banker and a 

valuer upfront, release the customers’ information which is highly strictly 

constrained by law, and persuade the customer put down the offer by telling 

them that loan is granted in principle and valuation could be matched. As most 

of the bank will pay the valuation fee for the customer, home loan bankers just 

need to give valuer a call and inform the purchase or asking price, all the valuers 

need to do is matching whatever is provided, usually higher than actual value. 

This phenomenon is very common in the Singapore’s valuation market, and 

largely damages the real estate market and customers interest. Some firms even 

hired employees without appraisal background but with perfect banks networks 

as valuers, and to gain more profits, they just need to be a “Speedy Matching 

Machine”. So to speak, a large number of valuers in Singapore, especially in 

large firms, have lost the ability of doing a standard valuation procedure and 

some valuers are even sued by customers after the transactions due to the 

unreliable report with unreasonable high purchase price. To avoid this kind of 

tragic for valuers, protect their reputation for the long run, and regulate valuation 

market, it is critical to set everything back to track by starting with finding out 

the determinate characteristics of a property which affect the housing price and 

find out the most accurate model to deal with this problem. This result will help 
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the valuers, and the public will have a better understanding of the private 

housing market, such as what to look at when appraisal or purchase a property.  

The Hedonic Price Method, which is also known as Hedonic Regression is 

always used to recognize the attributes that determine the price and solves these 

problems. This method is largely based on uncertain assumption, which caused 

the ambiguity on the appraisal solutions. To figure out the problem, empirical 

approach is proposed in this paper. To achieve this goal, the Ordinary Least 

Square (OLS) hedonic pricing regression and diagnoses tests are applied to 

discover the determinants.  

There are five planning regions in Singapore, but all the regions are divided 

according to geographic factors as administrative areas. “However, it is quite 

unlikely that these administrative areas are identical to the functional sub-

market”( Mats, Wilhelmsson, 2004) This is another problem in Singapore 

housing market, to factor in the economics meaning, a better regions 

classification is needed.  .  

To illustrate the problem clearly, a detailed outline of this paper are as follows: 

In Section 2, a brief overview of the historical development of this methodology 

both in theoretical and technological which related to hedonic regression method 

is provided across regions.  

Section 3 will explain the fundamental ideas of hedonic regression in formulas, 

3 popular HPM models will be brought in.  

In section 4, data that used in this paper will be described and explained.  

Section 5 and section 6 will analyze the regression conclude the results.  
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 2. Literature review 

2.1 Historical development of Hedonic Regression History 

Residential real estate market is one of the largest and most important asset 

markets in the world. (Himmelberg, Mayer, and Sinai, 2005) Three main 

methods are commonly used to investigate house prices (1) the median-price 

series; (2) the hedonic regression; and (3) the repeat-sales regression. (Hansen, 

2009) When the research questions are related to hedonic attributes and 

willingness to pay of the clients, hedonic regression model is most universally 

used.  

The hedonic regression model has a long history. Hass generated the first 

hedonic idea in 1922, and he collected the date on 160 sales transactions in 

Minnesota and used attributes such as land classification index, soil productivity 

index, and distance to city center to adjust the price. There is no significant 

evidence to show there was a comprehensive theory of this method but we could 

clearly observe the idea of hedonic even though there was no such word as 

“Hedonic”, so most the scholars agreed that Hass has influence the development 

of this method but not the pioneer of it. (Colwell and Dilmor, 1999). 17 years 

later, Court first use the expression ’hedonic’ in the hedonic price index of 

passenger cars to explain the importance components such as horsepower, 

braking capacity, window area, seat width, and tire size. (Bartik, 1987) and 

(Goodman, 1998). Moreover, Court also allowed for time dependence which 

means they could run the regression to two consecutive periods.( Robert and 

Shapiro, 2003) According to Goodman, one of the most significant contributes 

of Court’s idea is that he expressed his idea in a non-linearity which pushed this 

idea into a next level. (Goodman, 1998) Base on Court’s model, Griliches 

included technological change and innovation into his theory, his paper 
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discussed the relationship between components of fertilizer and level of price in 

1958.  

Houthakker in 1952 first introduced the concept of consumer behavior into his 

hedonic regression model, and the theory further developed by Becker, 1965, 

Lancaster 1966. Lancaster’s Consumer Theory, as one of the most important 

theoretical foundations was considered as significant contribution in the 

development of hedonic regression history. This idea was introduced by 

Lancaster in 1996, and combined with microeconomics, took into account the 

utility-bearing characteristics into hedonic regression model, to analyze topics 

such as housing market, demand for money and financial assets, etc. Lancaster 

assumed that “consumption is an activity in which goods, singly or in 

combination, are inputs and in which the output is a collection of 

characteristics.” Which means goods can be classified into different group with 

according to their characteristics, and customers buy goods depends on the 

usefulness of the combined characteristics, as all the households are constrained 

by a budget, they prefer to choose the best combination of the characteristics 

that cater for their need but still within budget, and the “household production 

function” is introduced to link and quantity of goods and quality of 

characteristics. Lancaster regression model is a linear model which reflects 

relationship between price and bundled characteristics. (Lancaster, 1966) 

Besides Lancaster’s Consumer Theory, Rosen’s Model is another important 

theoretical that affect HPM, he embedded standard economic theory into 

hedonic regression and generated “Bid-Function”, which is a combination of 

consumers utility maximizing and producers profit maximizing. The equilibrium 

shows the functions of both supply and demand sides and assumes a nonlinear 

relationship between price and the inherent characteristics.  (Rosen, 1974) 
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2.2 Applications of hedonic regression method and the deternimants 

In the hedonic theory, it suggests that the value of the object equals the sum up 

value of different components. (Griliches, 1971; Rosen, 1974)  The different 

components are ‘Property attributes’ which “refers to quantifiable features such 

as the number of bedrooms, age or size of a property, as well as qualitative 

features such as its overall condition. The spatial characteristics of a property, 

often summarized as its location, include it’s given aspect, elevation, and 

proximity to neighborhood features. As a durable good, units of housing are 

exposed to age, and a feature is affected in part by prior ownership.” 

(Goetzmann and Spiegel, 1995).  

The widely used of hedonic regression are base on the essential of hedonic 

pricing method, which reflects the preference approach that there is a relatively 

positive relationship between price and the quality of house. Deferred from other 

goods, properties is a cluster of bundled characteristics, those characteristics 

could be different from each other, or could be related. All the characteristics 

could not be sold separately, but combined with each other, each property is 

unique. Review papers are found in Follain and Jimenez (1985), Sheppard 

(1999), Malpezzi (2003) and Sirmans, Macpherson, and Zietz (2005). Sirmans, 

Macpherson, and Zietz (2005) studied 125 existing empirical articles and found 

that among hedonic attributes such as the most important and common studied 

three aspects-structure, neighborhood and location. The inherent attributes are 

variables such as Size, Age, Number of Bedroom, Number of Bathroom, etc, 

external variables are like Distance to CBD, Distance to a sound school, 

Distance to Center Area, and neighborhood attributes such as Pollution Level, 

Number of Crime reported, etc. Customers’ behaviors also affect the purchase 

decision such as characteristics related to red light district, religion or racial, etc.  
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2.2.1 Structural Attributes   

Structural Attributes affect the property prices internally. Ball in 1973 explained 

that more desirable attributes deserved a higher market value. While Kohlhase 

(1991) believed that the preference of structural attributes changes among 

nations and derive over times, but number of rooms, floor areas, etc are 

considered important across nations. Fletcher, et al(2000) believes that number 

of rooms and bedrooms and Carroll, Clauretie, in Jensen(1996) considered the 

floor level have positive impact on property value. , Garrod and willis in 1992 

discovered that with the size remain unchanged, one room added will lead to a 

7% increase in value, and 14% increase if we add an extra bathroom.  

Age is another determinant variable in many research papers such as Clark & 

Herrin, 2000, Clapp & Giaccotto, 1998 and Mats Wilhelmsson, 2008. Older 

houses have a negative impact on property price as they cost more in 

maintenance and level of maintenance will largely affect the property price. 

Wilhelmsson studies the house price depreciation rates and level of maintenance 

and concludes that, “the depreciation rates are significantly different for a 

maintained property and for a property that is not maintained”. Most of the 

western researches study landed houses which include size or the number of 

parking lot, dummy variable of basement, garage, patio, water and air heating 

system, the existence of a fireplace (Garrod & Willis, 1992)  

2.2.2 Locational attributes 

Accessibility is the key word when we put locational attributes into 

consideration, such as distance to Central business District(CBD), distance to 

the nearest primary school. Distance to the park, etc. (Palmquist, 1992).  

Accessibility to public transportation system is another main focus, which 

usually measured by cost of travel, traveling time, distance to the nearest bus, 
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distance to nearest MRT, etc. This character will largely reflect the lifestyle and 

convenience. (Adair, Greal, Smyth, Cooper, & Ryley, 2000)  

Marko Kryvobokov and Mats Wilhelmsson in 2007 studies the impact of 

locational attributes  on apartment prices in Donetsk, Ukraine by using hedonic 

model, aim to find out the estimated weights of locational attributes. Although 

some researchers such as Halvorsen and Pollakowski(1981), Wilhelmsson(2002)  

used Box-Cox model;  Anselin (2001) used SAR(Spatial Simultaneous 

Autoregressive Approaches ) Model and Löchl and Axhausen (2009) used 

GWR(Geographically Weighted Regression) model to figure out the best-fitting 

approaches, this paper decided to use OLS model as “linear model describes the 

relationship more clearly in general and its results are easier to compare with the 

expert valuations,” A spatial weight matrix is combined with OLS model to 

detect spatial autocorrelation. This paper concludes that Distance to CBD is 

absolutely significant in all model tested, and the weights of distance to nuisance 

or to the nearest secondary center are the highest among all, more important than 

expert expected.  

In the review paper of Zietz(2005), some articles related to the relationship 

between CBD and price, both results-negative impacts and positive impacts 

were concluded, which also shows that we cannot easily conclude or set 

assumptions ahead, first hand data and detailed investigations are needed.  

Benson, Hansen, Schwartz and Smersh in 1998 took “view” into their hedonic 

model, and “view” is reflected by the location of the subject unit. There are 

many types of views, such as sea view, greenery view, park view,etc, and each 

type contains different qualities such as full view, partial view and no view. In 

theirs paper, they divided “view” into “oceanfront, ocean view, partial ocean 

view and no view”, the result is that, the property locates at oceanfront has 
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147% more value than the no view one, followed by ocean view by 32%, and 

partial ocean view by 10%.    

Another interesting attributes that involved in locational variables reflects in unit 

numbers, floor numbers, housing numbers, project names or even street names. 

This phenomenon could be explained in Fengshui especially in Asian 

cultures.People usually divided numbers in 2 groups- Lucky and Unlucky. 

Generally 6, 8 and 9 are “lucky numbers” while 4 is “unlucky number”. But the 

grouping may be different in different areas, for example, 18 is explained as 

being rich in Guangdong, China, but in Jilin, north part of China, the real estate 

developer even avoid 18 floor(they use 17A floor instead) in the building, 

because people there believe number 18 reflects the 18th Floor of Hell. The 

similar situation was found in  Bourassa and Peng ‘s paper in 1999.They found 

that the housing numbers that contain (3,6,8,and 9) and 9) is positive related 

with the housing price and significant as well in Auckland, New Zealand.  

2.2.3 Neighborhood Attributes  

One of the neighborhood attributes is the household wealthy level. All cities 

have silk-stocking districts and slum areas, and the neighborhood conditions in 

these areas vary. Silk-stocking districts enhance the possibility of having good 

restaurants, sound schools, parks and low crime rate, and slum areas vise versa.    

Svante Mandell and Mats Wihelmsson in 2011 studied the customers’ 

preferences when facing environmental attributes. This study based on a cross-

sectional data with 968 single-family houses in 2000 in Stockholm, price, size, 

quality, and distance to CBD are applied to housing attributes. Information 

related to households was conducted through survey. This paper concluded that 

there’s a positive willingness to pay for environmental attributes, and 

households who declare that they are environmental aware are actually show 

significantly higher interest in environmental attributes.       
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The noise problem is considered as one of the highest ranked environmental 

problem nowadays, and governments normally don’t take this one into 

consideration when they do a new road planning or release a new land for 

residential purposes. In Wilhelmsson’s paper in 2000, he based on previous 

studies and factored in noise attributes to existing hedonic equation and 

concluded that the property in noisy environment has 30% value less than that in 

quiet place. 

Crime rate is another concern when to start buying or renting houses. Many 

countries have websites to check the crime rate, crime type in certain areas for 

home seekers especially in country without firearms control such as US and 

north European countries which are famous for their generous refugee policies. 

Ceccato.V and Wilhelmsson, M in 2001 used around 9000 apartment 

transactions data in Stockholm to study the impact of crime on property value, 

and concluded that the property price in a given area are strongly negatively 

related with the crime rate,  and no matter what type is it. And in terms of the 

crime type, residential burglary affects price most followed by theft, vandalism, 

assault and robbery.         

2.4 Application of Hedonic Theory in Asian Housing Market 

Many scholars focus on Asia Market in the past 20 years. Hedonic Regression 

Method is commonly used to appraisal Asia’s housing market. The age attribute 

is used in Ong and Ho’s article in 2003, Jim and Chen in 2009, Sue and Wong in 

2010 to discuss the impact of age to housing price, and all researches concluded 

that, there’s negative impact on the price in all cases. Besides age, less of car 

park, high density community, and noisy street view have negative impact on 

price as well. (Jim and Chen, 2009; Tse and Love, 2000) Location is another key 

variable, Chalermpong 2007 illustrated the relationship between property price 

and BTS urban railway station, and Pan and Zhang 2008 concluded that train 
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station in Shanghai would affect the land value. However, Bae et al. 2003 

studied the impact of line-5 subway in Seoul and discussed that the subway has 

limited impact compare with other variables as the study area is full of 

recreation center, park, school and library. It is shown that, locational attributes 

may have positive, negative or even no impact depends on the specific study 

area. Most of the research studies which involved locational attributes believed 

that buyers preferred to pay more to close to the center. But this is actually in a 

case to case basis. In Edmonds study in 1984, he found that buyers may not care 

about the location that much because companies will reimburse the 

transportation cost and even provide allowance for transport in Japan’s housing 

market.   

In Selim’s paper in 2008, he used 5741 samples and 2004 household budget 

survey data to find out the determinant variables of house prices in Turkey, there 

were 46 variables involved and main variables are type of house, type of 

building, number of rooms, size etc. Hedonic regression model is employed and 

figured out that water system, pool, type of house, number of rooms, house size 

etc are significant variables.  

So et al. (1996) studied the impact of transport accessibility on property price in 

Hong Kong. Variables used were “distance to the nearest MRT,Buses and 

minibus”. Unsurprisingly, people are willing to pay more for nearer the public 

transportation system, besides type, frequency also matters. Among all three 

types, minibus has the highest significant rate due to the convenience feature, as 

most of the minibuses in Hong Kong have more stops and run for 24 hours.      

Another interesting attribute that often be studied in Asian’ researches are “Feng 

Shui”. Tse and Love(2000) studied the impact of cemetery views on property 

price and found that there is a negative relationship and significant in Hong 

Kong housing market. Chau, Ma and Ho(2001) discovered the relationship 
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between certain numbers and property value in Hong Kong,  unit numbers such 

as 8,18 and 28 are sold higher than other unit numbers.  

Besides structural, locational and neighborhood attributes, others characters such 

as time, government policies, and customers’ preferences etc will also affect the 

property price.Chau et al. (2001) studied the housing market in Hong Kong and 

found out that customers are willing to pay 7% more if the project is developed 

by famous and reliable developers, because they believed that the quality, 

service and follow-up activities are better than other companies.   

2.5 Limitations of the application of hedonic regression 

It is difficult to measure the quality differences among houses in a specific 

situation and the differences are also hard to control, which partly because of the 

limitations of available data as same as the inherently heterogenous s. (Hansen, 

2006)  Paterson and Boyle mentioned the omitted variable bias such as spatial 

variables in hedonic-regression analysis. (Paterson;Boyle, 2002) According to 

the comparison between hedonic measures and mix-adjusted measures, using 

data from the Netherlands, Francke, Vos and Janssen (2000) suggest that 

hedonic measures has less effect on small market segments. Joyce Y and Mark 

in 1998 studied the effects of Tax increment financing (TIF) on property value 

growth, and concluded that such government policies effectively increased 

property value in an entire community. As one of the attributes that could 

change the property value, government inventions are difficult to be put in the 

hedonic regression. 
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3. Methodology 

In this chapter, section 3.1 illustrated the overview of the most common used 

regression model, the OLS regression model which is constructed based on the 

previous research functions. New districts zoning plan has been made to group 

all districts into functional areas. Section 3.2 introduces different test methods to 

figure out the ideal model.   

According to Malpezzi’s study (2003), attributes could be divided into three 

areas: 

 Structural, which include such as Size, Number of rooms, Type of rooms, 

Age,etc;  

 Locational, such as Distance to CBD, Distance to bus stop,etc; 

 Neighborhood, such as Availability to public school, Crime rate, Level of 

Noise, Population density, etc.  

And Sirmans in 2009 additionally mentioned other features such as fireplace, air 

conditioning, bedroom view, financial factors etc. There are some conditions to 

be satisfied to get the best unbiased linear OLS model: variables must be 

independent of the error terms, errors terms must be independent and the 

residuals (error terms, ε) are ~ N (0, 1), etc. But in view of the particularity of 

the real estate industry, property has its own characteristic which is affected by 

locational distribution and market segment, that caused spatial autoregressive 

and spatial autocorrelation. 

3.1 The OLS regression model  

Each property sold in the real estate markets could be considered as an equation 

of a supply and demand model, which priced is determined by a collection of 

attributes. The basic hedonic function is to get the attributes of subject property 

as inputs and make the market transaction price as the output. 
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The true regression model and the estimated model take the form: 

 𝑦 =  𝑎 + 𝛽𝑥 

ŷ =  Aˆ,aE  +𝛽 ̂𝑥 

Where 𝑎 and 𝛽 are the true intercept while  Aˆ,aE  Aandβ� are the estimators, ŷ is the 

predicted value of y. For observation 𝑖,there is:  

 𝑦𝑖 =  ŷ𝑖 + 𝜇𝑖 , 𝑖 ∈ (1~𝑁) 

To combine the above equations, we get: 

yi =  ˆ,a i + βîx + μi, i ∈ (1~N) 

𝜇𝑖 is the residual, the estimator of Errors, 

To be more related to the topic, a transformation of the formula could be written 

as below: 

P= f (S, N, L) + ε 

where  

 P is dependent variable which means a vector of logarithm property price 

here, detailed description will be found in the next chapter. 

 S is a matrix of structural attributes such as size, number of rooms, 

number of bathrooms, age and etc.  

 N is a matrix of neighborhood characteristics, dummy variable such as 

density of the population  

 L is a matrix of locational data such as distance to center shopping area, 

dummy variable such as District and Zoning.   

 ε is a vector of error term.  

 

To apply the variables into model, Model 3.1is constructed as below: 
𝑃(𝑃𝑟𝑖𝑐𝑒) = 𝑎0 + 𝛽1 ∗ 𝑆𝑖𝑧𝑒 + 𝛽2 ∗ 𝐴𝑔𝑒 + 𝛽3 ∗ 𝑁𝑜𝑏𝑑 + 𝛽4 ∗ 𝑁𝑜𝑏𝑎 + 𝛽5 ∗ 𝐿𝑜 + 𝛽6 ∗ 𝐿𝑎

+ �(𝛽1𝑖 ∗ 𝐹𝐿𝑖 )
𝑛

𝑖=1

+�𝛽2𝑗 ∗ 𝐶𝑆𝑗

𝑛

𝑗=1

+ �(𝛽3𝑘 ∗ 𝐷𝑖 )
𝑛

𝑘=1

+ 𝜀 

(Model 3.1A) 
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Size is the inner size of property, Nobe is number of bedroom, Noba is number 

of bathroom, FL is floor level, Lo is longitude, La is latitude, CS is completion 

status, D is district zoning by government and PDL is population density level. 

To avoid colinearity, PDL is not being tested in Model 3.1A. To replace Di 

with PDLi, we get Model 3.1B. In the equation 3.1A and 3.2B, Longitude and 

Latitude are constructed to express the locational attributes, to estimate the 

locational influence in a more common way, a new variable “Distance to Center” 

(DTC) is introduced to replace longitude and latitude, Model 3.1C and Model 

3.1D are formed.  

Property many have the same transaction price but other distinct variables, in 

real practice, customers are used to use Price per Square Foot (PSF) to compare 

properties.  So in Model 3.2, independent variable is changed to PSF. New 

equation 3.2A is as below. 

𝑃(𝑃𝑆𝐹) = 𝑎0 + 𝛽1 ∗ 𝑆𝑖𝑧𝑒 + 𝛽2 ∗ 𝐴𝑔𝑒 + 𝛽3 ∗ 𝑁𝑜𝑏𝑑 + 𝛽4 ∗ 𝑁𝑜𝑏𝑎 + 𝛽5 ∗ 𝐿𝑜 + 𝛽6 ∗ 𝐿𝑎 +�(𝛽1𝑖 ∗ 𝐹𝐿𝑖  )
𝑛

𝑖=1

+�𝛽2𝑗 ∗ 𝐶𝑆𝑗

𝑛

𝑗=1

+ �(𝛽3𝑘 ∗ 𝐷𝑖  )
𝑛

𝑘=1

+ 𝜀 

                                                                                                           (Model 3.2A) 

Same transformations are applied to Model 3.2B, 3.2C and 3.2D.  

A linear model (without a transformation) estimates the price value for the 

attributes, a logarithmic model estimates their elasticities (Dunse and Jones, 

1998). Elasticities show the percentage change of the independent variable, if 

the dependent variable changes by 1%.  LnP is logarithm of Price, LnPSF id 

logarithm of PSF and LnS is the logarithm of Size. To replace Price with LnP, 

we get Model 3.3A, 3.3B, 3.3C and 3.3D, and to replace PSF with LnPSF, we 

get Model 3.4A, 3.4B, 3.4C and 3.4D.  

Standardized coefficients are introduced to compare the different parameters, the 
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estimate coefficients describe the strength of the different characteristics, and 

β1−6  are the parameter vectors corresponding to LnS, Nobe, Noba etc. 

respectively. To investigate the relationship between property value and 

different attributes among different district, and completion status, new variables 

are generated as in equation 3.5A: 

𝑃(𝑃𝑟𝑖𝑐𝑒) = 𝑎0 + 𝛽1 ∗ 𝑆𝑖𝑧𝑒 + 𝛽2 ∗ 𝐴𝑔𝑒 + 𝛽3 ∗ 𝑁𝑜𝑏𝑒 + 𝛽4 ∗ 𝑁𝑜𝑏𝑎 + 𝛽5 ∗ 𝐹𝐿 + 𝛽6 ∗ 𝐿𝑜 + 𝛽7 ∗ 𝐿𝑎 + �(𝛽1𝑖 ∗ 𝐷𝑖  )
𝑛

𝑖=1

+ �(𝛽2𝑗 ∗ 𝐶𝑆𝑗

𝑛

𝑗=1

) + �(𝛽1𝑖𝑙𝑛 ∗ 𝐷𝑖 ∗ 𝑆𝑖𝑧𝑒 )
𝑛

𝑖=1

+ �(𝛽1𝑖𝑎 ∗ 𝐷𝑖 ∗ 𝐴𝑔𝑒 )
𝑛

𝑖=1

+ �(𝛽1𝑖𝑛𝑜𝑏𝑒 ∗ 𝐷𝑖 ∗ 𝑁𝑜𝑏𝑒 )
𝑛

𝑖=1

+ �(𝛽1𝑖𝑛𝑜𝑏𝑎 ∗ 𝐷𝑖 ∗ 𝑁𝑜𝑏𝑎)
𝑛

𝑖=1

+ ��𝛽1𝑖𝑓𝑙 ∗ 𝐷𝑖 ∗ 𝐹𝐿�
𝑛

𝑖=1

+ �(𝛽1𝑖𝑙𝑜 ∗ 𝐷𝑖 ∗ 𝐿𝑜)
𝑛

𝑖=1

+ �(𝛽1𝑖𝑙𝑎 ∗ 𝐷𝑖 ∗ 𝐿𝑎)
𝑛

𝑖=1

+ ��𝛽2𝑗𝑙𝑛 ∗ 𝐶𝑆𝑗 ∗ 𝐿𝑛𝑆�
𝑛

𝑗=1

+ ��𝛽2𝑗𝑎 ∗ 𝐶𝑆𝑗 ∗ 𝐴𝑔𝑒�
𝑛

𝑗=1

+ ��𝛽2𝑗𝑛𝑜𝑏𝑒 ∗ 𝐶𝑆𝑗 ∗ 𝑁𝑜𝑏𝑒 �
𝑛

𝑗=1

+ ��𝛽2𝑗𝑛𝑜𝑏𝑎 ∗ 𝐶𝑆𝑗 ∗ 𝑁𝑜𝑏𝑎�
𝑛

𝑗=1

+ ��𝛽2𝑗𝑓𝑙 ∗ 𝐶𝑆𝑗 ∗ 𝐹𝐿�
𝑛

𝑗=1

+ ��𝛽2𝑗𝑙𝑜 ∗ 𝐶𝑆𝑗 ∗ 𝐿𝑜�
𝑛

𝑗=1

+ ��𝛽2𝑗𝑙𝑎 ∗ 𝐶𝑆𝑗 ∗ 𝐿𝑎�
𝑛

𝑗=1

+ �
𝑛

𝑖=1

��𝛽1𝑖𝑐𝑠 ∗ 𝐷𝑖 ∗ 𝐶𝑆𝑗 �
𝑛

𝑗=1

+ ε 

                                                                                                          (Model 3.5A)                                                                                                                                                                                                                                              

To replace variables Longitude and Latitude with another locational variable 

Distance to Center, new equations are generated as Model 3.5B. Model 3.6A 

and Model 3.6B are generated by using PSF to reply Price. Model 3.7A and 

Model 3.7B are constructed if we change Price and Size to LnP and LnS, LnPSF 

and LnS are applied to get Model 3.8A and Model 3.8B. 

New coefficientβx is generated to interpret the marginal change of variables on 

the property value (PSF). The coefficient β1inoba reflects the change of property 

value (PSF) if increase of decrease one bathroom in a given district, the 

coefficient β2jls means the percentage change of property value (PSF) given one 

percent change of size if the property is completed property or building under 

construction. And, the coefficient β2jflof the integrated dummy variable Di ∗ FL 
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interprets the percentage change of property value (or PSF) if floor level 

increase in certain district 𝐷𝑖. 

There are 28 administrative districts in Singapore designed by government for 

management purpose, and almost all real estate websites use this zoning method 

to illustrate projects. But this classification is too detailed and doesn’t reflect 

functional areas of Singapore. To figure out whether market segment has an 

impact on property price,   new district zoning groups have been detected. 

District 1 is considered the high-end areas where locate all branches of 

international companies, and district 9 are the shopping center in Singapore. So 

we get the premier group Dpre. The second group is the districts that adjacent to 

premier group, so Dsec contains district 3, 4, 6, 7, 8, 10, 11. Dlith includes 

District 12, 13, 14, which locates most of the light industrial businesses such as 

IT, biology related, small factories and prostitution related businesses (which is 

legal in Distric 14), etc.  District 5 is west coast which is famous for West Coast 

Park, District 15, 16 are east coast which locates East Coast Park, and District 

20 contains Bukit Timmah Protection Zone. Those districts are classified as 

recreational area, Drec. And the rest districts will be Drest. Detailed could be 

found in the graph below: 

Figure 3.1 New classifications of areas by function 
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New classification of districts will apply to Model 3.1A to Model 3.8B and will 

be recorded as Model 𝑋.𝑌𝑛. 

       

3.2 Statistical Precision Tests  

There are three statistics that are often performed in an Ordinary Least Squares 

(OLS) regression to examine the overall fitness level of models: 1) R-Square or 

adjusted R-Square; 2) Overall F value and P value of the entire model; 3) Root 

mean Square Error(RMSE). 

3.2.1 R-squared and adjusted R-squared 

The coefficient of multiple determinations R2 is one of the most common used 

ways to describe the goodness of fit of regression models and interprets how 

many percent of the variation is explained by the variables. It is a fraction that 

belongs to 0~1, the larger the result, the better fit of the model. An R2 =1 

describes that the regression model is perfectly fitting the reality. The formula of 

R2 is as below:  

 Sum of squares due to error 

𝑆𝑆𝐸 = �𝑒𝑖2
𝑁

𝑖=1

= �(
𝑁

𝑖=1

𝑦𝑖 −  ŷ𝑖)2 

 Sum of squares due to regression 

𝑆𝑆𝑅 = �(
𝑁

𝑖=1

ŷ𝑖 − ȳ)2 

 Total sum of squares 

𝑆𝑆𝑇 = �(
𝑁

𝑖=1

𝑦𝑖 − ȳ)2 

From the formulas above, we could find that: 
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SST=SSR+SSE, and 

𝑅2 = 𝑆𝑆𝑅
𝑆𝑆𝑇

=1--𝑆𝑆𝐸
𝑆𝑆𝑇

 

A better method to test goodness of fit is adjusted R-Squared, the definition 

could be written as: 

𝑅2𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = 1 −
(1 − 𝑅2)(𝑁 − 1)

𝑁 − 𝐾 − 1
= 1 −

𝑆𝑆𝐸/(𝑁 −𝐾 − 1)
𝑆𝑆𝑇/(𝑁 − 1)

 

Where 

N= Size of observations 

K=Number of predictors 

3.2.2 RMSE Test 

Another way to measure goodness of fit is using "Root Mean Squared Error", 

which is the square root of variance of the residuals. This is the difference 

between actual result and prediction. The formula is written as: 

𝑅𝑀𝑆𝐸 = √𝑀𝑆𝐸 = ��
∑ 𝑒𝑖2𝑁
𝑖=1

𝑁 − 𝐾 − 1
� 

Where MSE=Mean Square Errors 

It is the standard deviation (SD) of unexplained variance to understand how far 

is the observation yi from ŷ , the lower the value, the better the fitness.  

3.2.3 F- test  

The third method to analyze the goodness of fit of models is through F- test. The 

result of F-test shows whether R-squared is reliable or not. The null hypothesis 
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is β1 = β2 = … = βk=0 and the alternative hypothesis is β1 = β2 = … βk ≠ 0, P-

value is used to determine the significance of F-test result. Formula of F-test is: 

𝐹 =
𝑀𝑆𝑅
𝑀𝑆𝐸

 

Where MSR=Mean Square Regression and MSE=Mean Square Error. 

F-test is used in the overall model test, a higher the figure, the better the fitness. 

T-test is performed to exam the significance of a particular variable. The Null 

hypothesis is βi = 0 and the alternative one is βi≠0.By computing the t-test, with 

N-K-1 degrees of freedom, we reject or accept the null hypothesis to prove the 

variable is significant or non-significant.  

3.2.4 Collinearity Test 

Collinearity occurs when there are correlations amount independent variables 

and will increase the standard errors among coefficients. It will affect the 

significance of independent variables as correlation will offset the impact of 

each other. 

Variance Inflation Factor (VIF) test is performed to detect collinerarity in the 

models. If there are no independent variables that are correlated with each other, 

all the VIF result should be 1. If there are more than 2 variables showing VIFs 

greater than 5, collinearity exists, and one of the correlated variable should be 

removed subject to R-squared performances.  

3.2.5 Spatial Autocorrelation Test 

Fahrländer (2007) believes that real estates are heterogenousity because they 

cannot be moved, and the particularity leads to “locational differences”. Even 

though locational variables are constructed to express spatial effect, a spatial 
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autocorrelation test is still necessary to test the significance. The most 

commonly used method is to perform Moran’s I test.  

I =
N∑ ∑ wij

n
j=1

n
i=1 (xi−x̄)(xj−x̄)

∑ ∑ wij
n
j=1

n
i=1 ∑ (n

i=1 xi−x̄)2 = 
N∑ ∑ wij

n
j=1

n
i=1 eiej

∑ ∑ wij
n
j=1

n
i=1 ∑ ei

n
j=1

2 (i ≠ j) 

Where  

x̄ =
1
n
� xi

n

i=1

 

N =Number of observations 

i,j=Random  location within observed area 

wij indicates the strength of  the connection between i and j, details of w is 

showing below:   

w = N*N spatial weights matrix  

 

                                                        w11   w12    ⋯    w1n 

w21   w22    ⋯    w2n 

                               W=               ⋮          ⋮               ⋮ 

wn1   wn2    ⋯    wnn 

 

Normally the result of Moran’s I is between -1 and 1, I∈ [-1, 0) indicates that it 

is negative related and I∈ (0, 1] indicates that it is positive related. If I=0, then 

spatial autocorrelation not exits.   
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Z-scores are used to compare difference between observed value and predicted 

value. If Z-score is significantly showing a positive or negative figure, spatial 

autocorrelation exits.                                                         

𝑍 =
𝐼 − 𝐸(𝐼)
�𝑉𝐴𝑅(𝐼)

 

4. Data Analysis 

4.1 Data Selection 
Most common used hedonic property attributes contain property land size, 

number of bedrooms, number of floors, age, swimming pool etc. Land value is 

also considered as one of the attributes that will affect the property value, 

Colwell and Dilmore (1999). But in Singapore, developers bought lands from 

government, another developer or unblock from an existing project has different 

transaction period and cost, normally a project takes 1 to 4 years from 

construction start time till completion, and it is up to developer to decide when 

to start constructing and selling, which may incur a problem that the developer 

could buy the land in a very low price and hold many years to get the most profit, 

such  case could also be found in China and other Asian countries. So land value 

is not reliable, I dropped this variable in this paper. Some European scholars 

often consider parking lot, swimming pool, fireplace and pollution level into 

their research, but all condominiums in Singapore provide sufficient parking lots 

to their residents, swimming pool and gym are also provided. Like other 

countries in equator, fireplace is not the concern, Due to limited recourse and 

land, Singapore has one of the strictest environment control policies; no heavy 

industries are allowed there, so pollution is not considered as well. Another 

abandoned variable is income, as the only date than could find from internet is 

the average income level in each  district, and the data is collected from all the 

residents no matter they live in a HDB, Condo or Landed properties.  
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For hedonic regression, the choice of data matters. In this paper, most of the data 

are obtained from government website or government annual report of different 

division. The individual property prices, per square foot price and structural-

related information such as size number of bedrooms, number of bathrooms, 

property age, floor level, completion status, and transaction period are all taken 

from Urban Redevelopment Authority (URA) of Singapore and caveat-lodged 

by lawyers or valuers who handled the case. 

District descriptions are gathered from Singapore Department of Statistics as 

below: 

Figure 4.1 Singapore District Map  

 

Statistic regarding population density is a collected from the annual census 

report of Singapore Department of Statistics; result is shown in Figure 4.2.  
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Figure 4.2 Population Density Map 

 

Compared with District Map and Population Map, a new variable “PDL 

(Population Density Level)” is generated. We could find that District 

1,6,7,9,17,25 have a population of <10,000; District 8,10,11 have a population 

of 10,000-50,000;District 2,5,21 have a population of 50,000-100,000;District 

12,13,18 have a population of 100,000-150,000;District 19,20,26,28 have a 

population of 150,000-200,000;District 3,4,14,15,16,23 have a population of 

200,000-250,000 and District 22,24,25,27 have a population of 250,000-300,000. 

The result could be classified as PDL degree 1 to 7.  

To develop the relationship between pricing and spatial attributes, Geographic 

Information Systems (GIS) and Global Positioning Systems (GPS) are applied to 

add spatial factors, the method is also known as “trend surface analysis” in some 

geography literatures(Price Steven, 2002), three variables are constructed: 1) 

Latitude, which describes latitude of the property; 2) Longitude, which describes 

the longitude of the property; 3) Distance to City Center in kilometers, city 

center is set to be in Paragon Shopping Mall 1.303902,103.835734 

( Latitudec, Longitudec), which locates in the heart of Orchard Road,  District 9, 

walking distance to the most crowded MRT stations-NS22 Orchard and NS23 
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Somerset. Details of how to calculate the distance between individual property 

and city center could be found in appendix.   

A large number of data is required to practice hedonic approach, thousand of 

properties are transacted each month, and I have filtered the data by the 

following rules:  

 Property type: There are 4 types of properties in the private housing market: 

Apartment, Landed Property, Executive Condominium (EC) and Private 

Condominium. Only citizen or permanent residents could purchase Landed 

property or EC; Apartment is similar as Condominium with partial facilities 

(for example, no tennis court or swimming pool) and much smaller site plot. 

Only the data of condominium will be selected. 

 Room Size: 500sf> Size >2000sf only. Recent years room size below 500sf 

are super popular, but Banks like Citibank, Maybank, even Singapore 

national bank- DBS bank don't finance this kind of shoebox unit due to risk 

concern. Property above 2000sf is usually a penthouse unit, it locates the top 

of building with private garden, deck or even swimming pool. Those two 

types cannot be treated as normal housing.   

 Tenure: Only 99 years leasehold is kept. Freehold projects are limited and 

approval is cut off by government since 2010. Others like 103 years, 999 

years or 9999 years are not typical and abandoned.  

 Location: Whole island area except Sentosa. Some banks don't finance 

property in Sentods even this island is built for rich people, and has the 

highest recorded transaction price.  

 Transaction Period: 12 months (from 2013 January to 2013 December)  

 

After first round filtering, 8370 transactions are selected. Among these 

transactions, 225 projects involved. The transaction prices started from 
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SGD$456,493 to SGD$4,811,100 with a mean of SGD$ 1,241,392. PSF started 

from SGD$593 till SGD$3,462, average PSF is around SGD$1,210. The highest 

transaction volumes happened in January with 1735 records followed by 1701 in 

April, and the lowest was contributed in July with 63 records only.  

Among data, 6643 records are building under construction and each project has 

as many as hundreds records. To avoid the misleading result due to information 

asymmetry, second round filtering is conducted across variables, and 500 

records are kept. 

Below is a classic condominium project that developed by Far East Organization, 

the largest developer in Singapore, as we could see from the site map, a standard 

condominium which has facilities such as swimming pool, tennis court, gym, 

basement car park, BBQ pit, walking track and even badminton hall or KTV 

studio. 

Figure 4.3 Sample Condominium- Site Plan of Orchard Scotts Residences  
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4.2 Descriptive Statistics and Prediction 

Variabl

e 

Description Mean Std. Min Max 

Price 
Property transaction Price 

1384384 653864.5 456493 493900

0 

LnP 
the logarithm of Price 

14.06144 0.3779773 13.0313

3 

15.4126

7 

PSF Per square feet price=Price/Size 1218.224 443.9042 637 3462 

LnPSF 
the logarithm of PSF 

7.054764 0.3015629 6.45676

9 

8.14960

2 

Size Size of the property 1157.872 339.991 506 1991 

LnS 
The logarithm of Size 

7.006685 0.3200764 6.22653

7 

7.59639

2 

Age Age of the property 11.644 8.38223 1 39 

Nobd Number of bedrooms 2.772 0.9684481 1 4 

Noba Number of bathrooms 2.03 0.519268 1 3 

Lo 
Longitude of the property 

103.8467 0.0652894 103.717 103.970

3 

La 
Latitude of the property 

1.341668 0.0423591 1.26500

9 

1.44510

7 

DTC Distance to Center in kilometers 8.552976 4.435249 0.5458 16.6241 

FL Floor Level degree 1-13 2.412 1.982452 1 13 

FL1 Floor level 0-5 0.414 0.4930418 0 1 

FL2 Floor level 5-10 0.256 0.4368589 0 1 

FL3 Floor level 10-15 0.144 0.3514413 0 1 

FL4 Floor level 15-20 0.082 0.2746395 0 1 

FL5 Floor level 20-25 0.04 0.1961554 0 1 

FL6 Floor level 25-30 0.022 0.1468302 0 1 

FL7 Floor level 30-35 0.014 0.1176081 0 1 

FL8 Floor level 35-40 0.004 0.0631821 0 1 

FL9 Floor level 40-45 0.006 0.0773043 0 1 

FL10 Floor level 45-50 0.004 0.0631821 0 1 

FL11 Floor level 50-55 0.004 0.0631821 0 1 

FL12 Floor level 55-60 0.004 0.0631821 0 1 
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FL13 Floor level 60-65 0.006 0.0773043 0 1 

CS Completion status 0.378 0.4853732 0 1 

CS1 Completed 0.622 0.4853732 0 1 

CS2 Under construction 0.378 0.4853732 0 1 

PDL Population density level 4.726 1.792582 1 7 

PDL1 District 1,6,7,9,17,25 0.08 0.2715649 0 1 

PDL2 District 8,10,11 0.068 0.251998 0 1 

PDL3 District 2,5,21 0.106 0.3081459 0 1 

PDL4 District 12,13,18 0.118 0.3229312 0 1 

PDL5 District 19,20,26,28 0.182 0.386231 0 1 

PDL6 District 3,4, 14,15,16,23 0.312 0.4637738 0 1 

PDL7 District 22,24,25,27 0.134 0.3409935 0 1 

D District 16.022 7.593737 1 28 

D1 City - Marina Area 0.028 0.1651379 0 1 

D2  City – CBD         

D3 Central South 0.074 0.2620331 0 1 

D4 South – Keppel 0.024 0.1532023 0 1 

D5 South West 0.056 0.230152 0 1 

D6 City-City Hall         

D7 City-Beach Road         

D8 Central - Little India 0.012 0.1089943 0 1 

D9 Central – Orchard 0.014 0.1176081 0 1 

D10 Central: Tanglin 0.03 0.1707581 0 1 

D11 Central - Newton 0.026 0.1592945 0 1 

D12 Central - Toa Payoh 0.02 0.1401402 0 1 

D13 Central East,Potong Pasir, Macpherson 0.03 0.1707581 0 1 

D14 Central East - Eunos 0.034 0.1814106 0 1 

D15 East Coast- Katong 0.062 0.2413971 0 1 

D16 Upper East Coast 0.058 0.2339775 0 1 

D17 Far East - Changi 0.038 0.1913877 0 1 

D18 Far East - Tampines 0.068 0.251998 0 1 

D19 North East - Hougang 0.06 0.2377247 0 1 

D20 Central North – AMK 0.066 0.2485308 0 1 

D21 Central West, Clementi 0.048 0.2139803 0 1 
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D22 Far West - Jurong 0.048 0.2139803 0 1 

D23 North West, Bukit Batok 0.06 0.2377247 0 1 

D25 Far North West, Kranji 0.03 0.1707581 0 1 

D24 Far North, Admiralty, Woodlands          

D26 North, Tagore, Yio Chu Kang 0.018 0.1330843 0 1 

D27 Far North- Yishun  0.056 0.230152 0 1 

D28 North East - Seletar 0.04 0.1961554 0 1 

Dpre D1, D9 - - - - 

Dsec D3,D4,D6, D7, D8, D10, D11 - - - - 

Dltin D12, D13, D14 - - - - 

Drec D5, D15, D16, D20 - - - - 

Drest D17,D18,D19,D21,D22,D23,D24,D25,D26,D27,D28 - - - - 

 

There are four independent variables: Price (or LnP) and PSF (or LnPSF). When 

total property transaction price (actual price and logarithm of price) is set to be 

independent variable, Size (or LnS), and Nobd are expected to have positive 

effect on property value, which is understandable. Floor Level is expected to 

have positive effect as well. In such a compact city, higher floor means better 

view and the construction cost will also increase. For example, people live in 

25P

th
P floor is willing to pay a higher price than people who decided to purchase 

the second floor unit in the same building. Customers have different 

expectations and are willing to pay more or less to adjust their wills. Age is the 

one of the key factor in property valuation almost in all researches, I am 

expecting to see a negative effect of age on value, which means the older the 

property is the cheaper the property is. Center of Singapore is set to be in district 

9, Orchard Road, Central-South area and CBD area is in the south, so I am 

expecting a negative impact of latitude, properties in high latitudes are expecting 

to have higher transaction prices than those in low latitudes. The impact of 

completion status, longitude and population density level are hard to estimate so 

I will test those variables and analyze them in the next chapter.  
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Most of the variables seems to have similar expectation in equations that use 

property transaction price per square feet (actual PSF and logarithm of PSF) to 

be the independent variable except size, in reality, property in a larger size tend 

to have a lower PSF. Because during the construction, the most expensive parts 

in are bathrooms and kitchen due to the complicated circuit and water systems, 

so a one bedroom studio costs more per square foot than a 2 bedroom apartment. 

What’s more, it is also the developer’s strategy to price the smaller unit with a 

higher price to maximize profit as there’s a need of small units due to the budget 

constrain. According to Tobler’s idea in 1970, “Everything is related to 

everything else, but near things are more related than distant things", we are 

expecting a certain degree of spatial autocorrelation in all models. 

5. Result Analysis and Discussion  

In this section, regression result will be displayed and compared. Best model 
will be detected in Section 5.1. Section 5.2 will apply the result into current 
situation and discuss how the result could help with the real estate market.  

5.1 Result Analysis 
In this section, basic models and integrated models will be analyzed. To 
investigate the existence of functional value, variable Di  is replaced by new 
classified area attributes. The result is given and compared in the later section.  

5.1.1 Result of Basic Models and Analysis 

1) Model 3.1 

Dependent variable: Price  

Independent variables:  

Model 3.1A:  Size Age Noba Nobd La Lo dum.FL dum.CS  dum.D 

Model 3.1B: Size Age Noba Nobd La Lo dum.FL dum.CS  dum.PDL 

Model 3.1C:  Size Age Noba Nobd DTC dum.FL dum.CS  dum.D 
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Model 3.1D: Size Age Noba Nobd DTC dum.FL dum.CS  dum.PDL 

Table 5.1 Model 3.1 Comparison 

 
Model 3.1A Model 3.1B Model 3.1C Model 3.1D 

Observations 500  500  500  500  

RMSE 210000  270000  220000  260000  

R-squared 0.9027  0.8401  0.9002  0.8501  

Adj R-Square 0.8938  0.8317  0.8913  0.8425  

F-Value 100.97  99.64  100.77  112.21  

Breusch-Pagan F-Test 188.55  153.82  175.74  153.36  

Mean VIF 7.04  2.54  5.04  2.36  

Moran’s I 0.138 0.138 0.138 0.138 

E[I] -0.002 -0.002 -0.002 -0.002 

Z score for Moran’s I 14.497 14.497 14.497 14.497 

 *See appendix for estimation details.  

According to the model above, none of them is perfect. RMSEs are high, 

significant F value for Breusch-Pagan Test and D has a higher explanation 

power than PDL. Moran’s I is performed to test spatial autocorrelation, I=0.138 

in all models with z-score value of 14.497, indicates a positive relationship.  

Model 3.1A performs best in terms of lowest RMSE, highest Adj R-square. 

Mean VIF is higher than 5, but it is still in a controllable level and this may 

caused by locational variables. The adjusted R-square is 0.8938, meaning that 

approximately 89% of the variability of Price is accounted for b the variables in 

the model.  

 

Size is proved to be significant at 99%, positive, with a coefficient from 960.4 to 

998.6, which means that 1sf increase in size will lead a SGD$980 increase in 

total price. Age is negative significant at 99% for all 4 models, 1 year older will 

decrease the value by around SGD$14,000.  La is significant at 99% showing 



40/74 

 

that property in the south are more valuable that in north. DTC is negative 

significant, 1 km away from city center will bring about a decrease of 

SGD$40,000 in property value.   

 

Dummy variables D (except for D9)is negative significant meaning that D1 has 

the highest property mean value and D17 has the lowest. PDL is negative 

significant, indicate that the more crowded the area, the lower the price. CS is 

proven to be significant and positive in all models, which means if other 

conditions are the same, property under construction is more valuable than a 

completed project by SGD$80,000. FL in high range is positive significant, and 

the value of property in 50 floors and above is more than 1.5million over the 

property in ground floor.   

 

D9 is insignificant probably because D9 is in the center of Singapore, and has 

similar property value compared with D1.  FL in low ranges, are insignificant at 

all levels. Number of bedroom and number of bathroom are proven in many 

literature researches to be determinant variables, but in this case, none of them is 

showing a significant sign.  

 

1) Model 3.2 

Dependent variable: PSF 

Independent variables:  

Model 3.2A:  Size Age Noba Nobd La Lo dum.FL dum.CS  dum.D 

Model 3.2B: Size Age Noba Nobd La Lo dum.FL dum.CS  dum.PDL 

Model 3.2A:  Size Age Noba Nobd DTC dum.FL dum.CS  dum.D 

Model 3.2B: Size Age Noba Nobd DTC dum.FL dum.CS  dum.PDL 
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Table 5.2 Model 3.2 Comparison 

 
Model 3.2A Model 3.2B Model 3.2C Model 3.2D 

Observations 500 500 500 500 

RMSE 155.91 227.86 160.87 220.54 

R-squared 0.887 0.7497 0.8795 0.765 

Adj R-Square 0.8766 0.7365 0.8687 0.7532 

F-Value 85.43 56.8 81.5 64.44 

Breusch-Pagan F-Test 146.56 176.2 146.82 194.65 

Mean VIF 7.04 2.54 5.04 2.36 

Moran’s I 0.211 0.211 0.211 0.211 

E[I] -0.002 -0.002 -0.002 -0.002 

Z score for Moran’s I 22.012 22.012 22.012 22.012 

*See appendix for estimation details.  

Same problem as Model 3.1, F value of Breusch-Pagan test are high. But RMSE 

improved dramatically. D has more effect to value than PDL same as in previous 

model. Colinearity exists but will not affect much as mean VIF is low, while the 

value of Moran;s I is 0.211in all models, indicates a positive relationship as well.  

Model 3.2A is the best among these 4 in terms of highest AdjR-square, highest F 

value and lowest RMSE.   

Size is not significant in all models, but the signs are all negative, showing that 

PSF of small will decrease if the property has larger size. Age is significant at 

99%, and negative for all 4 models with an average coefficient of -11, indicating 

that  if other conditions are the same, PSF will decrease by SGD$11 if it is 1 

year older. Nobd is negative related with PSF, La is significant, similar result as 

Model 3.1, Lo is not all insignificant but the signs are negative, showing that 

property in the east has higher PSF.  

Dummy variables FL in high range is significant at 99% for all models, shows 

that if other conditions are the same, PSF of property above 50 floor is 



42/74 

 

SGD$650 higher that property at ground floor. CS is significant in all models 

with an average coefficient of SGD$75, indicates that a new project with the 

same conditions are selling SGD$75/PSF more than the completed one. D is 

significant in all districts and property in D9 has the highest PSF, followed by 

D1 and D11 while D17 has the lowest PSF.  PDL1 has the highest PSF and PD3 

has the lowest. Both of them are significant.   

FL in low range and Noba are insignificant at all confident levels.  

 

 3) Model 3.3 

Dependent variable: LnP  

Independent variables:  

Model 3.3A:  LnS Age Noba Nobd La Lo dum.FL dum.CS  dum.D 

Model 3.3B: LnS Age Noba Nobd La Lo dum.FL dum.CS  dum.PDL 

Model 3.3A:  LnS Age Noba Nobd DTC dum.FL dum.CS  dum.D 

Model 3.3B: LnS Age Noba Nobd DTC dum.FL dum.CS  dum.PDL 

Table 5.3 Model 3.3 Comparison 

 
Model 3.3A Model 3.3B Model 3.3C Model 3.3D 

Observations 500 500 500 500 

RMSE 0.11215 0.15022 0.11594 0.14724 

R-squared 0.9194 0.85 0.9136 0.8555 

Adj R-Square 0.912 0.842 0.9059 0.8482 

F-Value 124.06 107.4 118.19 117.22 

Breusch-Pagan F-Test 15.94 19 13.1 18.21 

Mean VIF 7.07 2.59 5.07 2.4 

Moran’s I 0.169 0.169 0.169 0.169 
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E[I] -0.002 -0.002 -0.002 -0.002 

Z score for Moran’s I 17.556 17.556 17.556 17.556 

*See appendix for estimation details.  

LnP and LnS are used instead of Price and Size to estimate the elasticity of the models. 

RMSE result, R-Square and F-value has significantly improvement. Although F-Value 

of Breusch-Pagan test for all models are not desirable, the figures decreased a lot 

compared with previous models. Mean VIF is relatively low for all models. D is a 

better variable compared with PDL.Moran’s I in all models is 0.169, lower than model 

3.2 and higher than model 3.1. Best model among these is Model 3.3A. An AdjR-

Square of 0.912 shows the independent variables explain around 91.2% of dependent 

variables. 

 

LnS is significant at 99% and positive in all models. Age is significant and negative 

with an average coefficient of -0.010325, shows that 1 year increase in age will lead to 

a 1.0325% decrease of property value. Nobd is not all significant but the signs are all 

negative. La is significant at 99%, positive related.DTC is significant at 99%, negative 

related. 1km always from center will lead to a 3.05% decrease in property value.    

 

Dummy variable FL is significant at 99% and positive in high range. Property in 

50 floor and above has more than 33% of value than that on the low floor. CS is 

not significant for all but the sign are all positive with an average coefficient of 

0.037075, so property under construction is more expansive than completed 

property by 3.71% if other conditions remain unchanged. D is significant, D9 

has the highest property value followed by D1, and D3 is 15.15% lower than D1, 

ranks third.        

Noba, Lo, FL in low range and PDL are insignificant in Model 3.3. 
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4) Model 3.4 

Dependent variable: LnPSF  

Independent variables:  

Model 3.4A:  LnS Age Noba Nobd La Lo dum.FL dum.CS  dum.D 

Model 3.4B: LnS Age Noba Nobd La Lo dum.FL dum.CS  dum.PDL 

Model 3.4C:  LnS Age Noba Nobd DTC dum.FL dum.CS  dum.D 

Model 3.4D: LnS Age Noba Nobd DTC dum.FL dum.CS  dum.PDL 

Table 5.4 Model 3.4 Comparison 

 
Model 3.4A Model 3.4B Model 3.4C Model 3.4D 

Observations 500 500 500 500 

RMSE 0.11214 0.15019 0.11592 0.14723 

R-squared 0.8734 0.7644 0.8644 0.7731 

Adj R-Square 0.8617 0.752 0.8522 0.7616 

F-Value 75.04 61.51 71.2 67.43 

Breusch-Pagan F-Test 0.02 18.95 0.07 22.87 

Mean VIF 7.07 2.59 5.07 2.4 

Moran’s I 0.247 0.247 0.247 0.247 

E[I] -0.002 -0.002 -0.002 -0.002 

Z score for Moran’s I 25.564 25.564 25.564 25.564 

*See appendix for estimation details.  

Compared with Model 3.4, R-square and F value decrease in all models, but F 

value of heteroskedasticity test dropped to a very pleasant level, especially in 

Model 3.4A and Model 3.4C.  D is also a better variable to explain value. 

Moran’s I is the highest in 4 dependent variables. Model 3.4A is considered as 
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the best model in terms of lowest RMSE, highest F-value, no sign of  

heteroskedasticity and mean VIF is in a controllable level.  

Age and LnS are both significant in all models with negative relationships. 1% 

size change will lead to 14% PSF drop. Nobd is not all significant but all the 

signs show a negative effect. La is significant at 99%, negative related. DTC is 

significant at 99%, negative related, 1 km further from center causes a 3% 

decrease in PSF. 

Dummy variables FL in high range is significant at 99%. PSF increases more 

than 30% if the property is above 50 floor. CS is not all significant but all the 

models have a common sign of positive, shows that property under construction 

has a higher PSF compared with completed property. D is significant at 99% 

except for D9. Model 3.4A shows that PSF in D9 is 15.12% higher than that in 

D1, and has the highest PSF in all districts followed by D1 and D11.  

PDL and Noba are insignificant.    

5.1.2 Result of Integrated Models and Analysis 

1) Model 3.5 

Dependent variable: Price 

Independent variables:  

Model 3.5A: Size Age Noba Nobd FL La Lo i.D i.CS i.D#c.Size i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.La i.D#c.Lo  i.CS#c.Size  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.La 

i.CS#c.Lo 

Model 3.5B: Size Age Noba Nobd FL DTC i.D i.CS i.D#c.Size i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.DTC  i.CS#c.Size  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.DTC 

2) Model 3.6 

Dependent variable: PSF 
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Independent variables:  

Model 3.6A: Size Age Noba Nobd FL La Lo i.D i.CS i.D#c.Size i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.La i.D#c.Lo  i.CS#c.Size  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.La 

i.CS#c.Lo  

Model 3.6B: Size Age Noba Nobd FL DTC i.D i.CS i.D#c.Size i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.DTC  i.CS#c.Size  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.DTC   

Table 5.5 Model 3.5 and 3.6 Comparison 

 
Model 3.5A Model 3.5B Model 3.6C Model 3.6D 

Observations 500 500 500 500 

RMSE 126748.01 140392.01 102.24 111.79 

R-squared 0.9763 0.9695 0.9665 0.9581 

Adj R-Square 0.9624 0.9539 0.9469 0.9366 

F-Value 70.46 62.1 49.41 44.6 

Breusch-Pagan F-Test 84.55 77.92 28.82 20.58 

Mean VIF 142000000  142000000  7297.93 144000000  

Moran’s I 0.138 0.138 0.211 0.211 

E[I] -0.002 -0.002 -0.002 -0.002 

Z score for Moran’s I 14.497 14.497 22.012 22.012 

*See appendix for estimation details.  

These are the integrated models with factor variables. R-square increased anove 

95%. F value is significant. But the figure of  F-test of heteroskedasticity and 

mean VIF are all high. Multicolinearity and heteroskedasticity are bothering 

them all. In terms of RMSE, Model 3.6 performs better. Model 3.6A is the best 

among these 4, although R-square is not the highest, but the RMSE, mean VIF 

are the lowest and low F value of  Breusch-Pagan.  
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Size and Floor Level are significant in all models, positive related as previous 

ones. La is significant as well, even though Lo is not significant in all levels, the 

signs are the same, positive related.  

 

Noba is not significant in most of the models, but the integrated variable 

D*Noba is significant in most of the districts, for example, D*Noba is 

significant in all models, increasing 1 unit of Noba will lead to a 

SGD$1.35millions increase in property price in district 3 and a 

SGD$1.56millions increase in district 11. CS*Age and CS*FL are significant in 

all models at level 99%, positive related. CS*La is also significant, shows that 

property under constructing in the south is more expensive than the property in 

the north. DTC is significant and positive related while D*DTC is also 

significant but negative related.   

  

3) Model 3.7 

Dependent variable: LnP 

Independent variables:  

Model 3.7A: LnS Age Noba Nobd FL La Lo i.D i.CS i.D#c.LnS i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.La i.D#c.Lo  i.CS#c.LnS  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.La 

i.CS#c.Lo 

Model 3.7B: LnS Age Noba Nobd FL DTC i.D i.CS i.D#c.LnS i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.DTC  i.CS#c.LnS  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.DTC 

 

4) Model 3.8 

 Dependent variable: LnPSF 

Independent variables:  
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Model 3.8A: LnS Age Noba Nobd FL La Lo i.D i.CS i.D#c.LnS i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.La i.D#c.Lo  i.CS#c.LnS  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.La 

i.CS#c.Lo 

Model 3.8B: LnS Age Noba Nobd FL DTC i.D i.CS i.D#c.LnS i.D#c.Age  i.D#c.Noba i.D#c.Nobd 

i.D#c.FL i.D#c.DTC  i.CS#c.LnS  i.CS#c.Age i.CS#c.Noba i.CS#c.Nobd  i.CS#c.FL i.CS#c.DTC 

Table 5.6 Model 3.7 and 3.8 Comparison 

   Model 3.7A  Model 3.7B  Model 3.8C  Model 3.8D 

Observations 500 500 500 500 

RMSE 0.0829 0.0911 0.0828 0.0911 

R-squared 0.9697 0.9616 0.9524 0.9397 

Adj R-Square 0.9519 0.9419 0.9245 0.9088 

F-Value 54.7 48.87 34.22 30.42 

Breusch-Pagan F-Test 0 0.37 1.01 0.79 

Mean VIF 144000000 17903.33 144000000 17903.33 

Moran’s I 0.169 0.169 0.247 0.247 

E[I] -0.002 -0.002 -0.002 -0.002 

Z score for Moran’s I 17.556 17.556 25.564 25.564 

*See appendix for estimation details.  

Compared to the previous 4 integrated models, despite R-Square are lower, 

RMSEs and F value for Breusch-Pagan test are all small in 4 models. 

Mulicolinearity is still a problem that bothering models.  Best model is Model 

3.7A with highest R-square and F value. 

LnS and Lo are significant, positive as other models.  D*LnS are not all 

significant, but the result shows that 1% increase in size will lead property 

increase most in district 9 and district 1. CS*LA is significant, negative related. 

CS*Age is also significant but positive related.  

5.1.3 Results of models using new districts classification  

Table 5.7 New Basic Models Comparisons 
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Model 3.1An 3.1Cn 3.2An 3.2Cn 3.3An 3.3Cn 3.4An 3.4Cn 

RMSE 220000 230000  170.45 176.92  .13504 .13898 .12541 .1315  

R-squared 0.8872 0.8812  0.8593  0.8482  0.8783 0.8708  0.8350  0.8182 

Adj R-Square 0.8817  0.8757  0.8526  0.8412 0.8724  0.8648  0.8270  0.8099 

F-Value 162.71 160.83  126.45  121.11  149.29 146.09 104.75  97.61  

BP  F-Test 172.92  154.03  175.74  105.25  17.77  11.18  0.04 1.10 

Mean VIF 3.35 3.58 3.35 3.58 3.35 3.58 3.35 3.58 

*See appendix for estimation details.  

There are 8 basic models that applied the updated zoning classification, as we 

could find from the result, all models have a high R-square that above, and 

meaning that over 80% of price could be explained by the given variables above. 

The reason why all R-Squares are lower than the previous models is mostly due 

to the reduced number of dummy variables, changing from i.D to i.Ndr. VIF is 

largely decreased and more variables are proven to be significant, spatially for 

the new variable “Ndr”, this new dummy variable is significant in all models. So 

we could conclude that “Ndr” is a more powerful attributes that explain the 

functional value. 

 Among these models, model 3.3An and 3.3Cn are the best one, followed by 

3.2An and 3.2Cn. Size, Floor level are significant and positive related with the 

property price while Age, latitude, altitude, distance to city center and all new 

districts variables are all significant as well but negatively related with the 

property price.  

And this result also proved that property in the south and east parts of Singapore 

are more expensive. Properties in premier areas are most valuable, this is no 

doubt. But the second expensive region is the areas adjacent to premier zone and 

is 39.8% less value than that in District 1 and District 9. Before the regression, 

we assumed that the recreational region could be the third expensive region, as 

Singapore is really famous for the East Coast Park, and Bukit Timah, moreover, 
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National University of Singapore, National Hospital of Singapore are all locate 

in West Coast area, while the result came back with surprise. District 14, which 

is in Light Industrial Zone, is famous for the prostitution business, and District 

12 provides small hotels, SPAs as well to support this. Some certain streets are 

even full of police at night and social service groups from 8pm till 3am. That 

region has limited schools, nursing homes, no parks and even no MRT passing 

through. But this region turned out to be more valuable than recreational zone. 

The rest districts which are heavy industrial area close to Malaysia area and 

airport area. Those three parts contribute the last group of “Ndr”, and has 67.8% 

value less than premier zones if the rest remain unchanged.  

If we take “PSF” as our independent variable, only CS is positive related and 

significant, which means that property under construction sells higher by 

SGD$79. One year increases in age causes SGD$10 decreases in the property 

value and one bedroom increases in the house layout leads to a SGD$38 drops in 

price, which means larger apartments tend to have lower PSF. New dummy 

variable “Ndr” is significant and negative related with PSF. Not surprisingly, 

premier districts have the highest PSF followed by adjacent regions with a 

SGD$993 drop in PSF. And again, properties in light industrial regions have 

higher PSF than those in recreational zones, but the difference is not much.    

Table 5.8 New Integrated Models Comparisons 

Model 3.5An 3.5Bn 3.6An 3.6Bn 3.7An 3.7Bn 3.8An 3.8Bn 

RMSE 190000 190000 142.43 150.37 .12307 .12829 .12371 .12276 

R-squared 0.9267 0.9209 0.9065  0.8947 0.9038 0.8943 0.8690 0.8479 

Adj R-Square 0.9192 0.9138 0.8970  0.8853 0.8940 0.8848 0.8557 0.8343 

F-Value 124.46 130.05 95.52 94.90 92.48 94.47 65.34 62.27 

BP F-Test 133.51 95.95 34.63 16.67 11.74 1.13 0.03 4.17 

Mean VIF 436000 701.12 436000 701.12 436000 701.12 436000 701.12 

*See appendix for estimation details.  
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Same problems here, RMSE and VIF are all very high, which indicate the 

unreliability of models. But we could still use it as a reference to investigate the 

relationship between Price/PSF and variables. In those models, we are so 

pleased to find out that most of the variables that integrated with new dummy 

variable i.Ndr are significant compared with the previous i.D. Best model is 

3.6Bn with high R-square, which closes to 0.9, lower RMSE and lowest VIF. 

Size, Age, Nobd, FL, Ndr, and i.Ndr*Size/Age/Nobd/FL, etc are significant 

variables.  

5.2 Other immeasurable variables that affects property value 
In 2013 Feb 8, the People’s Action Party announced the new population plan. 

According to the plan, the government will bolster population of 6.5 million to 

6.9 million by 2030 while the current population is only 5.3 million. The 

government aims to attract more branch companies, more working opportunities 

for the country,  but surprisingly, this issue triggered intense debate amount the 

country, nearly 3000 people helped a rare rally to protest this projected 

population increasing plan, this kind of strike is very rare in Southeast Asia and 

never happened before in Singapore. They concern that the increasing foreign 

employees will threaten their current social positions, push up the living cost, 

and affect the private housing market. 

According to Singapore's private residential turnover statistics, foreign buyers 

tends to own a house instead to pay high rental which contributes a strong 

increase of housing price since end of 2009.In the first half of 2010, foreign 

purchases accounted for about 25% of the total residential property sales 

transactions in Singapore. Malaysians, Indonesians, Mainland Chinese, and 

Indians were the biggest foreign property buyers in the country. Due to the 

tightening financial policies of Chinese real estate markets, numerous capitals 

have poured into Singapore property sectors. Almost all the Singapore’s private 
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real estate developers have set a special sales team that focus on Chinese 

investors. But this phenomenon disappeared gradually after the establishment of 

several housing control rulings. The unexpected foreign demand is still a flash in 

the pan, will not affect the general private housing market. In spite of this, 

Singaporeans are still quite sensitive about all the new acts related to foreigners 

due to the historical interest.  

Being a tiny point in the world map and managed by powerful politicians, does 

the Government participate in the real estate markets? The answer is yes, and 

significant role especially for countries with limited land and recourses such as 

Singapore. The government always has a 5 years master plan which will strictly 

control the use of land in each zone. MAS, as the central monetary department 

rules the overall financial and monetary markets. Although the private housing 

market is less intervened by government contrasted with HDB housing market, 

it could also be affected by the fluctuation of general economic environment, tax 

regulation and act related to real estate industry such as the implementation of 

new buyer and seller’s stamp duty act. Below are the three graphs showing the 

number of transactions, average purchase price and average PSF of all 8870 

records proceeded from January 2013 to December 2013.  

Figure 5.1 Number of transactions 
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Figure 5.2 Average Prices 

  

Figure 5.3 Average PSF 

 

Let’s compare the graphs with the MAS rulings in 2013. Singapore has been 

recovering from the previous financial crisis since 2006, while 2013 is a turning 

point. 11 January 2013, MAS press released a guide line named “Additional 

Measures to Ensure a Stable and Sustainable Property Market” with main idea 

of introducing Additional Buyer’s Stamp Duty (ABSD), this rule covered from 

financial institution, foreigner, local, and PR. This regulation basically 

constrained speculative activities among entire real estate industry.  28 June 

2013, new ruling released to regulate financial institution, and guided the new 

loan to value (LTV) ratio when lending to housing seekers. July and August are 
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yearly “Hungry Ghost Festival” which lasted a month. This is the traditional 

festival in Southeast Asia, that welcomes the ghost back to world, and people 

pray in temples to release souls from purgatory. Basically, people rest and stay 

indoors.  

As we could find out from the graphs, average price and PSF didn’t reflect the 

rulings, but number of transactions did. January has the most numbers of 

transactions although the new ruling was activated in 12 January. This was due 

to the unregulated activities provided by developers’ sales reps and agents, 

called “Back Date”. After the ruling was announced, the entire real estate 

industrial was shocked and larger developers came out with this method. They 

held the whole months’ option to purchase in January, and back dated before 11 

January. This act stimulated the market and pushed sales. We could found out 

that number of transactions dropped dramatically in February and March, and in 

April there were a few new projects that targeted locals with lower quantum 

attracted eyeballs. The worse month for agents and valuers were July, hit by new 

government rulings, and traditional festival. And the rest of the year were also 

very quite with limited transactions. These phenomena tell us that, besides 

properties measurable attributes, there are other factors will largely affect 

property values in Singapore, bear the brunt of government policies and social 

customs.  

6. Conclusion  

This paper selected 8870 transactions recorded of private condominiums from 

January 2013 to December 2013 in the government websites lodged by lawyers 

as the database, combined with GIS technology, indentified the determinant 

variables of private real estate price and their significant degrees by using 

hedonic approach, in order to help with the valuation procedures, detected a 

more effective district zoning by function instead of by administrative areas.   
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Due to the software constrain, 500 observations are selected across the country 

and date variety is the essential principle when filtering the data. 16 basic 

models, 8 integrated models and 16 models applied new district zonings are 

performed, and model diagnoses tests are operated across models. RMSE, R-

Square, Adjusted R-Square, F-Value tests are recorded and compared to 

discover the degree of overall fitness of models. Breusch-Pagan F-Test is 

performed to test the existence of heteroskedasticity and VIF test is used to 

check multicolinearity. Z score is performed to check the spatial autocorrelation.  

There are three findings. First is the outcome of finding determinant attributes in 

hedonic regressions. Among all the structural variables, Size is significant and 

positive related to property value, one square foot increases in size will lead to a 

SGD$950-980 increase in property value, and negative related to Per Square 

Foot meaning that larger property sales cheaper in terms of PSF. Age is 

significant variable, and negative related to both property value and PSF. 

Property under construction has higher value than completed property if other 

conditions remain unchanged. Floor Level is not significant if the property 

belong to 1 to 20 floor in most of the models, but significant in high levels such 

as 50 floor and above, this result largely contributed by the unblock view and 

fresh air. Surprisingly, neither number of bathroom and number of bedroom are 

proven to be significant in most of the models, while these two variables are 

considered as determinant ones in most of the research articles. In terms of 

neighborhood variable, population density level is used and showing a negative 

relationship between both dependent variables, which means that property in 

crowded region has less value than sparse area. There are 2 sets of locational 

variable, La, Lo and DTC, La and DTC are absolutely significant in all models, 

and shows that property in the south are more valuable than property in the north, 

the further the property, the lower the value. Lo is not significant in most of the 

models.   
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Second finding of this paper is the discovery of new district zones. Unlike other 

papers that involved Singapore housing market, this paper classify the 28 

administrative districts into 5 regions, and uniquely combined shopping centers 

and office clusters as premier districts, followed by adjacent areas, recreational 

areas, light industrial areas and the remains parts-districts with heavy industrial, 

districts adjacent to Malaysia, districts with airport. After replacing original i.D 

with new variable i.Ndr, all district dummy variables are proven to be significant 

and explainable. So the research in the future could use this new classification 

instead of separate districts, and valuers could check reference data from the 

same group as well. One interesting result of the zones is that, recreational 

districts are all close to the MRT, national parks, nursing homes, giant shopping 

centers and universities, while the light industrial regions are famous for 

prostitution business, related motels, late SPA, lack of public transportation and 

small factories. But the property prices and PSF in recreational areas are all 

lower than those in light industrial zones. This result is quite special and unique. 

Third find out is that besides measurable determinants, there are more 

immeasurable attributes were discovered in this paper such as government 

policies and local customs (Feng Shui). Those determinants may not affect 

property price immediately, they could start from lowering the transaction 

volumes, if the effects last long, base on supply-demand equation, seller will 

give up on price, and eventually those attributes will affect the property price.        

To be aimed against the problem of messy valuation market, finding the 

detriments are not enough, valuers could use the method and new zoning as 

reference to value the property, but they do not have a control of government 

policies or local customs. To be prepared, two suggestions are given. Firstly, 

constructing a regulated real estate market, policies are mostly made to correct 

the wrong activities, with less and less unregulated activities, and few 
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uncontrollable policies will be made in the future. Secondly, bank could form an 

independent appraisal unit to contact with valuers, all home loan bankers who 

need valuation guidance could send an email or text massage, whichever is 

traceable, with the property information to the unit officer, and let them conduct 

with the appraisal. The officer could send 3 copies to different appraisal 

companies, and send the medium value back to the banker without telling him 

which company came out with the result and consistent to work with the same 

valuer throughout the processing of this subject property.   

There are still some limitations of this paper although the results of regression 

models and database are quite pleasant. There are more than 8000 observation 

after first round filtering, but due to the software constrain, only 500 are kept. 

The result will improve if we take more observations into the models. The value 

of Moran’s I is relatively low, but still showing a positive significant level of 

spatial autocorrelation. Besides that, time serial data are missing due to source 

restriction.  

 

 

 

 

 

 

 

 

 



58/74 

 

7. Reference  

Singapore Department of Statistics 

www.singstat.gov.sg/ 

Urban Redevelopment Authority 

www.ura.gov.sg/ 

Housing& Development Board  

www.hdb.gov.sg/ 

Singapore Statutes Online-Residential Property Act 

http://statutes.agc.gov.sg/ 

Adair, A. S., Greal, S., Smyth, A, Cooper, J. & Ryley, T. (2000). House prices and accessibility: The 
testing of relationships within the Belfast urban area, Housing Studies, vol. 15, no. 5, pp. 699-716. 
 
Bae, C. H. C., Jun, M. J., & Park, H. (2003). The impact of Seoul's subway Line 5 on residential 
property values. Transport Policy, 10(2), 85-94. 

Ball, M. (1973).  Recent empirical work of the determinants of relative house prices, Urban Studies, 
vol. 10, pp. 213-233. 

Bartik, T. J. (1987), 'The estimation of demand parameters in hedonic price models', Journal of 
Political Economy, Vol. 95, No. 11, pp. 81-88. 

Becker, G. S. (1965), ‘A theory of the allocation of time', The Economic Journal, Vol. 75, No. 299, pp. 
493- 517. 

Benson, E. D., Hansen, J. L., Schwartz, A. L. & Smersh, G. T. (1998). Pricing residential amenities: The 
value of a view, Journal of Real Estate Finance and Economics, vol. 16, no. 1, pp. 55-73. 

Bourassa, S. C. & Peng, V. S. (1999).  Hedonic prices and house numbers: The influence of feng shui, 
International Real Estate Review, vol. 2, no. 1, pp. 79-93. 

Carroll, T. M., Clauretie, T. M. & Jensen, J. (1996). Living next to godliness: Residential property values 
and churches, Journal of Real Estate Finance and Economics, vol. 12, pp. 319-330.  

 

Ceccato,V. and Wilhelmsson, M.(2011). The impact of Crime on apartment prices: evidence from 
Stockholm, Sweden. Geografiska Annaier,: Series B, Human Geography 93(1):81-103 

http://www.singstat.gov.sg/
http://www.ura.gov.sg/
http://www.hdb.gov.sg/
http://statutes.agc.gov.sg/


59/74 

 

Chalermpong, S. (2007). Rail transit and residential land use in developing countries: hedonic study of 
residential property prices in Bangkok, Thailand.Transportation Research Record: Journal of the 
Transportation Research Board, 2038(1), 111-119. 

Chau, K. W., Ma, V. S. M. & Ho, D. C. W. (2001). The pricing of “luckiness” in the apartment 
market, Journal of Real Estate Literature, vol. 9, no. 1, pp. 31-40. 

Chau, K. W., Ng, F. F. & Hung, E. C. T. (2001). Developer's good will as significant influence on 
apartment unit prices, Appraisal Journal, vol. 69, pp. 26-34. 

Clapp, J. M. & Giaccotto, C. (1998). Residential hedonic models: A rational expectations approach to 
age effects, Journal of Urban Economics, vol. 44, pp. 415-437. 

Clark, D. E. & Herrin, W. E. (2000). The Impact of public school attributes on home sale price in 
California, Growth and Change, vol. 31, pp. 385-407. 

Colwell, P., Dilmore, G. 1999. Who was first? An examination of an early hedonic study.Land 
Economics, 75: 620-626 

Dunse, N., & Jones, C. (1998). A hedonic price model of office rents. Journal of Property Valuation 
and Investment, 16(3), 297-312. 

Edward N. Wolff, 1998. Recent Trends in the Size Distribution of Household Wealth, Journal of 
Economic Perspectives, Volume 12, November 3, 1998, page 131-150 

Fahrländer, S. S. (2007). Hedonische Immobilienbewertung: Eine empirische Untersuchung der 
Schweizer Märkte für Wohneigentum 1985 bis 2005 (Vol. 9). Martin Meidenbauer Verlag. 

Fletcher, M., Gallimore, P. & Mangan, J. (2000). Heteroskedasticity in hedonic house price models, 
Journal of Property Research, vol. 17, no. 2, pp. 93-108. 

Follain, J.R., Jimenez, E., 1985. Estimating the demand for housing characteristics: a survey and 
critique, Regional Science and Urban Economics 15(1), 77-107. 

Francke M.K., Vos G.A, Janssen JE.(2000), Standardized price indices for the regional housing 
market; a comparison between the fixed-sample index and the hedonic index, paper presented at the 
European Real Estate Society 48. Conference, Bordeaux.  

Garrod, G. & Willis, K. (1992). Valuing the goods characteristics – an application of the hedonic price 
method to environmental attributes, Journal of Environmental Management, vol. 34, no. 1, pp. 59-76 

Goetzmann, W., and M. Spiegel, 1995, Non-Temporal Components of Real Estate Appreciation, 
Review of Economics and Statistics 77(1), 199-206. 

Goodman, A. C. (1998), ‘Andrew Court and the invention of hedonic price analysis’, Journal of Urban 
Economics, Vol. 44, pp. 291-298 

Griliches, Z. (1958), ‘The demand for fertilizer: an econometric reinterpretation of a technical change’, 
Journal of Farm Economics, Vol. 40, pp. 591- 606 

Halvorsen,R. and Pollakowaki,H.O.(1981). Choice of functional form for hedonic price equations. 
Journal of Urban Economics, 10(1),P.37-49 



60/74 

 

Haas, G. C. 1922. “Sales prices as a basis for farm land appraisal.” Technical bulletin, Vol 9, The 
University of Minnesota Agricultural Experiment Station, St. Paul. 

Hansen, James, 2009. Australian House Prices: A Comparison of Hedonic and Repeat-Sales Measures. 
Economic Record, 85: 132–145.  

Himmelberg, C., C. Mayer and T. Sinai, 2005, Assessing High House Prices: Bubbles, Fundamentals, 
and Misperceptions, Journal of Economic Perspectives 19(4), 67-92. 

Houthakker, H. S. (1952), ‘Compensated changes in quantities and qualities consumed’, The Review 
of Economic Studies, Vol. 19, No. 3, pp. 155-164. 

Jim, C. Y. andW. Y. Chen (2009) Value of scenic views: Hedonic assessment of privatehousing in 
Hong Kong, Landscape and Urban Planning, 91 (4) 226–234. 

Joyce Y. Man and Mark S. Rosentraub,” Tax Increment Financing: Municipal Adoption and Effects 
On Property Value Growth” Public Finance Review November 1998 vol. 26 no. 6 523-547 

Kohlhase, J. E. (1991).  The impact of toxic waste sites on housing values, Journal of Urban 
Economics, vol. 30, pp. 1-26. 

Kryvobokow,M and Wihelmsson, M. (2007). Analyzing location attributes with hedonic model for 
apartment prices in Donetsk, Ukraine. International Journal of Strategic Property Management, Vol.11 

Lancaster, K. J. (1966), ‘A new approach to consumer theory’, The Journal of Political Economy, Vol. 
74, No. 2, pp. 132- 157.  

Malpezzi, S., 2003. Hedonic pricing models: a selective and applied research, in: O’Sullivan, T., Gibb, 
K. (Eds.) Housing Economics and Public Policy, Oxford: Blackwell Science. 

Mandell, S and Wilhelmsson, M. (2011). Willingess to pay for sustainable 
housing. Hournal of housing Research,  Vol.27(2), 119-137.  

Mayer, C., 1998, Assessing the Performance of Real Estate Auctions, Real Estate Economics 26(1), 
41-66. 

Ong, S. E. and K. H. D. a. Ho (2003) A constant-quality price index for resale public housing flats in 
Singapore, Urban Studies, 40 (13) 2705–2729. 

Pan, H., & Zhang, M. (2008). Rail transit impacts on land use: Evidence from Shanghai, 
China. Transportation Research Record: Journal of the Transportation Research Board, 2048(1), 16-
25. 

Robert C. F. and M. D. Shapiro, (2003), ‘Scanner data and price indexes’, University of Chicago 
Press, pp. 25, 341.  

Rosen, S. (1974), ‘Hedonic prices and implicit markets: product differentiation in pure competition’, 
Journal of Political Economy, Vol. 82, No. 1, pp. 34-55.  

Selim,S.2008. Determinants of house prices in Turkey: a hedonic regression model, Doğuş 
Üniversitesi Dergisi, 9 (1) 2008, 65-76 
 



61/74 

 

Sheppard, S., 1999, Hedonic analysis of housing markets. In Paul C. Chesire and Edwin S. Mills 
(eds.), Handbook of Regional and Urban Economics, volume 3. Elsevier, 1999. 

Sirmans, S.G., Macpherson, D.A., Zietz, E.N., 2005. The composition of hedonic pricing models, 
Journal of Real Estate Literature 13(1), 1-44.  

Smirnov, O., & Anselin, L. (2001). Fast maximum likelihood estimation of very large spatial 
autoregressive models: a characteristic polynomial approach.Computational Statistics & Data 
Analysis, 35(3), 301-319. 

So, H. M., Tse, R. Y. C. & Ganesan, S. (1996). Estimating the influence of transport on house prices: 
Evidence from Hong Kong, Journal of Property Valuation & Investment, vol. 15, no. 1, pp. 40-47. 

Sue, E. D., & Wong, W. K. (2010). The political economy of housing prices: Hedonic pricing with 
regression discontinuity. Journal of Housing Economics,19(2), 133-144. 

Tse, R. Y. C. and P. E. D. Love (2000) Measuring residential property values in Hong Kong, Property 
Management, 18 (5) 366–374. 

Palmquist, R. B. (1992). Valuing localized externalities, Journal of Urban Economics, vol. 31, pp. 59-
68. 

Paterson, R. W., & Boyle, K. J. (2002). Out of sight, out of mind? Using GIS to incorporate visibility 
in hedonic property value models. Land economics, 78(3), 417-425. 

Wilhelmsson,M. (2000). The impact of traffic noise on the values of single family houses. 
Journal of Environmental Planning and Management 43(6),799-815 

Wilhelmsson,M.(2002). Spatial Models in Real Estate Economics. Housing, Theory and 
Society, 19, P. 92-101 

Wilhelmsson, M.(2008). Housing price depreciation rates and level of maintenance. Journal 
of housing economics. Vol.17(1),88-101 
 

 

 

 

 

 

 



62/74 

 

                                               Appendix 1- Correlatrion Cov 
 

 

 

 

 

        PDL7     0.4532  -0.4319  -0.0569  -0.2019  -0.0289  -0.0469  -0.0680  -0.2293  -0.1352  -0.3844   0.5024  -0.0161
        PDL6    -0.2751   0.3140   0.1090   0.0700   0.0140   0.0427   0.0359   0.0612   0.0430   0.0757  -0.4121  -0.1600
        PDL5     0.3738  -0.2904  -0.0499  -0.1662  -0.0195  -0.0228  -0.0473  -0.1837  -0.0353   0.1339   0.3790   0.0599
        PDL4    -0.0150  -0.0498  -0.2665  -0.0827  -0.0758  -0.0740  -0.1168  -0.0450  -0.0792   0.3602   0.0638   0.2391
        PDL3    -0.1594   0.0820   0.2846  -0.0314   0.0645   0.0879   0.0803  -0.0820  -0.0979  -0.3935  -0.1963  -0.1746
        PDL2    -0.2134   0.3292   0.1301   0.1209  -0.0064  -0.0267  -0.0003   0.1826   0.0401  -0.0778  -0.1834  -0.1123
        PDL1    -0.2341   0.0798  -0.1706   0.3922   0.0631   0.0314   0.1393   0.4217   0.3146   0.2534  -0.1490   0.2262
         D28     0.3223  -0.2145  -0.0315  -0.1057  -0.0027  -0.0046  -0.0315  -0.1212  -0.0837   0.0759   0.2298   0.0724
         D27     0.3525  -0.3328  -0.0842  -0.1421  -0.0196  -0.0325  -0.0309  -0.1748  -0.0770  -0.0527   0.4958   0.0433
         D26     0.1781  -0.1636   0.1117  -0.0756   0.0191   0.0319   0.0212  -0.1126  -0.0434  -0.0242   0.1540  -0.1055
         D25     0.2081  -0.2958  -0.0849  -0.1271  -0.0615  -0.0797  -0.0780  -0.1148  -0.1195  -0.1683   0.3293   0.0080
         D23     0.2324  -0.1858  -0.0064  -0.1189  -0.0491   0.0160  -0.0471  -0.1213   0.0495  -0.3455   0.1665  -0.0233
         D22     0.1769  -0.0943   0.0676  -0.0675   0.0242   0.0239  -0.0130  -0.0858  -0.0373  -0.4216   0.0046  -0.0786
         D21     0.1473   0.1538   0.2531   0.0001   0.1330   0.1496   0.1493  -0.0945  -0.0987  -0.2451  -0.0402  -0.1750
         D20     0.1394   0.0143   0.0469  -0.0172  -0.0087  -0.0123   0.0002  -0.0032   0.0301  -0.0153   0.1267  -0.0245
         D19     0.0992  -0.2256  -0.1552  -0.1210  -0.0209  -0.0275  -0.0633  -0.1370  -0.0015   0.1751   0.2026   0.1157
         D18     0.0704  -0.1560  -0.1555  -0.1122  -0.0434  -0.0431  -0.0616  -0.1165  -0.0762   0.4054   0.1254   0.1990
         D17     0.0256  -0.3030  -0.1340  -0.1187   0.0182  -0.0072   0.0288  -0.1578  -0.0994   0.3613   0.0800   0.1902
         D16    -0.0007  -0.0650   0.0126  -0.0486  -0.0199  -0.0211  -0.0308  -0.0402  -0.0646   0.3529  -0.0949   0.0183
         D15    -0.0346   0.2572   0.1516   0.0694   0.0569   0.0434   0.0970   0.0260  -0.0451   0.1777  -0.2435  -0.1149
         D14    -0.0500   0.0989   0.0501  -0.0021   0.0211  -0.0014   0.0104  -0.0295  -0.0502   0.1575  -0.1020  -0.0780
         D13    -0.0701   0.0372  -0.1745  -0.0028  -0.0678  -0.1040  -0.1232   0.0673  -0.0366   0.0672  -0.0314   0.1289
         D12    -0.0757   0.1204  -0.1219   0.0146  -0.0140   0.0337  -0.0083   0.0237  -0.0009   0.0192  -0.0403   0.0359
         D11    -0.1082   0.2150   0.1810   0.0744   0.0130  -0.0135   0.0390   0.0912   0.0358  -0.0302  -0.0797  -0.1274
         D10    -0.1396   0.2592   0.0201   0.1100  -0.0043  -0.0191   0.0124   0.1559   0.0226  -0.1028  -0.1441   0.0080
          D9    -0.1103   0.2132  -0.0498   0.2026  -0.0351  -0.0775  -0.0397   0.4011   0.0268  -0.0235  -0.1149   0.0826
          D8    -0.1165   0.0407   0.0047  -0.0016  -0.0271  -0.0120  -0.0772   0.0445   0.0049   0.0251  -0.0819  -0.0859
          D5    -0.3539  -0.0254   0.1340  -0.0437  -0.0479  -0.0325  -0.0309  -0.0167  -0.0331  -0.2893  -0.2204  -0.0643
          D4    -0.2485   0.2559  -0.0183   0.1492   0.0593   0.0640   0.0917   0.1366  -0.0326  -0.0723  -0.2681   0.0125
          D3    -0.4853   0.3274   0.0239   0.1254  -0.0147   0.0034  -0.0163   0.1709   0.1842  -0.0980  -0.3440  -0.1258
          D1    -0.3361   0.3305  -0.0898   0.6382   0.1076   0.1152   0.2239   0.5908   0.6136   0.0147  -0.2560   0.0927
         CS2     0.0565  -0.1795  -0.7436   0.0430  -0.2473  -0.2597  -0.2041   0.2396   0.1190   0.2988   0.1784   1.0000
         CS1    -0.0565   0.1795   0.7436  -0.0430   0.2473   0.2597   0.2041  -0.2396  -0.1190  -0.2988  -0.1784  -1.0000
        FL13    -0.1538   0.1513  -0.0524   0.4121   0.1028   0.0986   0.1453   0.3151   0.4154   0.0052  -0.1154   0.0997
        FL12    -0.1255   0.1234  -0.0351   0.3249   0.0822   0.0804   0.1185   0.2493   0.3068   0.0042  -0.0941   0.0813
        FL11    -0.1255   0.1234  -0.0351   0.3191   0.0822   0.0804   0.1185   0.2437   0.2748   0.0060  -0.0962   0.0159
        FL10    -0.1255   0.1234  -0.0351   0.1669  -0.0012   0.0149   0.0574   0.1995   0.2428   0.0060  -0.0962   0.0159
         FL9    -0.1334   0.0900  -0.0771   0.0448  -0.0547  -0.0352  -0.0045   0.1272   0.2584  -0.0289  -0.0940   0.0463
         FL8    -0.1088   0.0734  -0.0578   0.0587   0.0009  -0.0178  -0.0037   0.0699   0.1788  -0.0248  -0.0765   0.0159
         FL7    -0.1552   0.1407  -0.0498   0.1393   0.0054   0.0281   0.0259   0.1859   0.2760  -0.0198  -0.1036  -0.0227
         FL6    -0.1173   0.1371  -0.0294   0.0593  -0.0502  -0.0492   0.0176   0.1328   0.2717  -0.0759  -0.0984  -0.0044
         FL5    -0.1001   0.0818  -0.0328   0.1250   0.0147   0.0270   0.0079   0.1528   0.2667  -0.0788  -0.1022   0.0303
         FL4    -0.0114   0.0459  -0.0317  -0.0300  -0.0549  -0.0727  -0.0173   0.0122   0.2396  -0.0583  -0.0199  -0.0225
         FL3     0.1054  -0.0706  -0.0492  -0.0467  -0.0427  -0.0447  -0.0457  -0.0265   0.1218   0.0364   0.0998   0.0680
         FL2    -0.0035  -0.0242   0.0326  -0.0789  -0.0060   0.0056  -0.0074  -0.0730  -0.1220   0.0917  -0.0246  -0.0036
         FL1     0.1533  -0.1555   0.0988  -0.1637   0.0456   0.0344  -0.0251  -0.2350  -0.5993  -0.0113   0.1357  -0.0774
       LnPSF    -0.6385   0.7086  -0.2946   0.6356  -0.2383  -0.2346  -0.1193   0.9692   0.5306  -0.0458  -0.6252   0.2277
         LnS    -0.0161   0.0939   0.3112   0.5153   0.9802   0.8980   0.8401  -0.2023   0.0368  -0.0393  -0.0685  -0.2923
         LnP    -0.5231   0.6449   0.0283   0.9435   0.6399   0.5732   0.6162   0.6021   0.4545  -0.0697  -0.5568  -0.0658
         DTC     0.6579  -0.8183  -0.1452  -0.4761  -0.0101  -0.0090  -0.0647  -0.5983  -0.2864   0.2023   0.6903   0.1905
         PDL     0.3906  -0.2895   0.0052  -0.3216  -0.0514  -0.0314  -0.1074  -0.3677  -0.1999  -0.1770   0.3082  -0.1203
          CS     0.0565  -0.1795  -0.7436   0.0430  -0.2473  -0.2597  -0.2041   0.2396   0.1190   0.2988   0.1784   1.0000
          La     0.8513  -0.8377  -0.1976  -0.5078  -0.0791  -0.0807  -0.1518  -0.5675  -0.2837   0.0343   1.0000
          Lo    -0.0127  -0.1174  -0.2571  -0.0408  -0.0279  -0.0687  -0.0371  -0.0418  -0.0644   1.0000
          FL    -0.3643   0.3552  -0.1601   0.5579   0.0358   0.0469   0.1554   0.5805   1.0000
         PSF    -0.6000   0.6696  -0.2762   0.6906  -0.1736  -0.1772  -0.0541   1.0000
        Noba    -0.0977   0.1917   0.3036   0.5500   0.8477   0.7429   1.0000
        Nobd    -0.0282   0.1022   0.2805   0.4742   0.8887   1.0000
        Size    -0.0279   0.1046   0.2953   0.5383   1.0000
       Price    -0.5140   0.6065  -0.0402   1.0000
         Age    -0.0368   0.1899   1.0000
          dp    -0.7561   1.0000
           D     1.0000
                                                                                                                          
                      D       dp      Age    Price     Size     Nobd     Noba      PSF       FL       Lo       La       CS
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        PDL7     0.4995   0.4025  -0.2349  -0.0235  -0.2695   0.1462  -0.0828   0.0059   0.0108  -0.0803  -0.0590  -0.0469
        PDL6     0.4791  -0.1839   0.1289   0.0333   0.1264  -0.0928   0.0600  -0.0057   0.0190   0.0388   0.0167   0.0300
        PDL5     0.0722   0.0460  -0.1663  -0.0082  -0.1997  -0.0071  -0.0629   0.0870   0.0857  -0.0169  -0.0354  -0.0121
        PDL4    -0.1483   0.1202  -0.0914  -0.0918  -0.0172  -0.0305   0.0980   0.0619  -0.0641  -0.0747  -0.0549   0.0092
        PDL3    -0.3319  -0.0815   0.0068   0.0683  -0.0639   0.0799   0.0213  -0.0487  -0.0792   0.0292  -0.0074  -0.0410
        PDL2    -0.4112  -0.3463   0.1590  -0.0210   0.2215  -0.0012  -0.0492  -0.0655   0.0641   0.0259   0.2303  -0.0322
        PDL1    -0.6135   0.0142   0.2647   0.0356   0.2940  -0.0683  -0.0041  -0.0790  -0.0613   0.0903  -0.0442   0.0904
         D28     0.0312   0.0819  -0.1183  -0.0062  -0.1417   0.1600  -0.1197  -0.0547   0.0134   0.0104  -0.0306  -0.0243
         D27     0.3093   0.2042  -0.1702  -0.0007  -0.2126   0.0602  -0.0432   0.0735  -0.0411  -0.0497  -0.0365  -0.0290
         D26     0.0207   0.0322  -0.0825   0.0344  -0.1399   0.0084   0.0240   0.0302  -0.0405  -0.0276  -0.0203  -0.0161
         D25     0.2233   0.2389  -0.1761  -0.0793  -0.1365   0.1854  -0.0763  -0.0721  -0.0526  -0.0359  -0.0264  -0.0210
         D23     0.1797   0.1635  -0.1339  -0.0351  -0.1304  -0.1269   0.0448   0.0643   0.0166   0.1203   0.0195  -0.0301
         D22     0.2851   0.2311  -0.0508   0.0265  -0.0918   0.0202  -0.0245  -0.0122   0.1034  -0.0458  -0.0337  -0.0268
         D21    -0.2164  -0.0498   0.0365   0.1325  -0.0948   0.0772   0.0184  -0.0122  -0.0671  -0.0458  -0.0337  -0.0268
         D20     0.0407  -0.1201   0.0193   0.0036   0.0204  -0.0762   0.0102   0.0516   0.0380   0.0280   0.0150   0.0369
         D19     0.0293   0.1115  -0.1430  -0.0219  -0.1559  -0.0585  -0.0324   0.1123   0.1087  -0.0516  -0.0379  -0.0301
         D18    -0.1095   0.3270  -0.1399  -0.0532  -0.1189  -0.0335   0.1146   0.0476  -0.0807  -0.0551  -0.0405  -0.0322
         D17    -0.4135   0.3199  -0.1485   0.0101  -0.1969   0.0666   0.0752  -0.0815  -0.0594  -0.0406  -0.0298  -0.0237
         D16     0.1765   0.1863  -0.0342  -0.0189  -0.0229  -0.0001   0.0897  -0.0287  -0.0742   0.0367  -0.0372  -0.0296
         D15     0.1829  -0.1304   0.0974   0.0580   0.0605   0.0028   0.0012   0.0127   0.0743  -0.0525  -0.0386  -0.0306
         D14     0.1335  -0.0427   0.0139   0.0280  -0.0123   0.0216  -0.0089   0.0488  -0.0158  -0.0383  -0.0281  -0.0224
         D13    -0.0713  -0.1313  -0.0003  -0.0958   0.1012  -0.0050   0.0043   0.0614  -0.0098  -0.0359  -0.0264  -0.0210
         D12    -0.0579  -0.1511   0.0413   0.0008   0.0508  -0.0041   0.0144  -0.0179   0.0094  -0.0292  -0.0214   0.1046
         D11    -0.2487  -0.2306   0.1070   0.0168   0.1162  -0.0353   0.0481  -0.0670  -0.0488   0.0308   0.2325  -0.0195
         D10    -0.2677  -0.2078   0.1264  -0.0203   0.1799   0.0426  -0.1032  -0.0387   0.0756   0.0239   0.1335  -0.0210
          D9    -0.2479  -0.2137   0.2017  -0.0603   0.3166  -0.0656   0.0081   0.0481   0.0264   0.0625  -0.0179  -0.0142
          D8    -0.1678  -0.1381   0.0132  -0.0413   0.0604  -0.0180  -0.0226   0.0071   0.1010  -0.0225  -0.0165  -0.0131
          D5    -0.2347  -0.0596  -0.0285  -0.0414   0.0081   0.0249   0.0166  -0.0503  -0.0411   0.0835   0.0228  -0.0290
          D4     0.1116  -0.1448   0.1661   0.0512   0.1538  -0.0257   0.1176  -0.0643  -0.0469  -0.0320   0.0656  -0.0187
          D3     0.2011  -0.4058   0.1838   0.0048   0.2253  -0.0515  -0.0783  -0.0507   0.0547   0.0203   0.0618   0.1614
          D1    -0.3531  -0.1951   0.4638   0.0897   0.4862  -0.1427  -0.0996  -0.0696  -0.0507   0.1510  -0.0255   0.1861
         CS2    -0.1203   0.1905  -0.0658  -0.2923   0.2277  -0.0774  -0.0036   0.0680  -0.0225   0.0303  -0.0044  -0.0227
         CS1     0.1203  -0.1905   0.0658   0.2923  -0.2277   0.0774   0.0036  -0.0680   0.0225  -0.0303   0.0044   0.0227
        FL13    -0.1617  -0.0923   0.2742   0.0913   0.2467  -0.0653  -0.0456  -0.0319  -0.0232  -0.0159  -0.0117  -0.0093
        FL12    -0.1319  -0.0753   0.2196   0.0733   0.1975  -0.0533  -0.0372  -0.0260  -0.0189  -0.0129  -0.0095  -0.0076
        FL11    -0.1319  -0.0719   0.2175   0.0733   0.1947  -0.0533  -0.0372  -0.0260  -0.0189  -0.0129  -0.0095  -0.0076
        FL10    -0.1319  -0.0719   0.1298  -0.0074   0.1705  -0.0533  -0.0372  -0.0260  -0.0189  -0.0129  -0.0095  -0.0076
         FL9     0.0553  -0.1130   0.0647  -0.0474   0.1315  -0.0653  -0.0456  -0.0319  -0.0232  -0.0159  -0.0117  -0.0093
         FL8     0.0451  -0.0908   0.0724   0.0086   0.0816  -0.0533  -0.0372  -0.0260  -0.0189  -0.0129  -0.0095  -0.0076
         FL7    -0.0388  -0.1260   0.1542   0.0124   0.1801  -0.1002  -0.0699  -0.0489  -0.0356  -0.0243  -0.0179   1.0000
         FL6    -0.0760  -0.1392   0.0888  -0.0429   0.1569  -0.1261  -0.0880  -0.0615  -0.0448  -0.0306   1.0000
         FL5    -0.0828  -0.0842   0.1307   0.0111   0.1520  -0.1716  -0.1197  -0.0837  -0.0610   1.0000
         FL4     0.0579  -0.0558  -0.0148  -0.0512   0.0358  -0.2512  -0.1753  -0.1226   1.0000
         FL3     0.0818   0.0562  -0.0375  -0.0270  -0.0183  -0.3447  -0.2406   1.0000
         FL2    -0.0177   0.0690  -0.0622  -0.0092  -0.0682  -0.4930   1.0000
         FL1     0.0515   0.1068  -0.1602   0.0355  -0.2385   1.0000
       LnPSF    -0.3163  -0.6579   0.5763  -0.2617   1.0000
         LnS    -0.0200  -0.0056   0.6379   1.0000
         LnP    -0.2694  -0.5298   1.0000
         DTC     0.2494   1.0000
         PDL     1.0000
                                                                                                                          
                    PDL      DTC      LnP      LnS    LnPSF      FL1      FL2      FL3      FL4      FL5      FL6      FL7
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        PDL7    -0.0249  -0.0306  -0.0249  -0.0249  -0.0249  -0.0306   0.0161  -0.0161  -0.0668  -0.1112  -0.0617  -0.0958
        PDL6     0.0941   0.1154  -0.0427  -0.0427  -0.0427  -0.0523   0.1600  -0.1600  -0.1143   0.4198   0.2329  -0.1640
        PDL5    -0.0299  -0.0366  -0.0299  -0.0299  -0.0299  -0.0366  -0.0599   0.0599  -0.0801  -0.1333  -0.0740  -0.1149
        PDL4    -0.0232  -0.0284  -0.0232  -0.0232  -0.0232  -0.0284  -0.2391   0.2391  -0.0621  -0.1034  -0.0574  -0.0891
        PDL3    -0.0218  -0.0268  -0.0218  -0.0218  -0.0218  -0.0268   0.1746  -0.1746  -0.0584  -0.0973  -0.0540   0.7073
        PDL2    -0.0171  -0.0210  -0.0171  -0.0171  -0.0171  -0.0210   0.1123  -0.1123  -0.0458  -0.0764  -0.0424  -0.0658
        PDL1    -0.0187  -0.0229   0.2149   0.2149   0.2149   0.2635  -0.2262   0.2262   0.5756  -0.0834  -0.0462  -0.0718
         D28    -0.0129  -0.0159  -0.0129  -0.0129  -0.0129  -0.0159  -0.0724   0.0724  -0.0346  -0.0577  -0.0320  -0.0497
         D27    -0.0154  -0.0189  -0.0154  -0.0154  -0.0154  -0.0189  -0.0433   0.0433  -0.0413  -0.0689  -0.0382  -0.0593
         D26    -0.0086  -0.0105  -0.0086  -0.0086  -0.0086  -0.0105   0.1055  -0.1055  -0.0230  -0.0383  -0.0212  -0.0330
         D25    -0.0111  -0.0137  -0.0111  -0.0111  -0.0111  -0.0137  -0.0080   0.0080  -0.0298  -0.0497  -0.0276  -0.0428
         D23    -0.0160  -0.0196  -0.0160  -0.0160  -0.0160  -0.0196   0.0233  -0.0233  -0.0429  -0.0714  -0.0396  -0.0615
         D22    -0.0142  -0.0174  -0.0142  -0.0142  -0.0142  -0.0174   0.0786  -0.0786  -0.0381  -0.0635  -0.0352  -0.0547
         D21    -0.0142  -0.0174  -0.0142  -0.0142  -0.0142  -0.0174   0.1750  -0.1750  -0.0381  -0.0635  -0.0352  -0.0547
         D20    -0.0168  -0.0207  -0.0168  -0.0168  -0.0168  -0.0207   0.0245  -0.0245  -0.0451  -0.0751  -0.0417  -0.0647
         D19    -0.0160  -0.0196  -0.0160  -0.0160  -0.0160  -0.0196  -0.1157   0.1157  -0.0429  -0.0714  -0.0396  -0.0615
         D18    -0.0171  -0.0210  -0.0171  -0.0171  -0.0171  -0.0210  -0.1990   0.1990  -0.0458  -0.0764  -0.0424  -0.0658
         D17    -0.0126  -0.0154  -0.0126  -0.0126  -0.0126  -0.0154  -0.1902   0.1902  -0.0337  -0.0562  -0.0312  -0.0484
         D16    -0.0157  -0.0193  -0.0157  -0.0157  -0.0157  -0.0193  -0.0183   0.0183  -0.0421  -0.0701  -0.0389  -0.0604
         D15    -0.0163  -0.0200  -0.0163  -0.0163  -0.0163  -0.0200   0.1149  -0.1149  -0.0436  -0.0727  -0.0403  -0.0626
         D14    -0.0119  -0.0146  -0.0119  -0.0119  -0.0119  -0.0146   0.0780  -0.0780  -0.0318  -0.0530  -0.0294  -0.0457
         D13    -0.0111  -0.0137  -0.0111  -0.0111  -0.0111  -0.0137  -0.1289   0.1289  -0.0298  -0.0497  -0.0276  -0.0428
         D12    -0.0091  -0.0111  -0.0091  -0.0091  -0.0091  -0.0111  -0.0359   0.0359  -0.0242  -0.0404  -0.0224  -0.0348
         D11    -0.0104  -0.0127  -0.0104  -0.0104  -0.0104  -0.0127   0.1274  -0.1274  -0.0277  -0.0462  -0.0256  -0.0398
         D10    -0.0111  -0.0137  -0.0111  -0.0111  -0.0111  -0.0137  -0.0080   0.0080  -0.0298  -0.0497  -0.0276  -0.0428
          D9    -0.0076  -0.0093  -0.0076  -0.0076  -0.0076  -0.0093  -0.0826   0.0826  -0.0202  -0.0337  -0.0187  -0.0290
          D8    -0.0070  -0.0086  -0.0070  -0.0070  -0.0070  -0.0086   0.0859  -0.0859  -0.0187  -0.0312  -0.0173  -0.0268
          D5    -0.0154  -0.0189  -0.0154  -0.0154  -0.0154  -0.0189   0.0643  -0.0643  -0.0413  -0.0689  -0.0382   1.0000
          D4    -0.0099  -0.0122  -0.0099  -0.0099  -0.0099  -0.0122  -0.0125   0.0125  -0.0266  -0.0443   1.0000
          D3     0.2242   0.2748  -0.0179  -0.0179  -0.0179  -0.0220   0.1258  -0.1258  -0.0480   1.0000
          D1    -0.0108  -0.0132   0.3734   0.3734   0.3734   0.4578  -0.0927   0.0927   1.0000
         CS2     0.0159   0.0463   0.0159   0.0159   0.0813   0.0997  -1.0000   1.0000
         CS1    -0.0159  -0.0463  -0.0159  -0.0159  -0.0813  -0.0997   1.0000
        FL13    -0.0049  -0.0060  -0.0049  -0.0049  -0.0049   1.0000
        FL12    -0.0040  -0.0049  -0.0040  -0.0040   1.0000
        FL11    -0.0040  -0.0049  -0.0040   1.0000
        FL10    -0.0040  -0.0049   1.0000
         FL9    -0.0049   1.0000
         FL8     1.0000
                                                                                                                          
                    FL8      FL9     FL10     FL11     FL12     FL13      CS1      CS2       D1       D3       D4       D5

        PDL7    -0.0434  -0.0469  -0.0692  -0.0643  -0.0562  -0.0692  -0.0738  -0.1011  -0.0976  -0.0782  -0.1063  -0.0994
        PDL6    -0.0742  -0.0802  -0.1184  -0.1100  -0.0962  -0.1184   0.2786   0.3818   0.3685  -0.1338  -0.1819  -0.1701
        PDL5    -0.0520  -0.0562  -0.0830  -0.0771  -0.0674  -0.0830  -0.0885  -0.1213  -0.1170  -0.0937  -0.1274   0.5138
        PDL4    -0.0403  -0.0436  -0.0643  -0.0598   0.3906   0.4808  -0.0686  -0.0940  -0.0908  -0.0727   0.7385  -0.0924
        PDL3    -0.0379  -0.0410  -0.0606  -0.0563  -0.0492  -0.0606  -0.0646  -0.0885  -0.0854  -0.0684  -0.0930  -0.0596
        PDL2     0.4080  -0.0322   0.6511   0.6049  -0.0386  -0.0475  -0.0507  -0.0694  -0.0670  -0.0537  -0.0730  -0.0682
        PDL1    -0.0325   0.4041  -0.0519  -0.0482  -0.0421  -0.0519  -0.0553  -0.0758  -0.0732   0.6740  -0.0797  -0.0745
         D28    -0.0225  -0.0243  -0.0359  -0.0334  -0.0292  -0.0359  -0.0383  -0.0525  -0.0507  -0.0406  -0.0551  -0.0516
         D27    -0.0268  -0.0290  -0.0428  -0.0398  -0.0348  -0.0428  -0.0457  -0.0626  -0.0604  -0.0484  -0.0658  -0.0615
         D26    -0.0149  -0.0161  -0.0238  -0.0221  -0.0193  -0.0238  -0.0254  -0.0348  -0.0336  -0.0269  -0.0366  -0.0342
         D25    -0.0194  -0.0210  -0.0309  -0.0287  -0.0251  -0.0309  -0.0330  -0.0452  -0.0436  -0.0350  -0.0475  -0.0444
         D23    -0.0278  -0.0301  -0.0444  -0.0413  -0.0361  -0.0444  -0.0474  -0.0650  -0.0627  -0.0502  -0.0682  -0.0638
         D22    -0.0247  -0.0268  -0.0395  -0.0367  -0.0321  -0.0395  -0.0421  -0.0577  -0.0557  -0.0446  -0.0607  -0.0567
         D21    -0.0247  -0.0268  -0.0395  -0.0367  -0.0321  -0.0395  -0.0421  -0.0577  -0.0557  -0.0446  -0.0607  -0.0567
         D20    -0.0293  -0.0317  -0.0467  -0.0434  -0.0380  -0.0467  -0.0499  -0.0683  -0.0660  -0.0528  -0.0718  -0.0672
         D19    -0.0278  -0.0301  -0.0444  -0.0413  -0.0361  -0.0444  -0.0474  -0.0650  -0.0627  -0.0502  -0.0682   1.0000
         D18    -0.0298  -0.0322  -0.0475  -0.0441  -0.0386  -0.0475  -0.0507  -0.0694  -0.0670  -0.0537   1.0000
         D17    -0.0219  -0.0237  -0.0350  -0.0325  -0.0284  -0.0350  -0.0373  -0.0511  -0.0493   1.0000
         D16    -0.0273  -0.0296  -0.0436  -0.0405  -0.0354  -0.0436  -0.0466  -0.0638   1.0000
         D15    -0.0283  -0.0306  -0.0452  -0.0420  -0.0367  -0.0452  -0.0482   1.0000
         D14    -0.0207  -0.0224  -0.0330  -0.0307  -0.0268  -0.0330   1.0000
         D13    -0.0194  -0.0210  -0.0309  -0.0287  -0.0251   1.0000
         D12    -0.0157  -0.0170  -0.0251  -0.0233   1.0000
         D11    -0.0180  -0.0195  -0.0287   1.0000
         D10    -0.0194  -0.0210   1.0000
          D9    -0.0131   1.0000
          D8     1.0000
                                                                                                                          
                     D8       D9      D10      D11      D12      D13      D14      D15      D16      D17      D18      D19
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        PDL7    -0.1046  -0.0883   0.5708  -0.0994   0.4471  -0.0533   0.6192  -0.0803  -0.1160  -0.1063  -0.1354  -0.1439
        PDL6    -0.1790  -0.1512  -0.1512   0.3752  -0.1184  -0.0912  -0.1640  -0.1375  -0.1986  -0.1819  -0.2319  -0.2463
        PDL5     0.5636  -0.1059  -0.1059  -0.1192  -0.0830   0.2870  -0.1149   0.4327  -0.1391  -0.1274  -0.1624  -0.1725
        PDL4    -0.0972  -0.0821  -0.0821  -0.0924  -0.0643  -0.0495  -0.0891  -0.0747  -0.1079  -0.0988  -0.1259   1.0000
        PDL3    -0.0915   0.6521  -0.0773  -0.0870  -0.0606  -0.0466  -0.0839  -0.0703  -0.1015  -0.0930   1.0000
        PDL2    -0.0718  -0.0607  -0.0607  -0.0682  -0.0475  -0.0366  -0.0658  -0.0551  -0.0797   1.0000
        PDL1    -0.0784  -0.0662  -0.0662  -0.0745  -0.0519  -0.0399  -0.0718  -0.0602   1.0000
         D28    -0.0543  -0.0458  -0.0458  -0.0516  -0.0359  -0.0276  -0.0497   1.0000
         D27    -0.0647  -0.0547  -0.0547  -0.0615  -0.0428  -0.0330   1.0000
         D26    -0.0360  -0.0304  -0.0304  -0.0342  -0.0238   1.0000
         D25    -0.0467  -0.0395  -0.0395  -0.0444   1.0000
         D23    -0.0672  -0.0567  -0.0567   1.0000
         D22    -0.0597  -0.0504   1.0000
         D21    -0.0597   1.0000
         D20     1.0000
                                                                                                                          
                    D20      D21      D22      D23      D25      D26      D27      D28     PDL1     PDL2     PDL3     PDL4

        PDL7    -0.1855  -0.2649   1.0000
        PDL6    -0.3176   1.0000
        PDL5     1.0000
                                         
                   PDL5     PDL6     PDL7
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Appendix 2- DTC (Distance to city center) calculation 

 

1. Set the city center as Paragon shopping center with Latitude 1.303902 

as φc and Longitude 103.835734 as λc.  

 

2. Locate the coordinates (GIS method) of regioni as φi and λi. 

 

3. Assume the earth is a perfect sphere with a mean radius of 6371 

km(equatorial radius of 6378km and polar radius of 6357),donated R.  

 

4. Define C, and put data into the formula below:  

Ci = sin(φi)*sin(φc)*cos(λi-λc) + cos(φi)*cos(φc) 

 Distance i= R*Arccos(Ci) 
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Appendix 3- Weight Matrix and Moran’s I 
 

 

 

   Smallest maximum distance: 0.13     
   Largest minimum distance: 0.02     
   Maximum distance: 0.3      
   3rd quartile distance: 0.1      
   Median distance: 0.1      
   1st quartile distance: 0.1      
   Minimum distance: 0.0      
   Friction parameter: 1
   Distance band: 0 < d <= 1
   Dimension: 500x500
1. Inverse distance weights matrix Weight 

The following matrix has been created:

*1-tail test
                                                              
              Price    0.138  -0.002   0.010  14.497   0.000
                                                              
          Variables      I      E(I)   sd(I)     z    p-value*
                                                              
Moran's I

                                                              
Row-standardized: No
Distance band: 0.0 < d <= 1.0
Type: Distance-based (inverse distance)
Name: Weight
                                                              
Weights matrix

Measures of global spatial autocorrelation
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*1-tail test
                                                              
                PSF    0.211  -0.002   0.010  22.012   0.000
                                                              
          Variables      I      E(I)   sd(I)     z    p-value*
                                                              
Moran's I

                                                              
Row-standardized: No
Distance band: 0.0 < d <= 1.0
Type: Distance-based (inverse distance)
Name: Weight
                                                              
Weights matrix

Measures of global spatial autocorrelation

*1-tail test
                                                              
              LnPSF    0.247  -0.002   0.010  25.564   0.000
                                                              
          Variables      I      E(I)   sd(I)     z    p-value*
                                                              
Moran's I

                                                              
Row-standardized: No
Distance band: 0.0 < d <= 1.0
Type: Distance-based (inverse distance)
Name: Weight
                                                              
Weights matrix

Measures of global spatial autocorrelation
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*1-tail test
                                                              
                LnP    0.169  -0.002   0.010  17.556   0.000
                                                              
          Variables      I      E(I)   sd(I)     z    p-value*
                                                              
Moran's I

                                                              
Row-standardized: No
Distance band: 0.0 < d <= 1.0
Type: Distance-based (inverse distance)
Name: Weight
                                                              
Weights matrix

Measures of global spatial autocorrelation
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Appendix 4 – Regression Result of Model 3.1 

 
Model 3.1A Model 3.1B Model 3.1C Model 3.1D 

Size 998.6*** 976.3*** 998.2*** 960.4*** 

Age -15,801.5*** -14755*** -15043.5*** -11622.8*** 

Noba 11419.78  68412.6  17366  73380  

Nobd -7170.5  -31809  -7453  -17137.6  

La -4844800*** -6565700*** 
  

Lo -357757.5  -1198900*** 
  

FL2 13260.2  11222.8  13737.1  35486.4  

FL3 68141.1** 95195.7** 77634.8** 95890.5*** 

FL4 19075.1  -3046.5  22106.4  46656  

FL5 109741.5** 246464.4*** 138522.9** 290242.8*** 

FL6 93168.9  126748.7  110665.8  161687.3* 

FL7 255372.1*** 488697.3*** 267824*** 462930.1*** 

FL8 200480.1  226786.8  217308.5  169709.6  

FL9 190232.1  210082.4  206818.7  142713  

FL10 397425.3** 1113115.5*** 418778.3** 1164474.3*** 

FL11 1521048.4*** 2242840.9*** 1539887.8*** 2284194.4*** 

FL12 1546682.8*** 2273713.1*** 1559161.4*** 2281528.7*** 

FL13 1637310*** 2365584*** 1650550*** 2376673*** 

CS1 80202.2** 71393.4* 67971.7** 97319.4** 

D3 -923051.5*** 
 

-1002300*** 
 

D4 -836519.7*** 
 

-741198.4*** 
 

D5 -1139200*** 
 

-1115600*** 
 

D8 -987727.7*** 
 

-1150500*** 
 

D9 -52340.2  
 

-220890.4  
 

D10 -714724.1*** 
 

-834949*** 
 

D11 -627800.6*** 
 

-866171.6*** 
 

D12 -1047700*** 
 

-1268800*** 
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D13 -1024000*** 
 

-1228600*** 
 

D14 -1040500*** 
 

-1133500*** 
 

D15 -933995.5*** 
 

-978069.1*** 
 

D16 -1095900*** 
 

-1111000*** 
 

D17 -1363400*** 
 

-1430900*** 
 

D18 -1145000*** 
 

-1269700*** 
 

D19 -1163500*** 
 

-1435900*** 
 

D20 -879861.5*** 
 

-1188800*** 
 

D21 -1028900*** 
 

-1158900*** 
 

D22 -1167200*** 
 

-1156500*** 
 

D23 -1110400*** 
 

-1290900*** 
 

D25 -993002.9*** 
 

-1332700*** 
 

D26 -996939.7*** 
 

-1359200*** 
 

D27 -948368.9*** 
 

-1406400*** 
 

D28 -1072500*** 
 

-1411200*** 
 

PDL2 
 

21995.7  
 

-199021*** 

PDL3 
 

-376112.3*** 
 

-292837.7*** 

PDL4 
 

-190367.5*** 
 

-300801.8*** 

PDL5 
 

-120597.6* 
 

-425247.8*** 

PDL6 
 

-218193.4*** 
 

-215899.4*** 

PDL7 
 

-159881.7** 
 

-248154.8*** 

Constant 44965000  133760000*** 1685240.1*** 942449.9*** 

DTC 
  

-27802.5*** -58686.4*** 

Observations 500  500  500  500  

RMSE 210000  270000  220000  260000  

R-squared 0.9027  0.8401  0.9002  0.8501  

Adj R-Square 0.8938  0.8317  0.8913  0.8425  

F-Value 100.97  99.64  100.77  112.21  

Breusch-Pagan F-Test 188.55  153.82  175.74  153.36  
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Mean VIF 7.04  2.54  5.04  2.36  

p values in parentheses * sig at 10% ** sig at 5% *** sig at 1% 

Appendix 5 – Regression Result of Model 3.2 
  Model 3.2A Model 3.2B Model 3.2C Model 3.2D 

Size -0.1196** -0.1  -0.1201* -0.1  

Age -12.5*** -11.4*** -11.9*** -8.5*** 

Noba -22.7  5.8  -17.9  10.5  

Nobd -30.3* -58.3** -31.1* -43.1* 

La -4503.7*** -6049.8***   

Lo -117.1  -1287.3***   

FL2 23.9  23.5  24.1  46.7* 

FL3 45.3** 80.3** 52.8** 82.3*** 

FL4 8.8  -1.6  9.5  47.4  

FL5 86.9** 197.1*** 113*** 244.3*** 

FL6 138.6*** 152.9** 152.9*** 190.5*** 

FL7 285*** 440.8*** 292.3*** 423.4*** 

FL8 168.8  164.6  181.6  118.0  

FL9 350.3*** 348.7** 363.4*** 291.8** 

FL10 246* 754.1*** 264* 810*** 

FL11 650.4*** 1163*** 667.2*** 1210.3*** 

FL12 659.2*** 1172.3*** 670.9*** 1190*** 

FL13 701.8*** 1215.7*** 714.1*** 1236.6*** 

CS1 73.2*** 72.4** 61.7** 93.8*** 

D3 -836.4***  -910.5***  

D4 -760.6***  -685.6***  

D5 -994.4***  -1011***  

D8 -775.9***  -924.2***  

D9 359.6***  211.1**  
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D10 -600.7***  -722***  

D11 -558.8***  -778.9***  

D12 -927.3***  -1135.5***  

D13 -862.5***  -1059.8***  

D14 -947.3***  -1044.2***  

D15 -860.8***  -907.6***  

D16 -970.2***  -1008***  

D17 -1182.8***  -1282.8***  

D18 -1022.5***  -1171.5***  

D19 -1003.7***  -1284.3***  

D20 -742.9***  -1047.5***  

D21 -856.3***  -1013.9***  

D22 -952.9***  -1018.5***  

D23 -952.2***  -1180.3***  

D25 -837.4***  -1224.7***  

D26 -854.2***  -1225.3***  

D27 -810.2***  -1284.9***  

D28 -896.4***  -1242.4***  

PDL2  -96.2   -289.2*** 

PDL3  -468.4***  -367.8*** 

PDL4  -279***  -379.1*** 

PDL5  -205.1***  -477.4*** 

PDL6  -337.8***  -327*** 

PDL7  -259.7***  -315*** 

Constant 20618.8  143594.8*** 2752.4*** 2248.5*** 

DTC   -21*** -54.6*** 

Observations 500 500 500 500 

RMSE 155.91 227.86 160.87 220.54 

R-squared 0.887 0.7497 0.8795 0.765 
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Adj R-Square 0.8766 0.7365 0.8687 0.7532 

F-Value 85.43 56.8 81.5 64.44 

Breusch-Pagan F-Test 146.56 176.2 146.82 194.65 

Mean VIF 7.04 2.54 5.04 2.36 

p values in parentheses * sig at 10% ** sig at 5% *** sig at 1% 

Appendix 6 – Regression Result of Model 3.3 
 Model 3.3A Model 3.3B Model 3.3C Model 3.3D 

LnS 0.8699*** 0.8538*** 0.8694*** 0.8301*** 

Age -0.0114*** -0.0106*** -0.0109*** -0.0084*** 

Noba 0.0  0.0  0.0  0.0  

Nobd -0.0209* -0.0339** -0.0212* 0.0  

La -3.8906*** -4.7375***   

Lo 0.0  -0.7462***   

FL2 0.0  0.0  0.0  0.0304* 

FL3 0.0403** 0.0583*** 0.0478*** 0.0583*** 

FL4 0.0  0.0  0.0  0.0  

FL5 0.0641** 0.1314*** 0.0863*** 0.1609*** 

FL6 0.0882** 0.1069** 0.1011*** 0.1302*** 

FL7 0.1685*** 0.2798*** 0.1758*** 0.2648*** 

FL8 0.1  0.1  0.1  0.1  

FL9 0.1645** 0.1831** 0.1754** 0.1  

FL10 0.1  0.4365*** 0.1  0.4765*** 

FL11 0.3284*** 0.6368*** 0.3420*** 0.6709*** 

FL12 0.3312*** 0.6417*** 0.3388*** 0.6532*** 

FL13 0.3387*** 0.6502*** 0.3468*** 0.6640*** 

CS1 0.0310* 0.0  0.0  0.0423* 

D3 -0.3687***  -0.4398***  

D4 -0.3647***  -0.3020***  
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D5 -0.4858***  -0.4990***  

D8 -0.3557***  -0.4841***  

D9 0.1515**  0.0   

D10 -0.2210***  -0.3320***  

D11 -0.1515**  -0.3469***  

D12 -0.4235***  -0.6026***  

D13 -0.3938***  -0.5576***  

D14 -0.4625***  -0.5292***  

D15 -0.3973***  -0.4255***  

D16 -0.4857***  -0.4847***  

D17 -0.6937***  -0.7333***  

D18 -0.5284***  -0.6176***  

D19 -0.5229***  -0.7418***  

D20 -0.2834***  -0.5400***  

D21 -0.3794***  -0.5135***  

D22 -0.4652***  -0.5107***  

D23 -0.4564***  -0.6430***  

D25 -0.3795***  -0.6910***  

D26 -0.4073***  -0.7129***  

D27 -0.3568***  -0.7451***  

D28 -0.4306***  -0.7086***  

PDL2  0.0906**  -0.1  

PDL3  -0.1666***  -0.1176*** 

PDL4  -0.0586*  -0.1380*** 

PDL5  0.0   -0.2291*** 

PDL6  -0.0891***  -0.0888*** 

PDL7  0.0   -0.1290*** 

Constant 11.8  92.1158*** 8.8495*** 8.7595*** 

DTC   -0.0209*** -0.0403*** 
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Observations 500 500 500 500 

RMSE 0.11215 0.15022 0.11594 0.14724 

R-squared 0.9194 0.85 0.9136 0.8555 

Adj R-Square 0.912 0.842 0.9059 0.8482 

F-Value 124.06 107.4 118.19 117.22 

Breusch-Pagan F-Test 15.94 19 13.1 18.21 

Mean VIF 7.07 2.59 5.07 2.4 

p values in parentheses * sig at 10% ** sig at 5% *** sig at 1% 

Appendix 7 – Regression Result of Model 3.4 

 
Model 3.4A Model 3.4B Model 3.4C Model 3.4D 

LnS -0.1297*** -0.1458** -0.1302*** -0.1696*** 

Age -0.0114*** -0.0106*** -0.0109*** -0.0084*** 

Noba -0.0126 0.0162 -0.0082 0.0239 

Nobd -0.0210* -0.0339** -0.0213* -0.0222 

La -3.8889*** -4.7362*** 
  

Lo 0.0162 -0.7468*** 
  

FL2 0.0151 0.014 0.0155 0.0304* 

FL3 0.0402** 0.0582*** 0.0477*** 0.0583*** 

FL4 0.0177 0.007 0.0198 0.0418 

FL5 0.0640** 0.1312*** 0.0861*** 0.1607*** 

FL6 0.0883** 0.1069** 0.1012*** 0.1303*** 

FL7 0.1684*** 0.2798*** 0.1758*** 0.2649*** 

FL8 0.0904 0.1127 0.1013 0.0788 

FL9 0.1647** 0.1833** 0.1756** 0.1401 

FL10 0.1331 0.4364*** 0.1484 0.4765*** 

FL11 0.3284*** 0.6369*** 0.3420*** 0.6711*** 

FL12 0.3311*** 0.6418*** 0.3387*** 0.6533*** 
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FL13 0.3384*** 0.6500*** 0.3466*** 0.6639*** 

CS1 0.0311* 0.0263 0.0227 0.0423* 

D3 -0.3689*** -0.3689*** -0.4399*** 
 

D4 -0.3649*** -0.3649*** -0.3022*** 
 

D5 -0.4861*** -0.4861*** -0.4991*** 
 

D8 -0.3559*** -0.3559*** -0.4842*** 
 

D9 0.1512** 0.1512* 0.0121 
 

D10 -0.2212*** -0.2212*** -0.3321*** 
 

D11 -0.1517** -0.1517** -0.3470*** 
 

D12 -0.4239*** -0.4239*** -0.6029*** 
 

D13 -0.3940*** -0.3940*** -0.5578*** 
 

D14 -0.4625*** -0.4625*** -0.5293*** 
 

D15 -0.3972*** -0.3972*** -0.4256*** 
 

D16 -0.4857*** -0.4857*** -0.4849*** 
 

D17 -0.6936*** -0.6936*** -0.7335*** 
 

D18 -0.5284*** -0.5284*** -0.6179*** 
 

D19 -0.5231*** -0.5231*** -0.7420*** 
 

D20 -0.2836*** -0.2836*** -0.5401*** 
 

D21 -0.3798*** -0.3798*** -0.5137*** 
 

D22 -0.4656*** -0.4656*** -0.5108*** 
 

D23 -0.4567*** -0.4567*** -0.6430*** 
 

D25 -0.3801*** -0.3801** -0.6913*** 
 

D26 -0.4076*** -0.4076*** -0.7130*** 
 

D27 -0.3572*** -0.3572** -0.7453*** 
 

D28 -0.4308*** -0.4308*** -0.7087*** 
 

PDL2 
 

0.0905** 
 

-0.0641 

PDL3 
 

-0.1667*** 
 

-0.1176*** 

PDL4 
 

-0.0587* 
 

-0.1381*** 
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PDL5 
 

-0.0066 
 

-0.2291*** 

PDL6 
 

-0.0891*** 
 

-0.0887*** 

PDL7 
 

-0.0441 
 

-0.1290*** 

Constant 12.0797 92.18*** 8.8472*** 8.7572*** 

DTC 
  

-0.0209*** -0.0403*** 

Observations 500 500 500 500 

RMSE 0.11214 0.15019 0.11592 0.14723 

R-squared 0.8734 0.7644 0.8644 0.7731 

Adj R-Square 0.8617 0.752 0.8522 0.7616 

F-Value 75.04 61.51 71.2 67.43 

Breusch-Pagan F-Test 0.02 18.95 0.07 22.87 

Mean VIF 7.07 2.59 5.07 2.4 

p values in parentheses * sig at 10% ** sig at 5% *** sig at 1% 
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Appendix 8 – Regression Result of Model 3.5 and Model 3.6 
Variable Model3.5A Model3.5B Model3.6A Model3.6B 

Size 4159.7*** 4166.7*** 1.68*** 1.69*** 

Age 50993.9  46449.5  35.7  32.2  

Noba -1142593.2** -1127208.4* -1254.4*** -1236.4*** 

Nobd 25594.4  15707.4  5.8  -2.8  

FL 99092.9*** 97793*** 61.58*** 59.70*** 

La -2526000**   -151153.9*   

Lo 15906845*   10381.6*   

CS1 708111.2  -495278.5*** 26663.8  18.6  

D3*Size -3052.8*** -3021.2*** -2.01*** -1.99*** 

D4*Size -2146.5*** -3118.1*** -1.39** -1.995*** 

D5*Size -2845.9*** -2896.71*** -1.38*** -1.47*** 

D10*Size -2822.32*** -2689.54*** -1.45*** -1.37** 

D11*Size -3459.29*** -3241.88*** -2.14** -2** 

D12*Size -3076.7*** -3014*** -1.67** -1.63** 

D13*Size -3680.42*** -3631.32*** -2.32*** -2.31*** 

D14*Size -3532.31*** -3187.7*** -2.18*** -1.91*** 

D15*Size -2583.13*** -2705.5*** -1.42*** -1.52*** 

D16*Size -3667.91*** -3519.1*** -2.01*** -1.91*** 

D17*Size -3932.2*** -3804.74*** -1.87*** -1.77** 

D18*Size -3231.25*** -3025.88*** -1.59*** -1.43** 

D19*Size -3336.41*** -3296.16*** -1.78*** -1.78*** 

D20*Size -3334.5*** -3190.71*** -1.9*** -1.75*** 

D21*Size -3274.59*** -3311*** -1.65*** -1.69*** 

D22*Size -3281.4*** -3435.7*** -1.77*** -1.76*** 

D23*Size -3189.7*** -3158.1*** -1.7*** -1.69*** 

D25*Size -3516.6*** -3543** -1.9* -1.95* 
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D26*Size -3311.5** -3318.59** -1.71* -1.7  

D27*Size -3285.2*** -3475.9*** -1.7*** -1.87*** 

D28*Size -3824.4*** -3716.8*** -1.98*** -1.9*** 

D12*Age 1440007.7** -103005.1  895.99* -24.3  

D3*Noba 1349600.4** 1341974.5** 1425.4*** 1425.6*** 

D4*Noba 1684886.2*** 873304 1691.3*** 1064.33** 

D5*Noba 880545.2* 870859.9  948.9** 957* 

D8*Noba 820606.2  805221.4  1101.3** 1083.3* 

D9*Noba -1758015.9  3359349.1*** -1321.8  1697.8** 

D10*Noba 1065072* 1050061.9* 1086.5** 1068.1** 

D11*Noba 1560375.8** 1453400.4* 1895.5*** 1823.2*** 

D13*Noba 1171019.2* 1099502.2* 1306.4*** 1257.8** 

D14*Noba 1383891.8** 1175324.7* 1475.3*** 1309.4*** 

D15*Noba 1258552.2** 1393776.5** 1309.1*** 1420.8*** 

D16*Noba 1042320.7* 945450.2* 1183.4*** 1110.7** 

D17*Noba 1242292.4** 1135860.7* 1315.3*** 1234.6** 

D18*Noba 1077449.6* 960164.6* 1249.8*** 1161.2** 

D19*Noba 1177109.2** 1066415.2* 1308.6*** 1227.5** 

D20*Noba 1203073.4** 1125826.1* 1341.9*** 1270.6*** 

D21*Noba 1129217.3* 1127505.9* 1195.8*** 1193.7** 

D22*Noba 810564.9  828749.4  1127.3** 1129.1** 

D23*Noba 1189275** 1088852.3* 1314.4*** 1225.4** 

D25*Noba 1350136.3* 1199780.5  1522** 1411.8* 

D26*Noba 998860.9  983476.1  1176.7** 1158.8* 

D27*Noba 1053148.6* 1066316.7* 1173.3*** 1174** 

D28*Noba 1143351.1** 1047058.4* 1264.4*** 1190.4** 

D4*Nobd -399400.61** 266428 -344.8** 146.1  

D15*Nobd -226856.4* -224750.4* -154.0  -152.4  
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D3*FL -91419.5*** -92804.6*** -48.68** -50.38** 

D4*FL 21190.5  -199258.7*** 29.7  -109.4* 

D5*FL -93416.9*** -92063.1** -63.9** -59.5* 

D10*FL -162065.2*** -172251.6*** -111.4*** -117.7*** 

D11*FL -65796.6* -59783.2  -29.6  -24.7  

D12*FL -68231.4* -68366.7  -40.2  -39.6  

D13*FL -105697.8* -105017.23* -42.4  -42.7  

D14*FL -127823.3** -52851.7  -68.8  -8.1  

D15*FL -25778.2  -66298.9* -3.6  -37.1  

D17*FL -192208* -201805.64* -118.4  -129.7  

D18*FL -98675.5** -73179.9  -67.23* -47.4  

D19*FL -194425.5*** -180753.8*** -125*** -109.8*** 

D21*FL -110762.4* -108144.3* -53.2  -52 

D22*FL -90876** -98129.9** -40.7  -50.4  

D23*FL -111381*** -95567.7*** -70.6** -54.7* 

D27*FL -101670.9** -64982.6  -64.9* -32.2  

D28*FL -134885.7** -123246.4** -79.3* -85* 

CS1*Age 36719.481*** 41713.975*** 26.131665** 28.981798*** 

CS1*FL 40969.659*** 42205.044*** 26.091378** 27.979561** 

CS1*La -1804311.8*   -1920.3364**   

DTC   1589508.7**   963.6* 

D3*DTC   -1579991.7**   -963.8* 

D5*DTC   -1628222.7**   -999.3* 

D10*DTC   -1701872.7**   -1028.4* 

D11*DTC   -1634166**   -1006.7* 

D13*DTC   -1686360.6**   -1079* 

D14*DTC   -1611227.9**   -972.2* 

D15*DTC   -1630276.8**   -993.8* 
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D16*DTC   -1520144.4**   -873.5* 

D17*DTC   -1713963.7*   -1121.8* 

D18*DTC   -1585272.4**   -957.8* 

D19*DTC   -1621183**   -998.3* 

D20*DTC   -1649489.5**   -984.5* 

D21*DTC   -1842978.5***   -1157.7** 

D22*DTC   -1603322**   -1022.5* 

D23*DTC   -1606122.9**   -982.5* 

D25*DTC   -1600049.9**   -967.7* 

D26*DTC   -1624414**   -993* 

D27*DTC   -1604895.8**   -967.5* 

D28*DTC   -1638478.2**   -1062.2* 

CS1*DTC   -8465.4    -13.17* 

_cons -1330000000 -6077451.9*** -882294.3  -605.4  

Observations 500 500 500 500 

RMSE 70.46 62.1 49.41 44.6 

R-squared 0.9763 0.9695 0.9665 0.9581 

Adj R-Square 0.9624 0.9539 0.9469 0.9366 

F-Value 126748.01 140392.01 102.24 111.8 

Breusch-Pagan 
F-Test 142000000 142000000 7297.9 142000000 

Mean VIF 84.55 77.92 28.82 20.58 

p values in 
parentheses   * sig at 10% ** sig at 5% *** sig at 1% 
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Appendix 9 – Regression Result of Model 3.7 and Model 3.8 
Variable Model 3.7A Model 3.7B Model 3.8A Model 3.8B 

LnS                 1.575*** 1.577*** 0.576*  0.578* 

Age 0.0002 -0.002 0.0001 -0.00221 

Noba -0.4303 -0.4148 -0.4307 -0.4151 

Nobd 0.0311 0.0243 0.031 0.0242 

FL 0.022 0.0206 0.0219 0.0205 

La -96.11   -96.156   

Lo 9.7995   9.811   

D3 845.18 6.846*** 845 6.8565*** 

D5 162.65 5.3019* 163.77 5.306* 

D12 5.992* 2.999 5.998* 3.004 

D13 -91.584 6.295* -91.7 6.289* 

D14 172.5 6.0398* 173.7179 6.0425* 

D15 915.28 6.001** 916.84 6.0098** 

D16 798.786 5.4689** 798.5188 5.475** 

D18 796.68 5.45* 797.69 5.46* 

D19 1201.85* 5.6** 1203.17* 5.612** 

D20 424.5 6.168** 425.04 6.174** 

D21 -109.131 6.088* -109.19 6.1* 

D22 683.65 6.675** 685.06 6.6798** 

D23 1281.8* 5.674** 1281.87* 5.68** 

D25 -115.97 5.5347* -115.98 5.576* 

D27 535.185 6.5003** 536.586 6.5016** 

D28 1182.64* 8.189*** 1182.85* 8.191*** 

CS1 21.77 -0.2928 21.87 -0.296 

D3*Noba 0.5844* 0.5687* 0.5848* 0.5691* 

D4*Noba 0.8171** 0.331 0.81765** 0.3309 
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D11*Noba 0.8671** 0.8243* 0.8674** 0.8245* 

D13*Noba 0.3206 0.2783 0.3197 0.277 

D14*Noba 0.5776* 0.4506 0.5778* 0.4507 

D15*Noba 0.5248* 0.5989* 0.5247* 0.5988* 

D17*Noba 0.571* 0.484 0.5723* 0.4852 

D20*Noba 0.485* 0.4289 0.485* 0.4288 

D23*Noba 0.488* 0.418 0.4875* 0.4174 

D4*Nobd -0.2601** 0.0379 -0.2601** 0.0381 

D19*Nobd -0.1366* -0.0941 -0.1364* -0.094 

D10*FL -0.04873* -0.0562* -0.0487* -0.056* 

D16*FL 0.041998 0.0754** 0.0421 0.0756** 

D19*FL -0.0795*** -0.0656** -0.0796*** -0.065** 

D15*Lo -9.7954*   -9.810*   

D18*Lo -8.7624*   -8.772*   

D19*Lo -12.729**   -12.742**   

D23*Lo -13.445**   -13.442**   

D28*Lo -12.485*   -12.486*   

CS1*Age 0.0237*** 0.0256*** 0.02377*** 0.0256*** 

CS1*La -1.4305**   -1.4301618**   

D21*DTC   -0.8098*   -0.8101* 

LnS 1.5751*** 1.5771*** 0.5763* 0.5783* 

D3*LnS -0.9066** -0.8661** -0.9084** -0.867** 

D4*LnS -0.599 -0.7974* -0.5999 -0.7982* 

D14*LnS -0.99402** -0.7515 -0.9947** -0.7518 

D15*LnS -0.5774 -0.7278* -0.57867 -0.72906* 

D16*LnS -0.9095** -0.735* -0.9111** -0.7362* 

D17*LnS -1.211*** -1.1061** -1.2159*** -1.1096** 

D18*LnS -0.8756** -0.6835* -0.8767** -0.6846* 
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D19*LnS -0.64026* -0.6076 -.64174* -0.60891 

D20*LnS -0.883957** -.74673* -.88491** -.74751* 

D22*LnS -.67488625* -.75655* -.6756* -.75702* 

D23*LnS -.67068139* -.6555* -.67207* -.65663* 

D27*LnS -.74957594* -.8414* -.75014* -.84156* 

D28*LnS -1.0960371*** -1.006** -1.0969*** -1.006** 

Constant -890.41825* 2.304 -891.58* 2.297 

Observations 500 500 500 500 

RMSE 0.0829  0.0911  0.0828  0.0911  

R-squared 0.9697  0.9616  0.9524  0.9397  

Adj R-Square 0.9519  0.9419  0.9245  0.9088  

F-Value 54.70  48.87  34.22  30.42  

Breusch-Pagan F-Test 0 0.37 1.01 0.79 

Mean VIF 144000000  17903.33 144000000  17903.33 

p values in parentheses 

  
* sig at 10% ** sig at 5% *** sig at 1% 
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