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*e output values for agriculture, forestry, animal husbandry, and fishery are important indicators of agricultural economic
development. *erefore, accurately predicting the output values for agriculture, forestry, animal husbandry, and fishery can
capture the developmental trend and the optimize the structure. Agriculture, forestry, animal husbandry, and fishery are typical
seasonal industries, and thus their output values vary greatly among different seasons. To accurately estimate the seasonal
variations in the observed sequence and obtain better prediction results, the output values for agriculture, forestry, animal
husbandry, and fishery in different quarters from 2018 to 2021 are predicted and analyzed by using the grey seasonal model
(GSM).*e results indicated that the prediction accuracy of GSM is relatively high.*e output values for the agriculture, forestry,
animal husbandry, and fishery as well as their total output value will increase gradually. It is an important achievement of
structural reform under the new normal economic situation. In addition, the GSM provides a new method for predicting
seasonal data.

1. Introduction

Agriculture is the foundation of the national economy in
China and the basis for human survival and development.
Agricultural development is related not only to the quality of
people’s lives but also to the stability and security of the
country. Its output value is important for capturing the
trends in agricultural economic development and for
adjusting the implementation of policies. *us, numerous
studies have investigated the prediction in various fields of
agriculture. In particular, a neural network was optimized
with the fruit fly algorithm and used to forecast the agri-
cultural output value for China [1]. A novel two-stage model
that combines the grey first-order differential equation
(GM(1,1)) model with genetic programming was proposed
to forecast the value of agricultural imports [2]. A fully
probabilistic approach with dynamical ocean atmosphere
models for predicting climate variability at seasonal and
interannual time scales was applied for agricultural man-
agement prediction [3]. An improved grey forecasting
model based on a genetic algorithm was constructed for

forecasting agricultural outputs [4]. Grain production in
China was predicted by using three hybrid models com-
prising particle swarm optimization combined with the grey
linear power index model, the grey logarithm power model,
and the grey parabola power model [5]. *e GM(1,1) model,
logistic curve growth model, and exponential growth curve
model were used for green agriculture prediction in China
[6]. *e GM(1,1) model was also employed for forecasting
the agricultural output value and production for various
types of agricultural products [7]. A nonlinear autore-
gressive exogenous model with a neural network and grey
system model was integrated to forecast the agricultural
areas in China affected by natural disasters [8]. A dynamic
equal dimension GM(1,1) model was constructed for pre-
dicting agricultural irrigation water in China [9].

Agriculture plays a significant role in China, and the
overall agricultural production capacity has steadily im-
proved because of the continuous optimization and ad-
justment of agricultural policies during the 40 years of
reform and openness. It has been transformed from tradi-
tional agriculture with monoculture to the comprehensive
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development of the agriculture, forestry, animal hus-
bandry, and fishery industries. *e modern agricultural
system is initially established and improved. Among the
total output value for agriculture, forestry, animal hus-
bandry, and fishery, the proportion represented by agri-
culture declined from 80% in 1978 to 53.8% in 2017. By
contrast, the proportions accounted for by forestry, an-
imal husbandry, and fishery increased from 3.4%, 15%,
and 1.6% in 1978 to 4.3%, 26.4%, and 10.7% in 2017,
respectively (Figure 1). *ese changes in the output values
for agriculture, forestry, animal husbandry, and fishery
clearly demonstrate that the agricultural structure has
been optimized and adjusted continuously. *e devel-
opment of the agricultural economy depends mainly on
these industries, and their output value directly represents
the agricultural economy, and thus accurately capturing
the developmental trends in the output values for agri-
culture, forestry, animal husbandry, and fishery is crucial
for facilitating reform and upgrading of the agricultural
structure. *erefore, predicting the output values for
agriculture, forestry, animal husbandry, and fishery is also
of great practical importance.

Agriculture-related industries have typical seasonal
characteristic, and their output values vary significantly
among different quarters. However, few previous studies
of agricultural prediction have considered the seasonal
variations in the output value. In this study, the quarterly
output values of agricultural, forestry, animal hus-
bandry, and fishery are predicted in order to provide
technical support for relevant departments, so they can
adjust their policies and measures according to seasonal
changes.

At present, two main classes of methods are employed
for predicting data with seasonal characteristics. *e first
class is the traditional statistical models, such as seasonal
autoregressive integrated moving average (SARIMA)
[10, 11] and Holt–Winters model [12]. *e second class is
artificial intelligence models, such as support vector
machines [13] and neural network [14]. *e genetic al-
gorithm with multivariable grey model is effective when
the data size is big [15]. In the present study, we eliminated
the data fluctuations by grey cumulative generation and
then developed a grey seasonal model (GSM). By com-
paring, our procedures outperform SARIMA and Holt–
Winters model.

*e remainder of this paper is organized as follows. *e
forecasting method is introduced in Section 2. *e data
source and case analysis are presented in Section 3. *e
conclusion is given in Section 4.

2. Grey Seasonal Model

*e data varied substantially among different seasons,
but the traditional grey prediction model is only suitable
for time series that exhibits an exponential trend, so it is
not capable of effectively predicting data with large
fluctuations [16]. *us, in order to eliminate the fluc-
tuations in the data and enhance the forecasting per-
formance, the seasonal data are summarized into annual

data in this study. *e annual data are predicted by using
GM(1,1) with fractional order accumulation [17–19]. *e
quarterly data are then restored by using the seasonal
factors.

*e original quarterly data are X(0) � x(0)(1),

x(0)(2), . . . , x(0)(n)} with a cycle of L, and the modeling
process for the GSM is as follows.

Step 1. If the size of the original quarterly data is big, then
the size of the yearly data is small. Grey forecasting model is
suitable. *e yearly data sequence is
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Step 2. *e yearly data are accumulated to dig the potential
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Step 3. For the r-order accumulation sequence Y(r),
according to the modeling step of grey forecasting theory,
the first-order differential equation with one variable (i.e.,
the FGM(1,1) model) can be expressed as
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� b, (4)

where a is the development coefficient and b is the grey
action quantity. *e solution to equation (4) is
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*e least squares estimate minimizes the sum of the
squared residuals, so the parameters are obtained by using
the least squares method. *e unknown parameters a and b

can be solved by using the following formula:
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Step 4. For the r-order accumulation sequence Y(r),
according to the modeling step of grey forecasting theory,
the time response function with a and b is
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and y(r)(k + 1) is the fitting value at time k + 1 [22].

Step 5. For Y
(r)

� y(r)(1), y(r)(2), . . . , y(r)(m), . . . , the
predicted yearly data sequence is
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where α(1) y(r)(1− r)(k) � y(r)(1− r)(k) − y(r)(1− r)(k − 1).
*en, the forecasting value is
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Step 6. To obtain the predicted quarterly data, the seasonal
factor Si (i � 1, 2, . . . , L) is calculated by using the corre-
sponding period average method [23]:

Si �
x
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i (i)
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, (11)

where x
(0)
i (i) indicates the average of quarter i (at time point

i) and x(0) represents the average of all quarters.

Step 7. For the predicted quarterly data sequence
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*us, we can obtain the predicted quarterly data.

Step 8. To evaluate the model, the mean absolute percentage
error (MAPE) is calculated as follows:
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3. Data Source and Forecasting Analysis

According to the “Circular of the National Bureau of Sta-
tistics on the Implementation of the National Standards for
the Classification of New National Economic Industries,”
the new version of the “Classification of National Economic
Industries” was implemented in 2012. *us, the quarterly

Proportion of ouput value in
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Proportion of ouput value in
2017

Agriculture
80.0% Agriculture

53.8%
Fishery

1.6%
Fishery
10.7%

Animal
husbandry

15.0% Animal
husbandry

26.4% Forestry
4.3%

Forestry
3.4%

Figure 1: Change in the output value of agriculture, forestry, animal husbandry, and fishery during 1978–2017.
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output values for agriculture, forestry, animal husbandry,
and fishery from 2012 to 2017 are from the National Bureau
of Statistics (http://www.stats.gov.cn/). *e quarterly output
values in 2012–2017 are shown in Figure 2.

According to Figure 2, obvious periodic variations oc-
curred in the output values for agriculture, forestry, animal
husbandry, and fishery. Taking the fishery as an example, the
quarterly output value for fishery during 2012–2017 is shown
in Table 1. A GSM is established to predict the quarterly
output value during 2018–2021.

*e annual output value is predicted by using the
GM(1,1) with fractional order accumulation. *e MAPE is
the smallest obtained by the particle swarm optimization in
MATLAB 2016.*e fitting precision is high according to the
MAPE criterion [2].*e fitting and prediction results for the
annual output value during 2012–2021 are shown in Table 2.

*e seasonal factor for fishery is calculated by using the
corresponding period average method (equation (11)). *e
results are shown in Table 3.

*e fitting value for fishery is determined by using
equation (12), and the results are shown in Table 4. To
highlight the applicability and accuracy of the proposed
model, fitting results are also obtained by using the Holt–
Winters model, SARIMA model, and the seasonal discrete
grey model (SDGM).

In Table 4, the MAPE of the GSM is significantly lower
than those produced by the Holt–Winters model, SARIMA
model, and SDGM model. It indicated that the GSM can
obtain more accurate prediction, and it is better at repre-
senting the variation of seasonal data.*us, it provides a new
method for predicting the seasonal data. *erefore, the
quarterly output value for fishery from 2018 to 2021 is
predicted by using the GSM. *e results are shown in Ta-
ble 5, and the variable trends are presented in Figure 3.

As shown in Table 5 and Figure 3, the predicted output
value for fishery increased in all quarters with relatively slow
increases in Q1–Q3, but a dramatic increase in Q4. *e
improvement in the annual output value for fishery is mainly
due to major reformation of the production methods for
aquatic products. *e increase in the output value of fish
farming was greater than that of catching fish. *us,
aquaculture accounted for most of the growth in aquatic
products. Great efforts have been made to strengthen the
conservation and sustainable utilization of aquatic resources,
and standardized and intensive farming modes have de-
veloped to facilitate the rapid development of the fishery
industry [24].

*e catching fish is still an important part of the fishery
in China, and in order to protect fishery resources and
biodiversity, China enforced summer-fishing moratorium in
the ocean since 1995 and spring-fishing-ban in the Yangtze
River since 2003. *e summer-fishing-ban season in the
ocean mainly occurs in the second and third quarters, and
the spring-fishing-ban season in the Yangtze River mainly
happens in the first and second quarters. *ey also con-
tribute to the high seasonal discrepancies in the fishery
output value. *e slow increases in the fishery output value
in Q1–Q3 are the results of the biodiversity conservation and
the ecological balance, as well as the protection of resources.

Similarly, the output values for agriculture, forestry, and
animal husbandry, as well as the total output value are
predicted, respectively. *e forecasting results and variable
trends are shown in Table 6 and Figures 4–7.

*e output values for agriculture, forestry, and animal
husbandry, as well as their total output value have seasonal
variation and fluctuated increase over the four quarters.

*e yearly increases and steady development of the
agricultural output value can be explained by the following
three reasons. Firstly, the state has supported the con-
struction of agricultural infrastructure by focusing on irri-
gation and water conservation. Secondly, the state
implemented the subsidy policy for the purchase of agri-
cultural machine and tool to promote the development of
agricultural mechanization. *irdly, the state has consoli-
dated the driving effects of agricultural scientific and
technological innovation, and thus agricultural scientific and
technological progress have become increasingly apparent.
*erefore, crops are more resistant to natural disasters,
extreme weather, diseases and pests, industrial pollution,
and manmade accidents. *e agricultural output value has
increased steadily.

In addition to the steady increases in the output value
during each year, the variations in the agricultural output
value also exhibited significant seasonal characteristics. As
shown in Figure 4, the agricultural output value increased
slowly and gradually stabilized in Q1-Q2, whereas it
exhibited relatively rapid growth in Q3-Q4. Seasonal
changes show an important impact of agricultural devel-
opment. Spring planting and autumn harvesting is the ag-
ricultural season rule in most grain-producing areas of
China. *e major crops are sown and grown in the spring
and summer. *e mature agricultural products are mainly
harvested in the fall and sold in the winter, so the agricultural
output value is generally low in Q1-Q2 but high in Q3-Q4.

0

1

2

3

4

5

6

7

O
ut

pu
t v

al
ue

5 10 15 20 250
Quarters (2012Q1–2017Q4)

×104

Agriculture
Forestry

Animal husbandry
Fishery

Figure 2: Quarterly output values for agriculture, forestry, animal
husbandry, and fishery in 2012–2017.

4 Mathematical Problems in Engineering

http://www.stats.gov.cn/


Ta
bl

e
1:

A
nn

ua
lo

ut
pu

t
va
lu
e
fo
r
fis
he
ry

du
ri
ng

20
12
–2

01
7
(1
00

m
ill
io
n
yu
an
).

Ye
ar

20
12

20
13

20
14

20
15

20
16

20
17

Q
ua
rt
er

1
2

3
4

1
2

3
4

1
2

3
4

1
2

3
4

1
2

3
4

1
2

3
4

Q
ua
rt
er
ly

ou
tp
ut

va
lu
e

12
49
.7

29
17
.7

48
57

87
06

13
90
.2

32
20
.6

53
62
.6

96
34
.6

14
84
.9

34
55
.5

57
73

10
33
4.
3

15
86
.4

36
68
.7

61
11
.8

10
88
0.
6

17
31
.2

39
60
.4

65
75
.6

11
60
2.
9

18
50
.2

42
88
.4

71
04
.3

12
31
6.
9

A
nn

ua
lo

ut
pu

t
va
lu
e

17
73
0.
4

19
60
8.
0

21
04
7.
7

22
24
7.
5

23
87
0.
1

25
55
9.
8

Mathematical Problems in Engineering 5



*e output value for forestry is characterized by a higher
output value in Q4 and lower output values in Q1–Q3. *e
growth rates in all four quarters are comparable. *e yearly
output value is increased gradually. *e increased output
value for forestry can mainly be explained by the imple-
mentation of policies and economic development. *e

comprehensive reform of state-owned forests right and
collective forest right in China bring the rapid development
of the forestry industry and rapid increases in forest product
outputs. In addition, the Eighteenth National Congress of
the Communist Party of China promoted the construction
of an ecological civilization by assigning the same level of

Table 2: Fitting and forecasting results of the annual output value for fishery (100 million yuan).

Year Actual value Fitting value
2012 17730.4 17730.4
2013 19608.0 19606.2
2014 21047.7 20937.9
2015 22247.5 22360.2
2016 23870.1 23879.0
2017 25559.8 25501.1
MAPE 0.22
2018 27233.3
2019 29083.1
2020 31058.7
2021 33168.4

Table 3: Seasonal factors for fishery.

Quarter Seasonal factor Seasonal factor/4
1 0.29 0.07
2 0.66 0.17
3 1.10 0.28
4 1.95 0.49

Table 4: Fitting results of the GSM, Holt–Winters model, and SARIMA model (100 million yuan).

Year Quarter Actual value GSM value Holt–Winters value SARIMA value SDGM

2012

1 1249.7 1266.8 1249.7 1249.7
2 2917.7 2932.4 2917.7 2917.7
3 4857.0 4878.2 4857.0 4857.0
4 8706.0 8653.0 8706.0 8706.0

2013

1 1390.2 1400.8 1390.2 1324.8 1390.20
2 3220.6 3242.7 972.0 3226.4 3140.22
3 5362.6 5394.2 5362.6 5344.8 5094.93
4 9634.6 9568.5 9730.9 9416.4 8911.22

2014

1 1484.9 1495.9 1484.6 1562.0 1066.81
2 3455.5 3462.9 3415.2 3471.7 3178.07
3 5773.0 5760.6 5868.0 5801.3 5469.01
4 10334.3 10218.4 10462.9 10354.5 9757.43

2015

1 1586.4 1597.6 1589.9 1610.2 1302.39
2 3668.7 3698.2 3643.2 3733.6 3551.56
3 6111.8 6151.9 6222.0 6199.0 6036.10
4 10880.6 10912.5 11062.1 11012.5 10656.68

2016

1 1731.2 1706.1 1672.0 1665.7 1745.19
2 3960.4 3949.4 3964.9 4007.5 4063.07
3 6575.6 6569.8 6708.6 6575.7 6604.64
4 11602.9 11653.8 11885.7 11555.3 11324.88

2017

1 1850.2 1822.0 1781.1 1847.4 1855.38
2 4288.4 4217.6 4231.7 4292.8 4368.11
3 7104.3 7016.1 7251.4 7051.4 7068.99
4 12316.9 12445.4 12825.1 12295.9 12000.87

MAPE 0.75% 5.19% 1.31% 4.89%
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importance to economic construction, political construc-
tion, cultural construction, and social construction. Hence,
the ecological construction of forestry has entered a new
historical stage. *e activity of voluntary planting tree, the
key engineering construction for forestry, and the Green for
Grain program have gradually enhanced the ecological
protection and restoration.*e output value for forestry will

effectively increase. Furthermore, due to the fast growth of
the national economy and the accelerated urbanization in
China, as the basic material, the demand of forest products
for construction has also increased.

Similar to other industries, the output value for animal
husbandry has also increased steadily. Animal husbandry is
an important component of agriculture. *e outputs and

Table 5: Forecasting results of fishery for the GSM (100 million yuan).

Quarter
Year

2018 2019 2020 2021
1 1945.7 2077.9 2219.0 2369.8
2 4504.1 4810.1 5136.8 5485.7
3 7492.7 8001.6 8545.2 9125.6
4 13290.7 14193.5 15157.7 16187.3
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Figure 3: Variable trends in the quarterly output value for fishery.

Table 6: Forecasting results of agriculture, forestry, animal husbandry, and the total output value (100 million yuan).

Year Quarter Agriculture Forestry Animal husbandry Total output value

2018

1 5051.3 781.1 7409.1 16186.5
2 18630.5 2110.0 13013.4 40226.3
3 39775.9 3110.6 21028.4 74791.0
4 62896.0 5287.2 31153.6 117787.2

2019

1 5125.6 826.6 7481.1 16510.7
2 18904.5 2233.0 13140.0 41032.0
3 40360.7 3292.0 21233.0 76288.9
4 63820.9 5595.6 31456.7 120146.1

2020

1 5178.9 874.4 7539.9 16777.6
2 19101.1 2362.1 13243.2 41695.3
3 40780.6 3482.3 21399.8 77522.2
4 64484.8 5919.0 31703.9 122088.6

2021

1 5216.2 924.6 7587.8 16997.0
2 19238.5 2497.7 13327.4 42240.5
3 41073.9 3682.1 21535.9 78535.9
4 64948.6 6258.7 31905.4 123685.0
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growth rates for livestock and poultry products directly
reflect the development and structural adjustment of the
animal husbandry. *e consumption of livestock and
poultry products is indispensable to people’s daily life. *e
supply of livestock and poultry products has been affected by
the development of urbanization and the optimization of
dietary structure. *e increased incomes of urban and rural
residents have transformed and upgraded the consumption
level and structure. *e demand of livestock and poultry
products has particularly increased. It promotes the rapid
development of the livestock breeding industry and the rapid
increase in the output value for animal husbandry. China’s
output of livestock and poultry ranks first in the world.
However, as shown in Figure 6, the increase rates in the

animal husbandry output during 2018–2021 are slower than
those during 2012–1017, which suggests that the develop-
ment of the animal husbandry has been somewhat restricted.
*e development of the animal husbandry is highly de-
pendent on the environment, but the rigid requirements for
environmental protection and the constraints on land re-
sources in recent years have led to the gradual enlargement
of the no animal husbandry zones. So, the output value for
animal husbandry has also been affected to some extent.

Due to the increased output values for each industry, the
total output value for agriculture, forestry, animal hus-
bandry, and fishery has also increased. In the new normal
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Figure 5: Variable trends in the quarterly output value for forestry.
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Figure 4: Variable trends in the quarterly output value for
agriculture.
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Figure 6: Variable trends in the quarterly output value for animal
husbandry.
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Figure 7: Variable trends in the total quarterly output value for
agriculture, forestry, animal husbandry, and fishery.
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economy, economic transformation and upgrading are es-
sential for all industries. *e total output value has steadily
increased, which is an important consequence of the
structural adjustment and optimization. *e agriculture,
forestry, animal husbandry, and fishery should grasp the new
opportunities for development, deal with the possible risks
leisurely, and improve the efficiency and quality of
development.

4. Conclusion

*e forecasting results demonstrated the increasing trends
in the output values for agriculture, forestry, animal hus-
bandry, and fishery, as well as their total output value in the
next four years. *is is consistent with the actual situation.
Because Chinese government recently released a rural vi-
talization strategy for 2018–2022 to promote poverty re-
duction and rural development, it implied that the
agricultural economy in China is sustainable and desirable.

Our results indicated that the GSM greatly improved the
forecasting accuracy. *e GSM can be employed for pre-
dicting the other seasonal time series, such as the monthly
agricultural output values and the prices of agricultural
products, in order to determine the effectiveness and
adaptability of this model.

GSM is a single variable model. Because grey model is
suitable for the forecasting problem with a smaller size
sample, GSM can obtain better results when the data size is
smaller. When the data size is big, GSM is not suitable. *is
is the limitation of GSM. It is suggested to address this
problem in the future.

Data Availability

*e data and computation code used to support the findings
of this study are available from the corresponding author
upon request.

Conflicts of Interest

*e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

*is research was supported by the National Natural Science
Foundation of China (71871084), the Excellent Young
Scientist Foundation of Hebei Education Department
(SLRC2019001), and *e Project of High-Level Talent in
Hebei Province.

References

[1] S.-Z. Han, W.-T. Pan, Y.-Y. Zhou et al., “Construct the
predictionmodel for China agricultural output value based on
the optimization neural network of fruit fly optimization
algorithm,” Future Generation Computer Systems, vol. 86,
pp. 663–669, 2018.

[2] Y.-S. Liu and W.-Y. Liu, “Forecasting value of agricultural
imports using a novel two-stage hybrid model,” Computers
and Electronics in Agriculture, vol. 104, pp. 71–83, 2014.

[3] F. Doblas-Reyes, R. Hagedorn, and T. Palmer, “Developments
in dynamical seasonal forecasting relevant to agricultural
management,” Climate Research, vol. 33, pp. 19–26, 2006.

[4] S.-L. Ou, “Forecasting agricultural output with an improved grey
forecasting model based on the genetic algorithm,” Computers
and Electronics in Agriculture, vol. 85, pp. 33–39, 2012.

[5] L. Liu, Y. Wang, J. Wu, J. Wang, and C. Xi, “New optimized
grey derivative models for grain production forecasting in
China,” ,e Journal of Agricultural Science, vol. 153, no. 2,
pp. 257–269, 2015.

[6] Z. F. Xi, “Development course, current situation and forecast
of green agriculture in China,” Reformation & Strategy,
vol. 32, no. 12, pp. 94–102, 2016.

[7] C. Z. Ma, J. F. Deng, Y. W.Wei et al., “Analysis and forecast of
agricultural industrial structure of Liaoning Province based
on grey theory,” Journal of Northeast Agricultural Sciences,
vol. 41, no. 4, pp. 106–112, 2016.

[8] X. B. Yu, T. X. Yao, X. Luo et al., “Integrate NARX neural
network and grey system to forecast China agricultural areas
affected by natural disasters,” Journal of Arid Land Resources
and Environment, vol. 30, no. 9, pp. 64–70, 2016.

[9] G. S. Zhao, H. W. Zhang, A. H. Liu et al., “Prediction and
analysis of agricultural irrigation water in China based on grey
GM(1,1) model with equal dimension,” Mathematics in
Practice and ,eory, vol. 48, no. 4, pp. 299–304, 2018.

[10] P. Ramos, N. Santos, and R. Rebelo, “Performance of state
space and ARIMA models for consumer retail sales fore-
casting,” Robotics and Computer-Integrated Manufacturing,
vol. 34, pp. 151–163, 2015.

[11] S. Moisan, R. Herrera, and A. Clements, “A dynamic multiple
equation approach for forecasting PM2.5 pollution in San-
tiago, Chile,” International Journal of Forecasting, vol. 34,
no. 4, pp. 566–581, 2018.

[12] L. F. Tratar and E. Strmčnik, “*e comparison of Holt-
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