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ABSTRACT: The Traditional time series forecasting 

algorithm is difficult to solve the nonlinear price 

forecasting problem, and the modern time series 

forecasting algorithm is very dependent on data. In 

this study, we propose a price forecasting model 

based on Prophet SVM and take ginger as an example. 

In the process of model construction, the price series 

is decomposed into trend term, periodic term, and 

random term by using the Prophet model, and then 

the prediction of trend and the periodic term is 

carried out by prophet, and the random term is 

predicted by SVM. Finally, the forecast value of each 

component is combined to get the final prediction 

result. The experimental results show that the root 

mean square error (RMSE is 0.39) of the Prophet SVM 

combination model is less than that of Prophet (RMSE 

is 0.45) and that of SVM (RMSE is 1.47). The combined 

model has higher prediction accuracy and better 

prediction performance. Prophet SVM has higher 

accuracy in agricultural product price prediction, 

which provides an important scientific basis and 

theoretical support for agricultural product price 

prediction. 
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INTRODUCTION 
 
The price data of agricultural products is of great 
significance for guiding agricultural production and 
adjusting agricultural structure. It is very important to 
forecast the future price trend of agricultural products 
effectively by using the historical data of agricultural 
prices. At present, time series forecasting method is 
widely used in agricultural product price forecasting, 
which is divided into traditional time series forecasting 
method, modern time series forecasting method and 
combination forecasting method. The traditional time 
series forecasting algorithm is difficult to solve the 
nonlinear price forecasting problem, and the prediction 
accuracy is  not  high. Modern   time   series   forecasting  

 
 
 
 
method can accurately predict the price of agricultural 
products, but it is very dependent on data and requires 
high quality of data. In order to further improve the 
prediction accuracy, the idea of combined model 
prediction is proposed (Wang et al., 2018). Combination 
model is a method to combine the results of different 
prediction algorithms, which can effectively improve the 
prediction accuracy (Cheng et al., 2012). Yu and Liang, 
(2010) used the combination model of time series and 
linear regression to simulate the grain ration consumption 
of rural residents in China in recent 30 years, and 
predicted the trend of grain ration consumption in the 
next 10 years Yu  and  Liang, (2010);  Wang et al.  (2013)  
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took the apple wholesale market price in China as the 
research object, selected three time series methods to 
establish a combination model, and carried out short-term 
prediction of future apple market price Wang et al. 
(2013); Xiong et al. (2015) constructed a combined 
forecasting model to predict the prices of Red Fuji apple, 
banana and orange, Xiong et al. (2015 ); Li et al. (2010) 
made a combined prediction of the short-term price of 
tomatoes

  
Li et al., (2010); Ping et al. (2010) combined 

the neural network, grey system and time series model to 
predict the pig price in Jilin Province (Flat et al., 2010). 
The above results show that the combination model can 
effectively improve the accuracy of price forecasting. 
Based on the above research, this paper selects the 
combination model of Prophet Algorithm and support 
vector machine (SVM), and studies ginger price as an 
example. The linear law of ginger price change is 
revealed by prophet model, and the nonlinear law of 
ginger price change is revealed by SVM model. Finally, 
the prediction results of prophet and SVM model are 
integrated to get the final prediction results, so as to 
reveal the law and trend of ginger price change. 
 
Prophet Model 
 
Principle of Prophet Model 
 
Prophet is an open source library based on 
decomposable (trend + season + holiday) model released 
by Facebook, which is essentially a time series. The main 
characteristics of the model are that it can forecast in a 
large range and small granularity, and give the 
confidence interval; it can automatically process the 
missing and abnormal values in the studied series; it can 
automatically decompose and predict the future trend of 
the time series. As shown in Figure 1, the prediction 
process of prophet is to establish a time series model 
according to the prediction problems, simulate the 
historical data, evaluate the effect of the model, further 
adjust and model according to the problems, and finally 
feedback the whole prediction results in a visual way. The 
essence of Prophet Algorithm is additive model, which 
adopts time series trend decomposition method. The 
expression of the model is as follows: 
 

Visually Inspect Forecasts

Modeling

Surface Problems

Forecast Evaluation

Analyst-in-the-loop automated

 
 
Figure 1: Prophet model building diagram. 
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Among them, g (t) is the trend term, which is used to fit 
the periodic change, s (t) is the period, h (t) is the holiday 
term, and ε is the residual. The prophet algorithm models 
the three items separately and finally combines them to 
generate the prediction result (Liu, 2019). 
 
Prophet model building 
 
Trend item modeling 
 
Prophet provides two kinds of trend term modeling, one is 
piecewise linear model, the other is saturated growth 
model. The trend of piecewise linear model cannot be 
limited, and the trend of saturated growth model is not 
infinite. When it reaches a certain degree, it will be 
saturated. However, the two models contain different 
degrees of assumptions and parameters to adjust the 
smoothness to assist the optimization model. Its forms 
are as follows: 
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C is the population capacity, k  is the growth rate, δ is the 

adaptation rate, b is the offset. Equation (2) is a 

saturated growth model, and equation (3) is a piecewise 
linear model. Through the decomposition analysis of 
ginger price series, it can be concluded that the series 
shows a linear growth trend, so the piecewise linear 
model is selected for trend modeling (Liu, 2019). 
 
 
Periodic model 
 
Prophet uses Fourier series to build a periodic model: 
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The period is adjusted by adjusting the order n of the 
Fourier series. The larger n is, the better the seasonality 
of the fitting is. 
 
Holiday modeling 
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Set the same holidays in the past and future as a virtual 
variable, Di represents the i

th
 virtual variable, k represents 

the influence of holidays in the window period on the 
predicted value. 
 
 
SVM model 
 
The basic idea of SVM algorithm is to transform the input 
space to the high-dimensional space through the 
nonlinear transformation defined by the inner product 
function, so that the samples can be divided linearly, and 
make linear regression in the high-dimensional space 
when the samples can be divided linearly

 
(Liu, 2019). For 

a given training data set s = ((x1, y1), (x2, y2),…, (xl, yl)), 
where SVM estimates: 
 

                                                （6）                                                                                                                             

 
Where, ( )xϕ  is a nonlinear mapping from input space 

to high-dimensional feature space, ω is the weight 

coefficient vector, b is offset. Use ε If the insensitive loss 

function is regressed, then ω and b it is estimated from 

the minimization formula (7): 
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In order to find the coefficient, the relaxation variable is 
introduced to minimize equation                                                 
(7) 
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Where C is the penalty factor, achieving a compromise 
between the empirical risk and the confidence range. The 
constrained optimization problem determined by equation 
(9) is a convex optimization problem. According to the 
Lagrangian theory, the saddle point of W is as follows: 
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Where, iα ,
*

i
α  is a Lagrange multiplier, substituting 

equation (11) into equation (6) 

*
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Among them, called Kernel function, any function can be 
regarded as kernel function as long as it satisfies Mercer 

condition. There are three common kernel functions: ① 

polynomial kernel function (polynomial order); ② radial 

basis function (RBF kernel function) ((3) sigmoid kernel 
functions. In order to solve the solution of equation (9), 
the dual theorem is usually used to obtain the dual 
formula of the optimization problem of equation (9): 
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According to karush Kuhn Tucker theorem, only a few of 
them are obtained, which are not zero. The samples 
corresponding to these parameters, that is, the samples 
on or outside the boundary of the insensitive region, are 
called support vector (SVM).The unknown point J can be 
predicted according to the regression function (13) (Nello 
Cristianini and Shawe-Taylor, 2005; Burges, 1998). 
 
 
Prophet SVM model 
 
The experimental sequence is decomposed by the 
prophet algorithm, and the sequence is decomposed into 
trend term, periodic term and random term; then the trend 
term and periodic term are predicted by prophet, and the 
random term is predicted by SVM; finally, the predicted 
values are integrated to get the final predicted value. The 
overall framework of Prophet SVM combined forecasting 

model is shown in (Figure 2). Firstly, the time series 
t

S  is 

decomposed into trend term, weekly term and random 
term by using prophet model. The prediction results are 
obtained by using prophet algorithm to predict the trend 
term and periodic term, and SVM algorithm is used to 
predict the random term to get the prediction results. 
Finally, the prediction results of trend term, periodic term 
and random term are integrated to get the final prediction 
result. 
 

1 1 1 1 1
    

t t t t t
S trend seasonly weekly error+ + + + += + + +              (15)                                                                                            
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Figure 2: Prophet-SVM composite model framework. 

 

 
 
Figure 3. Historical price data of ginger in 2012-2018. 

 
 
 
Case study 
 
This paper takes the average price of ginger per week 
from 2012 to 2018 as an example to test the forecasting 
ability of Prophet SVM combined forecasting model. 
 
 
Acquisition and analysis of original data 
 
As shown in (Figure 3), the price of ginger in China has 
fluctuated frequently since 2012. In order to grasp the 
change law of ginger price more accurately, the 
agricultural big data center of Shandong Agricultural 
University selects the weekly average price series of 

ginger from January 2012 to December 2018 as the 
research object, analyzes the variation law of ginger 
price, and forecasts the ginger price in the first half of 
2019 through the prophet algorithm, and verifies the 
prediction effect of the model with the actual price of 
ginger in the first half of 2019. 
 
 
Prediction of ginger price combination model 
 
(1) According to the random item sequence of prophet, 
the number of cycles is selected. The first few data are 
used as the input of SVM model, and the predicted value 
is used as the output. According to the number of random  
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Table 1: Model prediction results. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Performance evaluation of prediction model. 
 

 
Prophet SVM Prophet-SVM 

RMSE 0.45 1.47 0.39 

 
 
 
items, 13 are selected as the number of loops. 
(2) Select training set and test set: the first 364 random 
items are selected as the training set, and the last 26 
random items are the test set. 
(3) SVM test: after the SVM training, the cross validation 
results show that except for some random items, the 
predicted value and the real value are very close, so the 
SVM model training is successful, and the trained SVM 
model can be used to predict the weekly price of ginger in 
the first half of 2019. 
(4) Establishment of combination model: the combination 
prediction model of prophet and SVM is to add the 
predicted value of prophet and SVM, and finally get the 
predicted value of combination model as shown in (Table 
1).  

As shown in Table 2, RMSE of Prophet, SVM and 
Prophet-SVM combination forecasting models are 0.45, 
1.47 and 0.39 respectively. It can be seen that the 
prophet SVM combined prediction model has higher 
prediction accuracy and better prediction performance. 
 
 
Conclusion 
 
The change of agricultural product price is affected by 
many factors. According to the change characteristics of 

agricultural product price series, this paper puts forward a 
price forecasting method based on Prophet SVM 
combination model, decomposes the price series, adds 
holiday effect through prophet model, forecasts random 
items through SVM model, combines the prediction 
results of the two models, and verifies the ginger price as 
an example. The experimental results show that the error 
index of prediction results of Prophet SVM combination 
model is smaller than the error index of Prophet Model, 
which is an effective agricultural product price prediction 
model. It is of great significance for the rapid and efficient 
prediction of agricultural product prices such as data sets 
with obvious seasonal and holiday characteristics. 
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