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Abstract: The measurement of the agricultural economic
cycle and its synergy analysis are of great significance
for the formulation of agricultural macroeconomic poli-
cies. When the traditional methods are used to analyze
the main factors affecting the synergy of agricultural eco-
nomic cycle fluctuations, almost all of them use the corre-
lation coefficient or the degree of agreement to express the
degree of economic cycle synergy. It is impossible to ac-
curately evaluate the degree of synergy of economic cycle
fluctuations. To solve this problem, a quantitative calcu-
lation model of agricultural economic cycle synergy eval-
uation based on the ant colony algorithm is proposed.
On the basis of the collected monthly data of agricultural
economic operation indicators, a prosperity index that
comprehensively reflects the development of agricultural
economy is constructed. The law of economic prosperity
cycle fluctuation is analyzed according to economic pros-
perity index, and HP filtering is utilized to decompose the
trend fluctuations of the economic time series of various
industries and obtain the fluctuation components. The ant
colony algorithm is utilized to optimize the spearman cor-
relation analysis method, and the correlation analysis of
the wave components is carried out. The Fisher-z conver-
sion is performed on the optimal Spearman correlation co-
efficient obtained by the optimization. The transformed
results represent the degree of economic cycle synergy,
considering the geographical distance, economic space
spillover, fiscal policy synergy, regional income gap and
geographical neighbors, a quantitative calculation model
for agricultural economic cycle synergy evaluation is es-
tablished. The results show that the agricultural economic
cycle has a certain spatial correlation, and will expand the
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agricultural economic fluctuations and form the cycle syn-
ergy through the periodic space overflow.
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1 Introduction

The agricultural economic cycle has always been a key
area of macroeconomic research. Since the 1990s, under
the support of the theory of agricultural economic cycle,
the empirical research on the agricultural economic cycle
has made significant progress, mainly including the syn-
ergy analysis of the agricultural economic cycle and the
analysis of the factors affecting the synergy of the agricul-
tural economic cycle. To date, most scholars believe that
the synergy of the agricultural economic cycle stems from
a common economic cycle between regions [1]. Under the
unified government policy, the fluctuations of the regional
agricultural economic cycle should be similar, that is, have
higher synergy [2]. However, it is generally believed that
the synergy and difference of Chinese agricultural eco-
nomic cycle coexist, and difference of the economic cycle
has gradually expanded. How to narrow the differences
and promote regional coordinated development has be-
come the focus of attention of the current Chinese govern-
ment. Therefore, it is of great significance to study the syn-
ergy of Chinese agricultural economic cycle and its influ-
encing factors.

Foreign studies on the economic cycle started early,
and Western scholars have also proposed various eco-
nomic cycle fluctuation theories [3] and conducted empir-
ical data research. In recent years, new progress has been
made in new measurement methods and prediction mod-
els. As early as 1946, Burns and Mitchell found that the
economic cycle showed obvious characteristics of indus-
trial synergy. In 1981, Lucas’s research once again con-
firmed the remarkable characteristics of industrial synergy
from the perspective of correlation between industrial cy-
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cle fluctuations, and proved the overall random factor im-
pact was an important factor for the formation of this syn-
ergy. Di Giorgio, Carlo studied the relationship between
the economic cycle fluctuations between CEES and found
that the economic cycle was more synergistic in the reces-
sion, while in the normal or high growth period, the eco-
nomic cycle fluctuation between countries was weak.

With the development of Chinese economy, the im-
provement of market system and the opening of interna-
tional trade, the characteristics of agricultural economic
cycle fluctuations are becoming more and more signif-
icant. Although domestic research on the economic cy-
cle is started relatively late, domestic scholars have paid
more and more attention to the characteristics of Chinese
agricultural economic cycle, and have made substantial
progress in research methods and theories, and proposed
theoretical explanations in line with Chinese national con-
ditions. Regarding the analysis of agricultural economic
fluctuation cycle and influencing factors, Zheng Shan et
al. selected agricultural product price index, used HP fil-
ter decomposition model to divide the price of agricultural
products, and analyzed the factors affecting the price fluc-
tuation of agricultural products, and adopted factor anal-
ysis and the support vector machine autoregressive model
for the empirical analysis [4]. Based on the annual data of
the cost-benefit of agricultural products, Tao Yuan et al. se-
lected the variables of the net income per unit area, the ma-
terial per unit area and the selling price per unit product on
the basis of descriptive analysis of the fluctuation charac-
teristics of agricultural product cost and income. By con-
structing a VAR model and using impulse response func-
tions and variance decomposition to analyze the influenc-
ing factors of agricultural product returns [5].

The above methods can not accurately evaluate the
degree of synergy of economic cycle fluctuations. In re-
sponse to the above problems, the agricultural economy
has been innovatively researched, mainly in the following
aspects:

— Exploring the transmission law of international eco-
nomic cycle and agricultural economic fluctuations,
and providing an analysis path for the investigation
of economic fluctuation characteristics.

— Selecting the indicators that describe the opera-
tional status of the agricultural economy, using the
prosperity index method to calculate a consistent
climate synthesis index that comprehensively re-
flects the development of the agricultural economy.
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- Adjusting agricultural product sales data, eliminat-
ing the influence of irregular factors and obtaining a
time series containing trends and fluctuations.

Fisher-z conversion is performed on the optimal
Spearman correlation coefficient, and the converted re-
sults are used to describe the synergy degree of economic
cycle, and a quantitative calculation model for the agri-
cultural economic cycle synergy estimation is further con-
structed.

2 Materials and methods

2.1 Transmission mechanism of economic
cycle synergy trade

The coordinated fluctuation of the agricultural economic
cycle is a phenomenon of economic cycle fluctuation. The
theoretical explanation of this phenomenon should return
to the theory explanation of economic cycle fluctuation
mechanism. It is believed that the coordinated fluctua-
tion of Chinese agricultural economic cycle is the internal
transmission mechanism of the agricultural economy and
the conduction to the economy. Cyclic fluctuations pro-
duce the result of an external impact mechanism. Explor-
ing the transmission law of the international economic cy-
cle and agricultural economic fluctuations is of great sig-
nificance for further analysis of the coordinated fluctua-
tions for the agricultural economic cycle [6].

2.2 Intermediate product production

In each country, n = H, F, a continuous monopolistic com-
petitor employs all of the labor supply Lye in the country
to produce intermediate goods j, where N, represents the
set of intermediate products available. Total Factor Labor
Productivity (TFP) is described as Zy;, indicating the effi-
ciency of labor per unit of domestic labor, following the
AR(I) process:

10g (Zn¢) = pnlog (Zn,i—1> 4]

where, pn € (0, 1).

The heterogeneity of the agricultural industry is re-
flected in the differences in production techniques ex-
pressed in terms of relative productivity z. A domestic agri-
cultural enterprise with a relative productivity of z em-
ploys 1 unit of labor to produce Z,;z units of output. The
unit cost of production is given as wn¢/Znz, where wpy =
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W e/ Py is the relative real wage, Wy, and P, are the nom-
inal wage and price indices of country n [7].

Intermediate product manufacturers can serve both
domestic and foreign markets. Two types of export costs
are introduced: the transportation cost of agricultural
products 7¢ = 1, which mainly affects the margin of trade
depth, and the fixed entry cost fx ; measured by effective
labor units mainly affects the margin of trade. The fixed
cost expressed in kind is paid separately in each period,
and the fixed cost of export as a trade barrier mainly af-
fects the margin of trade.

In countries of n = H, F, the demand function of the
final producer faced by all intermediate production enter-
prises is given, so a price is added to the reaction marginal
cost. The transportation costs that the products need to
pay for shipment to foreign markets 7; divide the domes-
tic and international markets, and the prices of the two
countries are different. pg,t and pﬁ,t represent the domes-
tic sales price and export price of the agricultural products
of n countries, respectively. The true price relative to the
target market nominal price index is expressed as:

D 0 wye

p"":ﬁZTz and ()
-1 0 ww
Qt _9—1ZtZTt

where Q; is the real exchange rate and 9% is the constant
addition.

Due to the fixed export costs, enterprises with low pro-
ductivity z may decide not to export at any time. The enter-
prise breaks down its total profit 77, into domestic market
sales profit 12, and potential foreign export profits. The to-
tal profit of agricultural products in the period t is:

Tint = ﬂﬁt + ﬂil(t G)

In each period, n countries have N2, domestic enter-
prises for production. Among these enterprises, NX, =
(1 - G(zif, t)) NP, enterprises export agricultural products
to foreign markets. As long as the productivity level of
the enterprise is higher than the critical productivity level
zX, = inf {z :X(2) > O}, these enterprises will continue
to export.

2.3 Final product production

In countries of n = H, F, a fully competitive enterprise
uses capital K, and a collection of tradable intermediate
products at home and abroad, which is the material capital
M¢;, and generating a non-tradeable final product

Yne = Knr "Myt 4)
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Intermediate products are combined according to the CES
production function to generate physical capital:

0
Nn!

/ Yjedj 5)

j=0

Mnt =

where 6 > 1 is the symmetry alternative elasticity be-
tween the intermediates. The CES production function in-
troduces diversity preferences: when expenditure y,; re-
mains constant, the larger the number N, of species em-
ployed, corresponds to an increase in productivity levels.

The final product manufacturer chooses y;; to maxi-
mize profits:

Nn[

/ Dujeynied ©)
j=0

Myt = Pu¢Yne — RE Kt -

where P, is the final product price index and is expressed

as:
R\ (PEN\®
- () (%) g

Py,
(1- =7 = Ray ®)
n
PpY,
= P ©)
n

By merging the final product producer’s demand for
each intermediate y s, then:

-6 0
__ 0 Pnjt Y
Vnjt = Q& (Pnt ) <Mnt> Mp¢

2.4 Family department

(10)

In countries of n = H, F, a representative household sector
into:

PptCnt + Int = WyeLpt + Hr{t + er(thnt + Rp¢Byt (11)

- Bn,j+1

The productivity assumption assumes that the lower
limit is the z,;, Pareto distribution and the shape param-
eteris k > 6 — 1. Based on the above assumptions, the av-
erage production productivity threshold for domestic pro-
duction and exports is obtained:

22 = VZnin (12)

By = vzu (13)
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1
where, v = {m} 1
The number consumes end products, provides labor
and leases capital to intermediate producers or for sav-
ings. The family department maximizes the expected util-
ity function of a lifetime:

g Ll/)+1
U = E; ;ﬁs log(Cn¢) - lp"j 1 (14)
The budget constraints faced are:
PptCnt +Int = WotLnt + Iy + Ry Kt + RutBne — (15)

— By, t+1 + Wnt

where Cp; is consumption, f is subjective discount factor,
Y is labor supply elasticity, Py; is price index, Ip; is nom-
inal investment, wy; is wage, H,{t is the total profit of all
enterprises in n countries, By is family sector in period of
t—1 to provide the total amount of loans that can be repaid
in the period ¢, R’,jt is the risk-free probability, rr is the rent
price of capital, and Kj; is the capital supply obtained as
follows:

Knt = (1 = 8)Kn -1 + Int/Pnt (16)

where 6 is the capital depreciation rate. The decision-
making problem in the household sector is to choose con-
sumption, labor attacks, and capital and maximize the
utility of formula (14) under the constraints of formula (15).

There are an unlimited number of potential entrants
in each period. The entrant is forward-looking and maxi-
mizes his profit 1,¢(z) = 72,(2) + 7¥,(2). All profits are ex-
pressed in terms of the number of final products under ac-
tual conditions.

af

1-0/Y 8
'} (pﬁ)t(z)) (Mnntt) My

If the enterprise z exports, there are:

0 _ 0
e = g () () M= e/ Zae 1)

mh(z) = (17)

Set average productivity levels and generalize all the
information about the productivity distribution associated
with macroeconomic variables, then:

oo 1/(6-1)

Zp = /ze'ldG(z)

- min

(19)

The expected corporate value after the entry of the en-
trant is described by the discounted value of the expected
profit stream:

oo

‘7nt = Et Z [ﬁ(l - 5)} ot d~ns

s=t+1

(20)
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New entrants enter the market until the average corpo-
rate value equals the entry cost. The free entry conditions
are:

Vnt = WntfEt/ Znt. (21)

Assume that the entrant during the period of t begins
production in the period of t + 1. The number of domesti-
cally produced varieties is:

N3, =(1-8)WNE,y +NE, ) 22)

The budget constraint is transformed of export inter-
mediates is:

Nﬁt e [=x\k k 71
@ = Zmin (Zﬁt) <m>

It is worth noting that when other conditions remain
unchanged, as the number of export varieties increases,
the more domestic manufacturers enter, the lower the av-
erage productivity threshold of manufacturers’ exports.

Assuming that the financial sector is closed, trade is
balanced in all phases, and the total exports of n countries
are equal to the total imports, that is, the balance of trade
is balanced:

K

(23)

X (x-x\YO( Vg 0
QtNH,t(PH,t) (m) Mp, (24)

A\ 0 Ve \ P
=N1§,t(ﬂ§t) (ﬁ) My

The final product of each country is either used for
consumption or for investment, and the market clearing
conditions are:

Yie = Cne + It (25)

The demand for domestic and foreign varieties is
equal to its supply:

Ve = Vit + Vi (26)

The balance of foreign intermediates is similar to
the domestic situation. For countries of n = H,F,
the general equilibrium of the symmetry of the econ-
omy is set as: exogenous random sequence {Z,:}, ini-
tial vector {Zno,N,?O,Kno}, a set of different parame-
ters {pn} for two countries, average price and wage se-
quence {Qéo’ Prt, Rty Wnt}ioo, @ set of intermediate price

{ﬁﬁt, faift} , one group total sequence{Yns, Ve, Int},
intermediatt_e0 product yield sequence {Yyu, Vnt, Int}, in-
termediate product quantity sequence {yZ;,yX 1%,
domestic production and export average productivity
threshold {zJ ,, z2 132, profit and enterprise value se-
quence {Hnt,flm,f/m}‘fzo, capital accumulation rule

D X
{Nnt’ Nnty Zn,t+1y Knt}?:()-



982 —— S.Chengand M. A. Lépez

It can be seen from formula (4) and formula (5) that
production efficiency and total factor productivity (TFP)
depend on the quantity of domestic and foreign interme-
diate products used to produce the final product. By aver-
aging the firm variable (19), it can be found that the TFP
in the model consists of two parts: the total productivity
impact determines the amount of the exogenous part and
the intermediate product used to produce the final product
and the average productivity of each intermediate product.

Based on the above process, the transmission mech-
anism of the coordination of agricultural economic cycle
fluctuations is given:

TFPyt (27)

=Znt {M {Ngt )%+ Niz(,t(zn,t/zizf,tT/Q))}}

A positive productivity shock in the home country cre-
ates a demand-supply spillover effect. Through this effect,
the demand for foreign intermediate goods by domestic
final product producers will increase, and the output of
foreign economies will increase. This is also a channel of
communication presented in the traditional economic cy-
cle model.

2.5 Research on coordination
characteristics of economic cycle based
on prosperity index

Through the fluctuation range of the economy, the char-
acteristics of the industry cycle fluctuations are studied,
and the composite index method that can specifically de-
scribe the fluctuation range of the economic climate of the
industry which is used to calculate the industry sentiment
index.

To find the symmetrical rate of change of the indicator
and standardize it.

Let indicator C;(t) as the i-th indicator and i =
1,2,--+,K as the indicator number. The ratio sequence
is chosen, and the rate of change C;(t) is taken as the Y;(t)
first order difference:

Ci(t) = Y;(t) - Yi(t - 1) (28)

In order to prevent the index of abnormality of the rate
of change from gaining a dominant position in the com-
posite index, it is necessary to standardize the rate of sym-
metrical change of each index so that the average absolute
value is 1. The normalization factors are given below:

(29)
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Standardizing C;(t) with Ai to obtain a standardized rate

of change Si(t):
.~ Ci(t)
Si(t) = A
The average rate of change of the consistent indicator

group R(t):

(30)

k
Z Sl(t) * Wi

RO =S

Do Wi
i=1

To calculate the initial consistent composite index, let,
then agree on the composite index:

€3))

I(t) =I(t- 1) + R(¢t) (32)

Only the consensus synthesis index is required, and
there is no need to adjust the trend for the leading and lag-
ging indicator groups to obtain the composite index with
the base year of 100:

cI() - ? <100 33)
where I is the average of the base year and 2018 is the base
year.

The cumulative annual growth rate of agricultural
added value, the cumulative year-on-year growth rate of
main business income, and the cumulative year-on-year
growth rate of fixed asset investment were the prosperous
indicators, and the consensus synthesis indexes of agri-
cultural and agricultural sub-sectors were established [8].

2.6 Descriptive statistical analysis of
industry consensus synthetic index

In order to further empirically test the synergy of Chinese
agricultural economic cycle fluctuations, study the law of
Chinese agricultural economic cycle fluctuations, and an-
alyze the statistics of economic climate cycle fluctuations
by describing the statistics of agricultural economic senti-
ment consistent synthetic index trend fluctuation time se-
ries. The wave component and trend component are sep-
arated to eliminate the impact of common trends among
various industries on the analysis of fluctuation correla-
tion, and to better discover the law of economic fluctu-
ation. The HP filtering method, which is widely used in
the world to decompose the economic time series trend,
is selected to decompose the trend fluctuations of the eco-
nomic time series of various industries to obtain the wave
components, and perform spearman correlation analysis
on the wave components to verify the fluctuation of vari-
ous industries.
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Based on modern economic growth theory, the eco-
nomic cycle of an economy can be seen as consisting of
long-term trend components and short-term fluctuations.
Before conducting the study of the volatility characteris-
tics of the economic cycle, it is necessary to determine the
separation of the long-term trend components to obtain
the actual economic cycle fluctuation components.

Let the economic time series Y = {y1,y2,*-+ , yn}, the
long-term trend term is Y! = {y{,y%,---,y4}, and is the
sample length of the time series. The “smooth” feature of
long-term trend components allows the extraction of trend
component problems from time series to be defined as the
solution variance minimum:

n 2 2
MinF =3 {i-y)" +A[cWyi] T 68

i=1
where A > 0 is the smoothing parameter, indicating the

weight of the decomposition trend component, and c¢(L) is
the lag operator polynomial, the expression is:

cl)=Lt-1)-(01-1L) (35)

Bring formula (35) into (34), the minimum function is:

MinF (36)

=> {(Yi -y AN [0h -y - 0 - vE)] 2}

i=1 i=1
¢ 62 .
where > (y; - y;)~ is a measure of sequence fluctuations
i=1

n
and 13 [(v} - y1,) - (/¢ - ¥£,)]} is a measure of long-
i-1

term t;end smoothness. Here you need to choose the ap-
propriate A value, different A values determine the differ-
ent period fluctuations and smoothness, which has a di-
rect impact on the accuracy of the results. The value of
A = 100 usually takes A = 1600 when the time series is
annual data; for monthly data, takeA = 15200.

2.7 Analysis of the synergistic
characteristics of economic cycle
fluctuations

Before the analysis of the synergistic characteristics of the
economic cycle of the agricultural industry, the statistical
analysis of the separated wave components is carried out,
and the Spearman correlation coefficient between the se-
quences is selected as the correlation index. The Spearman
method was chosen because it provides a better measure
of the correlation between non-normally distributed time
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series and nonlinear relationships. The Spearman correla-
tion coefficient is calculated as:

n

Z (R;-R)(Q; - Q)
rs = =l 37)
SR -B Q-0
i=1 i=1

where R; and Q; are the ranks of two random variables
x; and y; in their corresponding vectors (xq, - -- , Xn) and
(y1, -+, yn), respectively.

The Spearman correlation analysis method has some
limitations. The method requires the variable to conform
to a normal distribution, and is not credible if the condi-
tion is not satisfied. To solve this problem, the ant colony
algorithm [9] is introduced, and the solution of the wave
correlation coefficient can be regarded as the optimization
process of the following function:

p/
. 1 2
min EE CJ-’N,.
j=1

st {Ui < Ui 0-0,0
o 2 2
Ci;Ni < Ci’Ni:Ui

(38)

This is a constrained minimum problem whose do-
main is a contiguous domain, namely:
The objective function is:

p
1
flo =4 2> Chy, (39)
b <
j=1
The restrictions are:
Ui(k) < Ui,(l—a,~/2) (40)
Cly, () < Cy g

The goal is to find a set of optimal values within the
normal range of the fluctuation correlation coefficient so
that the minimum value is obtained under the target value
sub-constraint.

Randomly virtualized N individual workers in the fea-
sible solution range (take Nk values randomly within the
range of k, and set the evaluation function value to be the
corresponding target value f,. The transfer probability of
each ant (ie from the definition of the probability that the
space of the ant ¢ is transferred to the space where the ant
¢ is located is different from other combinations of the op-
timized path class problem, and is set as follows:

Tl

e “
Ty

b
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among which, the track strength 7 is converted to 7,
which represents the pheromone size of the ant {, and can
also be referred to as the field attraction intensity of the
ant ¢. The heuristic pheromone ny = f; - f; represents
the difference value of the objective function. The param-
eters a and f§ are used to describe the relative influence of
pheromones and heuristic pheromones, respectively.

When the ants in the population have constructed the
path, the pheromone on each side will be updated. All
pheromones reduce the size of a constant factor or the re-
tention strength of a pheromone. Add pheromones to the
side where the ants pass. The evaporation of pheromones
or the retention of pheromones is performed according to
the following formula:

Th = (1-p)r 42

where p is called the vegetative evaporation rate and 0 <
p < 1. The role of the parameter p is to avoid the infinite
accumulation of pheromones. If an edge is not selected by
any other ant, the pheromone on the edge will be decre-
mented exponentially. After the pheromone evaporation
step, all ant colonies release pheromones on the edges
they pass, and the pheromone intensity update formula is:

" = p‘rgld +> AT? (43)
i

2.8 Quantitative calculation model for
cooperative estimation

The Fisher-z conversion is performed on the optimal
Spearman correlation coefficient. The transformed results
represent the degree of economic cycle synergy, and con-
sider the geographical distance, economic space spillover,
fiscal policy synergy, regional income gap and geograph-
ical neighbors to construct a quantitative calculation
model for agricultural economic cycle synergy evaluation.

The economic cycle synergy degree Zy, is based on
the Spearman correlation coefficient. The specific transfor-
mation formula is as follows:

7 _1 1+p¢<p
) 1- Py

7 1 < 1+14, >
pp = 5 _
2\ 1-14
among which, the correlation coefficient Py is calculated
from the periodic component of the actual output; the de-
gree of coincidence Iy, is expressed according to the pro-

portion of the economic period between the regions in the
same period.

(44)

(45)
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The geographical factor D, represents the geograph-
ical distance between the ¢ region and the ¢ region. The
geographical distance affects the flow cost of agricultural
products and factors, changes the trade flow between re-
gions, and affects the degree of synergy in the economic
cycle. Introducing geographical distance factors into the
model, it is generally believed that the further the geo-
graphical distance between regions, the higher the trade
cost required, and the lower the economic cycle synergy.

The economic scale Sy, will also cause changes in
trade flows between regions, which in turn will affect the
degree of synergy in the economic cycle [10]. The size of the
economy should be introduced into the model. It is gener-
ally believed that the larger the size of the inter-regional
economy, the greater the trade flows generated, and it is
expected to increase the synergy of the economic cycle.
The economic scale is the sum of the regional GDP between
the two provinces. The specific calculation formula is as
follows:

Spp = % > (GDPy; + GDPy) (46)
t
where Sy, represents the economic size between the re-
gion ¢ and the region ¢, GDPy; and GDP; are used to
describe the regional GDP of the ¢ region and the region,
respectively.

The fiscal policy coordination degree is cg,,. To a cer-
tain extent, the formulation of national macroeconomic
policies can “smooth” the fluctuations of the economic cy-
cle and become the main factor for the coordinated impact
of the inter-regional economic cycle. Therefore, the coordi-
nation degree of fiscal policy in macroeconomic policy is
introduced into the model as an explanatory variable. Ex-
perts predict that the higher the inter-regional fiscal pol-
icy coordination, the more similar the economic cycle [11].
The coordination of financial and economic policies is rep-
resented by the gap between regional fiscal expenditures,
and the calculation formula is as follows:

Cpp = % 2 (For = fo) (47)
among which, cy,, is used to describe the fiscal policy co-
ordination degree between region ¢ and region ¢, and fy,
and f, respectively represent the proportion of provincial
finances to the GDP of other regions.

The inter-regional income gap also affects trade flows
between regions and thus the degree of economic cycle
synergy [12], which is introduced into the model. It is ex-
pected that the widening income gap between regions will
reduce the degree of synergy in the economic cycle. The in-
come gap is set as the sum of the per capita disposable in-
come between the two provinces divided by the per capita
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disposable income. The specific formula is:

Yo = Yot ~ Yot

. (48)
olt) Vot + Vot

where Yy, represents the income gap between the re-
gional ¢ and ¢ regions, and y 4, and y; represent the per
capita disposable income of the ¢ and ¢ regions, respec-
tively.

The specialization of production will increase regional
differences [13], affecting the synchronicity of the regional
economic cycle, and the same factor is added to the model.
The difference in industrial structure is constructed ac-
cording to three industrial differences between provinces.
The calculation formula is as follows:

3
Sispg = 7 33 [She - Sk
t x=1

(49)

where Sisy,, represents the industrial structure difference
between the region and the region ¢, and S’(;t and S’(;,t re-
spectively represent the proportion of the industry in the
¢ and ¢ regions, and k = 1, 2, and 3 represent the primary
industry, the secondary industry, and Tertiary Industry.

Geographical proximity By, because the domestic
goods and elements can flow freely, the geographically ad-
jacent areas trade relatively close, naturally generate dif-
ferent trade flows, and thus affect the degree of economic
cycle synchronization. Set the geographic proximity fac-
tor to a dummy variable, the neighboring provinces take a
value of 1, and the non-adjacent provinces take a value of
0.

In order to further determine the impact of different
regions on the degree of synergy of the agricultural eco-
nomic cycle [14], introduces dummy variables in the east-
ern, central and western regions. If the two regions are in
the same region, the value is 1, otherwise it is 0.

Considering geographical distance, bilateral eco-
nomic scale, fiscal policy synergy, regional income gap, ge-
ographical neighbors, economic space spillover, govern-
ment expenditure cycle synergy, investment cycle synergy,
international trade cycle synergy and other factors to con-
struct quantitative calculation of agricultural economic cy-
cle synergy estimation model, then:

Zpp = Bo+B1(Dgy) + Ba(Spy) + B3 () (50)
+ ﬁ4(Y¢(p) +Bs (5i5¢<p) + ﬁ6(3¢(p) + Zk ﬁ’;Areak
+ 8(1)(,0

where Zy, is the explanatory variable, indicating the de-
gree of synergy in the agricultural economic cycle, Dy, is
the geographical distance variable, Sy, is the economic

Synergy analysis of agricultural economic cycle fluctuation =—— 985

scale variable, Cog IS the fiscal coordination degree vari-
able, Yy, is the inter-regional income gap variable, Sis,,
is the industrial structure difference variable, B¢<p repre-
sents the geographical neighbor variable, and Area repre-
sents the regional dummy variable [15-21].

3 Results

In order to verify the comprehensive effectiveness of the
quantitative calculation method based on ant colony al-
gorithm for the evaluation of agricultural economic cy-
cle fluctuations, a simulation experiment is needed. The
simulation experiment environment is equipped with In-
ter Core i51.3GHz processor and 4 GB of Mac BookAir
(2013Mid). The operating system is OS X10.9.4 and all sim-
ulation experiments were performed on MATLAB R2013a.

The HP filter cycle component maps of agricultural
economic variables in various provinces of China are plot-
ted, as shown in Figure 1. In Figure 1, the HP periodic com-
ponent units produced are constant and are denoted by C.

HP cycle component of output/(C)

2015

Figure 1: Province output cycle

As can been seen from Figure 1, before 2000, the agri-
cultural economy of the provinces fluctuated greatly. The
fluctuations in 2000-2010 tended to ease. After 2010, the
degree of volatility increased, but it was still weaker than
the late 1980s to 90. The level of the mid-1990s. Since 1990,
the degree of synergy between the inter-provincial eco-
nomic cycles has increased. After 2000, economic fluctu-
ations have become more consistent. Consistent with the
research conclusion that the output growth rate cycle is
used as a measure of the agricultural economic cycle, the
domestic agricultural economic cycle appears to be mi-
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crowaved, and the inter-provincial economic cycle synergy
tends to increase.

In addition, there are synergistic phenomena in
the province’s domestic trade, investment, government
spending, total imports and total export cycles, as shown
in Figures 2-6, but the degree of synergy is weaker than the
economic cycle synergy. In Figures 2-6, the HP cycle com-
ponent of domestic trade, the HP cycle component of in-
vestment, the HP cycle component of government expen-
diture, the HP cycle component of the import, and the HP
cycle component of the export are all constant, denoted by
C.
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Figure 2: Province domestic trade cycle
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Figure 3: Province investment cycle

In order to reflect the trend of the correlation of agri-
cultural economic cycle fluctuations, 8 years is selected
as the time window width, and the fluctuation correlation
coefficient of the 8-year moving average is calculated. As
shown in Figure 7. The unit of the fluctuation correlation
coefficient is a constant and is expressed by C.
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HP cycle component of government
spending/(C)

T T

-0.4
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Export cycle component of HP/(C)

1995 2000 2010 2015

Export cycle component of HP/(C)
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2000 2010 2015

Figure 6: Province total export cycle

In order to verify the direct impact of cyclical space
spillover on the economic cycle synergy, the economic
spatial overflow is used as an explanatory variable to
regress the periodic synergy index, and the data used to
estimate the model is obtained. According to Figures 2-
7, the province’s domestic trade, investment, government
spending, import and export cycles also have different lev-
els of synergy, while controlling the impact of the synergy
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Table 1: Estimated results

Synergy analysis of agricultural economic cycle fluctuation = 987

Variables 1990-2015 1990-2010 2010-2015
Economic spatial spillover 1.668*** 2.839*** 3.458*
[2.85] [4.25] [1.78]
Government spending cycle synergy —0.105*** —-0.087** -0.105
[-3.15] [-2.02] [-0.36]
Investment cycle synergy -0.115** -0.064 -0.146*
[-2.70] [-2.02] [-1.92]
International trade cycle synergy 0.065 0.045 0.105**
[1.65] [0.95] [2.05]
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Fluctuation correlation coefficient/(C)

2015

Years

Figure 7: Average fluctuation correlation coefficient

index on the volatility of the agricultural economic cycle.
The results of the agricultural economic cycle synergy es-
timation are shown in Table 1.

4 Discussions

The experimental results show that the correlation coeffi-
cient of economic cycle fluctuations increased slightly dur-
ing the period 1990-2003. In 2003, the correlation coeffi-
cient of fluctuation began to decline. During this period,
the overall spatial concentration of the agricultural eco-
nomic cycle decreased significantly. It did not start to rise
until 2007, but it was lower than that before 2003. In combi-
nation with Figure 1, when the aggregation degree of eco-
nomic fluctuation space was high, the degree of economic
fluctuations in the province was large; when the degree of
spatial aggregation decreased, the magnitude of economic
fluctuations also decreased. This phenomenon also indi-
cated that geographically close provinces may amplify (or
stabilize) economic fluctuations through space spillovers,
forming a synergy in the agricultural economic cycle.

Economic space spillovers have a significant positive
impact on the synergy of the agricultural economic cycle,
and the degree of impact exceeds other explanatory vari-
ables. Prior to 2010, the impact of government spending
cycle synergies, investment cycle synergies, and interna-
tional trade cycle synergies on economic cycle synergies
was not significant. After 2010, the impact of these factors
on economic cycle synergies became significant. In partic-
ular, the impact of the synergy of the international trade
cycle has become very high, which is related to the further
integration of the Chinese economy into the world eco-
nomic cycle. In addition, domestic investment is affected
by many non-market factors, local governments have a
strong control over a considerable portion of fixed-asset in-
vestment. After 2010, in addition to the increase in the con-
tribution of the export cycle synergy to the economic cycle
synergy, the impact of the import cycle synergy on the eco-
nomic cycle synergy had also increased significantly. For
a long time, Chinese agricultural import trade was domi-
nated by imports of goods, and the proportion of capital
goods and primary products was high, and the proportion
of the two in total imports peaked in 2010 and 2015 respec-
tively. This shows that the structure of imported products
is closely related to the domestic economy. For provinces
with similar industrial structure, the dual impact of for-
eign supply of imports and the specific industries in the
country created a combined impact, which increased the
correlation between the synergy of the import cycle and
the economic cycle.

5 Conclusions

The spatial spillover of the agricultural economic cycle
and the spatial spillover of the domestic trade cycle have
a greater effect on the agricultural economic cycle than on
the province’s own domestic trade cycle. This may be one
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of the reasons for the large fluctuations in the agricultural
economy before 2010. Compared with the late 1980s to the
mid-1990s, the economic cycle of the provinces declined
after 2010. The rise in the stabilizing effect of the domestic
trade cycle, the spillover of the economic cycle, and the
decline in the spatial spillover of the domestic trade cy-
cle may have contributed to this change. In addition, after
2010, the impact of the spillover of the government spend-
ing cycle on the province’s economic fluctuations has in-
creased, and the possibility of government spending chan-
nels for triggering economic cycle synergy rise. In order
to stabilize the domestic market’s large fluctuations, it is
necessary to further encourage the expansion of domestic
trade scale, give play to the risk sharing function of domes-
tic trade, and at the same time control the amplification ef-
fect of local government expenditures on agricultural eco-
nomic fluctuations.
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