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An Investigation into the Causal Relationship and the Cross Correlation

between Apartment House Sales Prices and Real Estate Online News
— An Approach to the Sentiment Analysis Using Unstructured Big Data of Online News Articles —

HERHS - Ot
Park, Jae-Soo - Lee, Jae-Su

Abstract

The coming of the digital age has dramatically increased the information exchanges among the individuals. Before the
digital age, the flow of information was confined to the smaller area around the individual. However, the introduction of
smartphones and social media such as facebook and twitter have transformed this flow of information. News articles are

one of the important sources from which the information flow originates and

the real estate market which is one of the

asset markets responds strongly to the news. The purpose of this study to analyze the relationship between sentiment
index and real estate price by crawling news article and using topic analysis, cross correlation and Granger causality test.
The result of this study showed that the news had significant leading as well as Granger causality relationships with the
apartment sales price in small and small and medium apartment houses. This result could be used as evidence to infer the
diminishing interest in large houses after the price fall in 2008 Financial Crisis and population aging.
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Fig. 1. Seoul Metropolitan Area and Subregions
Source: SMG(2014)
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Fig. 2. Analysis Procedure
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Table 1. Result of Topic Analysis

Topicl Topic2 Topic3 (Co-rn:mzfcial Topic5 Topic6 Topic7 Topic8
(Sale) (Area) (Parcel Out) District) (Structure) (Invest) (Tender) (Others)
housing redevelop* parcel out store drawing deposit tender housing
price* Seocho-gu lot profit system lend license offer company
jeonse Yeongcgj]iungpo— park invest family financing house develop
loan* Yeg(l;iagm- near officetel energy house lot service
transaction* Songpa-gu size building living room quick sale quantity teleic;?orgum-
rise Mapo-gu develop ROI community studio rank retail
10 billion commercial - competition
Won Seocho-dong form district design near rate Korea
sale* Guro-gu area shop area Sejong City block customer
fall Geumcheon-gu above ground sgbway kitchen Cheonan average Guro-dong
station zone
auction* consulting New Town Gangnam plane Chungnam area construction
government* Gangnam neighborhood coor}}%a;ny structure owner contract domestic
interest rate*  partnership underground commerce housing monthly rent  un-parceled out group
demand* Yeouido- demand company household family business Gasan-dong
dong office cycle
monthly rent redevelop* complex corr}r;erce underground walk win City of Seoul
investment*  City of Seoul around liquid life rent fee housing lot financing
solution* Yongsan-gu life investor storage hospital close land
hgﬁglerlg Seongdong-gu housing demand in door profit receive invest
tax* Jongno-gu Gangnam hotel balcony new city demand house
regulation* partner highway item on sale parking lot Daejeon volume evaluation
earning Gan%(iong— environment  business cycle type market price new operation
win bid* New Town education behind inside adjacent gather government
jeonse price*  Seodaemun-gu view broker frieecnod_ly ground advance sale insurance
collateral Seongbuk-gu town lease landscaping land new town solution
'tggl“ei“ propel officetel shop model fund Innovation city existing
outlook* Dongjak-gu location fund expand population  Wilye New City partial
lessen* Nowon-gu walk parking lot heating recommend Dongtan startup
small/medium*  brokerage area rent fee terrace invest Prugio cost
recession Sargssgng— culture area daylighting responsibility Raemian modern
for sale Gwanak-gu inquiry business type house Kyungbuk interest item
fund Se(t;gggsu— condition parcel out environment local small/medium work

*Words that are included in the sentiment dictionary because they are relevant to the fluctuation of the apartment sale prices
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Table 2. Example of Sentiment Dictionary

Word Positive Expression Negative Expression
housing price go up etc. go down etc.
sales go up etc. go down etc.

trade volume go up, increase etc.

go down, decrease etc.

interest rate go up, go higher, increase etc. go down, decrease etc.
loan increase etc. decrease etc.
investment active etc. inactive etc.
regulation loose etc. tighten etc.

tax increase, go up etc. decrease, go down etc.

auction volume increase etc.

decrease etc.

auction price go up, jump up etc.

go down, drop etc.

forecast bright, good etc. dark, bad etc.
B0 oo 300
Number of +/- words — Negative
Jan 2010 = 100 \
250 ' A\ 250
200 e 200
150 150
100 ; 100
50 e oo e ------- 50
0 S S S S
Jan Jun Oct Jun
2011 2013 2015 2016 2017
Mean Std. dev. Min. Max. Median
Positive Sentiment Index 124.07 4112 63.50 267.00 113.70
Negative Sentiment Index 143.40 37.85 64.70 266.50 137.10

Fig. 4. Sentiment Index Statistic (2010.1.~2017.12.)

Seoul Downtown

= Small = S-Medium == Medium

Northwest Southwest

Northeast

M-Large == Large

Southeast

Fig. 5. A Time Series of Apartment House Sale Prices in Seoul(2010. 1~2017.12.)
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391 9 71202 BAUI AR U AYHE Y ofh o) whe, AuAL By ouho] i ARI4E 100 TRk U

w7121 57) 100 o0 2 the U] AR\ 4k ) ket
sk, olshEe] Arlae Fade] A1 BAW, =AU A
8719 £, 349 U 39 optE] vpulsl 4580l w1 2) e

B giet,

et

#y Zt
o
qe

AALG A= /el wdt AR A

BA717191 201095 20179 WA AAle) F9, B Alde] Hebgsha v ol whglo] EAsHA Hek welte]
U opshel wjuj7 A A 1005t B Sl tEe.  EASH HE Aol A1 S2o] & 49 1 520] ulde]
Table 3. Descriptive Statistics of Seoul Apartment House Sales Price Index
Region APT size Mean Median sd Minimum Maximum
Small 106.95 100.35 14.08 91.10 148.20
Small-medium 100.23 95.95 10.75 87.60 135.20
Seoul Medium 97.91 96.00 10.58 81.60 128.60
Medium-large 95.81 94.00 7.08 85.50 117.30
Large 91.75 90.70 6.63 79.00 118.60
Small 113.90 110.50 15.66 89.10 163.60
Small-medium 103.88 102.70 9.45 85.60 133.40
Central Medium 1111 110.95 18.14 63.40 151.10
Medium-large 97.71 97.10 8.67 82.00 117.60
Large 86.09 84.60 14.43 61.90 167.20
Small 105.29 99.10 13.27 89.80 141.50
Small-medium 100.92 97.90 9.34 89.20 126.50
Northeast Medium 91.04 88.80 10.41 68.30 115.20
Medium-large 95.95 95.00 6.09 84.40 113.40
Large 100.02 100.00 13.34 74.70 143.30
Small 110.80 102.40 16.88 90.30 155.40
Small-medium 106.50 100.90 13.43 90.80 144.50
Northwest Medium 108.54 106.45 18.01 77.00 186.70
Medium-large 104.90 103.00 9.02 88.40 130.90
Large 95.83 94.70 10.95 65.30 120.70
Small 104.30 99.00 12.96 91.00 142.40
Small-medium 97.86 93.75 10.24 84.90 131.80
Southwest Medium 91.52 90.90 8.91 72.90 114.40
Medium-large 92.56 90.90 6.49 84.00 112.80
Large 88.35 87.60 7.41 73.70 106.50
Small 102.70 97.50 13.65 86.10 144.20
Small-medium 95.62 90.80 11.98 81.20 137.90
Southeast Medium 92.01 88.40 12.00 73.80 127.40
Medium-large 91.36 88.30 8.60 78.70 119.30
Large 92.28 90.50 7.49 78.30 111.40
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Aol ALA o7 P& FA| Hrh, E3F AA Hol PP AL =
A=A BlofdA Eof 78] H(spurious regression) 2] &
A7 87131 o= 749 Al=/dS ol =) A FrH(Woo, 2005).

AeAl 571 AT ofutE qmd w7k 2|40k A A=
T A7 Aake (Table 49 et ofhE ofjulj7hZ 2|50
3k 1% Fol40] B9l A4 2 =40 53 omES

A2 2E BTN HRAS 7125 Zagc,

Table 4. Result of Root Unit Test

Wb $ERSE 13} AEst] S7b TS
2}, §ol5% 19014 AgA 2w
s k27| 40] welte] EAatA]
K] A =
5 Ad 42

Rihy |

13 2o A= Thelo] EAse

Level Variables

o=

o] wre} g1

2 AL ARG

U, =

ollA] = ofshe

g skt 3

R84

Difference Variables

Region APT size
Dickey-Fuller p-value Dickey-Fuller p-value
Small 1.1407 0.9900 -5.2180 0.07%x*
Small-medium 1.3357 0.9900 -4.7371 0.07%x*
Seoul Medium -0.8261 0.9563 -5.932 0.07x**
Medium-large 0.7152 0.9900 -5.0857 0.01%*
Large -0.7977 0.9588 -8.1751 0.07%**
Small -0.4466 0.9825 -5.9356 0.07%**
Small-medium 0.7793 0.9900 -5.6686 0.07x**
Central Medium -4.2095 0.07%** -5.7023 0.07x**
Medium-large -0.56716 0.9770 -6.0244 0.071%**
Large -2.3118 0.4476 -7.3330 0.07%x*
Small -0.2104 0.9900 -5.2559 0.07%+*
Small-medium -0.0937 0.9900 -5.2435 0.07x**
Northeast Medium -2.0370 0.5611 -6.9789 0.077*=*
Medium-large -0.0261 0.9900 -5.1129 0.07%**
é;z Large 37742 0.0232 -5.7725 0.07#*
IF:(;CeeX Small 0.4340 0.9900 -5.6393 0.07 %%
Small-medium 0.0457 0.9900 -5.1794 0.07#%**
Northwest Medium -0.7409 0.9639 -8.1963 0.07%%*
Medium-large -1.4540 0.8020 -5.4669 0.0717*
Large -2.9101 0.2004 -6.5394 0.07%x*
Small -0.0909 0.9900 -6.0840 0.07%**
Small-medium 0.5147 0.9900 -5.5241 0.07%**
Southwest Medium -0.7266 0.9652 -6.0092 0.07%%*
Medium-large 0.3237 0.9900 BTTT4A 0.07x**
Large -1.3216 0.8568 -7.4486 0.07%+*
Small -0.3749 0.9856 -5.4569 0.07%+*
Small-medium 1.2293 0.9900 -6.1992 0.07%+*
Southeast Medium 0.7285 0.9900 -6.5404 0.07xx*
Medium-large -1.1905 0.9041 -6.1369 0.07x**
Large -1.3791 0.8330 -6.3599 0.07%+*
positive sentiment index -1.9840 0.5831 -5.4801 0.07%**

- confidence level: * 0.10 lower, ** 0.05 lower, ** 0.01 lower
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Table 5. Result of Cross Correlation Analysis
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APT size
Region leading/lagging
Small Small-medium Medium Medium-large Large
leading lag 1(0.215) -
Seoul :
lagging - - _
leading lag 1(-0.230) -
Central :
lagging - - - lag 12 (-0.234)
leading lag 3(0.205) lag 2(-0.272)
Northeast :
lagging - lag 11 (0.215)
leading lag 1(0.304) - - lag 3(0.275)
Northwest :
lagging lag 3(-0.209) lag 2(0.244) -
leading lag 1(0.330) lag 1(0.204) - -
Southwest :
lagging lag10 ( 0.209) - -
leading lag 2 (-0.264) - -
Southeast -
lagging - -

- (ACF value) reported by ccf function in R
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Table 6. Result of Granger Causality Test

APT size
Region GrangerTest
Small Small-medium Medium Medium-large Large
p-sent-index — price lag 1+ - lag 1*
Seol (3.8259 0.0535) (3.0288 0.0851)
eou N
price — p-sent-index - lag 2 * AIRFT >
(2.64180.0768)  (4.2846 0.0412)
p-sent-index — price -
Central : .
price — p-sent-index
*kk *%
North p-sent-index — price lag 4 lag 1
or (5.03370.0011)  (3.9572 0.0496)
east
price — p-sent-index -
camt o lag 2 *** ) lag b ** lag 3 **
North ~ Prsentindex—price g 9991 0 0915) (3.0505 0.0143) (3.0546 0.0327)
west
price — p-sent-index -
p-sent-index — price lag 3 = lag 1 ** lag 1
South (26691 0.0527)  (4.65840.0335) (57137 0.0188)
west ) ) |ag A k%
price — p-sent-index (27988 0.0311) -
p-sent-index — price lag 3 = - lag 2 **
South (3.77130.0135) (4.2532 0.0172)
cast rice — p-sent-index lag 2 > - lag 1*
P P (3.7466 0.0274) (3.0868 0.0822)

- confidence level: * 0.10 lower, ** 0.05 lower, #* 0.01 lower (F-value, P-value)
- p-sent-index : positive sentiment index
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