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Abstract

As one of the pillar industries of China’s national economy, real estate has always been a major li-
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velihood issue. In recent years, due to the increasing house prices in large, medium and small ci-
ties in China, it has become more and more difficult for most of people to buy a house, which makes
it necessary to study the contributing factors of house price. Based on the historical transaction
data of second-hand houses in Beijing from January 2017 to January 2018, this paper models and
analyzes the house prices in Beijing from fifteen dimensions. To dig out the main factors affecting
house prices and then effectively estimate and predict the house price, we first analyze house prices
by using multiple linear regression model, and then select the important variable among the fif-
teen predictors based respectively on stepwise selection and Lasso regression. Finally, by extract-
ing the effective information of each model and comparing the explanatory effect and prediction
effect of different models, the factors that can have an important impact on house prices are: com-
munity average price, the square of the house, the renovation condition, followers of the house and
the trade time. At the same time, in terms of prediction performance, stepwise regression and Lasso
regression have significant advantages over multiple linear regression.
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T AV AN R R R, BRI 5 A M P SRR AT 7 [ R 8 B R R SR B OR AR ., ST R
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D] 4 21— b L 2% v TR 8 77 S R T A b ko A 25 i B AR e RS R0 5 5 ¢ RO VP A RS i R R o0 A, 2
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BEIE 5T TR, FRATULEE S W AR S AL T A 2010 4F 1 H % 2018 4F 1 A= F528 5
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Table 1. Variable descriptions
F 1. TEUR

iy REA et i

1 price @it G (BT K AN %)

2 distance LAY T ER WS RS

3 tradeTime H 170 2L Gy [

4 followers B RIENHL

5 square st TR

6 floor 2yt JIAEREZRAY: 0- KM, 158, 2-(K, 3-1, 4-f&, 5-T0
7 buildingType @it By 1R, 2-FFE,  3-u, 4-Hk

8 constructionTime LA EEHTUIN A
9 renovationCondition g (7! BASRES: 1-HAh, 2-BIR, 3-F%, 4-65%

10 building Structure i LN 1-RH, 2-IRE, 3-REELH, A-HREEL45H, 508,
6-4N i VRt - 5 1

11 ladderRatio US| Ff 7 LE (B S B E R 7 B L)

12 elevator B REHE: 1-6, 0-1%fF

13 fiveYearsProperty B #7H A OEHEBAR: 1-2, 0-f%

14 subway ey e REFH: 1-%, 0-/

15 district @it FrEX: 1-HR¥, 2-F6, 3-K¥%, 47 EFEX, 55, 6-8°F,
7-BARH, 8-, 9-FAisili, 10-7HIN, 11-3@JM, 12-B 3,
13-173k¥4)

16 communityAverage %4 X9

BN R, A SOK LU (price) 1 o AR &, 3 i 31228 ¢ T HM AR B ST AN ] 7Y B 1AL SR 44T
Wit BRI R 2, &L — NS BEA  B A TR AR A,
4. BHAEWEZNEERES ST

AT A BRI BN ARSI IR R A RN B A, A SORE AT ST AT B SR 1K 42929 MR FEAEAL
DIRWERGy: —EAVENINGE——4H HEAEREARER 99%, T8 MERRME TG FaEs
1E IR EE —— R FH I R 5245 2 B A5 TS 2R SR A o 10 B A EAT TN, 33k — 2518 21 B5 4 B S2{E 5wl
{E R 21 75 AP AR (B T AR R 22, TS5 A: RMSE), VME PR &/MER TSR . AT E
BUE AR E 2T R B HETE
4.1 EBEHR/NDZFEOLS)EIHER

BRI SCHTAS 20 00 o5 = B, 8 e e R 2R B ST s S e ERL 3R 20 ) 22 e B el DA SR
Y =B+ BX+ B Xyt B X & (5)
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Hrf, YOG, X, Xg,e X, 0 AlFTs R 1 ARBRB U AR 15 MR, IXE p=15. & 2 A% tHA
A (B) ) e/ e fili 1 2

7 2 P& AR REW t IR R p [T R, fEHEAEEATRIEL T, XENAREE
P S (128 B 4 X 4 (communityAverage) . 32 5 B (8] (tradeTime) . THiAH (Square). J<vE A % (followers)
R A (renovationCondition)ix 5 /ME&; [5 2 & 15 O L4 = AL (fiveYearsProperty) 32 & 0] 5 i A 4
—SERIAI; HAh AR B U 5 (distance) . 2 (floor). #5257 (buildingType)Zs, XM HISSIAE Z. A
Ab, EEJTER FASERY p-value: < 2.2e-16, XEWRE, 7E4ERENKF o 7005 T, XAMEAEAR B
E0, HP A E N 0.9155, M RPIAE] T 0.9124, Hit—BR M T %7 FEL A ORI K

Table 2. Linear regression fitting results
Fz 2. LMEIAMEER

Coefficients Std. Error t value Pr (>|t))
(Intercept) 4.12E+05 5.60E+04 7.356 1.03E-12
distance -5.10E-02 3.62E-02 -1.409 0.15967
tradeTime —2.34E+01 3.24E+00 -7.212 2.64E-12
followers -1.38E+01 4.81E+00 -2.872 0.00429 -
square —8.59E+01 1.23E+01 -6.971 1.25E-11
floor —5.75E+02 3.55E+02 -1.621 0.10568
building Type 1.13E+01 3.87E+02 0.029 0.97684
constructionTime 1.06E+01 5.45E+01 0.195 0.84548
renovationCondition 1.22E+03 3.87E+02 3.152 0.00174 -
buildingStructure —3.72E+01 3.75E+02 —0.099 0.92085
ladderRatio 3.18E+03 2.91E+03 1.091 0.27569
elevator 6.60E+02 1.52E+03 0.435 0.6635
fiveYearsProperty 1.34E+03 7.51E+02 1.789 0.07429
subway —5.78E+01 7.89E+02 —-0.073 0.94162
district -4.91E+01 1.43E+02 -0.344 0.73135
communityAverage 1.06E+00 1.92E-02 55.102 <2E-16

Signif. Codes: 0 “***” 0,001 “**” 0.01 “*” 0.05 “.” 0.1 “ ” 1; Residual standard error: 7402 on 414 degrees of freedom;
Multiple R-squared: 0.9155, Adjusted R-squared: 0.9124; F-statistic: 299.1 on 15 and 414 DF, p-value: < 2.2e-16.

SR, R AR R RE 1Z B AR AR, (AR L T4 15 ANTINAS 15 31,
HAfe & 7 2 AMAEE WA R, LRBEMINCKIE KB & ZBUEH 1077 2, I RE S 8145
AR R R, Xt — 2 SEER T EREAE 22, L, A T SRS v R 13 RE s % B M P Ak EE T 5
Wi (AR B, BN SR A OB i A AR B 507 ok ot — 5 0, 4B WL 4.2 R0 4.3 7
4.2. FELHiE¥E(Stepwise Selection)—TFFiEEETE

AN 2.2 5 A [ A B X b b P Hb I SR EE BB AT . ARSI B [ AR, AT
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ST HREMIGRN AR BRI, AR TSR MBI AR FATRAEET AIC HE I [ i A
JEIB B EBR G NERERB T — AN REE 8 AN & A, 128 %% DUE ES (distance) . 38 5 B
[B](tradeTime). 2Z2<i% A% (followers). [Hi#(square). #%)Z(floor). #1&:IR74 (renovationCondition). 275
el it LA P AR R (Five Y earsProperty) . 4 [X 2414 (communityAverage) {4 i BB A B . S Ao & 4 i
RUGMHT, AR AN ) B4R AIC A DL R S AR 8 3 B J5 1) AIC fERT RSS [IERIN, B8 81945 31 1)
I AERITE AIC R RSS Jr I T B [N, N 7 RE—DWERIE0 R AR ), &3 %
T HIZ A ENA T V9 3 1) i AT R % A 5 RS .

Table 3. Stepwise regression results

3. BLEFER

Coefficients Std. Error t value Pr (>|t])
(Intercept) 4.04E+05 5.52E+04 7.314 1.32E-12
distance —5.39E-02 3.19E-02 -1.687 0.092283 .
tradeTime —2.28E+01 3.18E+00 ~7.166 3.49E-12 -
followers —1.43E+01 4.75E+00 -3.015 0.002724 -
square —7.85E+01 1.08E+01 -7.276 1.70E-12 -
floor —6.06E+02 3.49E+02 -1.737 0.083133 .
renovationCondition 1.28E+03 3.78E+02 3.385 0.000778
fiveYearsProperty 1.29E+03 7.28E+02 1.774 0.07673
communityAverage 1.05E+00 1.64E-02 64.048 <2E-16

Signif. Codes: 0 “ 0.001 ““™ 0.01 “* 0.05 “.” 0.1 “ " 1; Residual standard error: 7358 on 421 degrees of freedom; Mul-
tiple R-squared: 0.9151, Adjusted R-squared: 0.9135; F-statistic: 567.1 on 8 and 421 DF, p-value: < 2.2e—16.

RYE 7 3 M REEE R KT, BB 300 B AR (5 8 AT A% &) B 2 R W35 1, HHL
R%IA3| 7 0.9135 (£ o AR % R? Dy 0.9124) PRI RAT B0 S 3 MEARRE, JRATAT LAK BIZ 4 [a]
VA3 2105 55 4 52 38 AH I LR B 4.1 35 1R 25 B TLF— 350 (H AT 1R 7 VR I ¥ B 25 (distance) FIA% 2
(Floor) ¥ 55 5 4 A s Bl ) AN PR 3R

4.3. Lasso E|)IEBI—T EpE4HE

AR T Lasso [m1VA 773K 3t b = Bt o AEIX HL, fEAF—5ER02 Lasso BIHRIPIMER: —2
WO EAR R, CRABIEA . AT LU B E Y RTIR A, F2HE b A A B R ) A2
IR AR B S H K, ASSCHRIERRAE 2 =10° 28 2 =107 B3 FE 0 s b 2
I ZREE B REAT Lasso [E1VH, FA33] TAHRLMY Lasso RECEAE, W 1 FRRIH 49728 XERE 77 k3R
PGS AR IR ZE TR B B/ N A AEL RIS BB AR R (AR B R B R i AR EF R B E R T I i
BB, HARAG TR LA 4.

1R TREG AR BN R,  Lasso BRI AR BAE AWK, HEMy REELN 0.
BT A 29 4 =270.8776 I, Frxt WA (58 IS IERCR iR, HBRLRIE ) 1 8 NI EARE
A NGRS AU A I R e RAMEL X R 8 AN E R R MR E K Lasso [B1)H 4. i AN 3 o
B PETFAF R ML A A BT LU, FRATRIL Lasso 15 3 1 HE % RECE 2 LB D 1% 545 3 (1 45 R A0
—EL RAEER 4R, BT RO E RN 3R EE, AR SR 3
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Figure 1. Plot of the Lasso regression coefficients as A changes

& 1. Lasso [EYAZREFE A BT L E

Table 4. Non-zero coefficient variables and coefficients for Lasso regression

%% 4. Lasso BARIEERBTER RZH

Variable Coefficients
(Intercept) 3.638886e+05
distance —3.070959e—02
tradeTime —2.055111e+01
followers —9.898148e+00
square —6.980960e+01
floor —3.970193e+02
renovationCondition 9.245955e+02
fiveYearsProperty 5.499683e+02
Community Average 1.043899e+00

4.4, BERIRMREEL R

ARATKENS 4.1, 4.20 4.3 YIS bRAE IR . R R® DA KSR (K N ORI AT L5 & LU
s DA B B VAR B A TS AR o A SOy, R AR T 8 R e 0L 5 A AR AE I i R A5 2 (0 5 0 (i THE
S ILHSHAA R i 22707 AP TR (G20 RMSE)RE R, BB SE R W42 5.

YA 5 MR R BRI, OLS I [l AR fr) FUMI A% 58 5 4 A AR 8 0 T LT — R 1,
SRR AR BN B WIRERERORE, B0 R T OLS A, X ULHTZED [ml
VAFE R 1) R At T I AER LT A (% Bkdh, AN RMSE (AR LU, 1222 A& A Lasso
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Residuals Predicted

10000 30000

-10000 O
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WG BT IRAE B R P o B A B U e BRI T OLS AR, 2354 5 st ek E, 1B
2 EATER R MR R R AR E 7 BT Al v (KRG BE 3 s A K TN Jy T #R A AT 5 11

Table 5. Performance comparison of models
F 5. REVEIMEBELLER

it AR 2 AN BEER  ABR RMSE BEHTEa, b REM
OLS #A! 15 7402 0.9124 154376748 3,4,5,9,13,16 (6 1)
B 8 7358 0.9135 8044.984 2,3,4,5,6,9,13,16 (8 1)
Lasso [7] )5 8 - - 8002.162

VR IXEREEL p AT 01 P& T RERBIRATR, MR 1 g 5.

LRAHISCHRNR, A SCIUEE SL I D A PRI AR Oy «
Price = 404000 — 0.054distance — 22.8tradeTime —14.3followers — 78.5square — 606floor
+1280renovationCondition +1290fiveYearsProper +1.05communityAverage

Hrp, BLERNAZHEL L NE, FRBERIUESH L 3. R4EE 3 T, 458 BEKT o =10% T,
B (6) I PIT A AR AL T R ¢ ek p (/N T 0.1, MR EE . v TR R A Rk, A
SORHAE TS — E A 56 i PR AR R 4 T

5. HREIRIY

ARG IZ A 0] JH (8 Lasso)i ik BB (WL (6) 20)HEAT 2 07 I A ae:, Atk e . 7 2k
B IEASTERIGAT R AL .

X% B AR EALRVER IR AL, AR T AR VIF [HO7 Z KK T, AR VIF)E /N T
5, FIMIA AR (A S A AEAE T (1 2 E L2 18] 2 A2 20 T ISR R Ig A8 [l 7 i R i s
(65X N RARE M THER BRI, SF MR R A R IR T 2R K 2 o b A it
JEHIRZE R A, B EEBOVER R R EL, WRERIR R A IESIER. K 2 ARRiZ

(6)

Checking for homogeneity Checking for normality Checking for outliers
o o o
o [e]
- < § i °
a @®
a 8 o
o [e]

0.04
|

| |
OO

o

4

|
[o]

(o]

© o

2
0.00 0.02
| |
[o]
Lo v0e |

Sample Quantiles
Sample Quantiles

40000 80000 120000 3 2 A 0 1 2 3 3 02 A 0 1 2 3

Fitted values Standardized residual Cook's distance

Figure 2. Homogeneity test, normality test, outlier test
E 2 RAEEWRE. ESMRE. RESKEE
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BRI BAAAE TN BO S H B =, AEX I A R BT R e, RIEN T 50 T il &
EHHY, HXER p-E4/NT 0.001, #CrTHE HOoM S H R, BRI 5 A58 B .
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Table 6. The result of the fit after deleting the anomalous data
= 6. MBRREHRBEHUSLER

Coefficients Std. Error t value Pr (>|t))
(Intercept) 4.20E+05 4.93E+04 8.523 2.89E-16
distance —6.36E-03 2.90E-02 -0.219 0.82667
tradeTime —2.37E+01 2.84E+00 -8.352 1.01E-15
followers -1.12E+01 4.26E+00 —2.616 0.00922 ”
square -8.17E+01 9.91E+00 -8.242 2.23E-15
floor ~7.32E+02 3.11E+02 —2.355 0.01898 -
renovationCondition 9.99E+02 3.39E+02 2.953 0.00333 ”
fiveYearsProperty 6.01E+02 6.51E+02 0.923 0.35665
communityAverage 1.04E+00 1.47E-02 71.058 <2E-16

Signif. Codes: 0 “™ 0.001 ““* 0.01 “" 0.05 “.” 0.1 “ " 1; Residual standard error: 6543 on 416 degrees of freedom; Mul-
tiple R-squared: 0.9304, Adjusted R-squared: 0.9291 F-statistic: 694.9 on 8 and 416 DF, p-value: < 2.2e-16; RMSE:
8015.496.
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Figure 3. Trend of monthly average house prices in Beijing
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