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Abstract—  Farmers’ markets have attracted considerable 

attention in Japan recently. However, the farmers’ markets 

pursuit the multiple perspective of management, at the same 

time, there are many problems of ensuring the diversification of 

product and improving the supplement system of product and so 

on. In this paper, we have proposed an information system that 

can support both sales management and inventory management 

to solve these problems. We also introduced the information 

systems to a farmer market which is an farmer producer’s 
cooperative corporation in Iwate. The system makes it possible to 

acquire inventory information within every given time. The 

server sends each farmer e-mail of current sales status and 

update inventory status periodically on web pages according to 

the inventory information. Furthermore, we propose to create a 

sales forecasting model of time series with actual data, obtained 

from information system, which supports to construct the 

marketing strategy and cultivation plan. The aim of the research 

is to obtain management guideline for farmers’ markets. 
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I. INTRODUCTION  

Along with the diversificat ion of distribution channels of 

products, farmers’ markets have attracted considerable 

attention in Japan recently. The total sales of market are 
expected to increase to 2 trillion yen after ten years. Most 

farmers’ markets are organized by community residents who 

manage their own stores [1]. Farmers’ markets can reduce the 

distribution cost by a distribution system without intermediate 
wholesalers and retailers between farmers and consumers. 

Thus, farmers will get more profits and consumers are able to 

purchase fresher agriculture products at lower price. At the 

same t ime, this is an effective approach fo r farmers to 

communicate with consumers through products and plays an 
important role as a base to promote local production for local 

consumption movement. 
 

However, as the farmers’ markets pursuit the mult iple 

perspective of management at the same time, there are many 

 
 
problems of ensuring the diversification of product, improving 

the supplement system and quality of product and so on. An 
informat ion system has been proposed, which can support 

both sales management and inventory management to solve 

these problems. The information systems to a farmer market 

have also been introduced, which is an farmer producer’s 
cooperative corporation in Iwate. Furthermore, we have 

adapted to create a sales forecasting model of time series with 

actual data, obtained from the information system, which has 

been supported to construct the marketing strategy and the 
cultivation plan. The aim of the research is to obtain 

management guideline for farmers’ markets. 
 

In this paper, we introduce farmers’ market  in Chapter 2. 

Proposal of sales forecasting model for farmers’ market is 

presented in Chapter 3. Finally, we give conclusion in Chapter 

4. 

 
II. FARMERS’ MARKET   

In Japan, many fresh farmer products are distributed from 

farmers to consumers via farmer cooperation, wholesaler and 

retailer. It has been a few decades since farmers’ store 

distribution channel, alternatively called  Sachiko, becomes 

highlighted. The store had originally  started from petty trading 
for surplus vegetables on daily use only among the farmers. 

Nowadays, it  has greatly become one of the major distribution 

channels of fresh farmer products in the suburb areas [1]. 

 
A. Market Size and Organization  

There is no official report for actual nationwide statistics of 

farmers’ markets. Therefore, we introduce an example of Iwate 

prefecture in the northeastern region of Japan. The number of 

stores has been increasing yearly, and reached to 253 stores in 

2007. 80% of farmers’ markets is organized by Japan Farmer 

Cooperatives and associated companies in 2008. 
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Figure 1. Akasawa Sanchouku store the research target (left: outside, right: inside) 

 

 

B. Members and Business 
 

The Sanchoku store consists of consumers, farmers, a  

manager who is a representative of farmers and a store. The 
store is located in  production area. Inside the store, there are 

shelves and each shelf is assigned to a farmer. The farmer 

prepares and manages his products on the shelf for sale. 

Consumers walk around inside of the store and take some 
favorite products from these shelves.They make payment at 

cashier like supermarket while the farmer is able to work and 

spend his time in his farming field. Occasionally, he visits the 

store to confirm the inventory. If inventory level gets below 
then he replenishes the products. After closing the shop, the 

manager calculates total sales of the day and informs each 

farmer of the total income. 

 
C. Further Problems 
 

We have carried out an experiment with Akasawa 

Sanchoku to solve various problems [2]. The experiment team 
is organized under the cooperation research between Akasawa 

farmers’ union and Iwate Prefectural University. The whole 

system is structured with three subsystems , which are the 
Arrival Management System, the Sales and Inventory 

Management System and the Content Management System. 

Enormous and valuable sales data is accumulated by making 
use of these information systems. But these sales data are not 

practically used for business management of Sanchoku. 

Furthermore, it  is true that some farmers know cult ivation 

practice, arrival and sale of produces by their intuit ion and 
experience. Because it is difficult for them to obtain an 

accurate forecast of cultivation or sales based on the 

characteristics and sales record of each produce. 
 

Therefore, sales information is used not only for 

calculation and settlement of accounts, but also used in 

creating a sales forecasting model of time series for Sanchoku, 

which have been supported to construct the marketing strategy 

and the cultivation plan. A  proposal of a sales forecasting 

model will be introduced shortly. 

 
 

 

III. SALES FORCASTING MODEL 
 

In this part of the paper, three implementations of the 

moving  average method, the Box-Jenkins of methodology and 

the regression analysis are illustrated by modeling the 
dynamics of sales data of Sanchoku. Weekly data is dealt with 

for the period from August 2007 to October 2008. 

Furthermore, flexible used method of sales forecasting model 

for business management of Sanchoku is introduced in the 3.E. 

Finally, complete content and organizat ional ed iting before 

formatting. Please take note of the following items when 
proofreading spelling and grammar: 

 

A. Abbreviations and Acronyms 
 

The smoothing method is a method of s moothing the value 

of data in the past and requesting the predictive value. In this 

paper, the moving average method is adopted. This forecast 

procedure is thought to be effective compared  with farm 

products as which sales and the sales change pattern are 

almost the same at the sales time of every year. It is 

formulated as follows: 

 

y
t
year  

x
t
year−1  x

t
year− 2  x

t
year−n 
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where, y tyear is the predictive value of the period t at current 

year, and x
t
year − n is the result value of the period t at (year-n). 

 
B. Box-Jenkins Methodology 
 

In this paper, the Box-Jenkins methodology is flexib le used 

for modeling of the sales for the target of Sanchoku. The Box-
Jenkins approaches to model the Auto-regressive Integrated 

Moving Average (ARIMA) processes was described by 

statisticians Box and Jenkins (1970) [3]-[4]. Box-Jenkins 

modeling involves identifying an appropriate ARIMA process, 

fitting it to the data, and then using the fitted model for 
forecasting. An ARIMA model includes three types of 

parameters: the autoregressive parameters (p), the number of 
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differencing passes (d) and the moving average parameters 

(q). The modeling approach involves four steps: smooth the 

non-stationary processes, model identification, parameter 

estimation and diagnostic checking. (As showed in Fig.2) 
 
Step1: Smooth the Non-stationary Processes  

To get the property of stationarity as a necessary 

precondition for successful modeling of time series, it has to 

be first checked that whether this assumption is satisfied. The 
results are obtained from both the Dickey -Fuller (DF) and the 

Augmented Dickey-Fuller (ADF) tests. According to this, it is 

able to be determined that whether to process the original t ime 

series with taking the difference or removing the trend. 
 
Step2: Model Identification  

In this step, plots of the sample autocorrelation (ACF) and 

partial autocorrelation (PACF) functions of the dependent time 

series are used to decide which autoregressive or moving 

average component should be used in the model. 
 
Step3: Parameter Estimation  

Parameter Estimation ，  using econometric computation 

algorithms is to arrive at coefficients which best fit the 

selected ARIMA model. In this paper, maximum likelihood 

estimation or non-linear least-squares estimat ion is used base 

on the selected model. 
 
Step4: Diagnostic Checking  

Models must be check for validity before the forecasts are 

generated. A test that whether the residuals form a white 

process is given by a modified version of the Box-Pierce. If 

the estimation is inadequate, it has to return to step two 
attempting to build a better model.  

 
C. Regression Analysis 
 

These two forecast procedures cannot be applied to all 
farm products. Because a variety of external factors such as 

the number of visitors, the weathers, and events are controlled 

as for the sales situation of farm products that can be put at 

Farmers’ markets. Therefore, the mult iple regression analysis 

method in the regression analysis method that becomes one of 

the explanation variable fo recast methods is taken up in this 

paper. We formulate it as follows. 
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where , Sal is sales of the period t,  Cus is the number of the 
t 
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 tt     

parameters of the trend element, precip itation, and the number 

of visitors respectively. μ ,φ1 ,φ2 are shown the constant, and  
θ1 ,θ 2 are shown the parameter. ut ,ξt ,δ t ,ε t ,γ t are shown the 

error terms. 
 
D. Actual Sales Data Analysis 
 

Based on the above three methods, real sales data that are 

on sale in the target of Sanchoku have been analyzed. We 

absolutely evaluate to define the prediction accuracy of each 

method by the MAPE (Mean Absolute Percentage Error). The 

result of prediction is that product A (Tomato ju ice) model has 

high precision with the Box-Jenkins methodology (Fig.3). The 
value of MAPE is 0.29, and we obtained a high prediction 

accuracy during weeks other than the week (the first week of 

May, 2009) with the event.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Forecasting results of the sales of product A 
Fig.2 Box-Jenkins modeling approach 
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Figure 4. Forecasting results of the sales of product B  
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Figure 5. Forecasting results of the sales of product C 

 

By the same method, the forecasting model of product B 

(Pickled ume) has been created and employed for dynamic 

forecasting of sales. The results are showed as the Fig.4. 
 

We obtained the tendency for the predictive value of sales 

to have shifted. And, the value of MAPE is 0.58. First of all, 

the change of data is intense clearly from the plot of data of 

the period made the object of the analysis. Moreover, it was 

clarified that the original longitudinal data of the pickled ume 

was nonstationary by the result of the ADF-test. 
 

Therefore, it is clear that it is difficult to apply the 

economic data of the random variation like the farm products 

sales to the Box-Jenkins method. Then, we try sales 

projections by the regression analysis method. The result of 

prediction is that product C (Apple ju ice) model has high 

precision by the regression analysis method. (Eqs. 7-11, 

Fig.5). The value of MAPE is 0.20. 
 

Salt  = −704.92 + Tt + wtWeat + ct Cust + ut 

Tt   Tt−1  β t  ξt 

 

β
t  

β
t −1  

δ
 t  

wt  = 1712.78 − 0.99wt −1 + ε t 
  

 

ct  = 6.51+ 3.71ct−1 + γ t 
 
E. Classification and Decision of Method of Forecasting 

Sales 

We tried the construction of the sales forecasting model by 

using three forecast procedures for feature farm products. 

However, because a lot of farm products are sold at farms’ 
markets, the problem the method of forecasting which sales of 

each farm products only has to apply is enumerated. In this study, 

the impact that regularity and an external factor of the sales 

change pattern and data give to the demand characteristic is 

clarified at the seasonality of each farm products and the 
subscription period. And, we propose the classification of the 

method of forecasting sales based on the demand characteristic. 
 

1) Classification result of forecast procedure 
 

We constructed the sales forecasting model for 18 items at 

Farmers’ Markrts. Then, we obtained the value of MAPE for 

each item. 
 

Table 1. Result of prediction accuracy 
 

  Box-Jenkins Regression 

 Item Methodology Analysis 
      

  MAPE Result MAPE Result 
      

 Vegetable     
      

 Chinese cabbage 0.50 - 0.49 * 
      

 Potato 0.86 - 0.40 * 
      

 Radish 0.36 * 0.38 * 
      

 Welsh onion 0.37 * 0.31 * 
      

 Spinach 0.55 - 0.89 - 
      

 Finished goods     
      

 Pickled ume 0.58 - 0.28 ** 
      

 Cucumber pickle 0.47 * 0.34 * 
      

 Plum tree pickle 0.98 - 0.55 - 
      

Flower     
      

 Cut flowers 0.62 - 1.21 - 
      

 Hawk's talons 0.38 * 0.36 * 
      

Juice     
      

 Apple juice 0.27 ** 0.20 ** 
      

 Grape juice 0.52 - 0.23 ** 
      

 Tomato juice 0.29 ** 0.40 * 
      

 Grape juice 0.76 - 0.42 * 
      

Grain     
      

 Cleaned rice 0.44 * 0.50 * 
      

 Red bean 0.59 - 0.73 - 
      

 Glutinous rice 0.66 - 0.71 - 
      

Other fruits     
      

 Silver Bell 1.31 - 0.82 - 
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In Table 1, “**” means that the value of the MAPE is 0.4 or 

less, “*” means that the value of the MAPE is between 0.4 and 

0.50, “-” means that the value of the MAPE is 0.51 or more. 
The item with high prediction accuracy by Box-Jenkins 

Methodology has the following feature. 
 

 Seasonality is low.

 It sells in all-year.

 The sales time series data changes with stability.

 The change pattern of the demand characteristic is

similar. 

On the other hand, the item with high prediction accuracy 

by Regression Analysis has the following feature. 
 

 Sales are controlling of an external factor easily.

 The sales change pattern is irregular.

 The original longitudinal data is almost nonstationary. 

Table 2 was made from the demand characteristic taken out 
above include the grape and the apple. The forecast procedure 

 
the method of forecasting which sales to farm products with 

what demand characteristic based on Table 2 can be applied is 

classified, and the result is shown in Table 3. In this paper, it  

classifies it  into three roughly separately in the consideration 

of the demand characteristic and the feature of the forecast 

procedure. 
 
2) Method of deciding classification 
 

We propose the decision method to three classifications. 

Farm products in the group-1 propose the method decided 

from the field survey and the database searching. The item is a 

straight feature commodity for farmers’ market and has the 
demand characteristic to which the sales change pattern is 

steady. Therefore, the item can be extracted by doing the 

hearing survey and the field survey from farmers’ market. 

Moreover, it is thought that the item with strong seasonality 

can be discovered by doing the data base retrieval with the 
condition to past sales results. 

 
Table 2. Demand characteristic of each farm products  

 
Item 

Seasonalit y  Sales period Regularity External 
 High Low  None Fixed All-yea r Low None factor    

 Grape ○    ○   ○  
           

 Apple ○    ○   ○  
           

 Chinese cabbage  ○   ○   ○ ○ 
           

 Potato  ○    ○  ○ ○ 
           

Vegeta ble Radish  ○    ○ ○  ○ 
           

 Welsh onion  ○    ○ ○  ○ 
           

 Spinach  ○   ○   ○  
           

 Pickled ume    ○  ○  ○ ○ 

Finish ed 
          

Cucumber pickle 
   

○ 
 

○ ○ 
 

○ 
goods 

     
          

 Plum tree pickle    ○  ○  ○  
           

Flowe r 
Cut flowers  ○    ○  ○  

          

Hawk's talons 
 

○ 
   

○ 
 

○ ○       
           

 Apple juice    ○  ○ ○   
           

Juice 

Grape juice    ○  ○  ○ ○ 
          

Tomato juice 
   

○ 
 

○ ○ 
  

       
           

 Grape juice    ○  ○  ○ ○ 
           

 Cleaned rice    ○  ○ ○   
           

Grain Red bean    ○  ○  ○  
           

 Glutinous rice    ○  ○  ○  
           

Other 
Silver Bell 

 
○ 

  
○ 

  
○ 

 

frui t s 
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We propose the method of deciding farm products that 

belong to Group-2 from regular authorization. The clearest 

characteristic of the article of g roup-2 is regular of the sales 

time series data. Therefore, it is thought that it can be judged 

whether this item belongs to this class ification by giv ing 

official approval the regularity of the sales time series of each 

article. 
 

We propose the method of deciding farm products that 

belong to group-3 with Dynamic Time Warp ing. Because the 

item of group-3 has the most complex demand characteristic, 

it is thought that the simple expedient cannot be applied. Table 

4 shows the DTW-distance between the pickled ume  and other 

items. 
 

Table 3. Classification of forecast procedure based on demand characteristic  
  

Example of 
Method of 

Group Feature forecasting 
representative   

sales    

 Seasonality is   
 remarkable.  Moving 

1 Sales period is Grape, Apple Average 

 Fixed.  Meth od 

    
 Seasonality is low   

 or none. 
Radish, 

Box-J en kin s 
 

The original 
2 Tomato juice, 

longitudinal data Methodology  

Cleaned rice  is almost  
   

 nonstationary.   
 Seasonality is 

Apple juice, 

 

 none.  

3 
It is easy to Pickled ume, Regre ssio n 

receive the Welsh onion, Analysis  

 influence of an Potato  

 external factor.   

 
Table 4. DTW-distance between pickled ume and other items  

No. Item DTW-distance 

1 Welsh onion 74 

2 Apple juice 107 

3 Grape juice 112 

4 Cucumber pickle 114 

5 Hawk's talons 128 

6 Potato 145 

7 Glutinous rice 258 

8 Radish 292 

9 Chine se cabb a ge 305 

10 Plum tree pickle 308 

 

 

IV. CONCLUSION 
 

In this paper, informat ion systems were proposed for 

farmers’ markets based on reflected knowledge of the case 

study. We development of sales forecasting model for each 

farm products in farmers’ markets by using three forecast 

procedures of Moving Average Method, Box-Jenkins 

Methodology and Regression Analysis. There, we deal with 

the external information that influenced a straight selling 

activity for an actual sales informat ion and production from a 

straight informat ion system for production. Moreover, we 
clarified the demand characteristic of the verificat ion and each 

farm products of the prediction accuracy, and classified the 

applied forecast procedure of each farm products. And, we 

proposed the method of forecasting appropriate sales based on 

the feature of each farm products. 
 

In the future, we will improve the sales forecast accuracy 

in farm products by examining the method of forecasting sales 

without the method of application in this study. Moreover, we 

examine the supporting method of pricing and the cultivation 

management that can be put on use, and straight production of 

the farm products sales forecast mechanism proposing it. 
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