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Abstract


This paper focuses on the difference in inter-group and intra-group price of Yesso scallop (Patinopecten yessoensis) and the simulation accuracy of three different exponential smoothing models in the price. Based on the farm-gate price and wholesale price data of P. yessoensis in Changhai county from January 2017 to December 2018, this study uses the Wilcoxon rank sum test to compare the inter- and intra-group price and applies simple exponential smoothing (SES), Holt’s linear trend method, and Holt-Winters’ additive method to simulate and predict the price. The results suggest that (i) to improve economic benefits, it is necessary to formulate reasonable farming area and establish low-density ecological cultivation mode; (ii) the price’s Akaike information criterion (AIC) and mean absolute percentage error (MAPE) values by the SES model are optimal, and the MAPE value is lower than 4%; and (iii) the result of SES analysis shows no obvious change from January to March 2019.
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1. Introduction


According to data from the FishStatJ database [1], China’s scallop production in 1979 was only 180 metric tons (t), accounting for less than 1% of world scallop production. In 2017, the country’s scallop production soared to 2 million t, accounting for approximately 72% of the world’s total. The above data show that the scale of China’s scallop industry has continued to expand. The national scallop industry plays a significant role in promoting fisheries economic growth in coastal regions, and it has produced enormous socioeconomic and ecological benefits [2,3,4,5].



At present, Chinese native scallop species mainly include Chlamys farreri and Chlamys nobilis, and the introduced species are Argopecten irradians and Patinopecten yessoensis [6]. Due to the large size and rapid growth of Yesso scallop (Patinopecten yessoensis), it has become a species with high economic value in Chinese scallop mariculture [7]. P. yessoensis is a cold-watered bivalve shellfish native to northern Japan and Russian Far East coastal waters [8,9]. Since the introduction of P. yessoensis from Japan, the research and promotion of Chinese researchers for many years has broken through key technologies (e.g., artificial seedling, intermediate breeding, proliferation, aquaculture, etc.), and P. yessoensis has increased in scale and industrialization in the northern Yellow Sea in China [10].



However, due to a lack of aquaculture planning and irregular production mode, the mortality of P. yessoensis increased in the Changhai county, China [11,12]. This affects the production and quality of P. yessoensis and may cause abnormal fluctuation in the farm-gate price and wholesale price. It can damage the interests of aquaculture producers and endanger the sustainable development of the industry. This paper aims to investigate the difference in inter- and intra-group price of P. yessoensis and simulate the price trend.



Many researchers have conducted the method innovations on the prediction of aquatic product prices and proposed a variety of prediction methods in different contexts. There are two main categories: (1) There is a widely used time series model (see, e.g., [13,14,15,16,17,18]) which applies the autoregressive moving average models and error correction model to analyze various aquatic product prices. Zhang and Yang (2018) applied the Holt-Winters model to simulate shrimp wholesale prices [19]. He et al. (2010) and Li et al. (2014) predicted fish wholesale prices through the neural network method [20,21]. Purcell et al. (2018) studied the market price of beche-de-mer by applying a regression model [22]. (2) In addition, there is a predictive model of several method combinations; for example, Zhang et al. (2005) constructed an aquatic product price forecasting support system, integrated neural network, moving average, linear regression, and other models to study price data [23]. Garza-Gil et al. (2009) used the linear, semi-log, double-log, and quadratic models to predict the aquaculture production and price trends of sea bream, sea bass, and turbot in Spain [24]. Zhou et al. (2017) introduced the consumer price index and applied the catastrophic grey model to conduct risk warning research on oyster prices [25].



There are numerous studies on the law of price fluctuation. In China’s aquatic products market, the price fluctuation may bring huge uncertainty to the income of aquaculture producers and operators [26]. Based on the autoregressive conditional heteroskedasticity model, a series of studies believed that the price fluctuation of aquatic products has the characteristics of clustering, no memory, high risk, and high payback [27,28]. Nguyen et al. (2013) estimated the demand for crustaceans in the United States retail stores, and results indicate that shrimp demand has price elasticity, while that of the crab, crawfish, and lobster is inelastic [29]. Asche et al. (2015) explored the price volatility regimes using the FAO Fish Price Index and they found that the price volatility of aquaculture products is much lower than that of wild products [30]. Some studies indicate that the price fluctuation has a diffusion effect through the investigated characteristics of price fluctuation in the aquatic product market [31,32].



Other research involves market integration and price transmission of aquatic products. For example, Hoshino et al. (2015) examined the price dynamics of imported abalone in Japan [33], Wakamatsu and Miyata (2015) surveyed the demand for the Japanese cod market [34], Singh (2016) explored the price transmission between different imported Atlantic salmon products in the United States market [35], and some researchers studied the price transmission of export chains and/or value chains [36,37,38,39].



In summary, the price difference of aquatic products is relatively less concerned. The price difference and trend predicting model for P. yessoensis would assist aquaculture producers to make reasonable farming area and density and improve farm management. This paper aims to better understand the price difference of P. yessoensis and predict future prices. In the study, a non-parametric method is introduced to measure the difference in the inter- and intra-group price of P. yessoensis, and three different exponential smoothing models are used to simulate the farm-gate price and wholesale price to determine the optimal prediction model.



The remainder of the paper is as follows: Section 2 describes data sources and methods, Section 3 shows the results, and Section 4 discusses and summarizes the paper.




2. Materials and Methods


2.1. Data Sources


The farming of P. yessoensis in China is mainly distributed in the coastal areas of the Liaoning and Shandong provinces, among which the farming in Liaoning province is concentrated in the waters around Changhai county [11,12]. To facilitate the research, this paper selects the price of P. yessoensis produced in Zhangzidao and Haiyangdao in this county as the research object. The location of price data collection in this paper is shown in Figure 1.



Data are from the molluscan shellfish industry in China Modern Agro-industry Technology Research System (CARS). The CARS has set up some price-monitoring stations for shellfish products in China. The research period is from January 2017 to December 2018. This paper uses two-year price data, mainly because it is difficult to collect price data; moreover, this study focuses on the price difference and short-term trend simulation, so short data series are sufficient for analysis.



In this paper, the farm-gate price refers to the price of P. yessoensis produced in Zhangzidao (ZZ) and Haiyangdao (HY); it is divided into extra large (EL), large (L), medium (M), small (S), and extra small (ES) by specification (Table 1). The wholesale price refers to the market price in Beijing (BJ), Guangzhou (GZ), Shenzhen (SZ), Changsha (CS), Harbin (HR), Changchun (CC), Shenyang (SY), Shanghai (SH), Hangzhou (HZ), Chengdu (CD), Hefei (HF), Ningbo (NB), and Xiamen (XM) (Table 2). The unit is Chinese Yuan per kilogram (CNY per kg). Figure 2 shows the explanation of each group. Figure 3 presents the boxplot of price series with minimum, lower quartile (25th percentile), median (50th percentile), upper quartile (75th percentile), and maximum.




2.2. Methodology


This study assumes that for the P. yessoensis in Zhangzidao and Haiyangdao, the farming company’s production technology and consumer preference for scallop demand remain unchanged or change little.



2.2.1. Non-Parametric Test


There are two reasons for using the non-parametric method. First, the price is independent between the farm-gate and each wholesale market, so the Wilcoxon rank sum test is used to compare the inter- and intra-group price [40,41]. Second, we applied the adjustment method proposed to control the overall type I error rate to a large extent [42]. This study uses the test from [43] to compare the difference in the inter-group (source and specification) and intra-group (farm-gate and wholesale market) price of the P. yessoensis. The advantage of this method is that under the premise of controlling the probability of making a type I error, pairwise comparison between all groups can be performed simultaneously. The calculation process is completed by R software.




2.2.2. Exponential Smoothing Models


Exponential smoothing models are a common method for predicting future values of time series, and it has been proved that their short-term prediction ability is better than long-term prediction ability [44,45,46]. Therefore, this paper uses simple (single) exponential smoothing (SES), Holt’s linear trend method, and Holt-Winters’ additive method to simulate the farm-gate price and wholesale price. The three models are tested and compared by the Akaike information criterion (AIC) [47,48] and mean absolute percentage error (MAPE). The optimal model is selected to make a short-term prediction of the price. The calculation process is completed by R software’s forecast package.



The formulas of the three models are as follows:



(i) Simple exponential smoothing:


   {     S t  = α  x t  + ( 1 − α )  S  t − 1        y  t + 1   =  S t       



(1)







(ii) Holt’s linear trend method:




    {     S t  = α  x t  + ( 1 − α ) (  S  t − 1   +  b  t − 1   )      b t  = β (  S t  −  S  t − 1   ) + ( 1 − β )  b  t − 1        y  t + k   =  S t  +  b t  k       



(2)





(iii) Holt-Winters’ additive method:


   {     S t  = α (  x t  −  I  t − m   ) + ( 1 − α ) (  S  t − 1   +  b  t − 1   )      b t  = β (  S t  −  S  t − 1   ) + ( 1 − β ) b    t − 1        I t  = γ (  x t  −  S  t − 1   −  b  t − 1   ) + ( 1 − γ )  I  t − m        y  t + k   =  S t  +  b t  k +  I  t + k − m        



(3)




where St, bt, and It are the estimate of the level (smoothed value), trend (slope), and season of the series at time t, respectively; α, β, and γ are the smoothing parameter for the level, trend, and season, respectively; xt and yt+k are the actual value and simulated value, respectively; m is the length of the season (the number of month or season); and k is the step-ahead forecast.



The AIC and MAPE calculation processes are as follows:



(iv) AIC:


  A I C = 2 n − 2 ln ( L )  



(4)




where n is the number of the parameter and L is the likelihood function.



(v) MAPE:


  M A P E =  1 s    ∑  t = 1  s      |   y t  −  x t   |     x t       



(5)




where s is the sample size and xt and yt are the actual value and simulated value of the price data, respectively.






3. Results


3.1. Difference Comparison


3.1.1. Inter-Group Difference


Table 3 shows the test result of sources and Table 4 shows the significant test result of specifications (EL, L, M, S, and ES). The result of Table 3 indicates that there is no statistically significant difference in sources (p > 0.1), while that of Table 4 has a statistically significant difference in specifications and all significance at the level of 0.1% (p < 0.001).




3.1.2. Intra-Group Difference


Table 5 and Table 6 show the significant test results of the ZZ and wholesale market and the HY and wholesale market, respectively. In terms of the number of pairwise comparisons with statistically significant difference and their proportion in the total pairwise comparison, in the ZZ group, the number of the EL, L, M, S, and ES specifications are 3, 3, 3, 3, and 9 pairs, respectively, while the proportion of the above specifications are 3/3, 3/6, 3/6, 3/91, and 9/91, respectively. In the HY group, the number of the above specifications are 2, 3, 3, 0, and 8 pairs, respectively, while the proportion of the above specifications are 2/3, 3/6, 3/6, 0/28, and 8/78, respectively.





3.2. Price Simulation


3.2.1. Model Selection


Figure 4 and Figure 5 show the AIC and MAPE value, respectively. It can be clearly seen that the AIC values of the SES model in Figure 4 is the lowest of the three models. The MAPE values of the SES model in the ZZ group are the smallest of the three models (MAPE value < 3%) (Figure 5a); except for the HY-ES, CS-S, and CS-ES specification in the HY group, the MAPE values of the remaining specification in SES model is also the lowest (MAPE value < 4%) (Figure 5b). Specifically, in the 39 sets of data series in the ZZ group, the MAPE value of 24 sets is lower than 2%; in the 32 sets of data series in the HY group, the MAPE value of 18 sets does not exceed 2%. Therefore, the SES model is selected to simulate the farm-gate price and wholesale price of P. yessoensis.




3.2.2. Simulated Results


The actual value and simulated value in the ZZ group (Figure 6) and in the HY group (Figure 7) from January 2017 to December 2018. It can be seen from the figures that the farm-gate and wholesale prices show obvious seasonal fluctuations, which are between December and February of the following year. This period coincides with China’s Spring Festival. This paper predicts the farm-gate price and wholesale price in the ZZ group (Table 7) and the HY group (Table 8) from January to March 2019. The results demonstrate that the price has not fluctuated during this period, and will continue to maintain the previous price. The results may ignore the seasonal influence to a certain extent, and a more detailed discussion will follow.






4. Discussion and Conclusions


4.1. Discussion


According to the difference comparison results, the differences between sources are not obvious; however, the differences between specifications are obvious. For the proportion in the total pairwise comparison, the significant difference of a larger size (EL, L, and M) was greater than that of a smaller size (S and ES). The difference is mainly in the specification, which may be because the geographical location and environmental condition of Zhangzidao and Haiyangdao are roughly the same [11]. Therefore, the influence of the source on the price is not significant. Some studies indicate that the average shell height of high-density cultivation was lower than that of low-density cultivation and the cumulative mortality rate of high-density cultivation was greater than that of low-density cultivation [49,50]. The differences between specifications under different cultivation densities are significant, which leads to different prices. These results are consistent with our finding.



According to the simulating results, the AIC and MAPE values of the SES model are optimal in the three models, and the MAPE value in the ZZ group and HY group are both not more than 4%. The farm-gate price and wholesale price remain the previous price from January to March 2019. The MAPE value of ES specification in the ZZ group and HY group simulated by the Holt model and of the HZ-S specification in the ZZ group and of the HZ-ES specification in the HY group simulated by the Holt-Winters model are larger; however, the price simulations of the other specifications are better for the two models. This also indicates that there are trend terms and/or seasonal terms in the price series, but the impacts of the trend and seasonal factors on the price are not obvious, which may be due to the short time scale of the price series. This requires continuous monitoring of the farm-gate price and wholesale price, and the updated data are supplemented to the model to make the prediction more accurate. Consistent with previous results [13,14,19], the price of P. yessoensis and other aquatic products have the same characteristics. That is, the supply of P. yessoensis is affected by the farming cycle and the instability of supply will cause the random fluctuation of price.



The hypothesis mentioned earlier in this paper is that from the collected price data, the price change of P. yessoensis is relatively small. This study considers the actual situation during the study period and assumes that the production technology of the farming company and demand preference of the consumer have not changed or changed little, so as to analyze the price difference and simulate the price trend. If there are major changes, the above analysis will be affected.




4.2. Conclusions


This paper introduces a non-parametric method to evaluate the difference in inter- and intra-group price of P. yessoensis. In addition, this study tests the simulation accuracy of three exponential smoothing models in price. There are two conclusions in this paper. First, the differences between specifications are obvious. This shows that the government management departments should actively guide aquaculture producers to make reasonable farming area and establish low-density ecological cultivation mode, which is conducive to the improvement of economic benefits. Second, the exponential smoothing models are suitable for simulating the P. yessoensis price; the SES model is especially better for simulating the price.



Thus far, the European Union has adopted a clear and strong legislative system to ensure seafood safety and prevent environmental issues [51,52]. With the continuous growth of China’s economy, consumers are paying more attention to the quality and safety of seafood [53,54,55]. Therefore, it is necessary for management departments to improve the food safety management system of shellfish (including P. yessoensis). On the other hand, it is also conducive to the development of export trade of P. yessoensis [56,57,58]. Moreover, it is necessary to strengthen cooperation between aquaculture producers and management departments to provide information on the price changes to them, maintain market price stability and ensure the sustainable development of the industry.



In the future, this study can further explore the P. yessoensis price trend by adding more abundant price datasets and factors that affect the price, which is more helpful to formulate targeted policy recommendations.
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Figure 1. The location of price data collection. Farm-gate price including Zhangzidao (ZZ), and Haiyangdao (HY); wholesale price including Beijing (BJ), Guangzhou (GZ), Shenzhen (SZ), Changsha (CS), Harbin (HR), Changchun (CC), Shenyang (SY), Shanghai (SH), Hangzhou (HZ), Chengdu (CD), Hefei (HF), Ningbo (NB), and Xiamen (XM). 
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Figure 2. The explanation of each group. 
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Figure 3. The boxplot of the price series. (a) ZZ group; (b) HY group. The front code (collection location; see Table 2) and back code (specification; see Table 1); the same below. 
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Figure 4. The AIC value for three models. (a) ZZ group; (b) HY group. 
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Figure 5. The MAPE value for three models. (a) ZZ group; (b) HY group. 
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Figure 6. The actual value and simulated value of each specification price in the ZZ group. 
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Figure 7. The actual value and simulated value of each specification price in the HY group. 
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Table 1. Specification description in farm-gate price.






Table 1. Specification description in farm-gate price.





	Specification
	Code
	The Number of Scallops per Kilogram (kg)





	Extra Large
	EL
	4–5



	Large
	L
	6–8



	Middle
	M
	9–10



	Small
	S
	11–12



	Extra Small
	ES
	13–16










 





Table 2. Source and market description in wholesale price.






Table 2. Source and market description in wholesale price.





	
Market Name

	
Code

	
Source




	
ZZ

	
HY






	
Beijing

	
BJ

	
EL, L, M, S, ES

	
EL, L, M, S, ES




	
Guangzhou

	
GZ

	
EL, L, M, S, ES

	
EL, L, M, S, ES




	
Shenzhen

	
SZ

	
L, M, S, ES

	
L, M, S, ES




	
Changsha

	
CS

	
S, ES

	
S, ES




	
Harbin

	
HR

	
S, ES

	
S, ES




	
Changchun

	
CC

	
S, ES

	
S, ES




	
Shenyang

	
SY

	
S, ES

	
S, ES




	
Shanghai

	
SH

	
S, ES

	
ES




	
Hangzhou

	
HZ

	
S, ES

	
ES




	
Chengdu

	
CD

	
S, ES

	
ES




	
Hefei

	
HF

	
S, ES

	
ES




	
Ningbo

	
NB

	
S, ES

	
ES




	
Xiamen

	
XM

	
S, ES

	
—








Note: Source refers to the specification in each market is from the Zhangzidao (ZZ) group or Haiyangdao (HY) group. The farm-gate group includes Zhangzidao (ZZ) and Haiyangdao (HY); the market group includes Beijing (BJ), Guangzhou (GZ), Shenzhen (SZ), Changsha (CS), Harbin (HR), Changchun (CC), Shenyang (SY), Shanghai (SH), Hangzhou (HZ), Chengdu (CD), Hefei (HF), Ningbo (NB), and Xiamen (XM); the same below.













 





Table 3. The differences between sources in the farm-gate group and the wholesale market group.
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	Name
	Group.1
	Group.2
	W-Stat
	p-Value





	Farm-gate (n = 240)
	HY
	ZZ
	7064.5
	0.8006



	BJ (n = 240)
	HY
	ZZ
	7035
	0.7584



	GZ (n = 240)
	HY
	ZZ
	6746
	0.3976



	SZ (n = 192)
	HY
	ZZ
	4332
	0.4725



	CS (n = 96)
	HY
	ZZ
	1092.5
	0.6535



	HR (n = 96)
	HY
	ZZ
	1230.5
	0.5589



	CC (n = 96)
	HY
	ZZ
	1233.5
	0.5480



	SY (n = 96)
	HY
	ZZ
	1230.5
	0.5589



	SH (n = 48)
	HY
	ZZ
	257.5
	0.5272



	HZ (n = 48)
	HY
	ZZ
	307.5
	0.6924



	CD (n = 48)
	ZZ
	HY
	212.5
	0.1131



	HF (n = 48)
	HY
	ZZ
	288
	1.0000



	NB (n = 48)
	HY
	ZZ
	288
	1.0000










 





Table 4. The differences between specifications in the farm-gate group and the wholesale market group.
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	Name
	Group.1
	Group.2
	W-Stat





	Farm-gate (n = 240)
	ES
	S
	268



	
	ES
	M
	6



	
	ES
	L
	0



	
	ES
	EL
	0



	
	S
	M
	145



	
	S
	L
	0



	
	S
	EL
	0



	
	M
	L
	238



	
	M
	EL
	0



	
	L
	EL
	161



	BJ (n = 240)
	ES
	S
	560



	
	ES
	M
	26



	
	ES
	L
	0



	
	ES
	EL
	0



	
	S
	M
	300



	
	S
	L
	0



	
	S
	EL
	0



	
	M
	L
	458



	
	M
	EL
	33



	
	L
	EL
	348



	GZ (n = 240)
	ES
	S
	374



	
	ES
	M
	12



	
	ES
	L
	0



	
	ES
	EL
	0



	
	S
	M
	185



	
	S
	L
	0



	
	S
	EL
	0



	
	M
	L
	291



	
	M
	EL
	0



	
	L
	EL
	214



	SZ (n = 192)
	ES
	S
	374



	
	ES
	M
	12



	
	ES
	L
	0



	
	S
	M
	185



	
	S
	L
	0



	
	M
	L
	291



	CS (n = 96)
	ES
	S
	540



	HR (n = 96)
	ES
	S
	560



	CC (n = 96)
	ES
	S
	470



	SY (n = 96)
	ES
	S
	560







Note: All p-values here are lower than 0.001 (0.1% significance level), so they are omitted.













 





Table 5. The differences between ZZ and wholesale markets and between the wholesale markets in the ZZ group.
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	Name
	Group.1
	Group.2
	W-Stat
	p-Value





	EL (n = 72)
	ZZ
	BJ
	91
	0.0000 ****



	
	ZZ
	GZ
	25.5
	0.0000 ****



	
	BJ
	GZ
	206.5
	0.0601 *



	L (n = 96)
	ZZ
	BJ
	146
	0.0100 **



	
	ZZ
	GZ
	64
	0.0000 ****



	
	ZZ
	SZ
	64
	0.0000 ****



	M (n = 96)
	ZZ
	BJ
	146
	0.0100 **



	
	ZZ
	GZ
	64
	0.0000 ****



	
	ZZ
	SZ
	64
	0.0000 ****



	S (n = 336)
	ZZ
	XM
	100.5
	0.0085 ***



	
	ZZ
	GZ
	108
	0.0140 **



	
	ZZ
	SZ
	108
	0.0140 **



	ES (n = 336)
	ZZ
	HZ
	129.5
	0.0873 *



	
	ZZ
	SH
	129.5
	0.0873 *



	
	ZZ
	HF
	129.5
	0.0873 *



	
	ZZ
	CC
	129.5
	0.0873 *



	
	ZZ
	NB
	129.5
	0.0873 *



	
	ZZ
	CS
	104.5
	0.0111 **



	
	ZZ
	GZ
	104.5
	0.0111 **



	
	ZZ
	SZ
	104.5
	0.0111 **



	
	ZZ
	XM
	79.5
	0.0014 ***







Note: *, **, ***, and **** indicate significance at the levels of 10%, 5%, 1%, and 0.1%, respectively; the same below.













 





Table 6. The differences between HY and wholesale markets and between the wholesale markets in the HY group.
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	Name
	Group.1
	Group.2
	W-Stat
	p-Value





	EL (n = 72)
	HY
	BJ
	146
	0.0050 ***



	
	HY
	GZ
	95
	0.0002 ****



	L (n = 96)
	HY
	BJ
	146
	0.0100 **



	
	HY
	GZ
	95
	0.0003 ****



	
	HY
	SZ
	95
	0.0003 ****



	M (n = 96)
	HY
	BJ
	179
	0.0902 *



	
	HY
	GZ
	161
	0.0487 **



	
	HY
	SZ
	161
	0.0487 **



	ES (n = 312)
	HY
	BJ
	133
	0.0712 *



	
	HY
	HR
	133
	0.0712 *



	
	HY
	SY
	133
	0.0712 *



	
	HY
	CC
	99
	0.0057 ***



	
	HY
	CD
	99
	0.0057 ***



	
	HY
	GZ
	99
	0.0057 ***



	
	HY
	SZ
	99
	0.0057 ***



	
	HY
	CS
	72
	0.0003 ****







Note: *, **, ***, and **** indicate significance at the levels of 10%, 5%, 1%, and 0.1%, respectively; the same below.













 





Table 7. The predicted value of each specification price in the ZZ group (CNY per kg).
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	Time
	ZZ-EL
	ZZ-L
	ZZ-M
	ZZ-S
	ZZ-ES
	BJ-EL
	BJ-L
	BJ-M
	BJ-S
	BJ-ES



	Jan-19
	68.000
	64.000
	60.000
	48.001
	40.003
	72.000
	68.000
	64.000
	50.001
	42.001



	Feb-19
	68.000
	64.000
	60.000
	48.001
	40.003
	72.000
	68.000
	64.000
	50.001
	42.001



	Mar-19
	68.000
	64.000
	60.000
	48.001
	40.003
	72.000
	68.000
	64.000
	50.001
	42.001



	Time
	GZ-EL
	GZ-L
	GZ-M
	GZ-S
	GZ-ES
	SZ-L
	SZ-M
	SZ-S
	SZ-ES
	CS-S



	Jan-19
	72.000
	68.000
	64.000
	50.001
	42.002
	68.000
	64.000
	50.001
	42.002
	50.002



	Feb-19
	72.000
	68.000
	64.000
	50.001
	42.002
	68.000
	64.000
	50.001
	42.002
	50.002



	Mar-19
	72.000
	68.000
	64.000
	50.001
	42.002
	68.000
	64.000
	50.001
	42.002
	50.002



	Time
	CS-ES
	HR-S
	HR-ES
	CC-S
	CC-ES
	SY-S
	SY-ES
	SH-S
	SH-ES
	HZ-S



	Jan-19
	42.002
	50.001
	42.001
	50.002
	42.004
	50.001
	42.001
	50.001
	42.002
	42.011



	Feb-19
	42.002
	50.001
	42.001
	50.002
	42.004
	50.001
	42.001
	50.001
	42.002
	42.011



	Mar-19
	42.002
	50.001
	42.001
	50.002
	42.004
	50.001
	42.001
	50.001
	42.002
	42.011



	Time
	HZ-ES
	CD-S
	CD-ES
	HF-S
	HF-ES
	NB-S
	NB-ES
	XM-S
	XM-ES
	



	Jan-19
	42.002
	50.002
	42.003
	50.001
	42.003
	50.002
	42.004
	50.001
	42.019
	



	Feb-19
	42.002
	50.002
	42.003
	50.001
	42.003
	50.002
	42.004
	50.001
	42.019
	



	Mar-19
	42.002
	50.002
	42.003
	50.001
	42.003
	50.002
	42.004
	50.001
	42.019
	










 





Table 8. The predicted value of each specification price in the HY group (CNY per kg).
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	Time
	HY-EL
	HY-L
	HY-M
	HY-S
	HY-ES
	BJ-EL
	BJ-L
	BJ-M
	BJ-S
	BJ-ES



	Jan-19
	68.000
	64.000
	60.000
	48.001
	47.167
	72.000
	68.000
	64.000
	50.001
	42.002



	Feb-19
	68.000
	64.000
	60.000
	48.001
	47.167
	72.000
	68.000
	64.000
	50.001
	42.002



	Mar-19
	68.000
	64.000
	60.000
	48.001
	47.167
	72.000
	68.000
	64.000
	50.001
	42.002



	Time
	GZ-EL
	GZ-L
	GZ-M
	GZ-S
	GZ-ES
	SZ-L
	SZ-M
	SZ-S
	SZ-ES
	CS-S



	Jan-19
	72.000
	68.000
	64.000
	50.002
	42.001
	68.000
	64.000
	50.002
	42.001
	52.500



	Feb-19
	72.000
	68.000
	64.000
	50.002
	42.001
	68.000
	64.000
	50.002
	42.001
	52.500



	Mar-19
	72.000
	68.000
	64.000
	50.002
	42.001
	68.000
	64.000
	50.002
	42.001
	52.500



	Time
	CS-ES
	HR-S
	HR-ES
	CC-S
	CC-ES
	SY-S
	SY-ES
	SH-ES
	HZ-ES
	CD-ES



	Jan-19
	51.084
	50.001
	42.002
	50.002
	42.001
	50.001
	42.002
	42.002
	42.003
	42.001



	Feb-19
	51.084
	50.001
	42.002
	50.002
	42.001
	50.001
	42.002
	42.002
	42.003
	42.001



	Mar-19
	51.084
	50.001
	42.002
	50.002
	42.001
	50.001
	42.002
	42.002
	42.003
	42.001



	Time
	HF-ES
	NB-S
	
	
	
	
	
	
	
	



	Jan-19
	42.003
	42.004
	
	
	
	
	
	
	
	



	Feb-19
	42.003
	42.004
	
	
	
	
	
	
	
	



	Mar-19
	42.003
	42.004
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