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Abstract   
 
Businesses need accuracy in the forecasts not just for revenue generation, but also inventory 
management and resource allocation. This is even more important when businesses are customer 
facing and product oriented. Various factors such as holiday, day of the week, seasons impact the 
customer behavior. Optimal forecasting enables businesses to minimize inventory, decide 
markdowns, and create targeted marketing and pricing efforts (sales, vouchers etc.). The purpose 
of this report is to analyze and utilize different forecasting models with the objective of finding 
optimal ways with which a major retail company, in this case Walmart, can best and most 
accurately predict future sales. SaOHV daWa IURP IRXU KROLda\V WKaW KLJKO\ LPSacW WaOPaUW¶V ZHHNO\ 
sales, namely Super Bowl, Easter, Thanksgiving and Christmas, were included in the analysis.  
 
The accuracy of the models was evaluated based on the RMSE and MAE values as it were the 
only common parameters for all the different techniques used. The ones that performed better were 
the two ARIMA models (order = 0,0,2 & 2,0,2) and the Multiple Regression model. However, the 
best one was the ARIMA (2,0,2) using differentiated data by 52 (weekly data) as it obtained the 
lowest RMSE and MAE values. Though the selected model performed well and predicted sales 
IRU WaOPaUW¶V a small portion of the data, deeper analysis on this dataset will uncover additional 
insights. Adding geographic location, more departments at a store or various stores and department 
will provide richer insights and accurate predictions.   
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Introduction  
  
With the advancements in martech today, marketers now have the ability to create a more accurate 
forecast and plan for revenue. Marketing forecasting is a core component of market analysis, where 
LW SURMHcWV IXWXUH QXPbHU, cKaUacWHULVWLcV aQd WUHQdV LQ RQH¶V WaUJHW PaUNHW, aOORZLQJ PaUNHters to 
showcase the downstream impact of their efforts. This allows many different upsides for 
companies, such as sales opportunities, new customer base, and higher revenue. Marketers are 
required to know historical conversion rates for different income channels and the types to see how 
leads flow through the funnel. Most marketing forecasting in general still tends to be unreliable 
because it was regularly based on averages across multiple channels and metrics. It requires too 
many assumptions, and since every channel pertains to different variation across leads, the 
assumptions get exponentially inaccurate the farther the forecast. 
 
Therefore, many companies have pivoted to utilizing machine learning in time-series to gain the 
ability to produce better and more sophisticated forecasting results. Simple forecasting methods 
that produce good results have low variance and predictable trends. But for data that has complex, 
underlying structures such as seasonality and multiple causal factors, marketers need advanced 
forecasting methods to minimize the magnitude and variance of forecast errors. Machine learning 
forecasting learns from historical data, could possibly help marketers predict sudden changes in 
demand levels, price-cutting maneuvers of the competition, and large swings of the economy in 
the future. 
 
The purpose for the report is to present an overview of time series forecasting models by discussing 
ways that Walmart can predict future sales accurately. Various time-series models are performed, 
and the accuracy for each time series model was validated and compared with one another at the 
end in order to select the best one. The variety of model goes from simpler to more complex models 
such as: mean, naïve and seasonal naïve methods, simple exponential smoothing and holt method, 
AR, MA, ARMA, ARIMA and SARIMA, and also time series regression models. 
 

Literature Review 
 
According to Tsoumakas, G. (2019) it is important for the companies to forecast future sales in 
order to minimize stocked and expired products inside stores and at the same time avoid missing 
sales. Also, it says that short-term predictions help in production planning and stock management, 
while long-term predictions can help in business development decision making. Additionally, 
Tsoumakas, G. (2019) states that food sales prediction is primarily a time-series forecasting 
problem but exhibits a number of interesting research challenges. The first challenge would be all 
the external features that also have predictive values (e.g. holidays, weather). Another challenge 
would be all the different predictions for each product in the store.   
 
Another analysis involving sales forecasting was conducted by David A. Aaker, James M. Carman, 
and Robert Jacobson. The paper uses time series analysis to model advertising-sales relationships 
of six cereal brands under the assumption that there is feedback involved. More than 16 years of 
monthly data was used to explore the relationship of advertising and sales, while time series 
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analysis was chosen to be an appropriate approach because of the nature and the richness of the 
data. Another objective is that the researchers wish to demonstrate a two-way causation by utilizing 
time series analysis. The ARMA filters for both the time series of advertising and that of sales 
were examined, and the seasonality of each cereal brand was revealed. In addition, the analysis 
identified that there is either a moving average or an autoregressive term for each cereal brand with 
a one-month lag, which could possibly represent that past advertising budget decisions are 
affecting advertising budget response. As for the sales data, the seasonality was found as a 12-
month seasonal term, while there is 3-month seasonality exist in some of the cereal brands. 
Furthermore, residual diagnostic was also properly performed, and the residuals gave no indication 
of significant autocorrelation left.  
 
AQRWKHU WLPH VHULHV aQaO\VLV RQ caXVaOLW\ ZaV cRQdXcWHd b\ NacL B�\�Nda÷, AKPHW Ka\a, aQd 
Olgun Kitapci in 2019. Many companies wish to invest more resources in marketing to generate 
traffic, thus increase the profitability. The authors performed time series analysis with the purpose 
of revealing the way marketing expenditures influencing business performance, particularly in the 
insurance sector. The results revealed that marketing expenditure does have significant positive 
effect on business performance. The authors have also stated that the improvement in the business 
performance would also enhance the increase in marketing expenditure, since these two factors 
are bi-directional. This relationship allows the companies to attract investors more easily, and time 
series analysis is an ideal approach to achieve this objective since time series is composed of data 
collected at reg 
 
Regression analysis and correlation analysis are static techniques that often being used in 
forecasting sales data. However, Kapoor, S. G., Madhok, P., and Wu, S. M. suggest that time series 
analysis could be an optimal approach when it comes to achieving accurate sales forecast. Time 
series analysis has been used in marketing research since it is an optimal solution to reveal insights 
hidden within serially correlated data. In this analysis, the sales of a particular line of the consumer 
product was analyzed, and the use of an alternative modeling approach to time series analysis in a 
real business situation was demonstrated. ARMA models, once again, appeared in the analysis and 
represent the stochastic component of the analysis. Same with what Tsoumakas, G. (2019) has 
suggested, the authors stated that one competitive advantage of time series analysis is that it is 
capable of capturing and explaining both short-term and long-term effects, thus is widely 
applicable in marketing research. 
 

Data Source and Preprocessing 
 
The dataset was obtained from Kaggle and contains anonymized information for Walmart stores.  
There are four different files available, however, for the purpose of this project only 3 were used: 
 

x The stores file, contains information about the 45 stores, indicating the type and size of 
store 

x The train file covers information regarding the store number, the department number, 
date), weekly sales and whether the week is a special holiday week or not. The date range 
for this document is: 02/05/2010 to 10/26/2012 



DePaul University  DSC425 - Timeseries Forecasting & Analysis 

x Features is the last file which contains additional data related to the store, department, 
and regional activity for the given dates 

 
The Walmart dataset contains information on various features for 45 stores, up to 99 department 
each. To ensure replicable and optimal model is created - data for only store 1 ± department 1 is 
used. 
 
At the onset, distribution, trend and pattern in the data was analyzed. Some pre-processing of the 
dataset is required in order to create a new dataset that suits the direction of the analysis direction. 
After merging new variables by date and creating a new dataset, the new dataset contains 143 
observations and 13 variables. 
 
It is important to point out that from now on the dependent variable is going to be ³WHHNO\ VaOHV´ 
aQd WKaW WKH YaULabOH ³MaUNdRZQV´ aUH JRLQJ WR bH dURSSHd aV LW LV aQRQ\PL]Hd daWa UHOaWHd WR 
promotional markdowns that Walmart is running and this information is only available after Nov 
2011, and is not available for all stores all the time. 
 
The description for the variables after data preprocessing are mentioned below: 
 

Variable name Type of variable Description 
Store Numeric Labeled 1-45*1 

Type Categorical Categorized to 4 levels (A/B/C/D) * 

Size Numeric Size of the store 

Department Numeric Represent the department number * 

Date Factor variable Monday of each week 

Weekly Sales Numeric Sales for the given department in the given 
store 

IsHoliday Categorical  Special holiday week ± TRUE or FALSE** 

Temperature Numeric Average temperature in the region *** 

Fuel_Price Numeric Cost of fuel in the region *** 

Markdown 1-5 Numeric Promotional markdowns the Walmart 

CPI Numeric Consumer Price Index 

Unemployment Numeric Unemployment rate 

 
1 *There is no information regarding which Walmart store is each one, neither the different types 
of stores or the department number 
** There are four main holidays each year: Super Bowl, Easter, Thanksgiving and Christmas. 
*** There is no information regarding the region of the department store. 
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Methodology 
 
EXPLORATORY DATA ANALYSIS (EDA) 
  
EDA was performed on the dataset prior to model building to further understand the dataset. The 
time series plot for weekly sales for Store 1 Department 1 is shown below: 

 

 
  
The time series plot shows four spikes of weekly sales increase corresponding to the holiday events 
mentioned (Superbowl, Easter, Thanksgiving and Christmas). Even though the yearly patterns 
were repetitive, the data is not strictly seasonal. The time series plots of other features are also 
plotted. Temperature shows correlation with weekly sales, where periods with high weekly sales 
corresponds to lower temperature. 
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The histogram for weekly sales and the other 
attributes were also plotted. The histogram 
shows that the weekly sales are generally 
around $10,000 to $30,000. Weekly sales on 
the higher range indicates sales for the holiday 
periods. The average temperature in this region 
falls on the range of 80 °F to 85 °F most 
frequently, followed by 65 °F to 70 °F. As for 
the cost of fuel in the region, typically the fuel 
usually cost approximately $2.75, but also 
frequently increase to roughly $3.5 to $3.75. 
Consumer price index typically falls on 210 to 
212. Lastly, the unemployment rate occurs 
most frequently at approximately 8%. 

  
 
MODEL BUILDING AND RESULTS 
 
DATA TRAINING/TEST SPLIT 
 
The dataset was split into training and test set prior to model building. The training set includes 
weekly sales data from 2010 to 2011, whereas the test set includes sales in 2012. The training set 
data was be used to build the model, whereas the test data was used to compare accuracy of the 
forecast data to evaluate our models. 
  
MEAN, NAÏVE & SEASONAL NAÏVE FORECASTING 
 
Simple forecasting methods were used to forecast results from the training data. Mean forecasting 
takes the mean of the historical data to perform the forecasting, Naïve forecasting takes the last 
data point predict future trends, and Seasonal Naïve method incorporates seasonal settings. The 
figures below show the result of the simple forecasting methods: 
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The results show simple but undesirable forecasting results. There is little difference between 
results between Naive and Seasonal Naive forecasting since the data is not seasonal. 
  
6IMPLE E;PONEN7IAL 6MOO7HING & HOL7¶6 ME7HOD FORECA67ING 
 
SES and Holt's model were built to forecast the model. The setting for SES alpha value was set to 
0.2, ZKHUHaV WKH LQLWLaO VHWWLQJ IRU HROW¶V PHWKRd ZaV VHW WR RSWLPaO. 
  

 
TKH SES aQd HROW¶V PRdHOV \LHOd bHWWHU UHVXOWV cRPSaUHd WR WKH VLPSOH IRUHcaVWLQJ PHWKRdV. TKH 
SES forecast aUH UHOaWLYHO\ VWabOH, ZKHUHaV HROW¶V PHWKRd IRUHcaVW LdHQWLILHV aQ XSZaUd WUHQd. TKH 
AIC/BIC values were also obtained from both models, which were 2299.13/2304.34 for SES, and 
2299.24/2312.27 IRU HROW¶V. TKH UHVXOWV show that SES forecast performs slightO\ bHWWHU WKaQ HROW¶V 
method forecast. 
 
ARIMA FORECASTING 
 
To build AR, MA, and ARMA models, the ACF and PACF plots were investigated to identify 
suitable orders for the plots. Based on the plots below, the order p = 1 and q = 2 were initially 
identified, but various combinations of orders were tested on to build the models with the best and 
lowest AIC/BIC values. 
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 The AR, MA, ARMA were built on the training set with settings AR: ARIMA (1,0,0); MA: 
ARIMA (0,0,2) and ARMA: ARIMA (2,0,2). The models were used to create forecast predictions, 
where the accuracy metrics were used to evaluate the predictions against the test set. The AR and 
MA model provided unsatisfactory results as their forecast drops to 0. Based on the forecast and 
AIC/BIC values, ARMA performed best out of the three models. 
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The coefficient test and residual diagnostics to validate the quality of the model was performed. 
While the coefficient test shows that all variables from all three models are significant, the residual 
plots shows that there are still serial correlations present in the models, and the three models did 
QRW SaVV WKH LMXQJ¶V BR[ WHVW. 
  
This means that the models can be further improved. Since the models built so far did not model 
the holiday seasons well, differencing needs to be applied on the dataset to generate stationary 
time series data to create a better model. 
 
ARIMA - USING DIFFERENCED DATA 
 
To further validate that ARMA: ARIMA (2,0,2) is the best model up to this point, both coefficient 
test and the residual diagnostics were performed for all three of AR, MA, and ARMA models. The 
ACF plot of the residuals of the ARMA model present the best outcome amongst all three models. 
 
 

 
 

 
However, even though the ACF plot of 
the ARMA model performed relatively 
better than AR and MA, there is still 
evidence of serial correlation in the 
ARMA model. Specifically, even though 
the coefficients of the ARMA model 
passed the significance test, the residuals 
SORW aV ZHOO aV WKH LMXQJ¶V BR[ WHVW 
indicate that there is still collinearity 
exist in the ARMA model, which means 
that the model could still be improved. 
As a result, log transformation, 

differencing, and seasonal differencing for our data were each tested to find out the best method. 
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Log transformation does not benefit our analysis much, as the data after transformation is still 
significantly unstable. As for differencing, after exploring regular differencing, differencing by 12, 
and differencing by 52; the result after differencing by 52 present the best outcome. The graphs 
presented above as well as the ACF and PACF plots are the results after differencing by 52. It is 
not a surprise that differencing by 52 performed better, since our data is weekly sales data. The 
ACF and PACF plot of differencing by 52 also present the best result, as shown above. 
 
 

 
 
 
Going forward, an ARMA model has been fitted on the data after differencing by 52. The AIC and 
BIC YaOXHV, WKH cRHIILcLHQW WHVW, WKH UHVLdXaO SORWV, aQW WKH LMXQJ¶V bR[ test have been examined as 
the evaluation of the model performance. The result is that the ARMA model has significantly 
been improved after differencing. The AIC and BIC values have been reduced to 989.09 and 
1000.31, respectively. Moreover, the coefficient test of significance, the residuals plot, and the 
LMXQJ¶V bR[ WHVW RI QRUPaOLW\ VKRZQ a XQLILHd UHVXOW WKaW WKLV ARMA PRdHO LV WKH bHVW PRdHO Xp 
until now. As a result, this optimal ARMA model has been used to perform forecasting, as shown 
above. 
  
Furthermore, the possibility of fitting a SARIMA model was also considered in order to test out 
the seasonality of our data. However, the result is that the data does not fit with SARIMA model. 
The ACF plot of the original time series data and the ACF plot of the data after differencing do 
not display patterns to incorporate SARIMA. As a conclusion at this stage of the analysis, our best 
model is ARIMA (2,0,2) based on the training data that differenced by 52. 
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TIME SERIES REGRESSION 
 
A time series analysis regression was performed on the data. The data used was not differentiated 
and the different models used on the data were: linear trend, multiplicative trend, quadratic trend 
and multiple regression.  
 
Below there is a table with the RMSE and MAE of the different models: 
 
 

Models RMSE MAE 
Multiple Regression 8750.152 5809.469 
Quadratic Regression 10012.2 7379.959 
Linear Regression 10149.16 7514.46 
Multiplicative Regression 10278.86 6882.345 
   

 
The best linear model is the multiple regression one, as it has the lowest RMSE and MAE. Also, 
it is possible to see in the plot how it tries to forecast in the best possible way the holidays periods. 
 

 
 
However, it is important to point out that there was only one variable significant, temperature. 
Provided below is the model equation: 
 

Weekly sales = -68036.417 – 323.107*temperature 
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Conclusion 
 
Through the process of weekly sales prediction, various methods from simple to 
complex timeseries were utilized. At the onset, exploratory data analysis was conducted to 
understand the distribution of variables, both dependent and independent. Additionally, timeseries 
plot were created to understand the trend and/or pattern in the data and any potential correlation 
among them. It was observed that temperature and holiday had similar peaks and troughs and fuel 
price data showcased upward trend. Weekly Sales data showcased pattern, especially during 
holiday season such as Easter, super bowl, however it lacked seasonality. Understanding the initial 
pattern and for model validation, the dataset was split into training and test set to build an optimal 
model for prediction of the weekly sales for Walmart.   
  
Simple prediction model such as mean, naïve and seasonal naïve was utilized. Since the data does 
not have seasonal characteristics, there is no difference in performance of naïve and seasonal naïve. 
However, overall, none of the simple model were able to predict weekly sales effectively. RMSE 
and MAE values were considered when analyzing the performance of the model. Simple 
ExSRQHQWLaO SPRRWKHQLQJ (SES) aQd HROW¶V Method was tried with alpha set was 0.2 and initial at 
µOSWLPaO¶. BRWK WKHVH PHWKRdV ZHUH QRW abOH WR capture the trend in data and predict the weekly 
sales. Slightly complex methods were evaluated i.e. AR, MA or ARMA. ACF and PACF plots 
were analyzed for the order of p and q; p = 1 and q = 2. AR (1), MA(2), ARMA (2,0,2) were 
applied on the original data. Both AR and MA did not perform well as the forecast value dropped 
to zero. ARMA (2,0,2) on original data performed better than previous models but could not 
forecast optimally. Residuals diagnostic and coefficient test of these models was performed. ACF 
model of ARMA model performed the best amongst all three, however Ljung Box Test showed 
serial correlation.   
  
Since the data was weekly, differencing (52) was performed to address the correlation and ARMA 
(2,0,2) model was created. ACF and PACF plots were evaluated. This model performed well when 
tested for residual, coefficient and Ljung Box Test. It also had the lowest AIC and BIC value.   
  
To ensure all the forecasting models were compared on uniform parameters, accuracy of each 
model was checked and considered RMSE and MAE parameters were considered as the baselines. 
  
Overall, ARIMA (2,0,2) model performed the best 
 

Models RMSE MAE 
ARMA (2,0,2) (diff) 5963.25 4185.526 
ARMA (2,0,2) 7826.237 5465.461 
Multiple Regression 8750.152 5809.469 
AR (1,0,0) 9164.032 5568.944 
Naive 9329.313 5119.153 
Snaive 9329.313 5119.153 
HolW¶V MeWhod 9354.685 5127.211 
SES 9634.053 7124.46 
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Models RMSE MAE 
Quadratic Regression 10012.2 7379.959 
Linear Regression 10149.16 7514.46 
Mean 10149.26 7510.949 
Multiplicative Regression 10278.86 6882.345 
MA (0,0,2) 12019.59 9710.882 

 

Future Work 
 
Although the analysis was performed as thorough as it could be, there are still some future research 
directions that could potentially providing a more cohesive and meaningful results. For instance, 
the optimal model, ARIMA (2,0,2) was built on data that already been differenced by 52. Coercing 
the data back to its usual form (reverse transform) will provide actual forecast values, thus highly 
likely to provide more meaningful result. In addition, more sophisticated techniques such as Neural 
Network could also be used in time series and sales forecasting, that has the potential to predict 
sales information with more precision.  
  
Moreover, as an extension of analysis, using multiple store data or multiple department within a 
store data would possibly provide better and more holistic results. Additionally, understanding the 
geographic location could also be beneficial in terms of providing a more realistic and meaningful 
analysis. Lastly, raw data on markdowns and their relation to sales will also be another dimension 
on which sales, thus profitability can be evaluated. 
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