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A forecast approach of water structure based on GM (1, 1) of the gray system is proposed. Based on economic and water
information of Hebei Province from 2000 to 2018, the water use structure of Hebei’s industrial sector form 2019 to 2030 is
forecasted according to the composition data and gray system GM (1, 1) model. The forecasting results by the proposed approach
shows that the water structure of the tertiary industry has changed from 62.8:10.3:26.9 in 2018 to 60.5:10.2:29.3 in 2030. The
proportion of water used in the primary and secondary industries has decreased slightly, the proportion of water used in the
tertiary industry has increased, and the proportion of water used in the tertiary industry has not changed significantly.

1. Introduction

Regional water resources are both driving economic growth
and improving the living standards of the people. The im-
provement of the quality of material life and the enhance-
ment of the ability to survive are also key conditions for
achieving sustainable human development. Faced with the
contradiction between the shortage of large-scale water
resources and the demand for water resources in economic
development, new industrial restructuring will be inevitable
to achieve greater economic efficiency in the face of
shortages. Under the constraints of limited available water
resources, the current economic growth model and water
supply and consumption structure need to be optimized and
adjusted to ensure the sustainable utilization of regional
water resources and the healthy and sustainable develop-
ment of economy and society [1-7].

How to make rational development and utilization of
limited water resources and make it exert the maximum
utility under the premise of sustainable development has
become an important problem faced by human society. This
is the motivation of this study.

Scholars have studied the relationship between industrial
structure and water use structure, and achieved a lot of
results. Jia et al. [1] proposed to first improve the efficiency of

industrial water use, upgrade the secondary industry, and
optimize the industrial structure to reduce water con-
sumption. Few authors [2, 3] advocate the transfer of high-
water-consumption industries to small-water-consuming
industries to increase efficiency in water resources utiliza-
tion. Su et al. [4] studied the impact of water resources on
industrial structure adjustment in Henan Province by means
of cointegration, vector error correction estimation, impulse
response, and variance decomposition. Jiao et al. [5] ana-
lyzed the temporal and spatial variation characteristics of the
coupling coordination degree of water resources and in-
dustrial structure in Henan Province by establishing a
coupling evaluation model. Fan and Wen [6] made quan-
titative analysis and comparison between industrial struc-
ture and water use system in Gansu Province based on the
correlation analysis method and gray system theory, and put
forward the direction of industrial structure adjustment. Jia
et al. [7] used the system dynamics method to construct the
collaborative evolution model of regional water use structure
and national economy, and predicted and analyzed the
collaborative evolution path and evolution law of water use
structure and national economy industrial structure in
Shandong Province.

The development of information technology and arti-
ficial intelligence has brought new opportunities to the
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prediction and research of water use structure [8-15]. West
and Dellana [16] carried out an empirical analysis of neural
network memory structures for basin water quality fore-
casting. Bai et al. [17] proposed a variable-structure support
vector regression model for the dynamic forecast of daily
urban water consumption. Wei et al. [18] forecasted the
structure of water consumption based on compositional data
to promote inclusive water governance and made a case
study of Beijing.

The existing studies have more single variable analysis of
regional industrial structure and water use structure, but
there are the following deficiencies. The method is relatively
simple and lacks the analysis of industrial structure devel-
opment under the constraints of water resources. There are
many studies on the relationship between water resources
and industrial structure, but there is a lack of in-depth
exploration on the coordinated development relationship
between water resources and industry.

This paper mainly analyzes the evolution of industrial
structure and water structure through the collection and
collation of economic data and water information in Hebei
Province for 2000-2018 The relationship between the two
countries is to reveal the coordination between them, and
to forecast the water structure in Hebei province in 2030,
and to propose the direction for research on industrial
restructuring.

2. Research Methodology

There are certain conditions between the three secondary
industries and water use, that is, the proportion of the output
value of the three secondary industries and the sum of the
proportion of water used in the three secondary industries
are equal to one. By analyzing the time trend of a single
indicator, the result will inevitably appear in each forecast
year. The proportion of output value of the three industries
and the proportion of water used in the three industries will
no longer equal 1. Therefore, a single indicator prediction
method cannot be used for a set of constrained variable
indicators [19, 20].

Statistically, a combination of the individual share data
for a set of constrained variables is called the component
data (generally assuming that the sum of the shares of each
variable is equal to 1), in under this constraint, economic
models are established, and trends in variable composition
are analyzed and predicted in a comprehensive manner. The
gray system theory considers the socioeconomic system to
be a native gray system [21]. It treats random processes of
varying amounts of gray over a range of time as gray
processes. The metric amount corresponding to a time series
is the gray amount that is changing and the process of
change can be considered gray. For this reason, the method
of dedimensional [22] of component data was used. Com-
bined with the GM (1, 1) model of the gray system, the basic
steps for modeling the prediction of component data are
given, and the three industrial structures and water struc-
tures of Beijing, Tianjin, and Hebei have been analyzed in a
prediction and are of satisfactory results.
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Definition 1. X = {(x;,%;,---x,) €R"Y" x,=10<
x; <1}. X is called the component data series, and x; is the
component data for the component i.

Definition 2. X' ={(x,x5,---,x%) e R"/ Y xt =10
<xi{<1}t=1,2,...,T. t indicates the time.

The basic question of modeling forecasts for time
component data: given the time component data sequence
x', how to build a mathematical model, and predict T + [ the
component data for the moment x7*.

Using the component data dedimensional approach and
the gray GM (1, 1) prediction method, the basic ideas for
solving problems are presented, with the following steps:

(1) Make a nonlinear transformation of the original data

t_ t .
Yi = Xt

=1,2,...,m;t (1)
=12,...,T.
Remember Y'= (34,%%,...,y,), t=12,...,T.

Then, there are

Y2 =Y ()
;( ) (2)
=1
(2) For any, the t=1,2,....,TY = (3,95 ..., ¥,)

€ R™ is distributed over m a spherical face with a
radius of 1, as can be seen by the formula (2). Change
Y= (30, vh .yt =1,2,.., T from the right-
angle coordinate system to the spherical coordinate
system (', e,..., 9;1) € 0™, because there is a

mapping relationship (where
(r')? =Y? =1R" — !
0<6 <% =2,3,...,m),
¥} = sinf,sinf; - - - sind, ,
5, = costhsinfssind - - - sind’,,
¥} = costysing - - - sind,,
(3)
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|

(3) The component data are reduced from the original
dimension space to m(m — 1) the dimension space
m(m —1) during the conversion from the right-
angle coordinate system to the spherical coordinate
system, so that the original linear-related variables
are converted into independent variables (corners),
and the angle variables are obtained by recursion
according to the formula (3).
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(4) Using the calculated angle data from the formula (4),
{6t =1,2,3,...,T},i=2,3,...,m, create a gray G
(m-1)MQ, 1) forecast model, which predlcts the
angle of the moment T + 167 ",i = 2,3,.

(5) Use the formula (3) to calculate the forecast for the
time of day T +1YT* = (yI*,..., yT*1)_ Obviously,

™=

(le”) =1 (5)

I
—

i

(6) Use formula (1) to get the forecast value of the
component data at the time of day: T +1/

T+l _ ( T+l 2,

X; —( v, ) ,i

1 1

(6)
=12,...,m

(7) Create a GM (1, 1) model to predict the value of the
angle in 2030.

GM (1, 1) Modeling process:

2.1. Additive Generation. Set original number column:
x0 = {xfo), 00 xt(o)} number of columns total. To
reduce uncertainty, add up to get a new set of numbers listed:

M (xl(l),xél),xgl),...,xfl)),

_ Y 4O
1

i=1

X

(7)

In the formula,. xt

is the data of the original number
column; xV i

is the data of the cumulative number column.

2.2. Mean Calculations.

1
20 = 2[ x® 4 0], 8)

In the formula, the initial value: t =2.

3
2.3. Curve Fit. To establish a differential equation,
d 1)
* vaxW=u ©)
dt

In the formula, a is a factor and is taken in the range [2];
. e a .
a,u is a gray contribution 4 = ( ) ); the matrix is formed,

using the smallest two-multiplication solution.
To create a matrix and constant item vector for a new
array created by the additive: BY

[ —zz(l) 1
B= zs(l) 1
| 1 o
r,.(0)
X
(0)
y=| ™
(0)
L Xy
a is calculated, then,
a=(8"B) 'B'Y. (11)

It will be substituted and evaluated for solution
dxV/dt + ax® = wu.

uy\ _ _ u
0 < (50 ), ¥ (12
a a
Or
=(1) (0 U\ -a U
X —(x1 ;)e “ - (13)

X, xW: the ratlo of accumulated output value in the forecast
year (%), x1 ): the specific weight of the new series (%) for the
forecast value of the starting year, and a,u: the parameter.

2.4. Residual Analysis. By predicting the forecast value of the
original series and doing a residual analysis with the original
value, the residual difference is smaller and can be predicted
directly with the model, which is much needed. Make
corrections to the residual series data by creating a gray
model.

The difference between the new agricultural series and
the year of adjacent water consumption is the predicted
annual demand:

v, =& -z, (14)
The residual differential is calculated as
O=vP®-v, (15)

The relative error is calculated as
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2.5. Postdifferential Inspection. The accuracy level for the
postdifferential inspection is shown in Table 1 [23].
Residual mean value calculation formula is as follows:

iet. (17)
t=1

Residual differential calculation formula is as follows:

5:

S |-

S = % NCECE (18)

t=1

The original mean value calculation formula is as follows:

ixt. (19)
t=1

The formula for calculating the original value variance is
as follows:

E:

S |-

1& 2
$2= ;t; [ -%]". (20)

The formula for calculating the postcheck ratio is as
follows:

S

C= 5, (21)

Small probability of error calculation formula is as
follows:

P = P{le, - 2| <0.6745 x S, . (22)

3. Water Structure Forecast

Using the composition data and the gray system GM (1, 1), it
is predicted that the water structure in Hebei Province will
be used in 2030 to calculate the water bias between Hebei
industry and industry. The difference factor compared with
2018 will be used to analyze water structure in Hebei
Province for the next decade [24-27].

According to water data of the three secondary indus-
tries in Hebei Province 2000-2018, we establish a model of
the dynamic distribution of water usage patterns in Hebei’s
industrial water structure and forecast water structure for
Hebei industry in 2030 [28-31]. The angle values for the
nonlinear mapping of the three-way industrial water
structure are shown in Table 2.

The forecast for the angle of water structure of the three
industrial sectors in Hebei Province is performed, 6,6, are
calculated, and the average fit error is shown in Table 3.

The accuracy of the prediction of the angle of water
structure is shown in Table 4.

According to Table 1, the angle forecast model for the
industrial water structure of Hebei Province meets the level 2
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TaBLE 1: Forecast model accuracy level judgment.

The postcheck Probability of

differential value C error P
Class 1 (good) C<0.35 P>0.95
Level 2 (qualified) 035<C<05 0.8<P< 0.95
Level 3 (barely) 0.5<C< 0.65 0.7<P< 0.8
Level 4 C > 0.65 P<07
(nonconformance)

TaBLE 2: The industrial water structure nonlinear mapping of the
angle value.

6, ,
2000 1.1891 1.2507
2001 1.1807 1.2359
2002 1.1873 1.2609
2003 1.1791 1.2474
2004 1.1818 1.2558
2005 1.1834 1.2441
2006 1.1821 1.2457
2007 1.1896 1.2424
2008 1.1960 1.2295
2009 1.1904 1.2248
2010 1.1938 1.2140
2011 1.1708 1.1931
2012 1.1733 1.1887
2013 1.1662 1.1759
2014 1.1737 1.1717
2015 1.1839 1.1634
2016 1.1785 1.1340
2017 1.1891 1.1160
2018 1.1921 1.0682

accuracy requirement (qualified), which is qualified.
£ =2019, 2020, 2021, . . ., 2030. The angle forecast is shown in
Table 5.

The forecast of water usage structure for the three
subindustries in Hebei Province is shown in Table 6.

Based on the actual value of the three-way industrial
water structure, 2000-2018, and the forecast value of the
three-way industrial water structure, 2019-2030, the evo-
lution of industrial water use structure in 2019-2030 is
shown in Figure 1.

Figure 1 shows the evolution of water structure in three
industrial sectors of Hebei Province from 2000 to 2030. The
coarse point part is the data from 2000 to 2018 and the fine
point part is the prediction from 2019 to 2030. As can be seen
from the diagram, (1) Component data modeling combined
with the gray system GM(1.1) model predicts that Hebei
Province will have a good fit for its future industrial water
structure. (2) The proportion of water used in the first in-
dustrial sector in Hebei Province has been slowly decreasing,
the proportion of water used in the second industry has been
gradually decreasing, the proportion of water used in the
third industry has been increasing slowly, and the gap be-
tween the proportion of water used in the first industry has
gradually narrowed. According to the results of the calcu-
lation of the model and according to the forecast
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TaBLE 3: The average fit error table is projected at the corner of the water structure.

Forecast function

Average fit error (%)

&, xV) = —25993.7859¢~ ¢00005(:-1) 4 25994 975() 0.0042
g, %V = ~146.7915¢” 008801 1 148,0422 0.0658
TaBLE 4: The results of the inspection of the accuracy of the projection of the industrial water structure.
Residual spread  Residual variance Original mean Original value Postcheck ratio Small probability of error (P
Corner - > _ > 5
mean (g) (S (x) variance (S3) © value)
9t2 0 0.0018 1.1833 0.0078 0.4848 0.90
92 0 0.0007 1944 0.0041 0.4213 0.90
TaBLE 5: Industrial water structure angle forecast.
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
9; 1.1826 1.1825 1.1825 1.1824 1.1823 1.1823 1.1822 1.1822 1.1821 1.1821 1.1820 1.1820
9; 1.0912 1.0897 1.0801 1.0706 1.0612 1.0519 1.0427 1.0335 1.0245 1.0155 1.0065 0.9977
TaBLE 6: The forecast of the water structure of the tertiary industry.
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
First industry 0.6855 0.6732 0.6664 0.6596 0.6527 0.6459 0.6390 0.6321 0.6252 0.6183 0.6114 0.6045
Secondary industry  0.1132 01126  0.1115 0.1104 0.1093 0.1082 0.1071 0.1060 0.1048 0.1037 0.1026 0.1015
Tertiary industry 0.2103 0.2142 0.2221 0.2300 0.2380 0.2459 0.2539 0.2619 0.2699 0.2780 0.2860 0.2940
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FiGure 1: Trends in the evolution of the water structure of the three secondary industries, 2000-2030.

development trend, by 2030, the water structure of the three
subindustries in Hebei province will be adjusted to 60.4% of
the water use in the first industry, 10.2% of the water use in
the second industry, and 29.4% of the water use in the third
industry.

Based on the analysis of the forecasting results, the
growth of domestic water and industrial water may be due to
the improvement of economic level, the acceleration of
urbanization and the rapid development of industrial en-
terprises. The increase in water use for ecological environ-
ment is mainly due to the improvement of awareness of
greening and environmental protection. On the one hand,
the slow growth of agricultural water consumption is due to
the vigorous development of tourism in many places and the

transformation of many farmlands into landscape land,
resulting in the reduction of the effective area of farmland
irrigation. On the other hand, the continuous upgrading and
transformation of agricultural water-saving measures and
the construction of high standards of farmland have in-
creased the coefficient of farmland irrigation water, thus
reducing the consumption of agricultural water.

The industrial structure restricts the proportion of water
used by different users and affects the overall water use
efficiency. The improvement of water use efficiency can
produce greater economic value and promote the optimi-
zation and adjustment of industrial structure. Through the
correlation analysis between industrial structure and water
use, combined with the analysis of the coordinated



relationship between water resources and industrial devel-
opment, the scale of economic and social development and
the range of water use efliciency under the constraint of
water resources can be obtained.

4. Conclusions

As we can see from the above results, with the development
of comprehensive water conservation activities in Hebei
Province and the readjustment of the industrial structure,
the water quality of the three industries has been continu-
ously improved and the water efficiency has been improved.
It is consistent with the law of economic and social devel-
opment. The water structure of the tertiary industry has
changed from 62.8:10.3:26.9 in 2018 to 60.5:10.2:29.3 in
2030. The proportion of water used in the primary and
secondary industries has decreased slightly, the proportion
of water used in the tertiary industry has increased, and the
proportion of water used in the tertiary industry has not
changed significantly. From this, it is evident that the water
use structure of Hebei’s industrial sector is in line with the
future industrial development plan.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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