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Grouping internal and external factors in a business area is a common starting
point for strategic planning, since it can be built quickly and can benefit from mul-
tiple fronts. SWOT establishes the required underlying variables for the analysis by
listing favorable and unfavorable internal and external factors or conditions. Typ-
ically, internal strengths and weaknesses that are considered first include factors
such as image, structure, capacity and efficiency, and resources. The second ex-
ternal opportunities and threats considered include customers, competitors, market
trends, partners, new technologies, economic policies and market regulation. Helms
and Nixon [5] provide a comprehensive and systematic summary of the important
literature on SWOT analysis and propose avenues for future research. Interested
readers are referred to this article and the literature therein.

Ervural et al. [4] pointed out that SWOT analysis is also applied in energy policy
formulation, as they help the government to effectively manage and optimize the
total amount of energy to meet current development requirements as well as future
environmental protection plans. Existing literature shows that topics of increasing
research interest involve energy planning, energy policy and energy politics, and
most of them are oriented towards renewable energy that meets the requirements
of reliable, clean and cheap [6], [17]. Due to the complexity and multifaceted na-
ture of energy planning problems, Multi-Criteria Decision Analysis (MCDA) is the
most commonly used alternative analysis technique. The Analytic Hierarchy Pro-
cess (AHP), Analytical Network Process (ANP), Preference Ranking Organization
Method for Enrichment of Evaluations (PROMEE), and Elimination and Choice
Expressing the Reality (ECER) are the most commonly used tools in energy policy
applications [19].

Researchers typically use ordinary least squares (OLS) regression to assess or
adjust for the relationship between continuous independent variables and contin-
uous dependent variables. The traditional linear regression model describes how
the conditional distribution of the dependent variable is affected by the indepen-
dent variable X, which describes the mean effect of the independent variable X on
the dependent variable Y . In general, there is no single algebraic relationship that
accurately describes how independent variables relate to continuous dependent vari-
ables [2]. If the random disturbance term in the model comes from a distribution
with zero mean and homoscedasticity, then the least squares estimate of the regres-
sion coefficients is the best linear unbiased estimate (BLUE). If the further random
disturbance term follows a normal distribution, then the least squares or maximum
likelihood estimation of the regression coefficients is called Minimum Variance Un-
biased Estimation (MVUE). However, in actual economic life, this assumption is
often not satisfied. For example, the data has a peaked or thick-tailed distribution,
and there is significant heteroscedasticity. At this time, the least squares estimation
will no longer have the above excellent properties and low robustness [15].

In order to make up for the defects of OLS in regression analysis, Koenker and
Bassett [11] proposed the idea of quantile regression in 1978. It regresses the inde-
pendent variable X according to the conditional quantile of the dependent variable,
thus obtaining the regression model under all quantiles. Therefore, compared with
ordinary least squares regression, quantile regression can only describe the influ-
ence of the independent variable X on the local change of the dependent variable
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Y , and can more accurately describe the effect of the independent variable X on
the dependent variable Y . The range of variation and the effect of the shape of the
conditional distribution. Quantile regression can capture the tail characteristics of
the distribution. As the independent variables have different effects on the distri-
bution of different dependent variables, such as when there is left or right skew,
it can more comprehensively describe the characteristics of the distribution, so as
to obtain a comprehensive analysis, and its quantile regression coefficient estimates
are more robust than OLS regression coefficient estimates [3]. In recent years, the
theory and methods of quantile regression have been developed very rapidly in var-
ious fields. Koenker and Hallock [12] gave an excellent review of the robustness of
quantile regression, the relationship between variable heteroscedasticity and sample
selection, and the development of quantile regression in multivariate analysis.

In this article, we collect data on cotton production and sales to study the future
direction of China’s cotton market. The rest of the article is organized as follows.
In Section 2, we do a SWOT analysis of China’s cotton industry economy from four
aspects: strengths, weaknesses, opportunities and threats. In Section 3, we choose a
conditional quantile regression model based on the specific type and distribution of
the data. We highlight the mathematical principles of the model and translate the
parameter estimation of the model into solving an optimization problem. The ad-
vantage of the model is that the objective function can represent multiple quantiles,
breaking through the limitations of median estimation and ordinary least squares.
The relationship between various production and sales factors (explanatory vari-
ables) and prices (response variables) is discussed in Section 4. We employ point
estimation and interval estimation, respectively, to determine the parameters of the
model. Quantile regression analysis at the endpoints of an interval has special sig-
nificance. We enumerate positive and negative factors that affect prices and analyze
their reasons and trends in a real-world context in detail. In Section 5, we summa-
rize the current status of China’s cotton industry in terms of planting production
and sales regulation, and provide advice to government agencies.

2. SWOT analysis of Chinese cotton

Cotton affects international relations at different levels and is also an important
strategic commodity. As one of the important raw materials of the textile industry,
cotton occupies an important position in China’s national economy. China is a
major cotton producer and consumer in the world, ranking first in the world in
terms of total output and unit output. China’s cotton industry chain involves
cotton processing, circulation, textile, printing and dyeing, clothing, export and
other industries, and the market prospect is very broad. In this section, we will
analyze the strength (S), weakness (W), opportunity (O) and threat (T) of Chinese
cotton in detail (see Figure 1).

2.1. Strength (S). In China, the area suitable for planting cotton is vast. Cotton
has strong growth adaptability, has the characteristics of drought resistance and
waterlogging resistance, and has a wide range of growth. Since cotton likes mild
and sunny weather and is more suitable for growing in loose and slightly alkaline
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Figure 1. SWOT analysis

soil, there are many areas in the world that cannot meet the basic conditions for
growing cotton. China’s northwest, northeast and other regions have abundant
land resources, long sunshine hours, good air dryness, and complete irrigation and
farming facilities. Cotton grown in such a unique natural environment is of high
quality, high yield and high sales.

The vigorous development of China’s economy, both at the social level and at the
technological level, has provided the impetus for the high-level development of the
cotton industry. Especially with the rapid development of the field of biomedicine,
people’s industrial demand for cotton is increasing, and the quality requirements
for cotton are also getting higher and higher. Although the economic cost of cotton
cultivation is increasing year by year (see Figure 2), cotton production can be in-
tegrated, and large-scale batch cultivation can effectively control the cost increase
within an acceptable range. Cotton products are labor-intensive products that re-
quire a large proportion of labor input. Abundant labor resources are precisely
China’s advantage, which makes China’s cotton industry highly competitive.

China’s increasing cultivation and planting technology makes China’s cotton in-
dustry have great potential to develop into various types of high-quality cotton. On
the one hand, after years of screening combinations, the proportion of good genes in
Chinese cotton seeds has increased significantly. On the other hand, cotton picking
and processing technology is at the leading level in the world. Many cotton varieties
grown in China are rated as first-class products, and the export advantage of cotton
processed products is obvious. It can be seen that China’s cotton has a significant
advantage in terms of production methods, cultivation types, product quality and
export scale.

2.2. Weakness (W). Skilled workers engaged in cotton production-related jobs
are scarce. The cultural level of the labor force in many regions of the country
is relatively low, and generally they have not received or only received a small
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Figure 2. Unit cost of cotton from 2003 to 2018 (Unit: Yuan)

amount of vocational training. Although this phenomenon is changing, there is still
a shortage of professionals in cotton cultivation, which will affect cotton production,
reduce related benefits and increase costs.

China’s infrastructure (including expressways, high-speed railways, etc.) is devel-
oping rapidly. However, some remote areas still have the problem of inconvenient
transportation, which greatly affects the sales progress and sales price of cotton.
Excessive price increases will reduce the competitiveness of cotton in the interna-
tional market. If the price increase is too small, it will reduce the income brought
by cotton planting, reduce the enthusiasm of cotton farmers, reduce the scale of
cotton planting, and further affect the supply of cotton and its processed products.

The government’s supervision of the cotton product processing industry is not
enough, and the relevant punishment measures and policies must also be strength-
ened. High-quality cotton may be doped with inferior cotton, resulting in uneven
quality of processed cotton products, lowering the quality of processed cotton prod-
ucts and reducing their market share. Another important factor affecting the sales of
cotton processed products comes from industry competition. With the development
of society and the advancement of science and technology, daily necessities such as
quilts and cotton jackets have been replaced by down quilts and down jackets.

There are too many primary cotton products, and the industrial chain is too
short. China’s total cotton output ranks first in the world, but the output of cotton
yarn and other processed products is not high, thus reducing the benefits of cotton
processed products. In addition, the labor cost of upfront training in knowledge
and skills is lower. Although it reduces the production cost to a certain extent,
the production capacity and benefits still cannot match. There are many primary
processing plants in many regions, the industrial chain is short, the income is low,
and the market has not been fully developed.

Although the output of high-quality cotton is high, the types of high-quality
cotton still need to be increased, and the proportion of low-quality cotton is still
relatively high. The main reason for the current situation is that the planting con-
ditions of high-quality and high-yield cotton are slightly higher, and the natural
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environment in many areas is not suitable for its normal growth. If the condi-
tions are artificially provided, the planting cost will be greatly increased, which will
undoubtedly reduce the income and market competitiveness, and the harm will out-
weigh the benefit. Not only that, although the quality of Chinese cotton has been
improving, the quality of Chinese cotton spinning products still does not exceed the
quality of developed countries, especially in terms of mercerization and elasticity.

Disease and pest damage is still an important issue affecting cotton production
and sustainable development. After years of ”drug screening”, many cotton pests
have high drug resistance, and research on new deworming drugs is imminent. In
addition, due to large-scale long-term planting, the accumulation of pathogens in the
soil increases, which provides a source for cotton disease, aggravates the probability
and degree of cotton disease, and seriously affects cotton yield and cost benefits.

2.3. Opportunity (O). The Chinese government has issued a number of policies
to vigorously support the development of the cotton yarn textile industry, which
will undoubtedly promote the vigorous development of the cotton industry. One
may find the detailed national policies of the cotton yarn textile industry from 2016
to 2018 in Appendix A.

The development of emerging industries promotes the development of cotton in-
dustry. With the rise of emerging industries, the variety of cotton processing prod-
ucts has increased, and the variety of income has been rich, and the consumption
of cotton has increased accordingly.

The trend of global economic integration has been formed. Due to the long-term
influence of external economic and environmental factors such as the WTO, China’s
cotton products have entered the international market smoothly. This provides a
good opportunity for the development of China’s cotton industry.

The industrial structure has been adjusted, and the competitive pressure has been
reduced. Many cotton farmers have looked away from cotton and turned to other
products, such as pollution-free vegetables, flowers, and medicinal materials. These
adjustments have helped reduce competition with the cotton industry, allowing
cotton-growing regions to capture a higher share of the cotton market, increasing
motivation and increasing yields.

2.4. Threat (T). The domestic cotton demand gap is relatively large, while the
international cotton demand has basically reached a balance, so the imported cot-
ton has a lower price. Some countries have implemented a high subsidy system
for cotton, which widens the gap between domestic and foreign cotton prices and
threatens the domestic cotton market even more. The annual import volume is
far greater than the export volume, resulting in a low export competition rate of
China’s cotton textile products.

Due to the influence of human factors such as continuous cultivation and tech-
nological development, the natural environment has gradually deteriorated. The
loss of soil nutrients, pH imbalance, and serious desertification of the land have
restricted the development of the cotton industry, and cotton cultivation has been
challenged.
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The cotton industry has a weak foundation and a single variety of processed
products, which makes the cotton industry more vulnerable to economic shocks.

In recent years, the unit profit of cotton fluctuated greatly, and the production
enthusiasm of cotton farmers was unstable. Figure 3-4 show that cotton profit and
prices vary widely, making farmers less confident about the market outlook.

Figure 3. Unit profit of cotton from 2003 to 2018 (Unit: Yuan)

Figure 4. Cotton price from 2003 to 2018 (Unit: Yuan/50kg)

3. Quantile regression analysis of China’s cotton industry

As we all know, any industrial economy will be constrained by many factors. On
the one hand, OLS regression may unilaterally reflect the characteristics of some
factors, while ignoring the characteristic information of other equally important fac-
tors. On the other hand, the essence of median regression is to provide a significant
fractional proportion (in a probabilistic sense). For other quantiles, we can also ob-
tain the nonlinear characteristics of the sample data. In particular, the endpoints
of quantile intervals often have critical properties. Starting from this section, we
study the quantile regression analysis of China’s cotton industry economy.
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3.1. Variables and data. In order to comprehensively analyze the fluctuation
factors of the cotton market, we selected 12 factors (explanatory variables) that
affect cotton prices (response variables), including total cotton production, cotton
sown area, and export cotton amount, as shown in Table 1.

Table 1. Regression Related Variables and Description

Statistics for 2003-2018 are from CEIC database
(https://insights.ceicdata.com/https://insights.ceicdata.com/) and the National Bu-
reau of Statistics of China
(https://data.stats.gov.cn/https://data.stats.gov.cn/). Figure 4 shows cotton prices,
while the line graph of each variable is as follows, and the original data is in the
Appendix B.

It can be seen from the data distribution that each factor (explanatory variable)
changes drastically with time, and the quantile regression method is suitable for
analyzing this group of data.

3.2. Model principle. Since Koenker and Bassett proposed the quantile regression
model in 1978, the quantile regression theory has been gradually improved. The
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classic monograph [10] in this field gives a complete description of the principle of
the model.

Given a real random variable Y , its properties can be expressed by the distribu-
tion function (right continuous) of Y , i.e.

(3.1) F (y) = P (Y ⩽ y).
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For any 0 < τ < 1, the map

(3.2) F−1(τ) = inf{y : F (y) ⩾ τ}

is called the τ -quantile function of the random variable Y .
Define the following loss function

(3.3) ρτ (u) = u(τ − I(u < 0)) =

{
u(τ − 1) u < 0

uτ u ⩾ 0
,

where I(u < 0) is the indicative function, i.e. u < 0, I(u < 0) = 1, while
u ⩾ 0, I(u < 0) = 0. Obviously, the loss function is a piecewise function. For
convenience, the loss function can be written in the following form

(3.4) ρτ (u) = u(τ − 1)I(u < 0) + uτI(u ⩾ 0).

The τ -quantile regression of Y is to find a ζ that minimizes the mathematical
expectation E [ρτ (Y − ζ)]. Taking mathematical expectation via Eq. (3.4), one
yields

(3.5) E [ρτ (Y − ζ)] = (τ − 1)

∫ ζ

−∞
(y − ζ)dF (y) + τ

∫ +∞

ζ
(y − ζ)dF (y).

In order to find the minimum value minE [ρτ (Y − ζ)], one takes the first-order
partial derivative with respect to ζ in Eq. (3.5), and let the derivative equal to zero
to get the equation satisfied by the equilibrium point

(3.6) 0 = (τ − 1)

∫ ζ

−∞
−dF (y) + τ

∫ +∞

ζ
−dF (y) = F (ζ)− τ.

Since the distribution function 0 ⩽ F ⩽ 1 is a monotone non-decreasing function,
for any τ ∈ (0, 1), there must be a certain interval of ζ that makes E [ρτ (Y − ζ)] take
the minimum value. In particular, if the distribution function is strictly monotoni-
cally increasing and continuous, Eq. (3.6) has a unique solution ζ = Q(τ) = F−1(τ).

As the empirical distribution function corresponding to the sample {yk}mk=1

Fm(y) =
1

m

m∑
k=1

I{yk ⩽ y}

replaces the distribution function F , one has

E [ρτ (Y − ζ)] =

∫ ∞

−∞
ρτ (y − ζ)dFm(y) =

1

m

m∑
k=1

ρτ (yk − ζ).

Therefore, finding the sample quantile is transformed into solving the following
optimization problem

(3.7) min
Q(τ)∈R

m∑
k=1

ρτ (yk −Q(τ)).
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For a given sample (X,Y ) =
{(

xTk , yk
)}m

k=1
, one considers the optimization prob-

lem corresponding to the conditional quantile

(3.8) min
QY (τ |X)∈R

m∑
k=1

ρτ (yk −QY (τ |X)),

where QY (τ |X) is the conditional quantile function, m is the sample size, n is the
number of explanatory variables,

X =


1 x11 · · · x1n
1 x21 · · · x2n
...

...
. . .

...
1 xm1 · · · xmn


m×(n+1)

=


xT1
xT2
...

xTm

 , Y =


y1
y2
...
ym

 .

In particular, if the conditional quantile function is a linear function, then QY (τ |X) =
Xβ, where β = (β0, β1, · · · , βn)T , β0 represents the intercept, βj (j = 1, 2, · · · , n
) represent the regression parameters of the explanatory variables. At this point,
problem (3.8) transforms into

(3.9) min
β∈Rn

m∑
k=1

ρτ (yk − xTk β).

4. Quantile estimation of parameters

In this section, we estimate the parameters of the linear conditional quantile
regression model (3.9). We give point estimates and interval estimates for each
explanatory variable in subsections 4.1 and 4.2, respectively. In subsection 4.3, two
typical quantiles at the endpoints of the interval are analyzed.

4.1. Point estimation. The main algorithms for solving parametric regression
models include Simplex Method [1,8], Interior Point Method [7,20] and Smoothing
Method [14]. SPSS 26 obtains the prediction line of the response variable with
respect to each explanatory variable.

4.2. Interval Estimation. Confidence interval methods for regression quantile co-
efficients include Direct Estimation Method [11,13], Rank Score Method [9], Resam-
pling method [18]. SPSS 26 produces a plot of interval estimates of the intercept
and quantile regression coefficients for each explanatory variable, where the quan-
tiles range from [0.4, 0.55].

4.3. Typical quantile characteristics. In this subsection, we use SPSS 26 to
analyze the endpoints of the quantile intervals.

The regression indicators for different quantiles are shown in Table 2.
Table 2 illustrates that both the pseudo R-square and the mean absolute error

(MAE) change as the quantile changes. The pseudo R-square is the degree to
which the independent variables of the current model explain the variation of the
dependent variable, indicating the goodness of fit. The closer its value is to 1, the
better the fit of the model. MAE describes the average of the absolute value of the
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Figure 5. The specific meaning of the curve

Figure 6. The specific meaning of the curve

Table 2. Model quality at different quartiles

deviation of a single observation from the arithmetic mean, which can accurately
reflect the size of the actual error. The smaller its value, the smaller the error.

The regression parameters for quantile τ = 0.4 are shown in Table 3.
As the quantile τ = 0.4, Table 3 shows that the total export amount of cotton, the

total export volume of cotton, and the retail price index of textiles have significant
statistical significance at the 5% level.

The regression parameters for quantile τ = 0.55 are shown in Table 4.
As the quantile τ = 0.55, Table 4 shows that the total export value of cotton,

the total export volume of cotton, the clothing household consumption index, the
household price consumption index and the textile retail price index have significant
statistical significance at the 5% level.

Table 5 compares the parameter estimates for the two groups of quantiles.
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Table 5 shows that the selected factors (explaining variables) change with the
quantile, indicating that the quantile model effectively reflects the impact of each
factor on cotton prices. The total output of cotton, the amount of exported cotton,
the amount of imported cotton, the gross domestic product and the retail price
index of textiles have a positive impact on the price of cotton. The price index,
household consumption level and clothing household consumption index have a
negative impact on cotton prices, we will analyze them separately.

• Positive factors.

(1) Total cotton output: Under the condition that the demand remains stable,
the increase in the total cotton output will reduce the sales price. However,
sales will increase as the market widens, making the increase in demand
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greater than the increase in supply. At this point, even if the output in-
creases, the price will also increase.

(2) Exported cotton volume: The increase in cotton export volume will reduce
the domestic cotton hoarding volume, and the cotton price will increase.

(3) Amount of imported cotton: The increase in the price of cotton imports
leads to an increase in the amount of cotton imported and the cost of cotton,
which leads to an increase in cotton prices.

(4) Gross domestic product: With the increase of GDP, the per capita output
value will increase accordingly, and the living standard of residents will
improve. The increase in the demand for clothing has led to an increase in
the demand for cotton, and the price of cotton has risen accordingly.
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Table 3. Parameter estimation at quantile τ = 0.4

(5) Textile retail price index: With the increase of the textile retail price index,
cotton as a textile raw material will have a greater demand, so that the sales
price of cotton will increase accordingly.

• Negative factors.

(1) Cotton output per unit area: As the cotton output per unit area increases,
the supply will increase accordingly. In the case of constant demand, the
price of cotton sales will decrease accordingly.
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Table 4. Parameter estimation at quantile τ = 0.55

(2) Cotton planting area: The increase in planting area will also increase the
supply of cotton. The market is full of supply and prices will be lower.

(3) Cotton export amount: The increase in the total amount of cotton exports
includes factors such as trade barriers (such as tariffs, etc.), which will af-
fect the export volume of cotton, so that the domestic cotton stockpile is
sufficient, and the sales price of cotton will decrease accordingly.

(4) Imported cotton volume: The more imported cotton volume, the more cot-
ton hoarding volume. The market demand for cotton will not surge in the
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Table 5. Parameter estimation at different quartiles

short term, which will lower the price of cotton.

(5) Consumer Price Index: The larger the consumer price index, the higher
the price. At this time, the sales volume of cotton will decrease due to the
increase in price, the amount of cotton hoarding will increase, and the sales
price will decrease.

(6) Residents’ consumption level: Residents’ consumption levels increase, and
residents’ purchasing power increases. The increased demand for other ma-
terials (such as silk) will be detrimental to the sales of cotton, thereby re-
ducing the price of cotton.

(7) CPI for clothing: The increase in the CPI for clothing indicates that the
cost of clothing increases. Whether it is the price of clothing or the profit of
clothing, it is not conducive to the sales of cotton, which further increases
the stock of cotton and reduces the sales price.

5. Conclusion and suggestions

The price of cotton fluctuated greatly around 2010, which was related to the
global financial crisis that year. Therefore, when analyzing the relevant data of the
cotton industry, the impact of emergencies should be fully considered. International
cooperation and net profit are two prominent aspects. There is no doubt that both
economic development and scientific and technological progress will greatly promote
international cooperation. There are many factors that affect net income, such as
economy, technology, and labor, which will have a significant impact on it. At the
same time, the unit net profit may be negative, indicating that cotton farmers will
not be able to obtain income only by planting cotton, but need to process cotton
products before selling. Although the processing of cotton products requires costs,
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the processed products have higher added value and more benefits. Under normal
circumstances, cotton production increases year by year, cultivated varieties will
survive the fittest, and varieties with high yield and good quality will gradually
occupy the market. The increase in unit yield will control the planting area to a
certain extent. China has strong potential in the international market, and the
supporting policies issued by the government will support entrepreneurs and cotton
farmers to seize the major opportunities in the international cotton market.

Based on the above SWOT analysis and quantile regression analysis of China’s
cotton industry, we make the following suggestions to the government and cotton
farmers.

• The government should introduce preferential policies, provide economic
subsidies, and encourage cotton farmers to actively engage in production.

• The government strengthens the training of skilled workers, and gradually
forms a professional and technical team with reasonable staffing.

• The government should reasonably set the R&D ratio of the cotton industry,
increase the output of cotton planting, and improve the quality of cotton
products.

• The government strengthens supervision over the production and sales of
cotton products, regulates market competition, and establishes a complete
production supply chain.

• The government appropriately adjusts the import/export ratio to balance
the market price of cotton and increase the share of Chinese cotton in the
international market.
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Appendix A. Relevant policies

Table 6. Policies of textile industry from May 2017 to December 2018
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Table 7. Policies of textile industry from November 2016 to De-
cember 2016
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Table 8. Policy of textile industry in July 2016
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Appendix B. Industrial data

Table 9. Data on unit production, total production, planting area,
total export value, total export weight & total import value

Table 10. Data on total import weight, consumer price index,
clothing consumption index & consumer consumption level
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Table 11. Data on average cotton price, GDP & retail price index
of textile goods
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