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Abstract
Pu’er tea is a Yunnan geographical indication product, and its brand value ranks first in China. At present, qualitative and

quantitative methods with low prediction accuracy are used to predict price. In this paper, based on the current situation

and industry characteristics, a differential autoregressive integrated moving average model (ARIMA) is used to predict the

short-term price. From the perspective of macro and micro, back-propagation neural network model (BP) was established

to predict the long-term price based on the weight ranking of 16 factors affecting the price by technique for order

preference by similarity to ideal solution method (TOPSIS). The future price is predicted and analyzed, and then based on

the empirical results, suggestions are put forward for the industry in terms of reducing production capacity, increasing

consumer demand and combining with the publicity and promotion of Internet.
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1 Introduction

Starting from January 2020, the outbreak of novel coron-

avirus brought a serious threat to the global economy and

people’s life safety, and the government immediately took

a series of prevention and control measures to curb the

spread of epidemic. Meanwhile, release from

Shuanghuanglian to Chinese traditional medicine pre-

scription, effective prevention methods for the virus has

attracted great attention. At Oxford University, about Pu’er

tea contains theaflavins (TF3) can prevent coronary virus

replication to suppress the virus press release, Pu’er tea to

get such attention again though from 2006 years of hype

over time some remote but is also common, because it was

auction 160 thousands RMB at Guangzhou tea abundant

meeting clap, to create a new record of Chinese tea auction,

and it has been labeled as ‘‘sky-high price’’ and ‘‘crazy

Pu’er.’’ It can be seen that its drinking, investment and

medical value all make it a leader in the tea industry.

Therefore, predicting Pu’er tea price and mastering market

fluctuation have great significance for government adop-

tion of scientific and effective control measures and

industry development.

Pu’er tea industry standard come on stage in 2013 and

its attention gradually to increase, the price forecasting

methods in developing and perfecting, but due to the

sample data and limited method, price forecasting methods

are mainly qualitative method, it means employees

according to the experience to forecast price, such as

drought climate affect Pu’er tea production and then price

increase; economic conditions affect consumers’ spending

ability, thus causing price fluctuations and so on. Although

the qualitative analysis method has certain rationality, it is

easily affected by human factors, and the predicted results

are highly uncertain and unstable. However, it also brings

certain guidance and reference for the industry
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development. The crash and collapse of Pu’er tea market in

2007 and 2014 made Pu’er tea price prediction particularly

important. However, the qualitative method used before

was at a stable market environment, so the application of

quantitative analysis method in this field is imperative.

Although there are many quantitative analysis methods

which play a great role in price prediction in many fields, it

is difficult to collect sample data, and the price gap

between different tea regions and products is wide, which

brings certain difficulty to the price forecast research work.

At present, most price prediction studies on Pu’er tea are

conducted from a small range and single perspective. For

example, Xu (2012) investigated Pu’er tea price by field

investigation [1], but due to manpower, technical limita-

tions, she only selected three sites to invest, which cannot

fully reflect the tea industry situation. In Dou L’s (2014)

paper, Feng KF based on the analysis of raw materials and

labor costs concluded that spring tea in 2013 would have a

certain increase, but it was within a very reasonable range

of 10% * 15% [2]. Its price fluctuates greatly and its

accuracy is insufficient. China Agricultural Information

(2012) based on market research drew the conclusion that

drought caused Yunnan spring tea decline and led to the tea

price rise [3]. It can be seen that the existing methods are

not ideal for the price prediction of Pu’er tea, so it is

necessary to find a method with higher prediction accuracy.

Current prices forecast method has formed more than

150 kinds, including the difference of autoregressive inte-

grated moving average model (ARIMA) due to its sim-

plicity, feasibility and flexibility characteristics, and it has

become a widely used time series models [4, 5], scholars

used ARIMA model at pork prices [6], China road logistics

freight index [7], second-hand housing prices [8] and

forecast analysis on the whole society fixed asset invest-

ment data of Guangxi [9], more accurate prediction results

were obtained. And in addition to the ARIMA model,

intelligent algorithm is widely used in the price prediction

field, mainly including artificial neural network algorithm,

grey prediction algorithm, genetic algorithm, wavelet

analysis, etc. Artificial neural network algorithm is a kind

of information processing mathematical model, which is a

simulated biological nervous system; it is more intelligent

and has higher prediction rate; in particular, the traditional

artificial neural network algorithm is improved to avoid the

traditional algorithm disadvantages and further improve the

prediction accuracy [10]. Scholars have applied back-

propagation neural network model (BP) to stock [11, 12],

commercial housing [13], second-hand housing [14], car-

bon market [15], shale gas production [16] and zinc futures

price prediction [17]. However, the comparison between

ARIMA and BP models has always been controversial. For

example, Zhang et al. (2003) conducted a comparison

experiment between BP and ARIMA and concluded that

BP prediction accuracy is better than ARIMA model in

terms of nonlinear data processing [18]. Ma (2014) con-

structed a prediction model by taking the annual sales of

China enterprise appliance industry as an example, which

showed that BP had a higher prediction accuracy than

ARMA model [19]. Chen (2017) predicted the closing

prices of Baidu and Alibaba based on ARIMA and BP and

compared the two models’ prediction accuracy. The results

showed that BP prediction accuracy was lower than

ARIMA model [20].

More than 150 kinds of price forecasting methods have

their advantages, disadvantages and applicable field, and

the short-term price forecasting accuracy is higher and can

guide the employees of short-term business, consumer

behavior and investors’ investment, but the short-term

price forecasting cannot meet the government and tea

enterprise long-term demand, so long-term forecast has

important guiding significance to the business develop-

ment. At present, there are few quantitative forecast

methods for Pu’er tea price in academic circle and the

forecasting accuracy is not high. In view of the above

research status and problems, this paper firstly takes 412

weekly prices of the current year of Dayi 7542 raw tea, the

current year of 7572 ripe tea, 2011 Dayi 7542 raw tea and

2011 Dayi 7572 ripe tea from June 12, 2012, to May 3,

2020, as sample data to establish ARIMA model for short-

term price prediction. Secondly, from the macro- and

microperspectives, the annual price data and four products

impact factors from 2012 to 2019 are taken as samples, the

TOPSIS method is used to sort the weight of 16 factors

affecting price, and BP model is established to verify the

price prediction results of different combinations of impact

factors, respectively. Then, the two models were compared

and the model which has more accuracy was found,

according to the empirical results which offer objective

suggestions to the industry.

This paper first uses the prices of the current year and

2011 Dayi 7542 raw tea and 7572 ripe tea produced from

2012 to 2020 as the research object, selected products and

data are representative. Secondly, in terms of research

methods, short-term and long-term price prediction models

are selected, which not only meet the need of high pre-

diction accuracy, but also provide guidance for the future

long-term price of the industry. By comparing the two

models, better prediction method is obtained for analysis.

2 Short-term price forecast of Pu’er tea

Yunnan Dayi Tea Group Co., Ltd. was founded in 1940,

which is a pioneer in China’s tea industry, ‘‘Time-honored

brand of China,’’ ‘‘Well-known trademark of China,’’

national high-tech company and an award-winning
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company of Yunnan Provincial People’s Government

Quality Award. Now Pu’er tea as the company core busi-

ness, its business covering tea, water, vessel and tea cere-

mony four sector, this company through scientific research,

cultivation, production, marketing and culture of the whole

industry chain modern large company groups, the scale of

production, sales, profits and brand comprehensive influ-

ence ranks first in the same industry, brand store number

are the most around the world. As founder of Pu’er tea

industry, tea value standard setters, classic formula tea

owners, the inventor of global microbial tea process, the

definition of OTCA Pu’er tea value concept. Dayi company

active corporate social responsibility, spent about 5 billion

RMB money for tea raw materials acquisition during more

than 10 years, help hundreds of thousands tea farmers out

of poverty to get rich.

The two products of Dayi 7542 and 7572 are the

benchmark products in the industry and are known as the

price weathervane and barometer. 7542 is the standard taste

of Pu’er for its long duration, classic materials and various

storage styles. 7572 is Menghai Tea factory success pro-

duct in 1975, whether materials, blending technology or

fermentation technology is relatively stable, although after

decades of agricultural improvement and raw material

market changes, but is still active in the market.

This part takes the weekly prices of the current year of

Dayi 7542 raw tea, the current year of Dayi 7572 ripe tea,

2011 Dayi 7542 raw tea and 2011 Dayi 7572 ripe tea from

June 12, 2012, to May 3, 2020, as sample data and estab-

lishes ARIMA model for Pu’er tea short-term price pre-

diction and analysis.

2.1 Construction of ARIMA model

Autoregressive integrated moving average model

(ARIMA) was a famous time series forecasting model put

forward by Box and Jenkins in 1970. First, the nonsta-

tionary time series is constructed by d difference, and then

the new series is fitted, autoregressive and moving average

to determine the model order sum p and q; the ARMA

(p; q) model is established for the new series, and predic-

tion after model diagnosis. The ARIMA (p; d; q) model

equation is:

Xt ¼ /1Xt�1 þ /2Xt�2:::þ /pXt�p þ �� h1et�1 � h2et�2:::

� hqet�q

ð1Þ

Among them, /1;/2::::/p is the autoregressive coeffi-

cient; h1; h2::::hq is the moving average coefficient; p is

the autoregressive order; q is the average moving order; d

is the difference order; and �f g is the white noise sequence.

The characteristics of this model do not directly consider

the change of other related random variable; it will predict

objects to form a sequence of data over time as a random

sequence, and the random sequence can be generated

through the autoregressive moving average process. The

time series can be explained by its own past values, hys-

teresis and random interference terms [21]. If the time

series is a stationary series, its behavior will not change

significantly with time and the past value and present value

of time series can be used to predict the future value, which

is the advantage of random time series analysis model [22].

This paper selected the weekly prices of four Pu’er tea

products from June 12, 2012, to May 3, 2020, as sample

data. There are 412 data for each product and the data

source from China Pu’er tea website.

2.1.1 Stationarity test

Analysis of four products’ price trend is shown in Figs. 1,

2, 3 and 4.

It can be seen from the figure that time series of the four

products can be regarded as nonstationary time series. The

autocorrelation coefficient of time series does not decay

rapidly to zero, but fluctuates up and down at one side of

zero axis, which further verifies the conclusion.

2.1.2 Sequence stabilization

After the first-order difference is carried out on the original

time series, the test results are shown in Figs. 5, 6, 7 and 8.

It can be seen from the figure that time series of the four

products has no obvious trend characteristics and can be

considered as a stable time series.

The horizontal value of ARIMA model is 0.01, 0.05 and

0.1. Under normal circumstances, a horizontal value less

than 0.05 indicates a good fitting effect. Therefore, the

horizontal value of 0.05 was selected in this paper. After

unit root detection, the p values of four products were

significantly lower than the horizontal value of 0.05,

Fig. 1 Price of the current year of Dayi 7542 raw tea
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rejecting the null hypothesis and indicating a stationary

time series.

2.1.3 Parameter estimation

In the previous part, a first-order difference is made for the

original time series, that is d = 1. This part conducts a

fixed-order analysis for p and q. Set p and q as 0, 1, 2, they

have nine combination models which are obtained in total.

ARIMA model trade-off is based on minimum information

criteria, such as AIC (Akaike information criterion), SC

(Schwarz criterion) and HQ (Hannan–Quinn criterion),

which are generally used to determine the order. In this

paper, AIC, SC and HQ are used as the criteria for deter-

mining ARIMA model, in order to obtain the best trade-off

effect, so as to establish better ARIMA model. Through

Fig. 2 Price of the current year of Dayi 7572 ripe tea

Fig. 3 Price of 2011 Dayi 7542 raw tea

Fig. 4 Price of 2011 Dayi 7572 ripe tea

Fig. 5 First-order difference of the current year of Dayi 7542 raw tea

Fig. 6 First-order difference of the current year of Dayi 7572 ripe tea

Fig. 7 First-order difference of 2011 Dayi 7542 raw tea
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comparative analysis of the value of AIC, SC and HQ in

the operating results, the combination of minimum value is

the optimal model, and the different combination results of

four products are shown in Tables 1, 2, 3 and 4.

Through the numerical comparison analysis of AIC,SC

and HQ of four product models, it can be known that the

optimal model of the current year of Dayi 7542 raw tea and

Dayi 7572 ripe tea is (1,1,0). The optimal model of 2011

Dayi 7542 raw tea is (0,1,1), and the optimal model of

2011 Dayi 7572 ripe tea is (2,1,2).

2.1.4 Model adaptability test

After determining the optimal model, the adaptability of

fitting model was tested, that is testing the model residual

sequence. If the residual sequence is not white noise, it

indicates that some important information has not been

extracted, so the model should be reset. The sequence

autocorrelation and partial autocorrelation of four products

are shown in Figs. 9, 10, 11 and 12.

According to the results of autocorrelation and partial

autocorrelation of four products, there is no autocorrelation

in the residual sequence, which means white noise, so it is

an appropriate model, and the model fitting figure is shown

as Figs. 13, 14, 15 and 16.

Fig. 8 First-order difference of 2011 Dayi 7572 ripe tea

Table 1 Current year of Dayi 7542 raw tea model comparison results

ARIMA Model AIC SC HQ

(0,1,0) -3.963375 -3.953397 -3.959424

(0,1,1) -4.048478 -4.018542 -4.036623

(0,1,2) -4.053752 -4.013837 -4.037945

(1,1,0) 24.062444 24.032508 24.050589

(1,1,1) -4.058729 -4.018815 -4.042923

(1,1,2) -4.053769 -4.003875 -4.034010

(2,1,0) -4.058714 -4.018799 -4.042907

(2,1,1) -4.053742 -4.003848 -4.033983

(2,1,2) -4.049025 -3.989153 —4.025315

Table 2 The current year of Dayi 7572 ripe tea model comparison

results

ARIMA Model AIC SC HQ

(0,1,0) -4.262273 -4.252294 -4.258321

(0,1,1) -4.404152 -4.374216 -4.392297

(0,1,2) -4.426312 -4.386397 -4.410505

(1,1,0) 24.435887 24.405951 24.424032

(1,1,1) -4.431499 -4.391584 -4.415692

(1,1,2) -4.426818 -4.376925 -4.407060

(2,1,0) -4.431550 -4.391635 -4.415743

(2,1,1) -4.430597 -4.380704 -4.410839

(2,1,2) -4.425630 -4.365758 -4.401920

Table 3 2011 Dayi 7542 raw tea model comparison results

ARIMA Model AIC SC HQ

(0,1,0) -5.008292 -4.998313 -5.004340

(0,1,1) -5.031535 25.001599 25.019680

(0,1,2) -5.026550 -4.986635 -5.010743

(1,1,0) -5.031133 -5.001197 -5.019278

(1,1,1) -5.026560 -4.986645 -5.010753

(1,1,2) -5.035342 -4.985448 -5.015583

(2,1,0) -5.026384 -4.986469 -5.010577

(2,1,1) -5.027626 -4.977733 -5.007868

(2,1,2) 25.036677 -4.976805 -5.012967

Table 4 2011 Dayi 7572 ripe tea model comparison results

ARIMA Model AIC SC HQ

(0,1,0) -5.490555 -5.480577 -5.486604

(0,1,1) -5.517109 -5.487173 -5.505254

(0,1,2) -5.565165 -5.525251 -5.549358

(1,1,0) -5.534138 -5.504202 -5.522283

(1,1,1) -5.563762 -5.523848 -5.547956

(1,1,2) -5.589263 -5.539369 -5.569504

(2,1,0) -5.581807 25.541892 -5.566000

(2,1,1) -5.578222 -5.528329 -5.558464

(2,1,2) 25.595261 -5.535389 -5.571551

Neural Computing and Applications (2022) 34:3495–3511 3499

123



Fig. 9 Autocorrelation and partial autocorrelation of the current year

of Dayi 7542 raw tea

Fig. 10 Autocorrelation and partial autocorrelation of the current year

of Dayi 7572 ripe tea

Fig. 11 Autocorrelation and partial autocorrelation of 2011 Dayi

7542 raw tea

Fig. 12 Autocorrelation and partial autocorrelation of 2011 Dayi

7572 ripe tea
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2.2 Verification and analysis of ARIMA model

The experimental environment is Intel(R) Pentium(R) CPU

N3540@2.16 GHz processor, 4.00 GB installed memory,

64-bit operating system, Windows 7 flagship version,

EViews 10 software.

2.2.1 Model validation

Dividing data into two parts, the first part is from June 12,

2012, to February 16, 2020, 401 weekly data as the training

set, the second part is from February 17, 2020 to May 3,

2020, 11 weekly data as validation set. Using ARIMA

model to forecast and compare the predicted values and

real value, the results are obtained in Tables 5, 6.

In order to more comprehensively and objectively

describe the prediction results of ARIMA model on the

four kinds Pu’er tea price, this paper refers to relevant

literatures and uses two indexes—mean square error (MSE)

and mean absolute error (MAE), to measure the model

prediction quality [23]. Based on this, the average relative

error (MRE) is added, and its formula definition is as

follows:

MSE ¼ 1

N

XN

i¼1ð Þ
yi� yjð Þ2 ð2Þ

MAE ¼ 1

N

XN

i¼1ð Þ
nyi� yjn ð3Þ

MRE ¼ 1

N

XN

i¼1ð Þ

nyi � yjn
yi

ð4Þ

where yi denotes the actual value, yj denotes the predicted

value and N denotes the number of predicted samples. For

different models, smaller values of MSE, MAE and MRE

Fig. 13 Model fitting diagram of the current year of Dayi 7542 raw

tea

Fig. 14 Model fitting diagram of the current year of Dayi 7572 ripe

tea

Fig. 15 Model fitting diagram of 2011 Dayi 7542 raw tea

Fig. 16 Model fitting diagram of 2011 Dayi 7572 ripe tea
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indicate higher prediction accuracy. The prediction accu-

racy results of the model are shown in Table 7.

2.2.2 Result analysis

From Tables 5, 6 and 7, the prediction relative error of four

products in the first 2 weeks is smaller, and among them

the price prediction error of the current year of Dayi 7572

ripe tea at the first week is 0.0008998; only a few weeks

later, the prediction error of four products increases, but the

prediction error of the current year of Dayi 7542 raw tea at

10 weeks and that of the current year of Dayi 7572 ripe tea

at 5 to 9 weeks are reduced to a certain extent, but the error

is still bigger than two weeks before. Therefore, the

ARIMA model has the best price prediction effect in the

first two weeks, and the error accordingly in the later

period increases, but it is still within the acceptable range,

indicating that the ARIMA model can better predict the

Table 5 ARIMA model verification results of the current year of Dayi 7542 raw tea and the current year of Dayi 7572 ripe tea

Date Predicted value of ARIMA

of the current year of Dayi

7542 raw tea

Relative error of ARIMA of

the current year of Dayi

7542 raw tea

Predicted value of ARIMA

of the current year of Dayi

7572 ripe tea

Relative error of ARIMA of

the current year of Dayi

7572 ripe tea

2020.2.17–2020.2.23 651.9 0.0030283 105.0 0.0008998

2020.2.24–2020.3.1 654.5 0.0070429 105.2 0.0021692

2020.3.2–2020.3.8 657.4 0.0113887 105.3 0.0035911

2020.3.9–2020.3.15 660.3 0.0158550 105.5 0.0406083

2020.3.16–2020.3.22 663.2 0.0203737 105.6 0.0391637

2020.3.23–2020.3.29 666.2 0.0249231 105.8 0.0377070

2020.3.30–2020.4.5 669.1 0.1341907 106.0 0.0362441

2020.4.6–2020.4.12 672.1 0.2682246 106.1 0.0347773

2020.4.13–2020.4.19 675.1 0.2738851 106.3 0.0333076

2020.4.20–2020.4.26 678.1 0.1494451 106.4 0.2655303

2020.4.27–2020.5.3 681.1 0.1545756 106.6 0.2644116

Table 6 ARIMA model verification results of 2011Dayi 7542 raw tea and 2011 Dayi 7572 ripe tea

Date Predicted value of ARIMA

of 2011 Dayi 7542 raw tea

Relative error of ARIMA of

2011 Dayi 7542 raw tea

Predicted value of ARIMA

of 2011 Dayi 7572 ripe tea

Relative error of ARIMA of

2011 Dayi 7572 ripe tea

2020.2.17–2020.2.23 150.1 0.0011754 150.2 0.0017071

2020.2.24–2020.3.1 150.3 0.0025676 150.5 0.0036574

2020.3.2–2020.3.8 150.5 0.0039618 150.8 0.0059694

2020.3.9–2020.3.15 150.8 0.0053579 151.2 0.0084954

2020.3.16–2020.3.22 151.0 0.0067560 151.6 0.0110729

2020.3.23–2020.3.29 151.2 0.0081560 152.0 0.0136208

2020.3.30–2020.4.5 151.4 0.0095580 152.4 0.0161297

2020.4.6–2020.4.12 151.6 0.0109619 152.7 0.0186204

2020.4.13–2020.4.19 151.8 0.0123677 153.1 0.0211131

2020.4.20–2020.4.26 152.0 0.0137755 153.5 0.0236171

2020.4.27–2020.5.3 152.2 0.0151853 153.9 0.0261329

Table 7 Prediction accuracy

results of ARIMA model
Prediction model MSE MAE MRE

ARIMA model of the current year of Dayi 7542 raw tea 0.1072136 0.0882277 0.0708622

ARIMA model of the current year of Dayi 7572 ripe tea 0.1149239 0.0771249 0.0505607

ARIMA model of 2011 Dayi 7542 raw tea 0.0079087 0.0081229 0.0059882

ARIMA model of 2011 Dayi 7572 ripe tea 0.0133437 0.0135265 0.0100091
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product price and the short-term prediction effect is better.

It can be seen from Table 7, compared with the two

products of current year, the 2011 Dayi products have a

small error in the three measurement indexes of MSE,

MAE and MRE, while the prediction accuracy of the

current year of Dayi 7572 ripe tea was better than the raw

tea, which indicates that the ARIMA model has a better

prediction effect on the 2011 products.

3 Long-term price forecast of Pu’er tea

This part takes the annual prices of four Pu’er tea products

and the annual data of 16 price impact factors from 2012 to

2019 as sample data. Based on the weight analysis of Pu’er

tea impact factors by TOPSIS method, BP model is con-

structed to predict and analyze the annual price of Pu’er

tea.

3.1 BP model construction

Back-propagation network model (BP) was put forward in

1986 by Rumelhart and McCelland, which is a kind of

multilayer feed forward network which according to the

error back-propagation algorithm training is one of the

most widely used neural network models, which is used for

function approximation, pattern recognition classification,

data compression and time-series prediction. It consists of

input layer, hidden layer and output layer, and the hidden

layer may have one or more layers. Each neuron in the

input layer is responsible for receiving input information

from the outside world and transmitting it to each neuron of

middle layer. The middle layer is the internal information

processing layer, which is responsible for information

transformation. According to the demand of information

change ability, the middle layer can be designed as a single

or multiple hidden layer structure. The last hidden layer

transmits the information to each neuron of output layer.

After further processing, a learning forward propagation

process is completed, and the output layer outputs the

information processing results to the outside world. When

the actual output is inconsistent with the expected output,

the error back-propagation stage is entered. The error

passes through the output layer, revises the weight of each

layer in the way of error gradient descent and passes back

to the hidden layer and input layer by layer. The repeated

process of information forward transmission and error back

transmission is a process in which the weights of each layer

are adjusted continuously, and it is also a process of neural

network learning and training, which will continue until the

network output error is reduced to an acceptable level or

the learning number is preset. BP model diagram is shown

in Fig. 17.

BP model has high nonlinear and strong generalization

ability, but it also has some shortcomings such as slow

convergence speed, large number of iterative steps, easi-

ness to fall into local performance and poor global

searching ability.

3.1.1 Training samples determination

Based on the analysis of Pu’er tea industry chain, reference

and draw lessons from domestic and foreign scholars about

Pu’er tea price impact mechanism research and according

to the China Statistical Yearbook, China Agriculture

Website, Bulletin of World Tea Industry Development

Report, the relevant data such as Yunnan Statistical Year-

book, selecting the economic development factor, national

tea supply and demand factors, tea supply factors of

Yunnan Province, supply and demand factors of Pu’er tea

and Internet development level factor in Yunnan Province

during 2012–2019, 5 evaluation and 16 indicators to

building Pu’er tea price impact mechanism evaluation

system, such as Table 8. Most of the 16 impact factors of

the Pu’er tea price are low-frequency data (annual), so the

prices of four products should be in the same frequency

with the impact factors; that is, it is more reasonable to

choose the annual price. The annual price data of four

Pu’er tea products are shown in Table 9.

3.1.2 Weight model of Pu’er tea price impact mechanism

Technique for order preference by similarity to ideal

solution method (TOPSIS) was proposed by Hwang and

Yoon in 1981, and as a comprehensive evaluation method,

it has no strict limits on data distribution and sample

content index and is applicable to small sample data as well

as multi-evaluation units. It can be used for both horizontal

multiunit comparison and longitudinal analysis of different

years. The same trend and normalization processing of the

original data not only eliminate the influence of different

index dimensions, but also can make full use of the original

data information to quantitatively evaluate the pros and

cons of different units, with objective and accurate results.

As a common multi-objective decision analysis method for

finite schemes, it can effectively avoid the information

overlapping problem due to certain correlation among

various indexes. This method is used to determine the

weight ranking of each impact factor. In the field of Pu’er

tea, scholars have used the grey correlation analysis

method to study the impact factors of the total output value

of Yunnan tea. However, according to the research objects

and data characteristics, TOPSIS method is more suit-

able for this paper.
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Build the original data matrix of Pu’er tea price impact

mechanism according to the evaluation indexes and the

number of evaluation objects:

X ¼ xijf gn� m; m ¼ 16; n ¼ 8ð Þ ð5Þ

Transform the original data matrix of Pu’er tea price

impact mechanism into a standardized matrix:

Yij ¼ yijf gn� m ð6Þ

where, the positive index is yij ¼ xij�aj
Aj�aj, the negative index

is yij ¼ Aj�xij
Aj�aj , the neutral index is yij ¼

xij�aj
x0�aj ; xij � x0ð Þ; yij ¼ Aj�xij

Aj�x0
; xij� x0ð Þ Aj ¼ xijf gmax

i ,

aj ¼ xijf gmin
i .

Normalize yij:

Fig. 17 BP model diagram

Table 8 Impact factors of Pu’er tea price

Year Economic development factor National tea supply and demand factors

GDP (one

hundred

million

RMB)

Per capita

disposable

income

(RMB)

Inflation

rate (%)

Interest

rate (%)

National tea

plantation area

(ten thousand

mu)

National tea

production (ten

thousand tons)

Number of tea drinkers in

the country (one hundred

million people)

National tea

sales (ten

thousand

tons)

2012 538,580 16,662 2.6 3.25 3419.85 178.97 4.49 124.01

2013 592,963 18,311 3.2 3.00 3703.20 192.40 4.58 133.83

2014 641,280 20,167 7.5 2.75 4112.90 215.83 4.65 150.25

2015 685,992 21,966 12.8 2.50 4316.20 227.76 4.71 167.91

2016 740,060 23,821 8.5 1.50 4454.14 244.01 4.78 171.06

2017 820,754 25,974 7.5 1.50 4588.70 260.90 4.96 181.70

2018 900,309 28,228 2.2 1.50 4395.60 261.60 5.00 191.05

2019 990,865 30,733 2.9 1.50 4597.90 279.33 5.00 202.56

Year Tea supply factors of Yunnan Province Supply and demand factors of Pu’er tea Internet development level factor

in Yunnan Province

Tea plantation

area of Yunnan

Province (Ten

thousand mu)

Tea production

in Yunnan

Province (ten

thousand tons)

Number of tea

production

enterprises in

Yunnan Province

(house)

Yield of

Pu’er tea

(ten

thousand

tons)

Reserves of

Pu’er tea

(ten

thousand

tons)

Sales of

Pu’er tea

(Ten

thousand

tons)

Internet

penetration

rate in

Yunnan

Province (%)

Yunnan tea

E-commerce

sales (one

hundred million

RMB)

2012 584.55 27.17 838 8.13 33.78 4.70 28.5 2.0

2013 600.90 30.20 950 9.69 38.09 5.38 32.8 6.0

2014 595.00 33.37 1083 11.40 43.32 6.17 35.1 11.0

2015 602.00 36.23 1478 12.90 49.38 6.84 37.4 13.0

2016 610.00 37.74 1921 13.90 54.97 7.41 39.9 15.0

2017 656.80 39.02 2208 14.30 61.15 7.82 41.0 20.0

2018 666.80 39.81 2339 14.42 66.82 8.74 43.0 22.0

2019 699.90 39.99 1751 14.88 71.89 9.15 44.6 32.9
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Zij ¼ yijPn
i¼1ð Þ yij

ð7Þ

Calculate the entropy value of j index:

ej ¼ �k �
Xn

j¼1ð Þ
; Zij � ln Zijð Þ½ �

j ¼ 1; 2; 3::::; n; k ¼ 1

ln nð Þ ; constant
� � ð8Þ

Differentiation coefficient:

gj ¼ 1 � ej ð9Þ

Entropy weight : cj ¼ gjPm
j¼1ð Þ gj

ð10Þ

Indexweight : wj ¼ cjPm
j¼1ð Þ cj

ð11Þ

According to TOPSIS to get the impact factors’ weight,

the impact factors of the three sort weight sum is 0.5638,

become the main impact factors to price, so choose during

2012–2019, available from the former three impact factors

to 16 full impact factors, total of 14 combinations kinds as

input samples, and at the same time the annual tea prices

for the output samples, different factors affecting the

combination of price forecasting accuracy. Table 10 ana-

lyzes the weight of 16 impact factor indexes of Pu’er tea

and ranks them according to the weight, so as to determine

the factors that have the greatest influence on the price to

those that have the least influence, thus laying a foundation

for the subsequent BP model price prediction research.

3.1.3 Data preprocessing

In order to avoid excessive impact on the training speed

and sensitivity of the network due to the original sample

data, this paper converts the original data into dimension-

less standard values through normalized mathematical

processing and uses premnmx function to conduct nor-

malization processing on the original data samples. After

the BP training, the normalized data obtained from the

predicted output need to be reverse-normalized to restore

the Pu’er tea price value.

3.1.4 BP model structure design

The number of input layer neurons is 3–16, and the number

of output layer neurons is 1. In BP neural network model, it

is very important to select the appropriate number of hid-

den layer nodes, which has a great impact on the network

performance. If the number of nodes in the hidden layer is

set too little, the training process will not converge easily.

If the number of nodes is set too much, it will be easy to

train too much and the learning time will be too long. Set

the number of hidden layer nodes is a complex problem,

there is no authoritative calculation method, now more than

several times with training in the optimal method, to

choose a smaller estimate at the beginning, other condi-

tions remain unchanged, and gradually increase the number

of nodes, repeatedly for training and testing, the smallest

error of hidden layer nodes is the most points. The results

calculated by the existing calculation formulas are only

empirical estimators, not necessarily the optimal number of

nodes. The commonly used calculation formulas mainly

include the following three types:

m ¼
ffiffiffiffi
nl

p
ð12Þ

m ¼ log2 n ð13Þ

m ¼
ffiffiffiffiffiffiffiffiffiffi
nþ l

p
þ a ð14Þ

where m represents the number of nodes in the hidden

layer, n is the number of nodes in the input layer, l is the

number of nodes in the output layer, and a is a constant

between 1 and 10. In this paper, the more commonly used

formula [14] is selected, and the optimal number of hidden

Table 9 Annual price of four Pu’er tea products (unit: RMB)

Year The current year of Dayi 7542 raw tea The current year of Dayi 7572 ripe tea 2011 Dayi 7542 raw tea 2011 Dayi 7572 ripe tea

2012 111.068 57.965 86.000 56.000

2013 200.442 94.442 148.326 82.769

2014 196.653 129.653 164.134 92.923

2015 140.057 70.365 122.692 86.442

2016 130.750 66.134 119.000 94.769

2017 160.415 93.094 123.301 103.528

2018 164.903 99.076 130.403 134.250

2019 304.980 100.98 146.096 142.942
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layer nodes is determined according to the training error

results through repeated experiments with different node

numbers. The number of neurons in the hidden layer is

different, and the optimal number of neurons can be

determined through subsequent training. The hidden layer

excitation function was tansig function, the output layer

excitation function was purelin function, and the training

function was trainlm. The number of network iterations

epoch was set to 5000 times, and the training error was

0.0000001.

3.2 Verificationand analysis of BP model

The experimental environment of this paper is

Intel(R) Pentium(R) CPU N3540@2.16GHz processor,

4.00GB installed memory, 64-bit operating system, Win-

dows 7 flagship version,MATLAB2018 software.

3.2.1 Model validation

According to the characteristics of BP model and study

relevant literature, 80% of the data is generally taken as

training set, and the remaining 20% is taken as the verifi-

cation set.Considering the sample only involves 8 annual

years data, the sample data from 2012 to 2018 is used as

training set, the sample data of2019 is used as verification

set, the 3–16 impactfactors from 2012 to 2018 are used as

input layer, and four products prices from 2012 to 2018 are

used as output layer. In this paper, the input layer of sample

data are available from the former three impactfactors to 16

full impact factors, total of 14combinationskinds, different

number of input layer neurons causedhidden layer neurons

number is different, because the space is limited, only the

best hidden layer neurons mean square errortrainingresult

of different number of input layer neurons willbe listed and

detailed in Table 11

According to the results in Table 11, the neurons num-

ber of input layer is 4, which means to use the top four

price impact factors. When the neurons number of hidden

layer is 8, the prediction accuracy is relatively high. After

25, 19, 18 and 20 iterations, respectively, the four products’

network training error reached below the target error, and

the network training results are shown in Figs. 18, 19, 20

and 21.

After the model training is completed, the obtained

results are reverse-normalized and restored to the original

order of magnitude to obtain the four products’ price pre-

diction results of 2019. In order to more comprehensively

and objectively analyze the prediction results of the four

kinds of Pu’er tea price, this paper adopts relative error to

measure the model prediction quality, and the prediction

accuracy results are shown in Table 12.

3.2.2 Result analysis

Through the establishment of BP model, testing the Pu’er

tea price impact factor, the results showed the rankings of

top four factors—Yunnan tea E-commerce sales, inflation

rate, number of tea production enterprises in Yunnan Pro-

vince and interest rate which are good at predicting Pu’er

tea price and further verify that they are the main price

impact factors. Internet ? environment and network con-

sumption form were further enriched, including online–

offline and online stores more multi-channel interaction

[24], made the electric business platform to complete the

sales account for the proportion of Pu’er tea sales increased

year by year, the development of Yunnan tea electricity is

the main factor to made Pu’er tea sales promotion and price

steady growth. The inflation rate is another factor that leads

Table 10 Weight ranking of Pu’er tea price impact factors

Ranking 1 2 3 4 5 6 7 8

Impact

factor

Yunnan tea

E-commerce sales

(one hundred million

RMB)

Inflation

rate (%)

Number of tea

production enterprises

in Yunnan Province

(house)

Interest

rate (%)

Reserves of

Pu’er tea (ten

thousand tons)

Yield of

Pu’er tea (ten

thousand

tons)

Sales of

Pu’er tea (ten

thousand

tons)

GDP (One

hundred

million

RMB)

Weight 0.2532 0.2140 0.0966 0.0783 0.0548 0.0417 0.0417 0.0339

Ranking 9 10 11 12 13 14 15 16

Impact

factor

Per capita

disposable

income

(RMB)

National tea

production

(ten

thousand

tons)

National

tea sales

(ten

thousand

tons)

Tea production

in Yunnan

Province (ten

thousand tons)

Internet

penetration

rate in

Yunnan

Province(%)

National tea

plantation

area (ten

thousand mu)

Number of tea

drinkers in the

country (one

hundred million

people)

Tea plantation

area of Yunnan

Province (ten

thousand mu)

Weight 0.0339 0.0287 0.0287 0.0234 0.0234 0.0182 0.0156 0.0130
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to Pu’er tea price fluctuation, and adding this factor can

make the analysis more objective. Since most enterprises

have the technology and ability to produce Pu’er tea, the

number of tea production enterprises in Yunnan Province

also reflects the capacity of Pu’er tea industry or the

number of products flowing into the market, so the analysis

can directly reflect the market supply situation of Pu’er tea.

Qu Q [25] proposed that market interest rate is an influ-

encing variable reflecting market borrowing costs, which

directly affects commodity investment behavior. Pu’er tea

has become a new favorite for investment due to its value-

added characteristics; especially for small-scale collectors,

when the market interest rate is low, they are likely to put

their spare funds into Pu’er tea and other products.

The predicted results of the current year of Dayi 7542

raw tea are not good and the error is big; the main reason is

the raw tea is sought by consumers and investors; its price

impact apart from macro- to microfactors also has the

Table 11 Relative error results of optimal hidden layer neuron training with different input layer neuron numbers of four Pu’er tea products

Input layer neurons

number

The current year of Dayi 7542

raw tea

The current year of Dayi 7572

ripe tea

2011 Dayi 7542 raw

tea

2011 Dayi 7572 ripe

tea

3 0.5215374 0.6003676 0.3477987 0.4677276

4 0.5242293 0.0333077 0.0230807 0.0647528

5 0.5216892 0.7107715 0.0639100 0.0688850

6 0.5216284 0.2211458 0.0518152 0.0660471

7 0.5215374 0.6887417 0.1069570 0.1165511

8 0.5215374 0.6701399 0.1234462 0.0648321

9 0.5215829 0.1958590 0.1234530 0.0648003

10 0.5215374 0.0700972 0.0951908 0.0650225

11 0.5215374 0.0969529 0.0346963 0.0647528

12 0.5215374 0.0115601 0.3617005 0.0693168

13 0.5215677 0.7415149 0.1234667 0.9409600

14 0.5215374 0.6914572 0.3963900 0.0653082

15 0.8004923 0.7372006 0.2453523 1.4326412

16 0.5270760 0.7413347 0.1234667 1.1826205

Fig. 18 Training error curve of the current year of Dayi 7542 raw tea

Fig. 19 Training error curve of the current year of Dayi 7572 ripe tea

Fig. 20 Training error curve of 2011 Dayi 7542 raw tea
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government’s promotion, media publicity and hype quali-

tative factors such as investors, so its price fluctuation is

big and using BP model is hard to accurately predict. The

prediction error of the current year of Dayi 7572 ripe tea

and 2011 Dayi 7542 raw tea is relatively small and close to

the real price. The main reasons are the two products’ price

fluctuation is small and the price increase is not large in

recent years. 2011 Dayi 7572 products became popular due

to their certain advantages in cost performance, and the

price was easily affected by other factors, which brought

some difficulty to the prediction work. Therefore, the

prediction error was larger than the last two products, but it

still had certain research significance.

4 Price forecast and analysis of Pu’er tea

This paper selects ARIMA and BP models to forecast the

four Pu’er tea product prices, the ARIMA short-term

forecasting effect is good, but BP model for the current

year of Dayi 7542 raw tea prediction error is big, together

with the annual data of other three products’ impact factors

which are not released and the data do not have a simple

linear and exponential function relationship; it is difficult to

accurately predict the four products’ impact factors and

then further forecast four product prices in 2020. However,

if the prediction period of ARIMA model is too long, it

may lead to low prediction accuracy and little practical

guidance. Therefore, this paper mainly uses ARIMA model

to make four products’ short-term price prediction in the

next 10 weeks, and the results are shown in Table 13.

From the perspective of the overall price level of four

products, the current year of Dayi 7542 raw tea has a big

price profit and rising trend in the next few weeks, this also

objectively reflected the product price in recent years, and

the current year of Dayi 7572 ripe tea price over the next

few weeks is only 100 RMB; the price of 2011 Dayi 7542

raw tea price increase is not big, up to 4.4 RMB; the price

of 2011 Dayi 7572 ripe tea in the next 10 weeks was nearly

160 RMB, close with the current price. It can be seen that

the raw tea price and future appreciation space are better

than ripe tea. The price forecast of the four products

reflects both the industry’s current situation and the future

trend of Pu’er tea market.

4.1 Among the four products, the current year of Dayi

7542 raw tea has the highest price and it continues to

increase substantially. The main reason was it is not suit-

able for immediate drink when the raw tea just product, and

through long-term storage, color and taste were better than

before, consumer see it as a long-term storage products and

purchase because its subsequent drinking; Pu’er tea has

invest value, financialization and futures products charac-

teristics, and the investment sees it as a product which can

be long-term stored and invested, so the raw tea price is

higher than other three products, but it is still in the first

stage of commodity financialization advanced stage, com-

pared with red sandalwood wood, jade and real estate

which in the second stage has relatively low financializa-

tion degree [26],1 so its future tea price did not have drastic

fluctuations.

4.2 The predicted price of the current year of Dayi 7572

ripe tea in the next 10 weeks is the lowest among the four

products, with the price only about 100 RMB. The reasons

are mainly as follows: First, due to the taste and fermen-

tation technology, consumers have ignored the ripe tea

value for a long time. After 2013, tea companies improved

the ripe tea quality by improving the quality of raw

materials and process technology, thus increasing the

demand. Second, in the consumer market, there is a con-

sumption habit of ‘‘drinking ripe tea, collecting raw tea and

tasting old tea,’’ so in the value of drinking and collecting,

the main value of ripe tea is drinking. Third, in a com-

prehensive view of Pu’er tea market, there is a serious

excess capacity, supply far more than demand.

4.3 2011 Dayi 7542 raw tea is representative in Pu’er

old tea market, and according to industry standards,

10–15 years suits the middle tea standard, the quality is

better and has more drinks value and this product is close to

the tea standard, so it should be a popular product in

consumption market and the price should be higher, but the

Fig. 21 Training error curve of 2011 Dayi 7572 ripe tea

1 According to the viewpoints of Zhang CS and other scholars,

commodity financialization refers to the phenomenon that commodity

price deviates from the operation law of the original price (that is, it is

no longer determined by market supply and demand) and is similar

and correlated with financial products in terms of capital concentra-

tion. Commodity financialization can be divided into two stages: the

first stage is the transition from ordinary commodities to capital

goods, such as onion, ginger, garlic, cotton, sugar and high-grade

tea. The second stage is the transition from capital goods to financial

products, such as rosewood, jade and real estate.
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actual situation for the next 10 weeks was the highest price

increase of only 4.4 RMB; the main reason is excessive

storage, and Pu’er tea storage has been rising from 337,800

tons in 2012 to 718,900 tons in 2019. Although Pu’er tea

market recognition and brand awareness increased year by

year, its sales are rising from 47,000 tons in 2012 to 91,500

tons in 2019, there are too much storage and a large

number of fresh tea products in the market, the supply is far

more than demand, though 2011 tea product stays at the

best drinks period, but its future price rise is still unable to

reflect its actual value.

4.4 Ripe tea artificial pile fermentation process to make

the subsequent transformation space is small, its main

value is drinking, it can be immediately drunk after fer-

mentation, and it does not need long storage time. 2011

Dayi 7572 ripe tea price is higher than the current year of

Dayi 7572 ripe tea, so consumers tend to choose the current

year ripe tea. Though the tea has reached the mid tea

standard, the quality and conversion are not big and the

price is same to the year Dayi 7542 raw tea, but it is

inferior in the quality and taste, so its price and quality do

not have advantage and then the prediction price nearly 160

RMB has certain inevitability.

5 Conclusion and suggestions

5.1 Conclusion

This paper firstly takes the weekly prices of four products

from June 12, 2012, to May 3, 2020, as sample data, and

uses ARIMA model to make short-term price forecast.

Secondly, the annual prices of four products from 2012 to

2019 and the annual data of the impact factors are taken as

sample data. From the macro and micro perspectives, the

BP model is established based on the weight ranking of 16

factors affecting the price by TOPSIS method, and the

long-term price prediction results of impact factors differ-

ent combinations are verified respectively.

The results show that ARIMA is more suitable for short-

term prediction and its prediction error will increase when

the prediction period prolonged. The long-term price pre-

diction results of BP model show that its prediction accu-

racy of the current year of Dayi 7542 raw tea is not high

and the error is big, while the other three products’ price

prediction has certain error, but it still has a certain refer-

ence value.

Therefore, this paper uses ARIMA model to make short-

term price forecast in the next 10 weeks, and the results

show that the price of the current year of Dayi 7542 raw tea

will increase greatly and present continuously increasing

trend in the next few weeks, but the price of the current

Table 12 Prediction accuracy

results of BP model
Product True value Predictive value Relative error

The current year of Dayi 7542 raw tea 304.980 200.088 34.39%

The current year of Dayi 7572 ripe tea 100.980 97.725 3.22%

2011 Dayi 7542 raw tea 146.096 142.724 2.30%

2011 Dayi 7572 ripe tea 142.942 134.249 6.08%

Table 13 ARIMA model prediction results of the next 10 weeks Pu’er tea price

Date The current year of Dayi 7542 raw

tea

The current year of Dayi 7572 ripe

tea

2011 Dayi 7542 raw

tea

2011 Dayi 7572 ripe

tea

2020.5.4–2020.5.10 684.2 106.8 152.4 154.2

2020.5.11–2020.5.17 687.2 106.9 152.7 154.6

2020.5.18–2020.5.24 690.3 107.1 152.9 155.0

2020.5.25–2020.5.31 693.4 107.3 153.1 155.4

2020.6.1–2020.6.7 696.5 107.4 153.3 155.8

2020.6.8–2020.6.14 699.6 107.6 153.5 156.2

2020.6.15–2020.6.21 702.7 107.8 153.7 156.5

2020.6.22–2020.6.28 705.9 107.9 153.9 156.9

2020.6.29–2020.7.5 709.0 108.1 154.1 157.3

2020.7.6–2020.7.12 712.2 108.2 154.4 157.7
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year of Dayi 7572 ripe tea was only about 100 RMB. The

price of 2011 Dayi 7542 raw tea did not increase much, and

the price of 2011 Dayi 7572 ripe tea will be nearly 160

RMB in the next 10 weeks, which is close to the current

actual price. And the main reason is the Pu’er tea price has

been gradually increasing because it has always been

sought and hyped by consumers and investors, whether for

drinking or investment. The Pu’er tea storage increased

year by year, leading to serious excess production capacity

and unbalance between supply and demand, so though the

product has reached the optimal drinking period, the price

has not increased much and does not reflect its real value.

And with the increase of artificial cost in recent years,

Pu’er tea prices rise even to maintain the status quo, make

the tea farmers and tea enterprise lose, and even the situ-

ation that no people to harvest, low price led to reduced

research, inadequate innovation and promotion ability, thus

not conducive to the industry healthy development.

According to the current situation and problems of the

industry, this paper puts forward the following suggestions.

5.2 Suggestions

5.2.1 Pu’er tea has both drinking and investment values.

This unique advantage brings considerable benefits to Pu’er

tea, but also brings some hidden dangers. Too much

attention to the investment value will lead to a sharp

increase in the stock market. So far, there is 718,900 tons

of Pu’er tea storage, and the annual production of Pu’er tea

is 148,800 tons, while the annual sale of Pu’er tea is only

91,500 tons, resulting in excess production capacity and

serious unbalance between supply and demand. When the

market stock flows to the market in large quantities, it will

cause precipitous drop in tea price and seriously harm the

healthy development of the industry. Therefore, in view of

the current situation of industry, Pu’er tea should reflect its

tasting value and reduce the market stock, so that Pu’er tea

can truly enter people’s daily life and become a tea drink,

accelerate market consumption and increase effective

demand. The government shall give scientific guidance to

the industry practitioners according to the market situation

and future development trend. Tea farmers should not

blindly plant and should adhere to the sustainable devel-

opment of tea resources, scientific planting and picking.

Tea enterprises should adjust the quantity of inventory

according to the actual situation of enterprises.

5.2.2 The consumer group of Pu’er tea has shown a

young trend, and the post-1990s and post-1900s have

gradually become the main consumer group. They have a

wide range of channels to accept new things, pay more

attention to the information timeliness and have new

requirements on the raw materials, prices and packaging

methods of tea products. The Pu’er tea industry should also

adapt to this change, speed up its publicity and promotion

through Internet, expand the consumer and understand

consumers’ needs and buying intentions through data

analysis, carry out targeted product promotion, meet their

personalized needs and cultivate loyal consumer groups.

Therefore, the government should strengthen the infras-

tructure guarantee, improve the Internet penetration rate,

conduct skill training for tea-related personnel and improve

the comprehensive quality of employees. Tea farmers and

tea companies should use Internet to understand customers’

needs according to the actual situation and adjust their

business strategies according to their feedback.

5.2.3 Pu’er tea industry has more than 8 million tea

farmers, more than 11 million tea workers and 1751 tea

production enterprises. The Pu’er tea from planting, pick-

ing and processing to reprocess have in total more than 30

major processes, and every step needs scientific evaluation.

Make a good quality of Pu’er tea can not do without sci-

ence and careful data analysis, strict operation, but the most

industry professionals is based on past production experi-

ence, the tea quality is not same, difficult to standardization

and standardized production. The scale tea companies in

the industry are less, and few enterprises have high brand

awareness. The product quality is not the same and easily

appears in the consumer adverse selection. Therefore, tea

practitioners should strictly control quality, improve pro-

duction process, accurately describe product information

and enhance the brand awareness in order to restore con-

sumer confidence and make the price truly reflect the

product value.
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