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Abstract 

 
Competitive advantage for e-business requires more accurate information and precise decision to aid international 
companies to analyze and predict sales forecasting trend optimizing potential profits and reduce losses. We propose an 
improvement model to minimize the forecast error for the time series of daily sales information. We use real 
international restaurant data as the basis to show the performance of our sales prediction model. Multiple time series are 
considered in this model to vastly improve the forecasting outcome. Those data series are combined from EPARK 
Company and open data like weather, into a multi-series data, our forecast model extend the previous predecessor 
tremendously.  Various residue computations during the process are compared and discussed. We applied the model 
for data from different area to compare the difference respectively. Result shows a proper selection of computation 
method is more dynamic than a fixed method for shops in different geographic area even within the same company. In 
addition, analysis shows significant error reduction in forecasting achieved when open data like weather information is 
included in the regression process. Thus international business can be more agile and flexible for just-in-time stock 
inventory and better resource allocation strategy.  
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I. INTRODUCTION 

 

Increasing demand for optimal quantity inventory stock and correct resources is an epidemic trend in the e-
business world. Especially important f o r  retailer shop with obsolescence prone goods and restaurants with 
perishables merchandise. A mismatch between products/resource availability may lead to economic losses either by 
excessive stocking, or can lead to service delivery failure, customer loss and hence revenue loss. Business can learn 
empirically and affect customer patterns by the products they offer, but there are other variables that are beyond the 
control of a manager. Such variables could have a dramatic effect on customer behavior. One obvious factors are 
promotion and holidays. Others impact factors like weather, shop size and shop location, etc. Sales forecasting 
naturally be the top knowledge to acquire for a successful business. 
 

The forecasting model is a process and a group of methods to predict the sales. Developing systematic strategy 
and process in both firm level and individual store level for forecasting in needed. Goods to be bought and sold, 
supply chain management and human resource management, space management main work in planning of store. 
The basic information provided by the existing store is very important in the prediction of sales is the key data sets 
that should be used to analyze and report on in the industry. 
 

Towards realistic forecasting model and process, one must also consider many market factors like promotion 
(price), holidays, population of the area, personal income may also have impact on sales forecasting(Lee and 
Rojas,[1][2]). The final forecasting models are determined by those combined factors. However, to simplify our 
research, we first select open data-weather data to our model, other market factor like promotion and holidays are 
not considered here initially. According to our developed model, any further factor can be also combined to our 
forecasting process by add further stage or step. 
 

Both stated in Lee[1],Chen[3],  and competition (Kaggle, sales prediction contest in 2015) result shows weather is 
an important factor for forecasting sales. In the Kaggle contest also shows the best method is using a hybrid ARIMA 
model, with carefully add some parameters to reduce the forecasting residue. That is, hybrid traditional method is 
even better than the new deep learning methods. 
 

Different business have different business model. More details of  the sales trend can be observed if the data 
is aggregated in a daily way. Daily data shows data patterns more clearly. Daily pattern is also useful for forecasting 
revenue and resource management. Many predictive models were developed and compared in this way. In this paper 
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we first restaurant sales data to investigate our model and build forecasting. And then weather data of restaurant 
area are combined to the investigation process by different process. 
 

Those companies have international restaurants is especially studied in this paper. We can investigate 
branch/shop sales in different country/area and the impacts may vary individually. And the weather pattern in 
north area is different from south area. Different weather pattern may have different degree of impact on the sales.  

So we further analyze the same restaurant data but different branch located in two areas. 

 

Like the data in Fig 1, we obtained the sales data from EPARK Company, an international business have ten plus 
restaurants in Japan and eight restaurants in Taiwan. We selected two biggest restaurants, one in Taipei and one in Japan, 
for the comparison in the analysis process. The tables in the database are exported from the company ERP-like system and 
illustrated in Fig.1. Basically it is one consumer log table recording every sale for different restaurants in Taiwan and Japan. 
Each entry in this table includes fields such as shop ID, time, guest ID, entry time, and payment of the guest, and guest 
stay duration in restaurant. This data are filtered time ranges from Jan. 1, 2016 to June 31, 2017. We first aggregated the entries 
by sum of those payments into daily records for Japan and Taiwan, respectively. Thus basically two new tables, each contains 365 records 
are used in the analysis process.  

Weather data is gathered from archive web of Japan weather bureau and Taiwan Central bureau.The data parameter includes 
daily average temperature, daily average atmospheric pressure, and daily average rainfall is formed in the weather table for Japan and 
Taiwan, respectively(Fig.2). 
 

Step 1 is the data cleaning process as in Livera [4], then Monthly and weekly season ality trend is first 
processed before the three models applied.  At the same time, weather data monthly and weekly season ality trend is 
also processed. And after that, three for ecasting models are applied on this data in order to compare the irpredictive 
performance. 

 
The three models used in step 2 are: 

 ARIMA 

 Neural Network 

 HYBRID 
 

The ARIMA and Neural network method is often used in time series analysis.  In some cases ARIMA method 
performs better but in other time series analysis case, neural network performs better. In other cases, hybrid method 
mixed these two methods even performs better than these two methods.  Zhang [5] pointed out that a real-world time 
series generally contains both linear and nonlinear patterns. And thus we use weighted hybrid method to mix the liner 
ARIMA and the non-linear Neural Network. 
 

After the basic analysis, the three forecasting series are derived from the three models and are compared (step 3).  
Residues are compared and we can choose the excellent one for further analysis. The best models are continued 
investigated by correlating the residue with the weather data. If the correlation is independent enough, we conclude that 
whether data has no impact in forecasting the sales.  The analysis is ended at this step then the forecasting model is 

Figure. 2 Weather data from 

Taiwan Central weather bureau 

Figure. 1 Data source from EPARK company Taiwan.  
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determined from the best analysis method we select (Step 4).  Otherwise if we find the correlation is dependent, it means 
the residue can be more predictable by other factor like weather, so we continues the step 5,  
 

 Multivariate Auto-regression(VAR) and Granger causality test (GCA)[6] 
 

As stated in the above, the data are sequentially computed as the process in Fig. 3 

 

 

However, since the three different methods are used on the two data series (from two selected restaurants) 
respectively.  Each one may have different result and different forecasting. After the VAR and GCA, residue of the 
VAR is computed and then approximated by the neural method. The final forecast is thus a combination of linear and 
non-linear regression.  

 

II. Methods 

In our proposed model, first we use ARIMA/Neural net/Hybrid methods to know which model predict the 
best result. Then after the performance comparison, we investigate if the weather factor is dependent or independent. By 
using the multi-autocorrelation method for the residue and the weather, If the correlation is strong enough, we start the 
vector autocorrelation regression (VAR) method with testing process(GCT) to get the better forecasting result. 
Otherwise the process is stop and one of the three methods is the best forecasting method. 

 

2.1 ARIMA 

The first time series analysis method to analyze historical patterns is ARIMA. The ARIMA models, 
pioneered by Box and Jenkins [7] are the most popular and effective statistical models for time series forecasting. These 
are based on the fundamental principle that the future values of a time series are generated from a linear function of the 
past observations and white noise terms. It is basically composed of three methods:  

AR= auto-regression,I = integrated, and MA=moving average. 

If a process Yt has an ARIMA (p, d, q) representation, that has an ARIMA(p,q) representation as presented by the 

equation below: 

t

q

p

p

pt

d uLLLLLLY )...1()...1( 2

21

2

21       

 

The typical process used in our caseis as follows: 

Figure 3. The data analysis model we proposed 
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 Step1: Examine the sales data 

 Clean up any outliers or missing values，take a logarithm of a series to help stabilize a strong growth 

trend 

 Modeling daily level data at least multiple seasonality levels. For the sake of simplicity, we 
model the smoothed series of weekly moving average (MA). 

 Step2: Decompose your data to remove trends or seasonality. 

 Step3: Autocorrelations and choosing model order，choose order by examining ACF and PACF 

 Step4: Evaluate and iterate the process, Check residuals, which should have no patterns and be normally 
distributed, Compare model errors and fit criteria such as AIC or BIC. 

 Step5: Calculate forecast using the chosen model and see the accuracy. 

2.2 Neural Network  

Artificial neural networks are forecasting methods that are based on simple simulated mathematical models of 
the brain. They allow complex nonlinear relationships between the response variable and its predictors. A neural 
network can be thought of as a network of “neurons” organized in layers. The predictors (or inputs) form the bottom 
layer, and the forecasts (or outputs) form the top layer. There may be intermediate layers containing “hidden neurons”. 

In the hidden layer, this is then modified using a nonlinear function such as a sigmoidto give the input to the next layer. 

This tends to reduce the effect of extreme input values, thus making the network somewhat robust to outliers. 

The parameters b1, b2, b3 and w1,1,…,w4,3 are "learned" from the data. The values of the weights are often 

restricted to prevent them becoming too large. The parameter that restricts the weights is known as the "decay 
parameter" and is often set to be equal to 0.1. 

With time series data like our data, lagged values of the time series can be used as inputs to a neural network. 
Just as we used lagged values in a linear auto-regression model, we can use lagged values in a neural network auto-
regression. 

 

 
Like the commonly used analytic tools, we use ANN(p,k) to indicate there are p lagged inputs and k nodes in 

the hidden layer. For example, a ANN(9,5) model is a neural network with the last nine observations (yt−1,yt−2,…,yt−9) 
used as inputs to forecast the output yt, and with five neurons in the hidden layer. A ANN(p,0) model is equivalent to 
an ARIMA(p,0,0) model but without the restrictions on the parameters to ensure stationarity. 

2.3 Hybrid (ARIMA,Neural network) 

We propose a hybrid approach that adopts both ARIMA and Neural Network described in Section 2.2 to 
adequately model the linear and nonlinear correlation structures of a time series, after a prior decomposition of the 
series. This approach accumulates the unique modeling strengths of ARIMA and neural network. The proposed 
method is implemented on two time series and its forecasting accuracy is compared with that of individual using 
ARIMA and Neural network. Evidently, neither ARIMA nor Neural network is universally suitable for all types of time 
series. This is because almost all real-world time series contains both linear and nonlinear correlation structures among 
the observations. Zhang [5] has pointed out this important fact and has developed a hybrid approach that applies 
ARIMA and Neural network separately for modeling linear and nonlinear components of a time series. However, we 
use time saving method by using weighted average of the ARIMA forecasting and neural forecasting. i.e: 

Hybrid forcast = ARIMA_forcast*ARIMA_weight+ Neural_forcast* Neural_weight 
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Where the ARIMA_weight + Neural_weight  is equal to 1. The two weight are defined case by case depends on 
time series.  

2.4 Vector Autocorrelation Regression (VAR) and Neural on residue approximation 

If the correlation of the sales residue produced from three models and weather is strong enough, we use vector 
autocorrelation Regression (VAR) to produce the final forecast.  I.e. the pseudo code: 

FORCAST_METHOD= BEST_METHOD in (ARIMA, Neural, Hybrid); 

If correlation(series of FORCAST_METHOD, series of WEATHER) is significantthen  

{ 

FORCAST_METHOD= VAR and performs GCA TEST(section 2.5); 

Neural_on_VAR_residue; 

} 

A VAR is a linear system contains a set of m variables, each of which is expressed as a linear function of p lags 
of itself and of all of the other m – 1 variables, plus an error term. (It is possible to include exogenous variables such as 
seasonal dummies or time trends, but we focus on the simple case.)  For simplicity, we use only two variables to denote 
this, x and y, an order-p VAR would be the two equations: 

 

βxyp represents the coefficient of y in the equation for x at lag p. 

According to Zhang[6], the original data is compose of linear and non-linear component, i.e. 

 

Where, ytis the observation at time t and Lt, Nt denote linear and nonlinear components, respectively. At first, the three 
methods are fitted to the VAR linear component and the corresponding forecast ˆLt at time t is obtained. So, the residual 
at time t is given by et= yt–L^

t., the residuals dataset after fitting model contains primary nonlinear component and so 
can be properly modeled through an Neural network method(ANN). Using p input nodes; the ANN for residuals has 
the following form: 

 
Where f is a nonlinear function, estimated by the ANN and εtis the white noise. If ˆNtis the forecast of this ANN, then 
the final forecast at time t is obtained as following: 

 

2.5 Granger causality test 

We use Granger causality analysis [6] to again verify the final result. Granger causality analysis (GCA) is a 
method for investigating whether one time series can correctly forecast another one. This method is first based on 
multiple regression analysis. At individual level, many studies performed F statistics on the residuals in Goebel [8]. A 
recent study by Chen [9] used signed path coefficients to perform t-test at group level statistics. 

If we have two time series X and Y, the paired model is as following: 
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auto-regression coefficients. 
t

E  And 
'

t
E  are residual. We followed Chen’s[8] extended Vector Auto-regression model 

which took the co-variables
t

Z  at time t into account, instead of regressing them out before GCA. 

III. Results 

We show the steps in this section with plots and error table. For the first step in our process shown in Fig.3. The original 
data of the two restaurants: 

 

Step 1: 

According to the process we stated in Fig 3. Step1 we start the ARIMA process first.  We have the two de-seasonal from 
the two data series.  

Figure 4. Original data (TOP: Taiwan, BOTTOM: Japan) 

Figure 5. Original temperature data (TOP: Taiwan, BOTTOM:Japan) 
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Step 2. 

Autocorrelation plots are done to see if our data is stationary. These plots can also help to choose the order 
parameters for ARIMA model. If the series is correlated with its lags then, generally, there are some trend or seasonal 
components and therefore its statistical properties are not constant over time. 

ACF plots display correlation between a series and its lags. In addition to suggesting the order of differencing, 
ACF plots can help in determining the order of the MA (q) model. Partial autocorrelation plots (PACF), as the name 
suggests, display correlation between a variable and its lags that is not explained by previous lags. PACF plots are 
useful when determining the order of the AR (p) model. In the Fig. 8 you can see that the lag is significant at various in 
both Taiwan and Japan data. We will do the difference data for the further analysis. 

 

Figure 6. The decomposition of data (TOP: Taiwan, BOTTOM: Japan) 

Figure 7. The ACF and PACF of original data (TOP column: Taiwan, BOTTOM column: Japan) 
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ACF plots for the differenced data is also display. In addition to suggesting the order of differencing, ACF plots 
can help in determining the order of the MA (q) model. Partial autocorrelation plots (PACF), as the name suggests, 
display correlation between a variable and its lags that is not explained by previous lags. PACF plots are useful when 
determining the order of the AR (p) model. In the Fig. 8 you can see that the lag is significant at 7 in both Taiwan and 
Japan data. It reveals the real weekly sales cycle. 

 

 

 

 

 

Figure 8. The ACF and PACF of the differenced data (TOP column: Taiwan, BOTTOM column: Japan) 

Figure 9. The residue and ACF/PACF after ARIMA process (TOP 3: Taiwan, BOTTOM 3: Japan) 
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Two of the most widely used are Akaike information criteria (AIC) and Bayesian information criteria (BIC) are 
used to find the best fit. These criteria are closely related and can be interpreted as an estimate of how much 
information would be lost if a given model is chosen. When comparing models, one wants to minimize AIC and BIC. 
We found that the best combination for Taiwan and Japan data is ARIMA (4,1,7) and ARIMA(2,1,3), after the step the 
forecast model is plot in the following Fig. 10. 

 

The neural network ANN is also applied to our two data series. And after that the hybrid method is also applied. 
Figures are listed as follows. Fig. 16. Show the neural net graph and Fig.11 shows the forecast plot. 

 

 

 
 
 
 

Figure 10. The ARIMA forecast (Left: Taiwan, Right: Japan) 

Figure 11. The Neural network method forecast (Left: Taiwan, Right: Japan) 

Figure 12. Hybrid method forecast (LEFT: Taiwan, RIGHT: Japan) 
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Step 3.  
The three forecast method is performed and are result comparisons are listed in Table 1. After that we choose the best 
method. 

 

 

Step 4. 

In table1, we can see that the error value (ME/MASE) is compared for the above three methods. Not only one 
method performs best for the data series. For Taiwan data, ARIMA performs the best and for Japan data. Neural 
network performs the best. We conclude that even in the same company, different shop/restaurant have the different 
sales forecasting model. This will lead the manager to define a better stock and resource management policy.        

The next step we are trying to see if the weather impacts the sales. We first investigate the correlation of the 
residue of the best method (Taiwan=ARIMA and Japan=Neural Net ANN) forecast model and the weather. Figure 13 
plot the auto-correlation graph of Taiwan and Japan respectively.   The correlation plot shows the Taiwan is stronger 
than Japan at some lag point, i.e. lag point at 15, 16 and 18. So we continue the analysis process to identify this. The 
GCT test is used for Taiwan temperature against Taiwan sales and the result is as follows:  

Model 1: d.temp ~ Lags(d.temp, 1:8) + Lags(d.co2, 1:8) 
Model 2: d.temp ~ Lags(d.temp, 1:8) 
  Res.Df Df            F Pr(>F) 
1    339                  
2    347  -8 0.9737  0.4564 
 
This result of F PT(>f) is 0.454 shows the impact of temperature is possible have impact on sales in Taiwan. So the 
improvement of the forecast is possible if we consider more factors in the regression process.  

Step 5. 

The final step we use VAR method to identify more about the residue improvement.  Fig. 14 and Fig. 15 show the 
improvement forecast and the finally result comparison are in Table 1. 

Figure 13. Correlation of sales-weather  (LEFT: Taiwan, RIGHT: Japan) 
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Step Accuracy Taiwan Japan 

ARIMA ME 
RMSE 

-0.436675  
47.30344 

-0.22 
6.13 

Neural Net ME 
RMSE 

-0.315679  
59.65637 

-0.01174383  
2.268116 

Hybrid ME 
RMSE 

1.228578 
48.45943 

0.02235358  
6.118572 

VARNeural ME 
RMSE 

-0.4283873 
23.688975 

No need because process 
stop at step 4. 

 

IV. Conclusions and Discussion 

We have conducted experiments with four different real-world time series scenarios (restaurants and 
weather) on R and R-Studio. Different analysis model has the different predictive performance and need a selecting 
process in several methods to identify the best solution applicable to each individual situation. In this research 
studies indicates that there is valuable information when collaborating weather data into the restaurant sales forecasts. 
Proposal step-by-step combination analysis model for the sales and weather database information.  Using these 
predictive analysis tools allows decision maker and senior managers to gain a sharper edge response to the sensitive 
market changes. Also a deeper understanding of consumer behavior for better quality of service and make more 
precise strategic planning decisions. 

 

Another advantage of our forecasting model is to more accurately prepare and allocate resource for front and 
backend service staffs. Based on the employees time table shift and geographically location the manager is able to 

Figure 15. LEFT: the ANN in our model, RIGHT: The Taiwan VAR series forecast (sales and weather forecast)  

 

Figure 14. Taiwan weather sales correlation (TOP: original, BOTTOM: differenced) 

Table 1. The methods we use in our process and its error listed. 
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allocate from employees from other areas where service supply and demands can be matched. Anticipating the 
decline in customer rate can be overcome through marketing promotions and other campaign methods to remain in 
the business competitiveness. Our proposed model also shows linear methods are always computing time efficient 
than non-linear methods. Use linear method in combination with the nonlinear methods can more accurately 
approximate the residue and deduce the computation time in the forecast model.   

 

From the aggregated data indicates the forecast weather condition does have an impact forecasts sales force 
some restaurants. However, there are limitations for sometimes lots the weather contributes positively to the forecast 
while in others it contributes negatively. For future works, we would like to add more micro studies with correlated 
independent variables and interpret these bias factors to the forecast model, such as age, gender, personal income, and portal 
device used. From the macro level, would also like to measure the logistics distance to the mass rapid transportation facilities, 
population density to the area, and other relevant open data to this model that can identify the impact factor and improve the 
residue computation of the forecasting model.  
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