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Abstract In order to realize the accurate prediction of the total output value of construction industry in the future, the grey prediction model

is used to compare the measured value with the predicted value from 2012 to 2021, and based on the existing data, the total output value of

construction industry in Jiangxi Province in the next five years is predicted. The results show that the grey prediction model has a good predic-

tion effect, and the error between the predicted value and the measured value is within 14% , which provides a basis for policy adjustment and

resource optimization.
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1 Introduction

Construction industry is an important industry to promote the
rapid growth of national economy, promote social progress and im-
prove people’s living conditions. Its total production expressed by
value in a certain period of time is called the total output value of
construction industry. It is an important part of the national eco-
nomic system and plays an important role in local economic devel-
opment. The construction industry in Jiangxi Province has broad
development space, so it is necessary to accurately predict the to-
tal output value of the construction industry in the next few years,
so as to lay the foundation for policy adjustment and resource
optimization. At present, the commonly used prediction methods
of total output value of construction industry include linear regres-
sion model, ARIMA model, GM (1, 1) grey prediction model
and so on.

Linear regression analysis is used to predict the future devel-
opment trend based on the existing data by constructing linear re-
gression equation. The calculation is simple, convenient and
quick, but for non-linear and non-stationary data, the linear re-
gression analysis method will lead to large error and deviation from
the measured value. This method is only suitable for linear condi-
tions, with great limitations, and the prediction effect is poor when
the number of samples is small'".

ARIMA model uses stochastic process analysis to describe the
development trend of things, and can achieve the optimal predic-
tion in the sense of minimum variance by repeated revision until a
satisfactory model is obtained”’. However, this model requires
the stability of time series data and cannot capture the non-linear
relationship.

Grey prediction model has the advantages of requiring less
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data samples, less information and having convenient calculation,
so it is widely used in uncertain systems with "small samples and
lack of information". This model can predict the data series with
short time and few data, and the prediction results are accurate,
so it has been successfully applied in many fields"”’. Ma Caiyun
et al. ™ used grey prediction model to predict the output of con-
struction waste in Fujian Province, providing ideas for resource
optimization. Bai Dandan"’ took the GDP of Gansu Province from
2013 to 2017 as the training data, and predicted the economic
structure and economic growth of Gansu Province from 2018 to
2020 based on the grey prediction model.

The total output value of construction industry is affected by
many uncertain factors, such as macroeconomic environment, in-
dustrial policy, production factors, scientific and technological de-
velopment degree®’. The construction industry system is a grey

system, which can be predicted by GM (1, 1) model.

2 Prediction model of total output value of construc-
tion industry
2.1 Establishment of grey GM (1, 1) model

diction model is based on the known random variables in the grey

The grey pre-

system, and accumulates these discrete data to get a group of re-
generated and regular time series. Then, based on these data, the
required mathematical model is established, and then the predic-
tion data is obtained.

Let the discrete time series of total output value of construc-
tion industry in Jiangxi Province be: X' = { X (1), X' (2),
L, X (n)}, there are n observed values, and a new time series
is generated by accumulation; X" = { X (1), XV (2), L,
XY (n)}, the specific steps are as follows:

(i) Do quasi-smoothness test on the original data X

X(O)(t)
XV (t-1)

ness test requirement is satisfied.

:p(1) =

, when t >3, if p(t) <0.5, then the quasi-smooth-
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(ii) Check whether there is a quasi-exponential law for X'

m _ X
7 (t)_X“)(t—l)’

meets the quasi-exponential law, the grey prediction model can be

when >3, if 1 <o'" (¢) <1.5, the data

used to predict, and the corresponding differential equation is

shown in Equation (1) :
1
d)fii) +aX'" = (1)
where a is called development coefficient and u is called endoge-
nous control coefficient;
(ii1) This equation satisfies the initial condition; when
t =t , the solution of XY = XE,I(L is shown in Equation (2);

X0 =Xy e s 2)
The discrete value (7, =1) of equal spacing sampling is as
follows
S B o (3)
a a

(iv) The constants a and u are estimated by the least square

method X(]) is used as an initial value, XE;; , XE; , L, XE.V) soare
AX" 1
substituted into Equation (1). ==— involves the values of X'" at

two moments, so it is more reasonable for X 2”) to take the average

value at two moments, that is, XE:; is replaced by:

7[X(1) +X),1,i=1,2,3, L, N.
L v=1xy X8 Lo, v=[] “
D X ]
T[X(Z) (l)] 1
1
XY +x) 1
B= 2[ (3) (2>] (5)

L L
1

R RERSINIEY

Then: ¥ < BU (6)

It is estimated by the least square method ;

&:[?]:(B"B)"B"Y (7)
u

a and u are substituted, to get the time response equation, as
shown in Equation (8) :

X, :[x;;; _Jf—]efmff— (8)

a a

2.2 Model error test
ative error of the prediction result, as shown in Equation (9) :

(i) Calculate the residual error and rel-

AV G = | XV (i) =X(i) |, i=1,2, L, N
A© (9)
@ _X(TE;XIOOO/

(ii) Calculate the variance of standard deviation and the
probability of small error, as shown in Equation (10) :

N/z X(O (n)_l 0)]2
/\/2 X(O (n)_l 0)]2

(10)

Calculate the variance ratio:

S,

S 1
c=3 (1)
Calculate the probability of small error:

P=P{|A" (i) -A" | <0.674 5 5, } (12)
X = € i X (i) is the mean value of original data
n &

X)), A” =L:A(O) (i) is the mean value of residual error
ni=

AY (i),

2.3 Model accuracy analysis The accuracy of the established
grey prediction model is analyzed. Only by meeting the calculation
accuracy requirements of the prediction model can the prediction
results be correctly predicted. The accuracy of prediction model

is generally divided into the following four levels, as shown in

Table 1.

Table 1 Calculation accuracy level of prediction model

Accuracy level P C
Level 1, excellent P=0.95 C<0.35
Level 2, good 0.8<P<0.95 0.35<(=<0.50
Level 3, qualified 0.70<P <0.80 0.50 < C=<0.65
Level 4, unqualified P <0.70 0.65<C

3 Prediction and analysis of the total output value of
Jiangxi construction industry

By consulting Jiangxi Statistical Yearbook and China Statisti-
cal Yearbook, the total output value data of construction industry

in Jiangxi Province from 2012 to 2021 are collected, as shown in

Table 2.

Table 2 Statistics of total output value of construction industry in

Jiangxi Province from 2012 to 2021 10% yuan

Output value  Output value Total output

Other

Year of construction of installation value of
project project output value construction
2012 2431.37 213.30 149.05 2793.72
2013 3 006. 18 243.17 222.20 3 471.56
2014 3557.84 278.93 287.67 4124.45
2015 3967.11 331.36 304.02 4 602.49
2016 4522.91 382.33 277.75 5182.99
2017 5349.42 459.12 364.16 6 172.70
2018 5882.72 529.98 472.17 6 884.87
2019 6 880.93 558.82 505.03 7944.78
2020 7 436.63 652.19 560. 34 8645.19
2021 8 490.73 701.62 570. 60 9 762.95

3.1 Forecast and calculation of total output value of con-
struction industry in Jiangxi Province by GM (1, 1) model
(1) The original data series of the total output value of construc-
tion industry in Jiangxi Province from 2012 to 2021 is X' (¢) =
(2793.72, 3471.56, 4 124.45, 4 602.49, 5 182.99, 6 172.70,
6 884.87, 7944.78, 8 645.19, 9 762.95).
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(ii) The series are accumulated in turn to generate a new
data series, X' (1) =(2793.72, 6265.28, 10 389.73, 14 992.22,
20 175.22, 26 347.92, 33 232.79, 41 177. 57, 49 822. 76,

Table 3 Test values of quasi-smoothness

59 585.71).

(1i1) Quasi-smoothness test is carried out on the original data
X (¢), and the results are shown in Table 3.

t 1 2 3 4 5

t 6 7 8 9 10

(1) 0 1.24 0.66 0.44 0.35

oV (1) 0.31 0.26 0.24 0.21 0.20

When ¢ >3, 1 <o () < 1.5, it shows that the quasi-
smoothness test meets the conditions.

Table 4 Quasi-exponential test values

Check whether the data serieshas quasi-exponential law, and
the results are shown in Table 4.

t 1 2 3 4 5

t 6 7 8 9 10

oV (1) 0 2.24 1.66 1.44 1.35

oV (1) 1.31 1.26 1.24 1.21 1.20

When ¢t >3, 1 <" (1) <1.5, it shows that the quasi-expo-
nential law test meets the conditions.

To sum up, after quasi-smoothness and quasi-exponential law
test, it meets the requirements of grey prediction model, and this
method can be used for prediction.

The differential equation is established according to the data
X" and the grey prediction model is established by MATLAB
programming. The general solution of GM (1, 1) model is shown
in Equation (13), the development coefficient a is —0. 146 1 and
the endogenous control coefficient u is 1 235.002. Therefore, the
specific calculation response equation for the prediction of the total
output value of construction industry in Jiangxi Province is shown
in Equation (13)

XL, =11 246, 85¢™ """ —8 453. 13 (13)

After processing the programming results of MATLAB, the
residual error and relative error between the actual value and the
predicted value of the total output of construction industry in
Jiangxi Province from 2012 to 2021 are shown in Table 5.

It is calculated that variance ratio C is 0. 191 4, small error
probability P is 1 (€ <0.35, P >0.95 according to the calcula-
tion accuracy level of prediction model) , therefore, the prediction

model accuracy level is excellent (Level 1).

Table 5 Test, calculation and analysis of prediction model of total out-
put value of construction industry in Jiangxi Province from
2012 to 2021

R Residual Relative

Year xM xX©

error error
2012 2 793.72 2 980.02 186.29 0.07
2013 3 471.56 3448.92 22.63 0.01
2014 4124.45 3991.61 132.84 0.03
2015 4 602.49 4 619.68 17.19 0.00
2016 5182.99 5346.58 163.58 0.03
2017 6 172.70 6 187.86 15.16 0.00
2018 6 884.87 7 161.52 276. 65 0.04
2019 7944.78 8 288.38 343.60 0.04
2020 8 645.19 9 592.54 947.35 0.11
2021 9 762.95 11 101.92 1 338.98 0.14

3.2 Prediction and analysis of total output value of con-
struction industry in Jiangxi Province from 2012 to 2026
Based on the data from 2012 to 2021, the grey prediction model is

established by MATLB programming, and the total output value of
construction industry from 2022 to 2026 is predicted. The predic-
tion results are; 1 121. 385 billion yuan in 2022; 1 271. 068 bil-
lion yuan in 2023 ; 1 440. 73 billion yuan in 2024 ; 1 633. 039 bil-
lion yuan in 2025; 1 851.016 billion yuan in 2026. The simula-

tion diagram is shown in Fig. 1.
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Fig.1 Trend of total output value of construction industry in

Jiangxi Province from 2012 to 2026

According to the prediction, the total output value of con-
struction industry in Jiangxi Province will reach 1 271.068 billion
yuan in 2023, exceeding the scheduled target of 9% increase in
the output value of construction industry in Jiangxi Province, and
will continuously, rapidly and steadily increase in the next five
years. The prediction results show that the grey prediction model
has a good effect.

4 Conclusion

Based on the grey GM (1, 1) model, this paper tests and
calculates the total output value of construction industry in Jiangxi
Province from 2011 to 2021, and predicts the total output value
from 2022 to 2026, and obtains good prediction results. The pre-
diction results of this paper are helpful for Jiangxi provincial gov-
ernment to accurately control the development of construction in-
dustry, formulate more reasonable development goals, and provide
a basis for Jiangxi Province to further formulate regional develop-

ment plans and related policies of construction industry.
(To page 43)
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