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Why is dairy production so
difficult to stabilize? Research on
the micro-mechanism and
transformation mechanism of
cyclical fluctuations of raw milk
prices in China

Junguo Hua, Chunhui Ma, Yu Kang* and Yunfei Jia*

School of Economics and Management, Henan Agricultural University, Zhengzhou, China

Introduction: The cyclical fluctuations characterized by drastic ups and downs in
raw milk prices have long been one of the bottlenecks restricting the high-quality
development of the Chinese dairy industry.
Methods: To clarify the formation rule of the cyclical fluctuations of raw milk
prices in China, this study deeply analyzed the internal mechanism of the periodic
fluctuations in raw milk prices from a microscopic perspective. Utilizing price
index data from November 2007 to August 2024, we used a two-threshold
mechanism transfer model to research the transformation mechanism and
duration of the periodic fluctuations in raw milk prices.
Results and discussion: The findings indicated that raw milk price fluctuations
exhibit nonlinear mechanism transformations at two critical thresholds: a price
index of 107.74 (which reflects an approximate increase of 8% after adjusting
for seasonal and pricing factors) and a change rate in the price index of 0.016
(approximately 0). A complete price fluctuation cycle of raw milk comprises
four phases: the low-price uptrend phase, the high-price uptrend phase, the
high-price downtrend phase, and the low-price downtrend phase. Among these
phases, the duration of the upward phases is generally longer than that of the
downward phases; the duration of the high-price uptrend phase and the low-
price downtrend phase exceeds that of the low-price uptrend phase and the
high-price downtrend phase, respectively. Hence, relevant policy suggestions
are put forward from four main aspects: strengthening source governance,
improving the regulatory mechanism, building an early warning system, and
establishing a purchase and storage system.
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1 Introduction

Raw milk is a strategic raw material in dairy production (Lu et al., 2025). Its price
not only accurately reflects market supply, demand, and expectations but also directly
represents production value and processing costs. Thus, the raw milk price plays a critical
role in overall signal transmission, supply and demand guidance, and the safety and
stability of the dairy industry chain (Yan et al., 2018). However, in recent years, price
fluctuations in agricultural products have resembled a roller-coaster ride (Zhang et al.,
2025). The cyclical issue of sharp volatility in raw milk prices has also become an urgent
problem to be solved in the dairy industry (Acosta et al., 2014; Wang et al., 2023).
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By the end of December, the average price of raw milk in China’s 10
main dairy producing provinces stood at 3.11 yuan/kg, marking a
15.03% decrease compared to the end of 2023. This also represents
the third consecutive year of decline in raw milk prices. In 2024,
the annual average price of raw milk was 3.32 yuan/kg, while
the yearly average milk production cost at monitored dairy farms
under the National Dairy Cattle Industry Technology System was
3.46 yuan/kg. The raw milk price has dipped below the cost of
production, and even over 80% of dairy farms lose money (Li
et al., 2025). In response to the current severe situation of dairy
production, it is urgent to reveal the cyclical fluctuation rule of raw
milk prices in China. By doing so, effective measures can be taken
to prevent dairy farmers from dumping milk and even killing their
cows due to falling milk prices, help dairy farms emerge from the
predicament as soon as possible, and ensure the long-term stable,
healthy, and sustainable development of the dairy industry.

Price fluctuations are a normal phenomenon reflecting the
function of the price mechanism. However, due to the long
production cycle of raw milk, the price mechanism has a certain
lag. During the fluctuation process, prices are prone to periodic
sharp ups and downs (Liu et al., 2019), which will frequently lead
dairy farmers to dump milk, even kill their cows, and compete for
raw milk. According to incomplete statistics, since 2003, China has
experienced more than 10 such incidents (Yu et al., 2018). The
cyclical fluctuations in raw milk prices have always hindered the
healthy development of the dairy industry. Milk is regarded as
one of the most volatile agricultural products in the international
market (Acosta et al., 2014; Piotr et al., 2020). On the surface,
international milk prices (Wang et al., 2023), feed prices (Burak
et al., 2021), historical prices (Wang et al., 2020), per capita income
(Svetlana and Sebastian, 2022), climate change (Arief et al., 2020),
etc., are the key factors influencing the fluctuations of raw milk
prices. These factors have significant positive or negative impacts
on raw milk prices.

Essentially, the unreasonable benefit distribution, low
production efficiency, and the stage characteristics of
transformation and adjustment are the fundamental reasons
for the sharp fluctuations in raw milk prices (Yu et al., 2018). They
are also important factors restricting the further development of the
Chinese dairy industry (Yu et al., 2023b). Under the “dairy farmers
+ dairy stations + dairy processing enterprises” production model,
dairy processing enterprises capture 74.7% of revenue distribution,
while dairy farmers receive only 9.1% of the benefits (Huan et al.,
2020). It can be seen that dairy farmers seriously lack a say in the
price formation mechanism of raw milk and have a relatively low
status in the industrial chain. The purchase price guidance policy
of raw milk can significantly improve the unfavorable situation
and effectively promote the balanced distribution of profits among
the main players in the dairy supply chain (Hu et al., 2021). In
addition, product and quality differentiation in the dairy market
will help dairy farmers achieve higher and more stable prices and
then expand the profit margins of producers (Wang et al., 2024).

Based on the research perspective of periodic fluctuations in
raw milk prices, scholars tend to extract sequences with certain
changing trends from the time series data of raw milk prices
to depict the fluctuation characteristics of raw milk prices. For
instance, Chen et al. (2015) found that the price fluctuations of

raw milk exhibit obvious periodicity, as identified through the
Census X12 and H-P filtering methods; Liu and Liu (2017) further
utilized the B-N decomposition method and discovered the cyclical
fluctuations in raw milk prices, with an average cycle of 33 months.
Some studies have found that the price fluctuations of raw milk are
asymmetric. In other words, the impacts of raw milk price increases
and declines differ. The price decline has a relatively large effect on
raw milk prices (Kang et al., 2016), and the adjustment speed is also
significantly faster (Acosta and Valdés, 2014). However, Wang et al.
(2020) believe that after adding the control variables, there is no
obvious asymmetry in the price fluctuations of China’s raw milk.

Regarding the non-linear characteristics of raw milk price
fluctuations, Miao and Xu (2023), using the STECM model,
found that the price fluctuations of raw milk exhibit distinct
regime-switching characteristics, and the transition speed between
different regimes is 1.1924. To visually and flexibly capture the
transformation of raw milk prices between different phases, Li
and Luan (2017), based on a Markov regime-switching model,
found that the fluctuation degree and duration of raw milk prices
were different in the rapid rise phase, the steady growth phase,
and the decline phase. Among them, the rapid rise phase > the
steady growth phase > the decline phase. Yang et al. (2020) further
used the MS-GAECH model to investigate the dual asymmetry of
raw milk price fluctuations. They found that the raw milk price
was more persistent under the state of sharp fluctuations, and
the impact brought by “negative news” was greater than that of
“positive news.” There is also a threshold effect in the fluctuations
of raw milk prices. When the monthly feeding cost per cow is
between 718.67 yuan and 917.91 yuan, and the imported raw milk
price is between 20.28 and 24.55 yuan/kg, the raw milk price is in
a normal operating state. Otherwise, it will fluctuate sharply (Hua
et al., 2020).

Existing studies indicate that the price fluctuations of raw
milk have obvious periodicity, and the degree and duration
of raw milk price fluctuations are significantly different in
various phases. However, few articles comprehensively depict the
microscopic mechanism of the cyclical fluctuations in raw milk
prices, as well as the timing and duration of transitions under
different mechanisms. Compared with other methods for analyzing
the periodic fluctuations of raw milk prices, the two-threshold
mechanism transfer model can adapt to data changes by adjusting
thresholds, capturing the dynamic evolution characteristics of
the data. Therefore, it can provide a more intuitive economic
explanation and higher flexibility and adaptability. For instance,
Ou Yang and Li (2023) constructed the two-threshold panel model
to analyze the non-linear spillover effect of the Federal Reserve’s
unexpected monetary policy on Chinese enterprises’ R&D, and
Hua (2013) studied the inflation persistence in the inflation
cycle depicted by the two-threshold variable regime-switching.
The application of methods in the literature provides important
references for studying the periodic fluctuations of raw milk prices.

Therefore, the marginal contributions of this paper are as
follows. The first is to reveal the formation mechanism of the
periodic fluctuations in raw milk prices as the main research
content, further expand the related research on the fluctuations
in raw milk prices, and deepen the understanding of the periodic
fluctuation rule of raw milk prices. The second is to depict the

Frontiers in Sustainable Food Systems 02 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1655741
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Hua et al. 10.3389/fsufs.2025.1655741

microscopic mechanism formed by the periodic fluctuations of raw
milk prices under external shocks, based on the law of diminishing
marginal returns, the dynamic game theory, and the price
leadership model in microeconomics. The third is to use the two-
threshold mechanism transfer model to measure the mechanism
transformation and duration of the periodic fluctuations in
raw milk prices, providing decision-making references for the
government to formulate relevant price control policies.

2 Materials and methods

2.1 Theoretical analysis

2.1.1 The dynamic evolution characteristics of
periodic fluctuations in raw milk prices

To accurately understand the cyclical fluctuation characteristics
of raw milk prices, this paper first conducts CPI reduction on the
raw milk price data from May 2006 to September 2024 (with May
2006 as the base = 100) to eliminate the influence of price factors.
The result is shown in Figure 1A. Second, it utilizes the Census
X12 seasonal adjustment method to separate the cycle and irregular
fluctuations from the raw milk price data. The smoothed and cycle
fluctuations are finally separated by using the H-P filtering method.
The results are shown in Figures 1B–D. Irregular fluctuations
refer to price fluctuations caused by occasional events, such as
emergencies, animal diseases, epidemics, policy adjustments, and
drought in major importing countries. For instance, Australia’s
severe drought in 2007, the Chinese melamine incident in 2008, the
EU’s abolition of the milk production quota system in 2015, and the
COVID-19 pandemic in 2020, etc. It can be known from Figure 1B
that the randomness of irregular fluctuations in raw milk prices
is relatively strong. Moreover, during these periods, the random
fluctuations in raw milk prices are relatively large.

In Figure 1C, divided by “trough-to-trough,” the fluctuations of
raw milk prices as a whole present five relatively obvious cycles. In
addition, the fluctuation amplitude and duration of raw milk prices
are different within diverse cycles. Among them, the fluctuation
duration of the fourth cycle, from March 2015 to May 2020, was
the longest, but the overall fluctuation amplitude was relatively
small. It can be seen in Figure 1D that the price fluctuations of
raw milk present a trend of “rise-fall-rise-fall,” with three obvious
inflection points in February 2014, April 2018, and September
2021. That is, the fluctuations in raw milk prices have non-
linear characteristics. Thus, it’s essential to precisely capture the
dynamic characteristics of raw milk price fluctuations and clarify
their microscopic mechanisms at different stages to uncover the
evolution pattern of these cyclical fluctuations.

2.1.2 Analysis of the microscopic mechanism of
periodic fluctuations in raw milk prices

Given raw milk’s perishability and non-storability at room
temperature, upstream producers require relatively fixed sales
channels to sell raw milk promptly. Downstream dairy processing
enterprises also need a stable milk source to ensure an adequate
supply of dairy products. As a result, almost all raw milk producers
and dairy processing enterprises sign purchase-sale contracts to

regulate transactions and foster long-term and stable partnerships.
When the expected income is fixed, high prices will increase
consumers’ input costs and reduce consumer surplus. Therefore,
regardless of other external conditions, the sales volume of goods
is closely related to the selling price. That is to say, there is a
direct relationship between consumer behavior and dairy prices
(Li et al., 2023). Considering the oligopoly market structure of
the Chinese dairy industry (Yu et al., 2023a), to conveniently
analyze the periodic fluctuations of raw milk prices, we assume that
there are two dairy processing enterprises, A and B, in a specific
area’s dairy market. They respectively, have their customers. What’s
more, all raw milk they purchase can be promptly converted into
homogeneous products for sale, meaning purchase volume equals
sales volume.

When the milk source is scarce in the upstream production
process, dairy processing enterprises i (i = A, B) are in a passive
position. Only by raising the purchase price pi, can the purchase
volume qi be increased. At this time, the function of the raw milk
purchase volume is:

qi = ai + bipi (1)

In Equation 1, where ai is the basal raw milk purchase volume
of the enterprise i, bi is the influence coefficient of the purchase
price on the purchase volume.

In the downstream consumer market, due to the unchanged
consumer demand in the short term, dairy processing enterprises
can set the market price when raw milk is in short supply. Only
when the selling price of dairy products rises to ensure a certain
profit margin, will processing enterprises be willing to purchase
more raw milk. Considering that the dairy products sold by
Enterprise A and Enterprise B are homogeneous, we assume that
the selling prices of the two enterprises are the same. If PS is the
selling price of dairy products, the function of the sales volume is:

QS = σ + βPS (2)

When the milk source is abundant in the upstream production
process, processing enterprises i (i = A, B) hold the initiative. Only
when the purchase price pi drops, will they be willing to increase
the purchase volume qi. At this time, the function of the raw milk
purchase volume is:

qi = ki − ripi (3)

In Equation 3, where ki represents the potential maximum
raw milk purchase volume of the enterprise i, ri is the influence
coefficient of the purchase price on the purchase volume.

In the downstream consumer market, because of the abundant
supply of raw milk, dairy processing enterprises will use price
competition to grab a larger market share. At this time, the function
of dairy product sales volume is:

QS = ϕ − δPS (4)
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FIGURE 1

Trend of raw milk price changes. (A) Fluctuations of raw milk prices. (B) Irregular fluctuations of raw milk prices. (C) Cycle fluctuations of raw milk
prices. (D) Smoothed fluctuation s of raw milk prices.

In Equations 2, 4, σ and ϕ, respectively, represent the potential
maximum sales volume of raw milk in the market during
periods of scarce and abundant milk sources, β and δ are the
influence coefficients of the sales price on the sales volume in the
corresponding periods. The total purchase volume of raw milk in
the market can be expressed as Equation 5:

Q = qA + qB (5)

Generally, when domestic and international dairy production
or trade encounters major external shocks, such as animal disease,
drought, and trade friction, there will be an imbalance between
supply and demand in the domestic dairy market. This will result
in short-term price fluctuations and long-term cyclical fluctuations.
The raw milk price will go through the fluctuation process as shown
in Figure 2. There are four phases: slow increase, rapid increase,
rapid decrease, and slow decrease. The microscopic mechanism
analysis of price formation is as follows:

1. The phase of the slow price increase. Suppose that during a
certain period, dairy farming or imported raw milk powder is
adversely affected by external shocks. As a consequence, there
is a shortage of raw milk supply in the domestic market. To
maintain the normal supply, dairy processing enterprises need
to ensure that the total amount of purchased raw milk remains
unchanged. According to the market supply theory, Enterprise
A and Enterprise B will increase qA and qB by raising pA

and pB, respectively. The rise of pA and pB will also stimulate
dairy farmers to increase the input of production factors to
increase output and marginal revenue in a short period. At
this point, the extent to which the increase in raw milk prices
depends on the degree to which the supply curve of raw milk
shifts to the left due to external shocks. That is the distance
from S0 to S1 in Figure 2A. Due to contractual constraints,
when farmers change from cooperating with Enterprise
A to cooperating with Enterprise B or from cooperating
with Enterprise B to cooperating with Enterprise A, there
is a penalty cost. When the difference between purchase
prices of processing enterprises is not sufficient to cover
default costs, farmers, as rational economic agents, will not
choose to default and turn to enterprises with slightly higher
purchase prices for raw milk. At this stage, there is no price
competition between the two enterprises. Raw milk prices
generally show a slow upward trend, as shown in Figure 2A’s
stage I.

2. The phase of the rapid price increase. The production
function of dairy cows has a stage of diminishing marginal
output, so there is a limit to the effect of processing
enterprises to increase the output of dairy farmers through
price incentives. With the further reduction of the total market
supply, Enterprise A and Enterprise B can only rely on price
competition to increase the purchase volume of raw milk.
That is to say, they will try to grab more milk from their
competitors by raising the price more steeply. In the raw
milk market, dairy farmers are restricted by contractual costs.
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FIGURE 2

Raw milk price rise and decline phases. (A) Raw milk price rise phase. (B) Raw milk price decline phase.

Only Enterprise A sets the purchase price for raw milk in the
period t as:

cdB + pBt−1 ≤ pAt ≤ PS − cmA (6)

Farmers who cooperate with Enterprise B will be willing to breach
the contract and switch to cooperating with Enterprise A. And then
Enterprise A will be able to increase the purchase volume of raw
milk. Enterprise A will not stop raising the price until the marginal
profit is 0. In Equation 6, cdB represents the conversion cost per
unit product of the cooperative farmers with Enterprise B, pBt−1
is the purchase price of raw milk for Enterprise B in the period
t − 1, and cmA means the constant marginal production cost of
Enterprise A. Similarly, if farmers who cooperate with Enterprise
A switch to cooperate with Enterprise B, the purchase price of raw
milk by Enterprise B in the period t also needs to be:

cdA + pAt−1 ≤ pBt ≤ PS − cmB (7)

In Equation 7, where cdA is the conversion cost per unit product
of the cooperative farmers with Enterprise A, pAt−1 represents the
purchase price of raw milk for Enterprise A in the period t − 1, and
cmB denotes the constant marginal production cost of Enterprise B.
As time goes by, the price decision-making processes of Enterprise
A and Enterprise B have formed a dynamic game and will further
cycle the above process.

As the dairy processing industry is a resource-constrained
sector, “whoever holds the milk source will own the market.” When
one enterprise detects changes in the market situation, it is bound
to make strategic adjustments first, and then other enterprises will
follow suit. Suppose Enterprise A is in a dominant position or acts
as a leader and takes the lead in setting the price. Enterprise B is in
a subordinate position or acts as a follower and makes the decision
after the leader sets the price. Next, we use backward induction to
analyze the formation process of the final price.

Suppose the final purchase price of raw milk set by the leader
enterprise A is pA, then the follower enterprise B will choose to set

the price as pB. At this point, if followers want to maximize profits,
they need to meet the following requirement (Equation 8):

max
pB

qB
(
PS − pB − cmB

)
(8)

According to the condition “the purchase volume equals the
sales volume,” we can obtain “Q = QS.” Then, the selling price of
raw milk can be expressed as Equation 9:

PS = aA + aB − σ

β
+ bA

β
pA + bB

β
pB (9)

Plugging Equation 9 into Equation 8, the optimal purchase
price for the follower enterprise B to maximize profits can be
obtained (Equation 10):

pB = aA + aB − σ − βcmB

2
(
β − bB

) − aB

2bB
+ bA

2
(
β − bB

)pA (10)

Under the price pA set by the leading enterprise A, the profit
can be achieved (Equation 11):

πA = qA
(
PS − pA − cmA

)
(11)

By differentiating Equation 11, the optimal purchase price for
maximizing the profit of the leading enterprise A can be known
(Equation 12):

p∗A = (aA − σ)
(
2β − bB

) + β
[
aB − 2βcmA + bB (2cmA − cmB)

]

2bAbB + 4β
(
β − bA − bB

)

− aA

2bA
(12)

Substituting Equation 12 into Equation 10, the optimal
purchase price of the follower enterprise B can be obtained
(Equation 13):

Frontiers in Sustainable Food Systems 05 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1655741
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Hua et al. 10.3389/fsufs.2025.1655741

p∗B = aA + 2aB − 2σ − 2βcmB

4
(
β − bB

) − aB

2bB

+ bA
(aA − σ)

(
2β − bB

) + β
[
aB−2βcmA+bB (2cmA − cmB)

]

4
(
β − bB

) [
bAbB + 2β

(
β − bA − bB

)]

(13)

Putting p∗A and p∗B in Equation 1, the optimal purchase
quantities of Enterprise A and Enterprise B can be known,
respectively (Equations 14, 15):

q∗A = aA

2

+ bA
(aA − σ)

(
2β − bB

) + β
[
aB − 2βcmA + bB (2cmA − cmB)

]

2bAbB + 4β
(
β − bA − bB

)

(14)

q∗B = aB
2 + bB

4(β−bB){
aA + 2aB − 2σ − 2βcmB + bA

(aA−σ)(2β−bB)+β[aB−2βcm A+bB(2cm A−cm B)]
bAbB+2β(β−bA−bB)

}
(15)

Since any unilateral price adjustment by Enterprise A will
trigger the same response from Enterprise B, this makes the price
adjustment strategy unable to bring additional profits to Enterprise
A. The same applies to Enterprise B. Only when both Enterprise
A and Enterprise B simultaneously meet the condition that “their
price strategies are the optimal responses to each other’s strategies”
will a stable strategy combination be formed in the market.
Otherwise, any deviation from the equilibrium will be offset by the
other party’s strategy, failing to achieve profit improvement. The
same applies to the phase of rapid price decline. Therefore, under
respective optimal purchase prices and quantities, Enterprise A and
Enterprise B ultimately maximize their profits and are in a Nash
equilibrium state. Analogy to the entire monopolistic competition
market, the final market price of raw milk is the weighted average
of the optimal purchase prices of all dairy processing enterprises in
the regional market. During this process, raw milk prices show a
rapid upward trend, as shown in Figure 2A’s stage II. High profits
will prompt the dairy industry to make additional investments
and expand the number of dairy cows to increase the production
capacity of raw milk. Once one farm starts to expand its inventory,
more farms will follow suit. The herd behavior will lead to a serious
oversupply after the release of production capacity in the later stage,
thus causing a sharp drop in the price of raw milk.

3. The phase of the rapid price decline. The supply elasticity
of raw milk production is much greater than the demand
elasticity (Zhou et al., 2008). Hence, when the production
capacity is released in the late stage and the supply gap is filled,
an oversupply of raw milk will start to occur in the market.
After capturing the market signal, dairy processing enterprises
will immediately choose to lower the purchase price of raw
milk. And as long as the purchase price of Enterprise A in
the period t is lower than that of Enterprise B in the period
t − 1, and the price gap does not exceed the default cost per
unit product of Enterprise A (Equation 16):

pBt−1 − cdA ≤ pAt ≤ pBt−1 (16)

Enterprise A will continuously lower the purchase price based on
the previous price of Enterprise B to maximize its profits until the
marginal benefit of dairy farmers is lower than the marginal cost.
Processing enterprises are the price setters, while dairy farmers
are the price takers (Can and Engindeniz, 2025; Liu et al., 2023).
Thus, processing enterprises can adopt a price reduction strategy to
guarantee their profits.

Enterprise B is also the same. As long as the purchase price of
Enterprise B in the period t is lower than that of Enterprise A in the
period t − 1, and the price gap does not exceed the default cost per
unit product of Enterprise B (Equation 17):

pAt−1 − cdB ≤ pBt ≤ pAt−1 (17)

Based on the previous price of Enterprise A, Enterprise B
will continuously reduce the purchase price of raw milk until the
maximum profit is achieved. This phase still belongs to the process
of the dynamic game, and the formation process of the final price
is analyzed using backward induction. If the leader enterprise A
eventually sets the price at pA, the follower enterprise B will choose
to set the price at pB. At this point, if follower Enterprise B wants
to maximize profits, it needs to meet the following requirement
(Equation 18):

max
pB

qB
(
PS − pB − cmB

)
(18)

Based on the condition “Q = QS,” the selling price of raw milk
can be deduced as Equation 19:

PS = ϕ − kA − kB

δ
+ rA

δ
pA + rB

δ
pB (19)

Carrying Equation 19 to Equation 18, the optimal purchase
price for the follower enterprise B to maximize profits can be
obtained (Equation 20):

pB = ϕ − kA − kB − δcmB
2 (δ − rB)

+ kB

2rB
+ rA

2 (δ − rB)
pA (20)

For the leader enterprise A, at the purchase price pA it has set,
the profit can be obtained (Equation 21):

πA = qA
(
PS − pA − cmA

)
(21)

By differentiating Equation 21, the optimal purchase price
for maximizing the profit of Enterprise A can be determined
(Equation 22):

p∗A = kA

2rA

−
(
ϕ − kA

)
(rB − 2δ) + δ

[
kB + 2δcmA + rB (cmB − 2cmA)

]
2rArB + 4δ (δ − rA − rB)

(22)
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Substituting Equation 22 into Equation 20, the optimal
purchase price of the follower enterprise B can be known
(Equation 23):

p∗B = kB

2rB
− 2ϕ − kA − 2kB − 2δcmB

4 (rB − δ)

+ rA

(
ϕ − kA

)
(rB − 2δ) + δ

[
kB + 2δcmA + rB (cmB − 2cmA)

]
4 (rB − δ) [rArB + 2δ (δ − rA − rB)]

(23)

Putting p∗A and p∗B in Equation 3, the optimal purchase
quantities of Enterprise A and Enterprise B can be obtained,
respectively (Equations 24, 25):

q∗A = kA

2

+ rA

(
ϕ − kA

)
(rB − 2δ) + δ

[
kB + 2δcmA + rB (cmB − 2cmA)

]
2rArB + 4δ (δ − rA − rB)

(24)

q∗B = kB
2 + rB

4(rB−δ){
2ϕ − kA − 2kB − 2δcmB − rA

(ϕ−kA)(rB−2δ)+δ[kB+2δcm A+rB(cm B−2cm A)]
rArB+2δ(δ−rA−rB)

}
(25)

Ultimately, under respective optimal purchase prices and
quantities, Enterprise A and Enterprise B achieve maximum profits
and are in a Nash equilibrium state. By analogy, in the entire
monopolistic competition market, the final market price of raw
milk is also the weighted average of the optimal purchase prices of
all dairy processing enterprises in the regional market. The rapid
decline trend of raw milk prices is shown in Figure 2B’s phase III.
This phase will lead to a sharp decline in the profits of the dairy
farming industry, and poorly managed enterprises will start to enter
a loss-making state.

4. The phase of the slow price decline. When the actual
purchase volume of raw milk exceeds the optimal purchase
volume, the processing enterprise will stop purchasing raw
milk. However, as processing enterprises are also bound
by contracts, they cannot easily refuse to accept raw milk
from dairy farmers. Considering the long-term cooperation
and interest, processing enterprises will try their best to
purchase the milk sources of cooperative farmers and address
surplus through some measures, like price-off promotions
and producing milk powder for storage. Subsequently, based
on the competitive and self-digestion situation, the purchase
price should be further adjusted. When the digestion cost
of excessive raw milk increases or processing enterprises
need to participate in market competition through discounted
sales, they may further lower the purchase price to maintain
or increase the market share. From the overall market
performance, raw milk prices show a slow downward trend,
as seen in phase IV of Figure 2B. At this point, the continuing
slump in raw milk prices will lead to large-scale losses in the
dairy farming industry. Even some dairy farmers have begun
to dump milk and kill their cows. This phase will not end

until the government intervenes or new shocks occur. The
formation mechanism of raw milk prices at different phases
is shown in Figure 3.

2.2 Data sources and processing

To accurately depict the cyclical fluctuation characteristics of
raw milk prices, this paper uses the year-on-year price index
of raw milk to measure the changes. Given the availability and
completeness of the data, the sample period is selected from
November 2007 to August 2024. A total of 202 samples were
collected. The data is derived from the average price of raw milk in
10 main dairy producing provinces, namely Hebei, Shanxi, Inner
Mongolia, Liaoning, Heilongjiang, Shandong, Henan, Shaanxi,
Ningxia, and Xinjiang. It is fixedly monitored by the Ministry of
Agriculture and Rural Affairs of China. In addition, we make use of
Census X12 seasonal adjustment and CPI deflator to eliminate the
effects of seasonal and price factors.

2.3 Model setting

On the premise of stable data, referring to the research method
of Taylor (2000), the duration of price fluctuations is calculated
based on the estimation results of the autoregressive coefficient of
raw milk price changes. Its basic expression is:

Pt = α0 +
q∑

i=1

αiPt−i + ut = α0 + A (L) Pt−i + ut (26)

In Equation 26, where α0 is the constant term,
∑q

i=1 αi is the
autoregressive coefficient, ut is the random errorterm, A (L) =
α1L + α2L2 + ... + αqLq is a lag operator polynomial. Among
them, A (1) = α1 + α2 + ... + αq. The larger A (1) is, the
stronger the duration of fluctuations in raw milk prices will
be. From the perspective of econometrics, the duration of price
fluctuations refers to the length of time over which the dynamic
response of prices to external shocks persists. During periods of
high and low raw milk prices, and at different stages of upward
and downward prices, the duration of fluctuations in raw milk
prices may vary significantly. Neither directly using the Equation 26
nor making simple improvements to it can accurately describe the
dynamic change characteristics of the duration of fluctuations in
raw milk prices.

To accurately describe the periodic fluctuation characteristics
of raw milk prices, this paper takes Pt−d as one threshold
variable, representing the raw milk prices’ lagging t − d periods.
Among them, d is the positional parameter to be estimated,
which is used to reflect the mechanism transformation of the
price change in raw milk under different price fluctuation levels.
Furthermore, we define the rate of change in raw milk prices
as �Pt−d = (

Pt−d − Pt−d−1
)
/Pt−d−1. If �Pt−d > 0 indicates

that the price fluctuation is in the upward range; if �Pt−d < 0
indicates that the price fluctuation is in the downward range; and
the larger

∣∣�Pt−d
∣∣ is, the faster the price rises or falls. Taking

�Pt−d as the other threshold variable can reflect the mechanism
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FIGURE 3

The formation mechanism of raw milk price fluctuations.

transformation of the price change in raw milk during the upward
or downward price stage. Therefore, in this paper, by constructing
a two-threshold mechanism transfer model, it is depicted that the
duration of raw milk price fluctuations undergoes a non-linear
transformation with the joint changes of the raw milk price level
and the direction of price adjustment. The specific formula is
as follows:

P =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

α
(1)
0 + ∑q(1)

i=1 α
(1)
i Pt−i + u1t , Pt−d < γ1, �Pt−d ≥ γ2

α
(2)
0 + ∑q(2)

i=1 α
(2)
i Pt−i + u2t , Pt−d ≥ γ1, �Pt−d ≥ γ2

α
(3)
0 + ∑q(3)

i=1 α
(3)
i Pt−i + u3t , Pt−d ≥ γ1, �Pt−d < γ2

α
(4)
0 + ∑q(4)

i=1 α
(4)
i Pt−i+u4t , Pt−d < γ1, �Pt−d < γ2

(27)

In Equation 27, where γ1 and γ2 are the thresholds depicting
the timing of the mechanism transformation. The definitions of
the remaining variables are the same as before. Specifically, when
the price fluctuation Pt−d of raw milk is less than γ1 and the
price change rate �Pt−d is greater than or equal to γ2, this is
called mechanism I, and the duration of price fluctuations is

measured by the estimated
∑q(1)

i=1 α
(1)
i . When the price fluctuation

and change rate are, respectively, greater than or equal to the
thresholds (γ1, γ2), it is called mechanism II, and the duration of
price fluctuations is measured by estimated

∑q(2)

i=1 α
(2)
i . When the

price fluctuation is greater than or equal to γ1 and the price change
rate is less than γ2, it is called mechanism III, and the duration
of price fluctuations is measured by the estimated

∑q(3)

i=1 α
(3)
i .

When the price fluctuation and the rate of price change are,
respectively, less than the thresholds (γ1, γ2), it is called mechanism

IV, and the duration of price fluctuations is measured by estimated∑q(4)

i=1 α
(4)
i . The different values of

∑q(j)

i=1 α
(j)
i (j = 1, 2, 3, 4)

reflect the changes in the inertia of price fluctuations under
different mechanisms.

2.4 Model estimation and test methods

2.4.1 Estimation method
Chen et al. (2012) systematically expounded the estimation

and test method of this model. Let T represent the sample
size, q = max

(
q(1), q(2), q(3), q(4)

)
, α

(j)
k = 0, k >

q(j)
(
j = 1, 2, 3, 4

)
. Further, we define the regression coefficient

α(j) =
(
α
(j)
0 , α(j)

1 , α(j)
2 , ..., α(j)

q

)′
, γ = (γ1, γ2), e = (

Pt−d, �Pt−d
)
.

φt (γ ) is the indicator function, where φ
(1)
t (γ ) = I(Pt−d <

γ1, �Pt−d ≥ γ2), φ
(2)
t (γ ) = I

(
Pt−d ≥ γ1, �Pt−d ≥ γ2

)
,

φ
(3)
t (γ ) = I(Pt−d ≥ γ1, �Pt−d < γ2), φ

(4)
t (γ ) = I(Pt−d <

γ1, �Pt−d < γ2). Therefore, Equation 27 can be expressed as
Equation 28:

P =
4∑

j=1

Ij (γ )Xtα
(j) + U (28)

Where Xt = (
1, Pt−1, Pt−2, ..., Pt−q

)
, Ij (γ ) =

diag
{
φ
(j)
1 (γ ) , φ(j)

2 (γ ) , ..., φ(j)
T (γ )

}
, U = (u1, u2, ..., uT)′.

Because Equation 28 is a non-linear model, under the condition
that the parameter

(
γ , d

)
is unknown, the estimation of
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the regression coefficient α(j) cannot be directly obtained.
Therefore, assuming that

(
γ , d

)
is known, by applying the

conditional least squares method to Equation 28, we can obtain
Equation 29:

α̂(j) (
γ , d

) = [
X′Ij (γ ) X

]−1 X′Ij (γ ) P (29)

The
(
γ , d

)
that minimizes RSS is the

(
γ̂ , d̂

)
to be estimated:

(
γ̂ , d̂

)
= argmin RSS(γ , d) (30)

In Equation 30, where RSS
(
γ , d

)
represents the sum of squared

residuals. The α̂(j)
(
γ̂ , d̂

)
corresponding to

(
γ̂ , d̂

)
is the consistent

estimation result of the regression coefficient of the Equation 30.

2.4.2 Test method
Before estimating the Equation 27, it is necessary to first

test whether non-linearity exists and the number of mechanisms
it contains. This paper refers to the method of Bootstrap for
calculating empirical p-values based on F-type statistics proposed
by Hansen (1999). The specific steps are as follows:

(1) Set the null hypothesis H0: There is no non-linear
relationship; the alternative hypothesis H1: There is a non-linear
relationship. Under the condition that the null hypothesis holds,
we calculate the sum of squared residuals RSS0 of the linear model.
Meanwhile, we also calculate the sum of squared residuals RSS1
under the alternative assumption. Then the true test statistic F0 is
calculated (Equation 31):

F0 = T (RSS0 − RSS1)

RSS1
(31)

(2) Repeat process (1) N times using retracted sampling to
obtain N F-statistics.

(3) Calculate the empirical p-value:

P = n(F > F0)
N

(32)

In Equation 32, where N represents the number of sampling
times and is 10,000 (the same as below); n(F > F0) indicates the
number of values greater than F0 among N F-values. If the p-value
is significant, the null hypothesis is rejected and the alternative
hypothesis is accepted. This means that Equation 27 is a non-linear
multi-mechanism model. Otherwise, Equation 27 degenerates into
a single-mechanism linear model.

If there is a non-linear threshold mechanism transformation
in the Equation 27, the number of mechanisms it contains is
subsequently examined. The test of three mechanisms against four
mechanisms is first realized. Set a null hypothesis H(1)

0 that contains
three mechanisms: For any α(l) and α(j), there is a certain set
of α(l) = α(j), l �= j, l, j = 1, 2, 3, 4; an alternative hypothesis
H(1)

1 containing four mechanisms: For any α(l) and α(j), α(l) �=
α(j). The test statistics and calculation process of the mechanism
quantity are similar to the above-mentioned non-linear test. So
there is no need to elaborate further here.

If the null hypothesis H(1)
0 is rejected, it indicates that there

are four mechanisms in the Equation 27. If not, the Equation 27
has three mechanisms or two mechanisms, and the test of two
mechanisms against three mechanisms should continue. Set the
null hypothesis H(2)

0 : Three of α(j)
(
j = 1, 2, 3, 4

)
are equal, that is,

the model has two mechanisms; H(2)
1 : The model contains three

mechanisms. At this point, there are three different combinations of
the null hypothesis H(2)

0 , and hypothesis tests need to be conducted
on each of the three different combinations, respectively. If three
sets of null hypotheses in H(2)

0 are all rejected, Equation 27 contains
three mechanisms. Or else, Equation 27 contains two mechanisms.
The specific steps are the same as above.

To sum up, the estimation and test steps of the Equation 27
implemented in this paper are as follows: Firstly, sequential tests
are conducted on H0, H(1)

0 | (H0 was established), and H(2)
0 | (H0

and H(1)
0 hold) respectively; secondly, based on the test results, the

number of mechanisms contained in Equation 27 is determined;
thirdly, the model is estimated according to Equation 29.

3 Results

3.1 Model estimation and test results

The estimation and test methods of Equation 27 proposed by
Chen et al. (2012) require that the data be stable. Firstly, the stability
of the raw milk price index is judged by using the unit root test. The
test results of both PP and KPSS indicate that, for the test type of
(c, 0, 0), the raw milk price index passed the significance test. This
suggests that the data is a stationary time series.

Secondly, we need to determine the value range of the position
parameter d and the threshold parameter γ . Considering the small
sample size in this paper, the range of the positional parameter d is
set from −3 to 3. To accurately depict the non-linear characteristics
of the price changes in raw milk, the value range of the threshold
parameter must be within the sample range. If the value range
of the threshold parameter is on the outside or boundary of
the sample, the non-linear characteristics cannot be reasonably
characterized (Ou Yang and Li, 2023). Referring to the practice
of Hua (2013), Pt−d and �Pt−d within the sample periods are
arranged in ascending order. The sample points corresponding to
the 15% and 85% positions, respectively, are selected as the possible
value intervals of γ1 and γ2. As a result, the value range of γ1 is
(90.047, 115.221) and γ2 is (-0.018, 0.017).

Finally, based on the test method described earlier, a non-linear
test is conducted on the Equation 27, with the null hypothesis H0:
α(1) = α(2) = α(3) = α(4). Since there are various forms of
alternative assumptions, here we choose H1: α(1) �= α(2) = α(3) =
α(4). According to the test method introduced in the previous text,
10,000 times repeated sampling is conducted, and then p=0.008
is obtained. This indicates that at the significance level of 1%,
the null hypothesis is rejected and the alternative hypothesis is
accepted. Raw milk prices will undergo a non-linear transformation
mechanism with the change of the threshold. Next, the number of
mechanisms contained in the model is examined. The specific test
results are shown in Table 1.

As shown in Table 1, the p-values of the null hypotheses
“Mechanism I does not exist,” “Mechanism II does not exist,” and
“Mechanism IV does not exist” are significant at the 1% level, while
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TABLE 1 Test results of three mechanisms against four mechanisms.

Null hypothesis H0:
s = 3

Mechanism I does
not exist

Mechanism II does
not exist

Mechanism III does
not exist

Mechanism IV does
not exist

Alternative
hypothesis H1: s = 4

Mechanism I exists Mechanism II exists Mechanism III exists Mechanism IV exists

Empirical p-value 0.0095∗∗∗ 0.0097∗∗∗ 0.0114∗∗ 0.0096∗∗∗

∗∗∗ and ∗∗ respectively, represent the statistical significance levels of 1% and 5%; s is the number of contained mechanisms.

the p-value of the null hypothesis “Mechanism III does not exist”
is significant at the 5% level, indicating that all null hypotheses
have been rejected. Since the non-linear effect has been confirmed
previously, it can be determined without further verification that
the duration of fluctuations in raw milk prices involves four
mechanisms, namely Mechanism I, Mechanism II, Mechanism
III, and Mechanism IV. This is consistent with the results of
the theoretical analysis. To sum up, the duration of fluctuations
in raw milk prices during the sample period is characterized by
four different mechanisms, respectively, which once again proves
that the two-threshold mechanism transfer model is suitable for
studying the fluctuation of raw milk prices.

3.2 Analysis of estimation results

Based on the threshold parameter search interval set in the
previous text, the model is estimated by the non-linear conditional
least squares method at each lattice point of the search interval.
The estimation result with the smallest sum of squared residuals
is the estimation result of the Equation 27. The estimation results
of the threshold parameters and the duration of raw milk
price fluctuations under four different mechanisms based on the
threshold parameters are shown in Table 2.

The threshold parameters γ1 = 107.74 and γ2 = 0.016
estimated for Equation 27 indicate that the periodic fluctuations of
raw milk prices undergo a non-linear mechanism transformation
on both sides of the price index of 107.74 (with a price increase
of approximately 8%) and the change rate of 0.016 (approximately
equal to 0). This also means that the price index level of 107.74 is
the dividing point for the conversion of raw milk prices from low
to high, and the price index change rate of 0.016 (approximately
equal to 0) is the sign of the upward and downward movement
of raw milk prices. Together, they depict the impact of external
shocks on raw milk prices. For instance, affected by the drought in
New Zealand, the domestic raw milk price index saw a significant
increase in 2013. A mechanism change occurred in August 2013,
and the raw milk price continued to rise, reaching the highest
point of 4.25 yuan/kg in February 2014. The high price drive
prompted existing breeding enterprises and farmers to increase
capital investment and accelerate the expansion of their livestock.
The domestic market has an abundant supply of raw milk, while
on the international market, the EU has begun to lift the milk
production quota system, leading to global overcapacity. Coupled
with the impact of the Ukraine crisis, the demand for milk sources
has decreased, causing a significant drop in international milk
prices. Driven by the dual forces of capacity release and import
shock, the price index of raw milk dropped rapidly. In August 2014,

a mechanism shift occurred again. The continuous decline in prices
led to the large-scale dumping of milk in various regions at the end
of the year. In March 2015, it dropped to the lowest point in history
and then entered the next cycle.

Based on the above, the fluctuation cycle of raw milk prices
can be divided according to the price index level of 107.74 and
the change rate of the price index of 0.016 (Figure 4). For instance,
from November 2007 to June 2009, from July 2009 to January
2012, from February 2012 to March 2015, and from April 2015
to August 2024. A complete cycle of raw milk price fluctuations
consists of four phases, which are the low-price uptrend phase, the
high-price uptrend phase, the high-price downtrend phase, and the
low-price downtrend phase. They respectively, correspond to the
phases of the slow price increase, the rapid price increase, the rapid
price decline, and the slow price decline in theoretical analysis.
According to the estimation results in Table 2, the fluctuation
duration of raw milk prices in the four phases is 0.99, 1.259,
0.847, and 0.925, indicating that the fluctuations of raw milk prices
have a high duration in different cycle phases. That is to say,
whether raw milk prices rise or fall, once the fluctuation trend
is formed, it is difficult to reverse and shows strong stability and
sustainability. This reflects the imbalance in the market supply and
demand relationship. It also means that policymakers and market
participants should closely monitor the changing trend of raw milk
prices and take effective measures promptly to curb the formation
of negative effects, so as to protect the overall healthy development
of the dairy industry.

Careful comparison also reveals that the duration of the upward
phase is significantly higher than that of the downward phase. This
is mainly because the production cycle of raw milk is relatively
long, and it is difficult for the supply of raw milk to increase
significantly in the short term. However, there are fewer restrictions
on reducing the supply of raw milk. Under the condition that
the overall demand remains stable, the state of insufficient supply
takes effect more quickly. Moreover, the duration of the high-
price uptrend phase is higher than that of the low-price uptrend
phase. This is mainly because, during the low-price uptrend phase,
dairy farmers are less likely to breach contracts due to penalty
costs. Dairy enterprises appropriately increase the purchase price
to stimulate dairy farmers to increase investment and boost output.
When this part of the newly added production cannot effectively
make up for the supply gap, dairy enterprises will further use
price competition to compete for the limited milk sources. As
the release of new production capacity takes some time, the
duration of the high-price uptrend phase will also be relatively long.
Compared with the high-price downtrend phase, the low-price
downtrend phase is more persistent. A possible explanation for this
is that as the production capacity in the lag period is gradually
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TABLE 2 Estimation results of the mechanism transformation for the duration of raw milk price fluctuations.

Cycle phase Estimation result

The low-price uptrend phase
Mechanism I

Pt = 1.903 + 1.571Pt − 1 − 0.485Pt − 2 + 0.411Pt − 3 − 0.798Pt − 4 + 0.402Pt − 5 − 0.111Pt − 6

(0.35) (3.71) (−0.57) (0.46) (−1.14) (0.78) (−0.41)

The high-price uptrend phase
Mechanism II

Pt = −28.502 + 1.475Pt − 1 + 0.806Pt − 2 − 0.444Pt − 3 − 1.201Pt − 4 + 0.592Pt − 5 + 0.031Pt − 6

(−2.75) (4.39) (1.65) (−0.71) (−2.00) (0.69) (0.06)

The high-price downtrend phase
Mechanism III

Pt = 17.055 + 1.598Pt − 1 − 0.734Pt − 2 + 0.136Pt − 3 − 0.648Pt − 4 + 0.884Pt − 5 − 0.389Pt − 6

(4.49) (11.78) (−3.37) (0.74) (−3.37) (5.48) (−4.02)

The low-price downtrend phase
Mechanism IV
γ 1 = 107.74, γ 2 = 0.016, d =−1

Pt = 7.195 + 1.350Pt − 1 − 0.246Pt − 2 − 0.015Pt − 3 − 0.281Pt − 4 + 0.191Pt − 5 − 0.074Pt − 6

(3.98) (16.40) (−1.79) (−0.11) (−2.07) (1.38) (−0.96)

The value of q is 6, mainly because when using the lag of 1–6 periods to regress the current period value, except for the lag of 3 periods that failed the significance test, the remaining lag periods
all have a significant impact on the current period value at the 1% level. To reasonably control the influence of lag periods on the current period value, this paper chooses to add a lag of 1–6
periods; the t-statistic is in parentheses.

FIGURE 4

Changing trend of raw milk price index.

released, the supply of raw milk in the market is sufficient. Dairy
enterprises turn from the disadvantaged party to the advantaged
party and adopt a continuous price reduction strategy until they
maximize their profits. When the optimal purchase volume is
exceeded, considering the long-term cooperation and interest,
dairy enterprises will try their best to purchase the milk sources
of cooperative farmers. They will lower the price when the cost
of digestion increases or when it is necessary to reduce the
price for promotion to participate in market competition until
the government intervenes in regulation or new shocks occur.
Otherwise, the market will remain in the stage of low prices for a
relatively long time.

3.3 Further discussion and analysis

From the above analysis, it can be known that the cyclical
fluctuations of raw milk prices are mainly attributed to the
following aspects.

The first is triggered by external shocks. Due to the differences
in resource endowments at home and abroad, the raw milk price
is much lower than that in China. Even the price gap is sufficient
to cover the transportation cost of converting imported dairy
products into raw milk, premium, and freight (Bai et al., 2022).
Coupled with the large domestic demand for dairy products and
consumers’ preferences, China has become a major destination for
global dairy product exports (Xue et al., 2021). This has led to
the Chinese dairy industry being affected not only by domestic
factors such as animal diseases and production costs but also by
uncertainties such as animal disease and drought in importing
countries. Therefore, no processing enterprise can rely solely on a
single supply channel. Instead, it should establish a multi-channel
supply system to guard against the impact of external uncertainties
and risks.

The second is the failure of the current price formation
mechanism. Some regions have established a price formation
mechanism where the government provides guidance, the dairy
association takes the lead, and the main players in the industrial
chain participate. For instance, Shandong, Inner Mongolia, Jilin,
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and other regions have established coordination committees for
raw milk prices. However, this mechanism only plays an important
role in price fluctuations caused by changes in production costs.
When the market supply is severely short or excessive, the
mechanism will still fail and malfunction. By now, the government
needs to take compulsory measures to protect the market interests
of the main bodies in the industrial chain.

The third is not to control the newly added production capacity
promptly. When consumption in the dairy market is relatively
stable, the “seesaw effect” between production capacity and raw
milk price brings about periodic fluctuations. Timely control
of short-term price fluctuations can achieve long-term capacity
stability, which can keep the price fluctuations within a reasonable
range. In addition, while giving full play to the fundamental role of
the market mechanism, it is also necessary to rely on guiding plans
to avoid possible negative externalities.

4 Conclusion

4.1 Main conclusion

This paper analyzed the microscopic formation mechanism
of the periodic fluctuations in raw milk prices under external
shocks and utilized the two-threshold mechanism transfer model
to measure the mechanism transformation and duration of the
periodic fluctuations in raw milk prices from November 2007 to
August 2024, revealing the internal mechanism of the periodic
fluctuations in raw milk prices at different phases. The research
results show that: First, the fluctuation duration of raw milk prices
undergoes a non-linear mechanism transformation along with
the combined changes in the raw milk price level and the price
change rate. The transformation timing occurs on both sides of
the raw milk price index being 107.74 (i.e., the price increase of
approximately 8%) and the price index change rate being 0.016
(approximately 0). Based on two threshold points, raw milk prices
within the sample period can be divided into four cycles. Secondly,
a complete fluctuation cycle of raw milk prices consists of the
low-price uptrend phase, the high-price uptrend phase, the high-
price downtrend phase, and the low-price downtrend phase. The
duration of the four phases’ fluctuations is 0.99, 1.259, 0.847, and
0.925, respectively. Among them, the duration of the upward phase
is generally higher than that of the downward phase. The duration
of the high-price uptrend phase and the low-price downtrend phase
is, respectively, higher than that of the low-price uptrend phase and
the high-price downtrend phase.

4.2 Policy suggestion

Based on the research conclusions, this paper deems that
stabilizing the cyclical fluctuations in raw milk prices should adhere
to the following principles: vertically collaborative prevention to
avoid the impact of significant external uncertainties; improving
the governance mechanism and building a vertical community
of interests; predicting and warning accurately and adjusting
production capacity promptly by combining short-term and long-
term approaches; establish a purchase and storage system to ensure
reasonable fluctuations in raw milk prices.

Firstly, strengthen the source governance that triggers cyclical
fluctuations, establish a multichannel supply system mainly
based on self-supply, and prevent the impact of major external
uncertainties. First, dairy cattle breeding enterprises and farmers
should attach great importance to the construction of the animal
disease prevention and control system, continuously improve
the biosecurity prevention and control system of the breeding
farms, effectively prevent the impact of epidemic risks, and ensure
long-term and stable returns. Second, on the one hand, dairy
processing enterprises should strengthen cooperation with large-
scale breeding groups and farmers and actively assume the social
responsibilities that the industrial chain leaders should fulfill.
Meanwhile, they are encouraged to proactively provide technical
support, such as dairy cow breeding, disease prevention and
control, and digital management with breeding enterprises and
farmers. By doing so, cooperative relationships in the upstream and
downstream industrial chain are stably established. On the other
hand, it is necessary to establish a long-term perspective, balance
the interests of the whole, and reduce the reliance on imported
raw milk powder. Rationally arrange the product structure, strictly
implement the national standards for sterilized milk, and use
imported raw milk powder as auxiliary material to effectively
regulate the seasonal differences in dairy product consumption.
We should utilize a reasonable main and auxiliary proportion
structure to cope with the supply shock brought by internal and
external uncertainties.

Secondly, improve the industrial organization system and price
formation mechanism, build a dairy industry community with
reasonable vertical industrial chain benefit distribution, and avoid
the occurrence of extreme phenomena as much as possible. The
first is to enhance the organization and integration of raw milk
production. On the one hand, we should encourage large-scale milk
farmers to establish dairy production cooperatives or dairy farmers’
associations, so as to enhance the market position of farmers and
their say in the price formation mechanism. On the other hand,
through the equity-for-equity approach, processing enterprises
become shareholders of large-scale breeding farms, and breeding
farm owners become shareholders of processing enterprises, truly
forming a community of shared interests. The second is to
improve the price negotiation system for raw milk. The dairy
industry association invites large dairy enterprises, feed processing
enterprises, forage planting enterprises, dairy farmers’ associations,
third-party institutions for raw milk quality inspection, and
other member units to participate in the negotiation of raw
milk prices. Besides, law firms will be invited to join fully,
demonstrating the fairness and impartiality of the negotiation
work. At the same time, by taking advantage of the threshold
points of price fluctuations and seizing the window period of
sharp price fluctuations, the monitoring data and calculated prices
are used as references. Price adjustment consultation meetings
are held promptly to analyze the situation, reach a consensus,
and promptly offer suggestions to governments at all levels
to obtain policy support. Third, it is necessary to encourage
family ranches or cooperatives with the necessary conditions to
develop an integrated manner of production, processing, and
sales. Effectively enhance the synergy between the upstream
and downstream of the industrial chain, and give full play to
the timely regulatory role of the market mechanism on the
production capacity of raw milk. Moreover, we need to improve
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the adaptability and risk resistance of the dairy cow breeding
link in the face of external shocks, prevent the sharp fluctuations
of raw milk prices, and keep the price fluctuations within a
reasonable range.

Thirdly, build a large model for predicting and early
warning of raw milk prices and utilize the transformation
characteristics of raw milk price fluctuations to regulate market
supply and demand in a timely and scientific manner. The
first is to use the mechanism transformation law of price
evolution to monitor and provide information in time for
price intervention. Based on the existing regulatory mechanisms,
we can utilize digital technologies such as big data, artificial
intelligence, and cloud computing, as well as information from
existing dairy industry monitoring points, including supply-side
monitoring data, demand-side market sampling survey data, and
milk powder import and export data. In addition, we need
to organize experts in production management, breeding and
reproduction, disease prevention and control, and economic
analysis within the dairy industry. Jointly develop a large AI
model for predicting and early warning of raw milk prices,
which can predict the production operation status and raw
milk price trends in various regions in real time, conduct
price negotiations promptly, and formulate response plans in
advance. Second, effectively implement the record and review
system for new production capacity of large-scale breeding
enterprises to strictly control the excessive expansion. At the
national level, utilize relatively complete monitoring information
and the overall supply and demand situation of the market to
formulate and announce industrial development plans, guiding the
supply and demand regulation of the regional dairy industry. At
the same time, divide responsibilities from top to bottom, and
implement a record and review system for capacity expansion
at different levels to form a healthy development model where
industrial development is coordinated with demand growth. We
should resolutely control the disorderly expansion of production
capacity, prevent the situation where small and medium-sized
milk farmers are squeezed out by taking advantage of capital
superiority, and stabilize the complementary and harmonious
coexistence situation between large-scale farmers’ breeding and
large enterprises.

Fourthly, establish a milk powder purchase and storage
system featuring state entrustment, enterprise storage, on-demand
allocation, and appropriate subsidies. Stabilize the basic production
capacity by regulating market supply and demand to ensure
reasonable fluctuations in raw milk prices. During the stage
of raw milk surplus and price decline, the government will
purchase the surplus raw milk by powder injection and set a
minimum protective price for the purchased milk powder. When
the market price is lower than the protective price, enterprises
will purchase it at the protective price, and the subsidy fund
will bear the price difference. During the stage of raw milk
shortage and price increase, the government will appropriately
release some reserve milk powder and sell it at market prices.
The profits will be partially returned to the fund or used for
expanded reproduction, thus forming a closed loop. The stored
milk powder can also be specifically used for public welfare
projects, such as donating to border defense soldiers and students

in poverty-stricken areas, which can not only reduce inventory
costs but also enhance social benefits. In addition, adjust the
subsidy distribution model for powder spraying, establish a
linkage mechanism between the subsidy and the purchase price
or purchase volume, and draw on the detailed implementation
rules for raw milk powder spraying subsidies issued by the Inner
Mongolia Autonomous Region in 2025. Adopt a post-event subsidy
form and clearly stipulate that enterprises that fail to meet the
raw milk purchase volume requirements will not be subsidized.
Integrate the regulation of market supply and demand through the
purchase and storage system with the protection of farmers’ income
through powder spraying subsidies, and establish a dual guarantee
mechanism of “short-term support + long-term regulation.”
This mechanism can not only play the regulatory role of the
government’s “visible hand,” preventing enterprises from taking
the opportunity to lower grades and prices, but also effectively
guarantee farmers’ income, stabilize the basic supply of raw milk,
and thereby effectively smooth out the cyclical fluctuations in raw
milk prices.

Since the research subjects of this paper are the 10 main dairy
producing provinces in China, the research conclusions may only
be applicable to the Chinese dairy industry and countries with
similar dairy industry conditions. They may not be universal in the
world. In the future, data from different countries and methods can
be used to study the periodicity of raw milk prices.
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