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ABSTRACT

A new real estate forecast mode is proposed to predict the right price, which is based on
gray theory and multiple linear regression prediction models. Firstly, GM (1,1) model is
used to predict the residential land price, average wage, per capita disposable income of
urban residents. Then classical multiple linear regression model is used to predict the
housing price. It can be seen from the empirical analysis, commercial housing sales price
can be predicted more accurately and can provide strong evidence for real estate
developers in order to make the right decision analysis.
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INTRODUCTION

Classical multiple linear regression model is a kind of commonly used multivariate statistical
methods, which has clear principle, simple model and convenient application and is very widely used in
the industrial and agricultural production and scientific research. For example, in medicine and health
care, weather forecast, geological exploration and many other fields use the classical multiple linear
regression model.

Since the housing reform in 1998, our country's real estate industry has been growing by leaps
and bounds, has made a significant contribution for the people economic growth and gradually
become the pillar industry of national economy in our countryt*?. But due to a late start of the real
estate market in China, combined with not perfect development, it presents the obvious ups and
downs and some other more typical primary market characteristics. In this case, the government often
takes some measures to guide the real estate developers to make the right investment!®“. A forecast
comparison of residential housing prices by parametric versus semi-parametric conditional mean
estimators was proposed by Gencay. R®. The study about the theory of the commodity residential
house price influence factors and quantitative analysis was proposed by Jia Shenghual®. The analysis of
the influence factors of urban housing price change-based on the research data of 31 cities was
proposed by Zheng Yaol”. Model to predict the real estate price index of Changchun based on ARMA
was proposed by Ou Yanhao®®. Boom-bust cycles and the forecasting performance of linear and non-
linear models of house prices was proposed Miles. M.

The paper is organized as follows. In the next section, the principle of multiple linear regression
model is investigated. In Section 3, real estate price forecast based on linear regression and gray
theory™*? is proposed. In Section 4, in order to test the performance of proposed algorithm, GM (1,1)
model is used to predict the residential land price, average wage, per capita disposable income of
urban residents and classical multiple linear regression model is used to predict the housing price.
Finally, we conclude our paper in section 5.

PRINCIPLE OF MULTIPLE LINEAR REGRESSION MODEL

Y is linearly related to X, X5y-+- Xy, (Yis X0» Xi21---1 X;n) represents n groups of data,
which meets the following regression model.

Vi =By + Xyt BrXm + 6 (1 =12,...,N)

E(e,)=0,Var(g,) = GZ,COV(Ei,Ej) =0(i# ])

or & 0 N(0,0%),(t =1,2,...,n)  which are independent of each other.

Loxy X oo Xy
1 Xy Xy oo X (LX)
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The matrix form of regression model is

Y=Cpl+¢
E(¢)=0.,D(e)=0o"l, (1)

This model is called typical multivariate linear regression model. Y represents random vector,
which can be observed. & represents random vector which can not be observed. C represents known
matrix. # and o represents unknown parameters. N > M, rank(C)=m+1.

REAL ESTATE PRICE FORECAST BASED ON GRAY THEORY AND LINEAR
REGRESSION

Grey generation

X, (k) and x (k') represent original data. X; (k) represents grey generation data. O
represents operation. The general formula of grey generation is

Ao i X (K)Ox (k') = x; (K) @)

The aim of accumulated generation is to generate new data, which is different from original

regulation. X(O) represents extendible original sequence.
x@ =(x©(1),x9(2),...,x9(n)),
YXOK) ex® =>keK ={12,...,n},

Vk* e[k —1, K] has definition and K represents extendible data set. If formula (2) meets the
following condition.

O=+
k' =k k' =k-1
X (K)=xO(k), x (k) =xP(k-1), x (k) =xP (k)

The formula of accumulation generation operation is
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AGO : XO (k) + x® (k 1) = x® (k)

The generated sequence of X© corresponding to X is
x® = AGOX©

Formula (4) can be expressed as follows.

x® = (x® @), xV(2),...,xD(n))
VXO(K)ex® =keK ={1,2,...,n}
XOK) =xO k-1 +xOK), vk eK cK
K ={2,3,....n}, X @) =x9().

If X© is original sequence,

X0 = (xXO 1), X9 (2),...,xXO(n)),
x® = AGOX®
x® = (xD ), x(2),...,xO(n)),

then VXO(k)ex® = keK ={1,2,...,n}

x@ (k)= Zk: x© (m)

GM (1,1) model

An albino background value is called 2 (k) and definition of grey model GM (1,1) is

XO (k) +az® (k) =b
An albino background value sequence is

Z(1) — (Z(l) (2)1 Z(l) (3)’.“’ Z(l)(n)) ’

Z9 (k) =0.5x" (k) +0.5x" (k —1).

Each value is mean of x® (k) and x®(k -1), so Z® is labeled as MEANX® .

z® = MEANX®,

(3)

(4)

(5)
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VZO(K)ez® =k e K ={2,3,...,n},n>4,
VXOKk)ex® =keK ={1,2,3,...,n},n>4.

The first level parameter packet is (@,b) labeled as P,, which has the following formula under
least square criterion.

P = m -(88) "By, ©)
_Z(l)(z) 1 X(O)(Z)

R ]
—z(l)(n) 1 x“”(n)

Above all, the parameter packet of GM (1,1) is as follows.
The second level parameter packet is P, = (a,b).

a:CD_(n_l)E, _ DF-CE : @
(n-)F -C (n-)F -C
The second level parameter packetis P, =(C,D,E,F).
C=>17%k), D=>xOk), E=>z00)xO k), F=>z9(k). (8)
k=2 k=2 k=2 k=2

The prediction process of housing sales price is as follows.

(1)Generate AGO in accumulation way.

(2)Calculate MEAN .

(3)Calculate the second level parameter packet of the model GM (1,1).
(4)Calculate the first level parameter packet of the model GM (1,1).
(5)Set up model GM (1,1).

(6)Residual test on the model.

(7)Carry out prediction based on multiple linear regression model.

THE EMPIRICAL ANALYSIS OF REAL ESTATE PRICE FORECAST

Based on the grey system theory and multivariate linear regression analysis, a real estate price
forecast model is proposed. First of all, the new time series values are predicted by the grey system
GM (1,1) model to filter the random disturbance contained by original time series. On this basis, the
classical multiple linear regression analysis is carried out to establish prediction model. It also can
effectively solve multicollinearity problem of the classical multiple linear regression analysis, thus gives
more accurate change trend of response variable. The commodity housing sales price of some city in
China from statistical bulletin for national economic and social development is shown in TABLE 1. GM
(1,1) model is used to predict the residential land price, average wage, urban per capita disposable
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income, commercial housing sales price of this city from year 2006 to 2007. The unit of land price is

yuan per square meter and the unit of wage is yuan per year.

TABLE 1 : The commodity housing sales price

Year The residgntial land Average Urban per_capita disposable Commercial _housing sales
price wage income price
1997 837 6153 3923 956
1998 852 6922 4057 982
1999 893 7764 4529 1097
2000 965 9179 5128 1548
2001 1067 9863 5484 1732
2002 1149 10749 6331 1861
2003 1152 11561 6806 1879
2004 1273 13423 7492.5 2046
2005 1369 15780 8272 3118

The residential land price is predicted as follows.

X0 = (x0(1),x9(2),...,x9(9))
= (837,852,893,965,1067,1149,1152,1273,1369)

@
2)Aco X® = AGOx®
X® (k) = X® (k 1) + X© (k)

X = (x®1),xY(2),...,x(9))
=(837,1689,2582,3547,4614,5763,6915,8188,9557)

3) zY = MEANx®W
zW (k) =0.5xD (k) +0.5x® (k —1)

Z0 =(z9(2),z9(3),...,29(9))
=(1263,2135.5,3064.5,4080.5,5188.5,6339, 7551.5,8872.5)

(4) P,=(C,D,E,F)

C=Y 19K =29(2)+203)+...+20(9)

_1263+2135.5+...+8872.5
_ 38495
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D=3 x(k) @ (2) + xO(3) +...+xO(9)

—852+893+...+1369
8720

9
E=> 729 )xOK) =" @x?(2)+z°@x?3)+...+2°©x?(9)
k=2

_ 45317840
9
F =3 20 (k)® =235050000.5
k=2
_CD-(n-1)E

6) (n-1)F-C?
=-0.0674

= (nDE);FCECZ = 765.6292

GM (1,1) model is as follows.
x© (k) —0.0641z9 (k) =1015.1

An albino responsive model is

X0 (k +1) = (x ) —g)eak +g

XO (k +1) = X® (k +1) - x® (k)

(6)Residual test is carried out.
X© (1) =837, x© (1) =837, e (1) = 0%.
X©(2) =850, x®(2) =852, e®(2) = 2.3%.

X©(9) =1362, x®(9) =1369, e (9) = 0.51% .
l 9
e@(avg) = §Z\e<°>(k)\ =1.11%
k=1

p© = (100—¢€°(avg))% = 99.9889%

The accuracy of model achieves 99.9889%.

BTAIJ, 10(13) 2014
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X (10) = X (10) — x® (9)
(7) =(12196.5-e°*™* —11359.5) — (12196.5-e"*™** —11359.5)
=1458.4

Residential land price in 2006 is 1458.4 yuan per square meters and in the same way,
residential land price in 2007 is 1560 yuan per square meters. The prediction result of land prices,
average wage and per capita income is shown in TABLE 2.

TABLE 2 : land prices, average wage and per capita income

Year land prices average wage per capita income
2006 1458.4 17059 9173
2007 1560 19080 10136

Land prices, average wage and per capita income from year 1997 to 2005 are taken as
variables, and average housing sales price from year 1997 to 2005 are taken as responsible variables.
EVIEWS is used to calculate regression coefficients. At last, the predictive values and regression
coefficients are input to the proposed model.

Y (1) :%o +%1&1(t)+---+%r>—1& p-1(t)

Housing sales price of year 2006 and 2007 are shown in TABLE 3.

TABLE 3 : Predictive housing sales price of year 2006 and 2007

2006 2007
Actual value 3258 3579
Predictive value 3202 3506
Relative error 0.0172 0.0203

Finally, carry out F check for the above model.
H,: 8, =6,=£=0, H :H, isnot true.
~ MSS/3
~ ESS/(9-3-1)
residual square sum. For given « =0.05, P(F > F,(3,5)) =0.05. After calculation F =237.2>216,
when « = 0.05, this model is remarkable and the check passes, meaning the model is efficient.

[ F(3,5), MSS represents regression square sum and ESS represents

CONCLUSION

This paper presents a new real estate forecast model, which is based on gray theory and
multiple linear regression prediction models to predict the right price. Firstly, GM (1,1) model is used
to predict the residential land price, average wage, per capita disposable income of urban residents.
Then classical multiple linear regression model is used to predict the housing price. The results show
that this method can be used to help the realtors forecasting commodity housing sales average price in
order to make the right decision analysis.
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