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Introduction

The world economy has changed drastically because of the COVID-19 pandemic. According to
Jones, Palumbo and Brown (2021), there is an estimation from the IMF that in 2020, the
Economy went down by almost 5%. And this has caused People's behavior to change, which also
has significant impacts on the economy. For example, according to Singlor (2021), during the
pandemic, the House Price Index in many countries had a major increase. One of the factors that
contributed to the increasing of house prices is because many people were able to work from
home during the pandemic. This led to an increase in demand for larger accommodation areas.
Hence, increasing the real estate price. Moreover, in the housing supply side, the construction
cost also increased. This is due to the increased price of construction materials due to shipping
and logistics delay, which is also caused by the pandemic. Overpricing of the real estate market
can also cause additional issues such as higher levels of inequalities. According to the IMF
(2021), overpricing of the housing market will cause higher levels of inequalities because only
the rich can afford to buy all the houses and lands, and the poor will only be able to afford
renting from the rich. This is why it is important for the government to monitor this issue closely

and make sure that the housing prices are not too overpriced.

This study tries to use alternative indicators including Apple Mobility Index dataset, COVID-19
infected cases dataset, and Nighttime Light Index dataset to predict and monitor the conventional
indicator, House Price Index (HPI). The goal for this is to be able to predict the HPI using the
other alternative indicators, which will allow for further insights into customer behavior analysis

in the housing market during the pandemic.



Literature review

This research focuses on finding alternative data to indicate on Property sectors during the
COVID-19 pandemics. There are many related researches on property sectors and also non-

traditional indicators which can be separated into 3 main sections;
1. Literature related to Research Method

- Yusof and Ismail (2012) explained the fluctuating house price in Malaysia by
using Multiple regression and Hedonic regression analysis. The study found out

that Local is the most important factor that influences the housing price.

- Wang (2016) used the regression to explain the relationship between demand for
houses and mortgage premiums. The result stated that an increase in mortgage

premium will cause the house price to increase within the next 3 years.

- Zhang (2021) stated that housing prices can be partially predicted by using

multiple linear regression models.

- Ahmed (2020) studied macroeconomics factors on House Price Index in Saudi
Arabia. The result turned out that the Consumption Perception Index (CPI) has

the most influence on House Price Index (HPI).
2. Literature related to Datasets

- Robert (2021) studied using Nighttime Light data to analyze the current level of
economics in Morocco. In this study, the researcher found that Night time Light
can be used to analyze and predict the quarterly GDP level of Morocco. This can
not only be used to analyze GDP in normal situations, it can also be used to

indicate GDP of Morocco during the COVID-19 pandemic as well.

- Hepsen and Vatansever (2012) indicated in their study that there are relationships
between Property Price Index and alternative investments in Dubai. In this case,

the alternative investments in the study refers to gold and foreign trades.



Putra and Arini (2021) studied the effect of people's mobility toward Economic
activity by using Google Mobility trends and Apple Mobility trends. The results
of this research suggest that mobility has an impact on Regional GDP growth. An

industry cluster also has an impact on people mobility and Regional growth.

Limpanasukhon (2015) studied economic factors that can have an impact on the
House Price Index. This includes the House Price Index of Single detached
Houses, Condominiums, and Townhouses. From the research, it can be derived
that the Construction Price Index has a positive correlation with the House Price

Index and the Townhouse Price Index.

Sun et al. (2020), Electricity consumption can be best estimated by using the

combination of Nighttime Light index and population.

Ruenthip and Thavonlun (2020) used the Apple Mobility Index to analyze the
tourism industry in Thailand. The result suggested that Apple Mobility Index is a
high frequency indicator to indicate the occupancy rate, people pattern of

traveling and the recovering rate of each province.

Coccia (2021) found that the number of COVID-19 infected cases is higher in
countries with a long period of lockdown measures. This also affects the GDP
growth of countries. Countries with longer periods of lockdown had lower growth

than short lockdown period countries.

3. Literature related to Sub-topics

Brueckner, Brueckner and Lin (2021), Work from Home (WFH) during the
COVID-19 pandemic has influenced the price of houses and rental rates to be
lower because people relocated to cheaper areas.

Satirapipatkul (2020) found that during the COVID-19 pandemic, people changed
due to the fact that their income is insatiable. Therefore, both real estate demand

and supply was reduced.



Research Gap

As the time passes, there are many new ways to estimate economic activities, especially during
the COVID-19 pandemic, such as Apple Mobility index, COVID-19 infected case and Nighttime
Light data. However, there are currently only a few studies that are based on similar datasets that
can be used as references. Moreover, most of the research that uses these data are usually only
focused on predicting and analyzing GDP level. Therefore, there is a lack of studies on how

these data can be used in other economic sectors.



Data and Research methods

Data

In this study, the data used can be separated into two main categories, which are Conventional
indicators and Alternative indicators. Conventional indicators refer to the data that I am trying to
predict using different models. And alternative indicators refer to the data that are used to predict

the conventional indicators.

1. Conventional Indicators

- House Price Index (HPI)
The Housing Price Index during the period of January, 2020 and September, 2021 was used as
the conventional indicator for the study. According to the Bank of Thailand (n.d.), the House
Price Index was composed of 4 indexes; The condominium Price Index (CMPI), the townhouse
Price Index (THPI), the Single detached House Index (SHPI), and Land Price index (LPI). The
Housing Price Index was calculated from mortgage loans data that were collected from 17
different commercial banks in the Bangkok area and surrounding vicinities (Samut Prakan,
Nonthaburi, Pathum Thani, Nakhon Pathom and Samut Sakhon). The Condominium Price Index,
Townhouse Pride Index, and Single detached house Price Index were compiled together into the
index using the Rolling Window and Dummy Hedonic Regression method. The land was
calculated into the index using the Stratification method with monthly weight. In this study, all 4

House Price Indexes will be used as conventional data.

2. Alternative indicators

- Apple Mobility Index
The Apple Mobility Index is a daily report of Driving and Walking index published by Apple. It
shows the volume of direction lookup requests from Apple’s Maps application by
country/region, sub-region, or city. It is calculated compared to a baseline value, generated on 13
January 2020. The period of both Driving and Walking index used in this study is from January
13, 2020 to September 30, 2021, and the geographic location of the data used is Bangkok. All
data are adjusted by using an average method to transform it into monthly data before using it in

the study.



- COVID-19 infected Cases
The data of the number of COVID-19 infected cases in Thailand was obtained from the Ministry
of Public Health, the date ranges from January 2020 to September 2021. The raw data acquired
from the Ministry of Public Health is a daily level report, so a transformation was implemented
to convert the daily level data to monthly level. This is done by taking the average value of each
month. The reason the data had to be converted to monthly level is because the Conventional
indicator or the Housing Price Index is a monthly level. And to connect the two datasets together,

it needs to be in the same granularity, monthly data.

- Nighttime Light Index
The Nighttime Light Index data was retrieved from a map service application called

www.lightpollutionmap.info. In this application, different satellite imaging data can be retrieved,

including the Nighttime Light Index data that will be used in this study. For this study, the
Nighttime Light Index data from January, 2020 to September 2021 is used to indicate House
Price Index. The geographic boundary of the Nighttime Light Index collected is Bangkok

Metropolis and Vicinities.

Methodology
- Ordinary Least Square Regression (OLS)

According to Encyclopedia (n.d.), Ordinary least squares (OLS) regression is an approximation
model to analyze the relationship between dependent and independent variables by minimizing
the sum of square differences between the observed and predicted values. This method is
commonly known as Linear Regression.
OLS regression function:
Y = [30 + B1X T E
Where Y = Dependent variable

Bo: Interception
B = Coefficient
X = Independent variable

€ = Error term


http://www.lightpollutionmap.info

- Apply Ordinary Least Square Regression (OLS) into study:

The log transformation method was used to normalize all data obtained first. Then, the Ordinary

Least Square Regression can be applied into the study as

InCMPI L= BO + BllnDrivingt t e, (1)
InCMPI L= BO + lenWalkingt +e (2)
InCMPI L= BO + BglnNTLt + e 3)
InCMPI L= BO + B4lnX4t +e (4)
InTHPI L= BO + BllnDrivingt te (5)
InTHPI L= BO + lenWalkingt +e (6)
InTHPI .= BO + BglnNTLt + e (7)
InTHPI L= BO + B4lnC0VID19_caset +e (8)
InSHPI L= BO + BllnDrivingt + e 9)
InSHPI L= BO + lenWalkingt t e (10)
InSHPI i BO + B3lnNTLt + e (11)
InSHPI L= BO + B4lnlnC0VID19_caset + e, (12)
InLPI L= BO + BllnDrivingt + e (13)
InLPI L= BO + lenWalkingt + e (14)
InLPI L= BO + B3lnNTLt + e (15)
InLPI L= BO + B4lnC0VID19_caset t e (16)

Where CMPI = Condominium Price Index

THPI = Townhouse Price Index

SHPI = Single detached House Price Index

LPI = Land Price Index

Driving = Driving index from Apple Mobility Index
Walking = Walking index Apple Mobility Index
NTL = Nighttime Light Index

COVID19_case = COVID-19 infected cases

e = Error term



Result Analysis

There are 21 observations obtained from time series datasets ranging from January, 2020 to
September, 2021. The result analysis is separated into 4 parts based on regression results on
House Price Index including Condominium Price Index, Townhouse Price Index, Single

detached House Price Index and Land Price Index.

1. Condominium Price index and Alternative indicators
The regression results of Condominium Price index and Alternative indicators are presented in
Figure 1- 4 and Table 1 in Appendix. From Table 2, there is only one model that has a
statistically significant P-value of less than 0.05 which is model 4. It is a model that uses

nighttime Light Index as an alternative indicator to indicate the Condominium Price Index.

However, this model has an R’ value of 0.481 with adjusted R’ value of 0.454. This implies that
the Nighttime Light data can only partially explain the Condominium Price Index. Other
alternative data should be used together with the Nighttime Light index inorder to get more

accurate alternative indicators.

2. Townhouse Price Index and Alternative indicators
The regression results of Townhouse Price index and Alternative indicators are presented in
Figure 5 - 8 and Table 2 in Appendix. From Table 2, there are three models that have statistically

significant P-values of less than 0.05 which are model 6, 7, and 8. However, model 6 which

explains about the relationship between Walking index and THPI has R’ value of 0.465. So, it
means that the Walking index has a low relationship with the THPI. For model 7, which is a
model that explain the relationship between COVID-19 infected cases and THPI, there is a high

R® value of 0.724 with the value of Adjusted R® of 0.71. This means that the number of
COVID-19 infected cases is a good indicator to explain the THPI. COVID-19 infected cases can
explain the THPI for 72.4%. When the number of infected cases increases by 1%, the THPI will

increase by 0.003 %, holding other things constant. For model 8, it is a model that explains the

relationship between Nighttime Light Index and THPI. This model has R’ value of 0.639 which
means that NTL also has a moderate relationship with THPI.



3. Single detached House Price Index and Alternative indicators
The regression results of Single detached House Price Index and Alternative indicators are
presented in Figure 9 - 12 and Table 3 in Appendix. From Table 3, all models have statistically

significant P-values of less than 0.05. However, both model 9 and 12 that are used to explain the

relationship between Driving index and Nighttime Light Index on SHPI have R’value lower than
0.5. This means that both Driving index and Nighttime Light Index have a low relationship with
SHPI, and should not be used to explain SHPI. Model 10 which is used to explain the

relationship between Walking index and SHPI, has the highest R’ value of 0.805 with adjusted

R’ value of 0.794. This means that the Walking index has a strong relationship with SHPI and
can be used to explain SHPI for 80.5%. When the Walking index increases by 1%, the SHPI will
decrease by 0.0186%, holding other factors constant. For model 11, the number of COVID-19

infected cases can also partially explain SHPI as it has moderate R’ value of 0.655.

4. Land Price Index and Alternative indicators
The regression results of Land Price Index and Alternative indicators are presented in Figure 13 -
16 and Table 4 in Appendix. From Table 4, all models have statistically significant P-values of

less than 0.05. In this case, the Walking Index from model 14 is the best alternative indicator to
explain the LPI because the regression result of this model has the highest R’ value of 0.928

with adjusted R’ value of 0.924. This means that the Walking index can explain the LPI for
942.4%. When the Walking index increases by 1%, LPI will decrease by 1.66%, holding other
things constant. In addition, the results from Model 15 indicated that the number of COVID-19

infected cases can also moderately explain LPI because it has R’ value of 0.622. However, model

13 and 16 which are Driving index and Nighttime Light Index should not be used to explain LPI

as the R” values are 0.485 and 0.345 respectively. They have a low relationship with LPI.



Policy Recommendations

- Use these alternative data mention in this studied to indicate the House Price Index
Based on this study, as alternative data can be used to explain the House Price Index, the
Government should consider the use of alternative indicators to predict the House Price Index
during the COVID-19 pandemic as well as using these data to predict the House Price Index
after the COVID-19 pandemic. Government should study more on the reasons for these

relationships as well in order to understand more about people's behavior.

- Strengthen the use of Land and Building Tax
The government should increase the tax collection amount for the lands and buildings tax
instead. However, the lands and buildings value criteria for tax collection need to stay the same.
This means that the government will be able to collect more land and buildings tax from the
higher income people. This will result in the higher income people being able to help contribute
to the development of societies and communities during this Covid-19 pandemic. Moreover, by
doing this, the demand for houses of high income people will be decreased. Therefore, the
housing price will also decrease. This is an indirect way to slow down the price of houses so that

lower income people can buy the house.

- Promote the development of non CBD area
The government should see the COVID-19 pandemic as an opportunity to expand to urban
development. Many people moved out from the CBD area because they can work from their
home. By moving out of the CBD areas, they can save some cost spending on rental. Therefore,
the non CBD area should be developed to decentralize the city. Moreover, rural areas and
suburban areas should also be promoted as well. By developing the non CBD areas, the demand

for real estates in the CBD areas will slowly decrease over time.
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Conclusion

In Conclusion, during the COVID-19 pandemic, all of the House Price Indexes except
Condominium Price index can be successfully predicted with the alternative indicators. For the
Townhouse Price Index, the best alternative indicator is the number of COVID-19 infected cases.
For the Single detached House Price Index and Land Price Index, the Walking index is the best
indicator to explain them. The Condominium Price index on the other hand can only be slightly

predicted using the Nighttime Light index. However, compared to the rest of the predictions of

House Price Indexes, it still has a very low relationship with CMPI as the value of R is low.

Therefore, it should not be used in explaining the CMPI.
Limitations and suggestions on further study

- Increase the number of observations
Because the COVID-19 pandemic first came to Thailand in January, 2020, there are a limited
number of observations, n=21, which may cause bias to the study. Therefore, more observations

should be used in order to increase the accuracy rate of the study.

- Apply more complex models into the study
This study uses only simple linear regression to see the relationship between conventional
indicators and alternative indicators. Therefore, there is a room for further study to use more
complex models to study the relationship between conventional data and alternative data such as

Multiple regression.

- Add more alternative data sources
This study uses 3 sources of alternative data which are Apple Mobility Index, COVID-19
infected case, and Nighttime light index, so there is also interesting data left to be investigated

such as Google Mobility Index.
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Appendix

Part 1: Figure
Figure 1: Relationship between Condominium Price Index and Apple Mobility Index (Driving)

Relationship between Condominium Price Index and
Apple Mobility Index (Driving)
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Figure 2: Relationship between Condominium Price Index and Apple Mobility Index (Walking)

Relationship between Condominium Price Index and
Apple Mobility index (Walking)
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Figure 3: Relationship between Condominium Price Index and COVID-19 infected Case

Relationship between Condominium Price Index and
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Figure 4: Relationship between Condominium Price Index and Nighttime Light Index

Relationship between Condominium Price Index and
Nighttime Light Index
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Figure 5: Relationship between Townhouse Price Index and Apple Mobility Index (Driving)

Relationship between Townhouse Price Index and
Apple Mobility Index (Driving)

22240
L4 ° * o
22220 .
g0 2:2200 : '
o 22180 e ®  y-.02098x+2.6416
3 e RZ = 0.0935
3 2.2160 ° . K e
= T —eg @
£ 22140 LJ o
(=]
= 22120 e
[ ]
2.2100 ®
®
2.2080
2.01 2.015 2.02 2.025 2.03 2.035 2.04

driving_log



Figure 6: Relationship between Townhouse Price Index and Apple Mobility Index (Walking)
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Figure 7: Relationship between Townhouse Price Index and COVID-19 infected Cases
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Figure 8: Relationship between Townhouse Price Index and Nighttime Light Index
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Figure 9: Relationship between Single detached house Price Index and Apple Mobility Index
(Driving)
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Figure 10: Relationship between Single detached house Price Index and Apple Mobility index
(Walking)
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Figure 11:Relationship between Single detached house Price Index and COVID-19 infected

Cases
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Figure 12: Relationship between Single detached house Price Index and Nighttime Light Index
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Figure 13: Relationship between Land Price Index and Apple Mobility Index (Driving)

2

Relationship between Land Price Index and Apple
Mobility Index (Driving)

'
. . o ®
L 4 T~ % y=-1661x+5648
& R?=0.4847
o
e ® o o
01 2.015 2.02 2.025 2.03 2.035 2.04
driving_log

Figure 14: Relationship between Land Price Index and Apple Mobility Index (Walking)
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Figure 15: Relationship between Land Price Index and COVID-19 infected cases

Relationship between Land Price Index and COVID-19
infected cases

2.320
2.310
oo

=]
1 2.300

Land price Index

NN
NN N
~ © W
o o o

2.260
2.250

®

®

o’

y =0.0091x + 2.2543
R*=0.6221

° L]
L ]
L]
L3
o e
2 3

COVID19 case log

Figure 16: Relationship between Land Price Index and Nighttime Light Index

Part 2: Table
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Table 1: Regression result between Condominium Price Index and Alternative indicators

Coefficients |Standard Error |t Stat P-value Lower 95% Upper 95% Lower 95.0% |Upper 95.0% Regression Statistics
Intercept 2.26178966 1.01685574( 2.224297478| 0.038446727| 0.133486135| 4.390093184| 0.133486135| 4.390093184|R Square 8.511E-06
driving_log 0.0063774 0.501504414( 0.012716539| 0.989986523| -1.043283402| 1.056038202| -1.043283402| 1.056038202|Adjusted R Square -0.05262262
Intercept 2.29679637 0.285410109| 8.047354642| 1.53512E-07| 1.699426145| 2.894166593| 1.699426145| 2.894166593|R Square 0.000314819
walking_log -0.01108521 0.143307262| -0.077352713| 0.939151737| -0.311030752| 0.288860341| -0.311030752| 0.288860341|Adjusted R Square -0.052300191
Intercept 2.2666736 0.007273948 311.615323 1.0604E-36 2.25144906 2.28189815 2.25144906 2.28189815|R Square 0.07249127
COVID19_case_log | 0.00284878 0.002337749 1.21859858| 0.23791173 -0.0020442 0.00774174 -0.0020442 0.00774174|Adjusted R Square 0.02367503
Intercept 4.75982275 0.591957303| 8.040821061 1.5538E-07| 3.520841874| 5.998803622| 3.520841874| 5.998803622|R Square 0.481220098
NTL_log -1.33361846 0.317668746| -4.198141844| 0.000487378| -1.998506785| -0.668730129| -1.998506785| -0.668730129|Adjusted R Square 0.453915893
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Table 2: Regression result between Townhouse Price Index and Alternative indicators

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% Regression Statistics
Intercept 2.641649099| 0.303936218|  8.69145874| 4.78905E-08| 2.005503283| 3.277794914| 2.005503283| 3.277794914|R Square 0.09349491
driving_log 0.209837712| 0.149898701| -1.399863442| 0.177671057 -0.5235793] 0.103903876 -0.5235793| 0.103903876|Adjusted RSquare | 0.04578412
Intercept 2.482406784| 0.065573151 37.85706131 2.33597E-19 2.345160602 2.619652966 2.345160602 2.619652966|R Square 0.46456794
walking_log -0.133682368| 0.032924933| -4.060216871| 0.000667736| -0.202595044| -0.064769691| -0.202595044| -0.064769691|Adjusted RSquare 0.4363873
Intercept 2.208197231| 0.001245137| 1773.457556| 4.75764E-51 2.20559113] 2.210803332 2.20559113]  2.210803332[R Square 0.72423479
COVID19_case_log 0.002826777 0.00040017 7.063935895 1.01032E-06 0.001989211 0.003664342 0.001989211 0.003664342|Adjusted RSquare | 0.70972083
Intercept 3.114832084| 0.155126563 20.07929541 2.96368E-14 2.790148456 3.439515711 2.790148456 3.439515711|R Square 0.63850488)
NTL log -0.482256366| 0.083247323| -5.793055543 1.39693E-05| -0.656495015| -0.308017716| -0.656495015| -0.308017716|Adjusted RSquare 0.61947882|
Table 3: Regression result between Single detached House Price Index and Alternative indicators
Coefficients | Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0% Regression Statistics
Intercept 3.07779384 0.267298286| 11.51445409| 5.18803E-10| 2.518332098| 3.637255582| 2.518332098| 3.637255582|R Square 0.37279211
driving_log -0.443012506 0.131829192| -3.360503849| 0.003285004| -0.718934174| -0.167090837| -0.718934174| -0.167090837|Adjusted R Square 0.33978117
Intercept 2.549951311 0.041891817| 60.86991402| 3.02873E-23| 2.462270729| 2.637631892| 2.462270729| 2.637631892|R Square 0.80451002
walking_log -0.185998021 0.021034299| -8.842606056 3.6717E-08| -0.230023315| -0.141972727| -0.230023315| -0.141972727|Adjusted R Square 0.79422107
Intercept 2.171509908 0.001471481 1475.73091| 1.56257E-49| 2.168430063| 2.174589753| 2.168430063| 2.174589753|R Square 0.65546886
COVID19_case_log 0.002843288 0.000472914| 6.012271675| 8.74843E-06| 0.001853468| 0.003833109 0.001853468| 0.003833109]|Adjusted R Square 0.63733565
Intercept 3.015385895 0.194018993| 15.54170472| 2.94415E-12| 2.609299476| 3.421472314| 2.609299476| 3.421472314|R Square 0.49413757
NTL_log -0.448552086 0.104118608| -4.308087631| 0.000379324| -0.666474837| -0.230629336| -0.666474837| -0.230629336|Adjusted R Square 0.46751324
Table 4: Regression result between Land Price Index and Alternative indicators
Coefficients | Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0% Regression Statistics
Intercept 5.647952535| 0.796711618 7.08908017| 9.61242E-07| 3.980415954| 7.315489117| 3.980415954| 7.315489117|R Square 0.48467605
driving_log -1.66103576| 0.392931246| -4.227293644| 0.000456024| -2.48345031| -0.83862121| -2.48345031| -0.83862121|Adjusted R Square| 0.457553736
Intercept 3.588126735| 0.083657399| 42.89072779| 2.23733E-20| 3.413029787| 3.763223684| 3.413029787| 3.763223684|R Square 0.927900263
walking_log -0.656846386| 0.042005214| -15.63725829| 2.64166E-12| -0.74476431| -0.568928462| -0.74476431| -0.568928462|Adjusted R Square| 0.92410554
Intercept 2.254307295| 0.00506785| 444.8251607| 1.22754E-39| 2.243700163| 2.264914428| 2.243700163| 2.264914428|R Square 0.622057619
COVID19_case_log| 0.009108162| 0.001628739 5.59215641| 2.15598E-05 0.005699173( 0.012517152| 0.005699173| 0.012517152|Adjusted R Square| 0.602165915
Intercept 4.576694951| 0.725957777| 6.304354187| 4.73386E-06| 3.057247861| 6.096142041| 3.057247861| 6.096142041|R Square 0.345023809
NTL_log -1.23249182 0.389578937| -3.163651064| 0.005113998| -2.047889907| -0.417093733| -2.047889907| -0.417093733|Adjusted R Square| 0.310551378
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