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Abstract: Since the polypropylene (PP) is one of the most widely used plastics, the futures
prices of polypropylene are of great significance for studying the Chinese plastic market and
related investors. This paper analyzes the factors that influence the changes in PP futures
prices during and before the pandemic period by examining the correlation between upstream
raw materials, downstream product markets, and PP futures prices. The results show that the
futures prices of the raw materials are positively correlated with PP futures prices.
Additionally, during the COVID-19 pandemic, due to the reduction in domestic PP demand
in China, blocked crude oil imports, and refinery closures caused by control measures, the
impact of crude oil futures prices on PP futures prices is relatively diminished. Furthermore,
the increased demand for plastic packaging during the pandemic led to abnormal fluctuations
in the packaging stock index, making it less valuable for analyzing PP futures prices. Finally,
a regression analysis is conducted to establish a generalized predictive model for PP futures
prices during non-pandemic periods, which is 9.91469 * crude oil futures prices + (-1.22343)
* packaging stock index + 3.96203 * textile stock index + (-0.26201) * medical devices stock
index. Its reliability is tested using data tests, residual vs. fitted analysis, and K-fold cross-
validation, among other methods.

Keywords: PP futures prices, regression analysis, predictive model

1. Introduction

Over the years, the global plastic market has gradually increased in size. According to a research
report by Grand View Research, it reached 593 billion US dollars in 2021 and is projected to exceed
750 billion US dollars by 2027 [1]. With the continuous development of the Chinese economy, the
demand for plastics in packaging, medical, and product components has gradually expanded, which
has driven the rapid increase in plastic production. In the twelve years from 2010 to 2021, the output
increased from 58.31 million tons to 80.04 million tons. In 2021, the scale of China's plastic products
market has reached 1.6156 trillion yuan [2]. According to data from the National Bureau of Statistics
of China, in 2022, the revenue from rubber and plastic products accounted for 2.16% of the total
industrial income in China, making it one of the key industries [2]. Due to its importance, the price
fluctuations in the plastic market of China have attracted increasing attention. Among them,
polypropylene, as a widely used plastic material, has a significant impact on various industries. It is
crucial for manufacturers and market participants to have a deep understanding of the changes in
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polypropylene prices and their influencing factors. Therefore, research on the price of polypropylene
is of great economic and practical significance.

Previous studies have mainly focused on the properties of polypropylene, while research on
polypropylene price is relatively scarce, and there is almost no research on the price of polypropylene
in China. A. L. Roes, E. Marsili, E. Nieuwlaar and M. K. Patel ) studied the environmental benefits
and cost benefits of Polypropylene Nanocomposite compared to traditional materials [3]. Janusz
Grebowicz, S.-F. Lau, and Bernhard Wunderlich focused on the thermal properties of
polypropylene[4]. There are also some books that provide introductions to polypropylene itself, such
as The Handbook of Polypropylene and Polypropylene Composites edited by Harutun Karian [5], and
Polypropylene: The Definitive User's Guide and Databook written by Clive Maier and Theresa Calafu
[6]. Lurion M. De Mello and Ronald D. Ripple analyzed the polypropylene price dynamics by
studying input costs and downstream demand. However, their research mainly focuses on the market
dynamics of South East Asian and North Western European regions [7]. Based on this situation, this
article analyzes in detail the correlation between various influencing factors and the price fluctuations
of polypropylene in China, and establishes an effective price forecasting model to fill the academic
gap.

Factors such as raw material prices, supply and demand relationships, geopolitical risks, and
currency exchange rate fluctuations may directly or indirectly affect the price of polypropylene.
Geopolitical risks and currency exchange rate fluctuations will have reactions through raw material
prices and downstream products. Therefore, this article analyzes the factors related to the price of
polypropylene into two categories: upstream raw material prices and downstream product markets.

In terms of raw material prices, polypropylene is a polymer formed by the polymerization reaction
of propylene [8]. Propylene is mainly obtained in four ways. The first is the dehydrogenation of
propane to produce propylene, where propane is mainly a by-product of natural gas and crude oil
processing. The second is the catalytic cracking of naphtha to produce propylene, where naphtha is a
mixture of hydrocarbons extracted from crude oil. The third is the separation of propylene through
catalytic and cracking processes in oil refineries, where propylene is included in the by-products of
catalytic and cracking processes in oil refineries. The fourth is the production of propylene from
methanol, where the main raw material for methanol synthesis is natural gas, accounting for more
than 80% of methanol production. From the above, it can be seen that the production of propylene is
closely related to crude oil and natural gas, and propylene is the direct raw material for polypropylene.
Therefore, this article selects the futures prices of crude oil and natural gas in China as the upstream
raw material price factors for polypropylene price analysis. In addition, although propylene can also
be produced through coal liquefaction and cracking, this production method has poor economic
benefits and is not a major production method, so it is directly ignored. According to estimates, raw
material prices will be positively correlated with the price of polypropylene, and changes in raw
material prices will directly transmit to the price of polypropylene.

In terms of the downstream product market, due to the wide range of applications of polypropylene,
this article selects four most representative aspects that have the strongest correlation with
polypropylene prices, including packaging, textiles, medical devices, and household appliances.
Since we can’t find the specific price of them. As large sectors, there is just no unified price data
available. So we turn to the Stock index to represent these market conditions. Although stock prices
do not have a direct connection with product market prices, stock indices are considered to reflect the
situation of the target market to some extent, which may have connection with the price of
polypropylene in China. And according to the research, they do have a high correlation
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Figure 1: The price flow diagram of Polypropylene
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Figure 3: The price flow diagram of medical devices
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Figure 7: The price flow diagram of crude oil

Figure 1 represents the trend of polypropylene futures prices from 3/26/2018 to 7/19/2023.
Figure 2 represents the trend of the stock index for household appliances from 3/26/2018 to
7/19/2023
Figure 3 represents the trend of the stock index for medical devices from 3/26/2018 to 7/19/2023.
Figure 4 represents the trend of the stock index for textiles from 3/26/2018 to 7/19/2023.
Figure 5 represents the trend of the stock index for packaging from 3/26/2018 to 7/19/2023.
Figure 6 represents the trend of natural gas futures prices from 3/26/2018 to 7/19/2023.
Figure 7 represents the trend of crude oil futures prices from 3/26/2018 to 7/19/2023.

The target data was set as the futures price of polypropylene in China, which was directly obtained
from the professional futures stock software "Tonghuashun". The independent variables were divided
into two parts: upstream raw material prices and downstream product markets. For the upstream raw
material prices, we also directly used the futures price data of crude oil and natural gas from
"Tonghuashun". As for the downstream product market, as mentioned earlier, there is no direct
futures price data available. Initially, Chinese market size data was considered, but collecting such
data proved to be difficult and resulted in significant data gaps, so it was abandoned. Later, scraping
average price changes from Taobao.com was proposed as an alternative method, but it was ultimately
deemed unable to fully reflect the downstream product market and was also abandoned. Finally, stock
indices were selected as the data for analysis. Stock indices are comprehensive and reflect market
prices indirectly while considering other market factors, which meets the requirements of the research.

We conducted a detailed study of the downstream market of polypropylene, and major applications
with a large proportion of downstream consumption are focused on drawing, low melt co-
polymerization, and homopolymer injection molding, accounting for 32%, 12%, and 9%, respectively,
with a total of 53%, which is more than half. Corresponding to these applications, the four most
representative aspects with the strongest correlation to polypropylene prices, including packaging,
textiles, medical devices, and household appliances, were selected as independent variables for the
study.

To ensure consistency and correspondence of the data, all variables were analyzed using daily time
series data from 3.26.2018 to 7.19.2023. Any days with missing data were excluded.

Due to the anticipated significant impact of the COVID-19 pandemic and the Russo-Ukrainian
war on the data, as originally planned, both upstream and downstream data will be divided into three
parts for analysis: pre-COVID-19 pandemic, during the COVID-19 pandemic, and during the Russo-
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Ukrainian war. However, after preliminary practice and experimentation, it was found that the data
during the Russo-Ukrainian war period was complex and volatile due to overlapping with the
pandemic period. The existing models were unable to handle it effectively. Therefore, the data during
the Russo-Ukrainian war period was discarded, and the focus was placed on the analysis of pre-
pandemic and pandemic data.

Finally, the pre-pandemic data was determined to cover the period from March 26, 2018, to
December 31, 2019, while the data during the pandemic was set from January 2, 2020, to December
31,2021. Although the exact start date of the pandemic was December 19, 2019, it takes time for the
market to react to unforeseen events. Therefore, the start date of the pandemic data is still set as
January 2, 2020.

2.1. Hypothesis Testing

Here, we would like to construct the hypothesis test to view whether these factors affect the
performance of the model. We will construct the null hypothesis Ho:Bi=0 for all 1 vs. the alternative
hypothesis Ha:Bi # 0. We will set a 95% confidence interval, which means we will tend to reject the
null hypothesis if the test statistic is larger than critical value F(1-a,12,987)= F(1-
0.05,12,987)=1.761974 and fail to reject the null hypothesis otherwise.

For the upstream, we will construct the null hypothesis Ho that §_{oil} = _{natural gas} =0 and
alternative hypothesis Ha that ; # 0. At the 95% confidence interval, we will reject the null hypothesis
and conclude that those factors are not insignificant at the same time here. Since both of the
coefficients have a t-value bigger than 2, prove that both coefficients are significant.

For the downstream, we will construct the null hypothesis Ho that B {textile} = f_{packaging} =
B_{medical devices} = B_{household appliances} = 0 and alternative hypothesis H, that ; # 0. At
the 95% confidence interval, we will reject the null hypothesis and conclude that those factors are not
insignificant at the same time here. Since all of the coefficients have a t-value bigger than 1, prove
that both coefficients are significant.

For the final model, the covid data is not included in the model. The null hypothesis Ho that
B {textile} = B _{packaging} = B {medical devices} = B_{household appliances} = B_{oil} =
B_{natural gas} = 0 and alternative hypothesis H, that ;i # 0. At the 95% confidence interval, we
will reject the null hypothesis and conclude that those factors are not insignificant at the same time
here. Since B {household appliances} and _{natural gas} have a t-value smaller than 1, this proves
that  both coefficients are not significant. So the final model =
B_{intercept}+B {oil}*oil+P {textile}*textile+P {packaging}*packaging +B_{medical
devices}*medical devices.

2.2. Analyze

Table 1: The linear regression model of upstream without the COVID data

estimate t-value p-value stars significant
0Oil 10.88 19.812 2.27-16 ok v
Natural Gas 525.57 12.476 2.27-16 ok v
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Table 2: The linear regression model of upstream with the COVID data

estimate t-value p-value stars significant
Oil 1.1616 2.76 0.00626 o v
Natural gas 1007.43 17.26 2.27-16 ook v

Table 1 represents the regression analysis of crude oil and natural gas futures prices with the target
variable, polypropylene futures prices, before the outbreak of the pandemic.

Table 2 represents the regression analysis of crude oil and natural gas futures prices with the target
variable, polypropylene futures prices, during the pandemic period.

According to Table 1 and Table 2, both their p-values are less than 2.2e”-16. This indicates that
there is a correlation between the futures prices of crude oil and natural gas and the target variable,
polypropylene futures prices, and it has analytical significance.

Whether it is before or after the pandemic, the estimated values for crude oil and natural gas are
positive, indicating a positive correlation between the futures prices of crude oil and natural gas and
polypropylene futures prices. Changes in crude oil and natural gas futures prices will cause
corresponding changes in polypropylene futures prices. This confirms the previous conjecture.

The absolute value of the t-value represents the degree of correlation between the independent
variable and the target variable. The larger the absolute value of the t-value, the higher the correlation.
The star on the far right has the same function. Three stars indicate a very high correlation, two stars
indicate a moderate correlation, and one star indicates a partial correlation. Comparing the t-value
and the number of stars before and after the pandemic, it can be observed that the correlation between
crude oil futures prices and polypropylene futures prices decreased significantly during the pandemic.
This was studied in accordance with the Argus White Paper: The impact of coronavirus on
polypropylene, which states that "Operating rates at steam crackers and other polypropylene
producing units were reduced by approximately a quarter in China at the height of the lockdown, as
demand fell." [9]. Due to the significant decline in demand, many polypropylene production facilities,
especially refineries, were closed. Additionally, China is one of the world's largest crude oil importers,
accounting for approximately 50% of the imports. According to data from the Chinese National
Bureau of Statistics, China's crude oil imports in 2021 were 513 million metric tons, significantly
lower than the 542 million metric tons in 2020 [10]. This indicates that strict transportation
restrictions during the COVID-19 pandemic affected crude oil imports. Therefore, during the
pandemic, both the raw materials and channels for producing polypropylene from crude oil were
severely affected, leading to the closure of some production units. It is speculated that these factors
are the main reasons for the significant decrease in correlation between crude oil futures prices and
polypropylene futures prices during the pandemic.

Table 3: The linear regression model of downstream without the COVID data

estimate t-value p-value stars significant
packaging -1.056 -20.57 2.27-16 ok ok v
textile 1.732 3.37 0.000819 ok v
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Table 3: (continued).
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Medical device
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2.957-7

kskok

v

Table 4: The linear regression model of downstream with the covid data

estimate t-value p-value stars significant
packaging 0.05205 0.577 0.564791 0 X
textile -1.33579 -3.524 0.000509 ook v
Medical device -0.0993 -5.533 8.25"-8 ook v
Household appliance 3.9704 14.319 2.27-16 HoHk v

Table 3 represents the regression analysis of the stock indices for packaging, textiles, medical
devices, and household appliances with the target variable, polypropylene futures prices, before the
outbreak of the pandemic.

Table 4 represents the regression analysis of the stock indices for packaging, textiles, medical
devices, and household appliances with the target variable, polypropylene futures prices, during the
pandemic period.

According to Table 3 and Table 4, both their p-values are less than 2.2e”-16. This indicates that
there is a correlation between the stock indices of packaging, textiles, medical devices, and household
appliances and the target variable, PP futures prices.

Observing the star ratings of the variables' correlations with the target variable before and after the
pandemic, it can be found that the packaging stock index had three stars before the pandemic,
indicating a high correlation with polypropylene futures prices. However, during the pandemic, the
packaging stock index had no star rating for correlation, indicating almost no correlation with PP
futures prices. To investigate this, it was found that due to the lockdown measures during the
pandemic, there was a surge in demand for plastic packaging, leading to unusual fluctuations in the
packaging stock index. These fluctuations were caused by special circumstances rather than the usual
supply and demand factors. Therefore, the data during the pandemic period is almost irrelevant to
polypropylene futures prices.
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3. Model

Im{formula = pp ~ 0il + “natural gas™ + packaging + textile +
"medical devices™ + “household appliances™, data = PP_withoutcovid)

Residuals:
Min 10 Median 30 Max
-954.36 -141.02 .52 164.84 7F71.76

Coefficients:
Estimate std. Error t value Pri=|t]|)

(Intercept) 4991, 53500 293.15156 17.027 <« 2e-1f ¥¥**
oil 10.02502 0.34913 28.714 <« 2e-1g #¥*
"natural gas’ 12.96119 33.32782 0. 389 0. 598
packaging -1.20382 0.04981 -24.168 <« 2Ze-1f ##w
textile 3. B0167 0.32001 11.880 <« Ze-1f *¥%%
‘medical devices’ -0.29757 0.05930 -5.018 7.71le-07 #*#%%
"household appliances’ 0.32067 0.52075 0.616 0.538
signif. codes: © **#=*' 0,001 “#*' 0.01 “*' 0.05 "." 0.1 ° ' 1

Residual standard error: 266.5 on 422 degrees of freedom

Hu1t1ﬁﬁe R-squared: 0.849, Adjusted R-squared: 0.8469
F-statistic: 395.6 on 6 and 422 DF, p-value: < 2.2e-16

Figure 8: The linear regression model of all variables without the covid data

Figure 8 shows the preliminary experimental regression model built using all available data.

After the research and exploration above, it was found that the COVID-19 pandemic has a
significant impact on the prices of upstream raw materials for polypropylene futures and the
downstream market. Since the impact of the pandemic is expected to gradually fade away in the long
term, the goal of this study is to establish a universal model. Therefore, only the data before the
occurrence of the COVID-19 pandemic, specifically from March 26, 2018, to December 31, 2019,
will be used for modeling.

By observing Figure 8, it can be seen that the variables "natural gas" and "household appliances"
do not have asterisks on the right side, indicating a low correlation with the target variable, which is
the polypropylene futures price. This may be because although they have some correlation with the
target variable when considering the overall analysis, the influence of other independent variables on
the target variable is larger, thus diluting the impact of natural gas and household appliances on the
target variable. Overall, the futures price of natural gas and the stock index of household appliances
have a small effect on the polypropylene futures price. Therefore, in order to make the final regression
model more accurate, the relevant data on natural gas and household appliances have been removed
from the modeling data.

To ensure the accuracy of the established model and enable model validation, 70% of the data is
used for model building, and the remaining 30% is used for accuracy testing.
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Tm(formula = pp ~ 0il + packaging + textile + "medical devices’,
data = PP_withoutcovid)

Residuals:

Min 10 Median

Coefficients:

3Q Max
-970.11 -138.06 10.34 164.04 773.94

Estimate std. Error t value Pri=|t]|)

{(Intercept) 5035,
oil 10.
packaging -1.
textile 4.
‘medical devices” -0.

Ssignif. codes: 0 fuws’

27190
04531
20414
00598
27426

0.001

231.42797  21.757 <le-16 #¥*
0.33048 30.396 <le-16 ®w#
0.03735 -32.241 <le-16 ®ww
0.17884 22.400 <le-16 ®ww
0.02934 -9.348 <2e-16 *w=

Fee’ 0,01 %' Q.05 LT 0.1 f 1

Residual standard error: 266.6 on 428 degrees of freedom

Multiple R-squared: 0.

8482,

Adjusted R-squared: 0.8468

F-statistic: 598 on 4 and 428 DF, p-value: < 2.2e-16

Figure 9: The final linear regression model

Figure 9 represents the final model obtained.

According to Figure 9, the p-value of the model is less than 2.2e”-16, indicating that the model is
meaningful. Furthermore, after the previous screening, the correlation between each independent
variable used for modeling and the target variable has reached three stars, indicating a high correlation.

The R-squared value represents the proportion of training data that can be explained by the final
regression model. From the graph, it can be seen that the R-squared value of this model is around
0.85, indicating that the majority of the data used for the first 70% fits the model well. This implies
the reliability of this model from one aspect.

The final obtained model is the estimate multiplied by the corresponding variable's data, and
summed together, which can be expressed as: 9.91469 * crude oil futures prices + (-1.22343) *
packaging stock index + 3.96203 * textile stock index + (-0.26201) * medical devices stock index.

3.1.

Test

> predict(fit. ppwithoutfinal,

fit

WO oe s En wn e e

Twr

8915.189 B8777.776 9052.
8935.642 8799.302 9071.
8739.062 B8599.159 B8878.
8938.283 B819.809 09056.
9077.805 8959.279 09196
9093.108 8979.061 9207.
9100.911 8991.053 9210.7
8937.523 8815.721 9059.
9081.916 B8956.487 09207.
10 9409.405 0284,929 09533,
11  9410.753 09284,667 09536.
12 9357.058 9226.921 09487.
13 9277.561 9152.117 9403.
14 9094.605 8970.697 9218.
15 9349.566 9240.100 9459.
16  9045.105 8936.460 09153.7

data=test, interval = "confidence")
upr
602
981
965
757
EE3

17 9129.675 9036.231 9223.118
iR Q07 751 012 757 QIRQ

281

Figure 10: The results obtained after feeding the test data into the model
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To further confirm the accuracy of this regression model, the remaining 30% of the data is used to
test the model.

We input the independent variables from the last 30% of the data into this model and obtain
partially predicted results for the target variable, as shown in Figure 10. "Fit" indicates the predicted
or estimated values of the response variable based on the model. It represents the prediction results
of the regression model for the input variables of the test set. "Lwr" represents the lower bound of the
predicted results. It is used to indicate the lowest possible value of the predicted values of the response
variable based on the model within a given confidence interval. "Upr" represents the upper bound of
the predicted results. It is used to indicate the highest possible value of the predicted values of the
response variable based on the model within a given confidence interval.

- rmse <- sgqri(mean((testipp - testipredicted)A2))
> rmse
[1] 252.7487

Figure 11: The RMSE of the predicted model

Then, we compare the predicted results given by the model with the actual real results, which are
the actual polypropylene futures prices, and calculate the root mean square error (RMSE) as shown
in Figure 11. The RMSE value is 252. Considering the difficulty in predicting future prices, this error
value is considered acceptable.

3.2. Residual vs Fitted

Residuals vs Fitted
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Im{pp ~ oil + packaging + textile + 'medical devices’)

Figure 12: residual vs. fitted graph

From the residual vs. fitted plot (Figure 12) above, it can be seen that the data points do not deviate
more from the estimated values of the model as the polypropylene prices increase. This indicates that
the data is relatively close to homoscedasticity. Similarly, because the distribution of the majority of
variances is uniform, it can be inferred that the model is linear. Additionally, there are no particularly
concerning outliers in this case, so there is no need for any special treatment of the dataset.
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3.3. K-fold

> print(model)
Linear Regression

433 samples
4 predictor

NO pre-processing

Resampling: Cross-validated (5 fold)

summary of sample sizes: 346, 346, 345, 349, 346
Resampling results:

RMSE Rsquared  MAE
267.1721 0.8485711 202.2646

Tuning parameter 'intercept' was held constant at a value of TRUE

Figure 13: K-fold cross-validation

K-fold cross-validation is also used as a method to test whether a model meets the requirements. In
the process of using machine learning to construct training and testing sets, the testing set is a separate
set of data that is completely independent of the training process and the final evaluation of the model.
However, this can lead to some issues, such as significant differences between the testing set and the
model data. K-fold cross-validation attempts to avoid these potential problems. The essence of K-
fold is to fold the dataset K times, allowing for the full utilization of the entire dataset. In this case,
K-fold is set to 5 times, with each iteration using 20% of the data as the testing set. As shown in
Figure 13, the obtained R-squared values are very close to our final model, which are 84.85 and 84.82,
respectively. The resulting RMSE values are also close to the final model, being 267 and 266,
respectively. This also indicates that the final model is highly stable.

4. Conclusion

Based on the research, analysis, and modeling conducted, several results can be obtained.

Firstly, the futures prices of the raw materials are positively correlated with PP futures prices.

Secondly, during the COVID-19 pandemic, the impact of crude oil futures prices on polypropylene
futures prices is relatively reduced.

Thirdly, during the COVID-19 pandemic, the packaging stock index is no longer valuable for
analyzing polypropylene futures prices.

What’s more, overall, during normal periods, the upstream raw material - crude oil, and
downstream product markets, such as packaging, medical devices, and household appliances, have a
significant influence on polypropylene futures prices.

Finally, the specific formula derived from the model is 9.91469 * crude oil futures prices + (-
1.22343) * packaging stock index + 3.96203 * textile stock index + (-0.26201) * medical devices
stock index.

Due to insufficient capability, we were unable to study the impact of various variables on
polypropylene futures prices during the Russo-Ukrainian war period. Furthermore, although the
existing predictive model is acceptable, it is not entirely accurate, and there is still room for
improvement.
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