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INTRODUCTION
Studying and accurately forecasting retail sales are a vital and necessary requirement for any company in the retail industry to be successful and profitable.  Companies are forward-looking and must forecast sales so they can allocate sufficient resources, maintain adequate inventories, and understand the rigors of the supply and demand in their industry (Robinson 1965).  In today’s retail marketplace, if a company fails to properly forecast sales, they risk losing their suppliers, partners, and ultimately their customers. 

Retail sales can be described as the purchase of goods, which can be ultimately related to disposable income (Gould 1951).  National retail sales data is an ideal indicator to better understand, both the overall economic environment and for estimating marketing trends (Ferber 1976).  This topic was of interest to me because it matched my educational background – Marketing Management.  After taking numerous courses in the subject of marketing, consumer behavior became a favorite subject of mine.  The study of why and when customers purchase products always intrigued me.  The changes in consumer behavior are more likely to be reflected in retail sales than in any other type of economic or marketing indicator (Ferber 1976).


In preparing for this paper, I have read various articles regarding growth rate and forecasting sales, however primarily the articles concentrated on individual segments within the retail industry or specific firms.  A study on the US economy by EIU ViewsWire, states that external factors will slow the recent moderate sales gains.  Rising interest rates and high oil prices will negatively affect the consumption trends and will limit consumers in purchasing discretionary items.  Although, with the advent of “e-retailing,” this has positively contributed to the sales of the many companies who participate in multi-channel activities and lets them reach a broader target market, especially during the holiday season of November and December (Oser, January 2005). 
Anthony Cox and John Summers discuss a different method of forecasting in their article, “Heuristics and Biases in the Intuitive Projection of Retail Sales.”  This model concentrates on using typical statistical methods and combining it with two factors: (1) the inherent salability of the product and (2) the chance events of that particular product.  This model is appropriate for a group of products having similar product life cycles and exhibit seasonality.  The model appears especially useful for companies whose sales must be estimated on the basis of very early sales data since the majority of the quantitative forecasting methods require several periods of data, while this model requires only one period of sales data to forecast the proportional sales rates within a group of products.


Another article, “Interaction of Judgmental and Statistical Forecasting Methods,” by Derek Bunn and George Wright, discuss how statistical forecasts alone do not provide useful results and that they should be combined with structured human judgmental adjustments.  Klein and Linneman (1984) surveyed 500 of the world’s largest corporations and found that the overwhelming majority of them identified severe limitations in using purely statistical techniques.  Wolfe and Flores (1990) have experimental results showing that an ARIMA approach to forecasting earnings can be enhanced with a structured judgmental adjustment process.  As these authors explained, “Human judgment can theoretically improve on statistical modeling by recognizing events that are not included in the model’s formula and that countervail the actual conclusion.”
PLAN

The purpose of this study was to analyze and forecast the trend and seasonality within retail sales.  To accomplish this, numerous resources were used, including Elements of Forecasting by Francis Diebold and Eviews Software 3.1.  The retail sales data was obtained from the U.S. Census Bureau.  This plan includes running various tests to determine the optimal model to use during the forecast.

The following steps were used to obtain a forecast of retail sales: (1.) Complete a Unit-Root Test to determine if the data is stationary or non-stationary.  (2.)  Since the data was non-stationary, took the first difference of the log to make the data stationary.  (3.)  Use the Box-Jenkins method to obtain the optimal model to use.  (4.)  Run diagnostic tests to make sure the residuals of the regression are white noise.  The graphs in the appendix will illustrate the steps.
ANALYSIS

After graphing the data (Figure 1), I made the sample size smaller to visually analyze the trend and seasonality depicted in the graph (Figure 2).  Next, I proceeded to run the Unit-Root Test on sales and the log(sales), however I could not reject Ho because T-stat was greater than T-cv.  The data needs to be stationary to have a successful forecast, so therefore I took the first difference of the log(sales).  Once I ran the Unit-Root Test on d(lsales), I could reject Ho because T-stat < T-cv which could be seen in the regression output.

In Figure 3, the residuals were graphed with the actual and fitted data points.  This was to see if the residuals stayed between the 2 S.E. bands, which they do.  Next, the seasonal components were graphed (Figure 4) and as we suspected, the month of December has the greatest number of sales.  When looking at the correlogram, there are spikes every 12 intervals.  For the Box-Jenkins Test, the AIC/SIC values are calculated for both the LSALES and DSALES variables.  The ARMA model which has the lowest AIC value is the ARMA (3,4).  In Figure 5, the ARMA residuals are graphed alongside the actual and fitted data.

A correlogram was performed to verify if the residuals of the new ARMA (3,4) model are white noise.  As you can see in the correlogram in the appendix, none of the residuals cross the 2 standard error bands, confirming this is white noise.  This can also be illustrated in Figure 6. 

The forecast is graphed in Figure 7, and in Figure 8, the forecast and realization is depicted in the graph.  The red line of the forecast is the point forecast, and the green and black lines are the upper and lower forecasts, respectively, of the interval forecast.

When forecasting, there are six considerations: (1.) Decision Environment/Loss Function, (2.) the Forecast Object, (3.) the Forecast Statement, (4.) the Forecast Horizon, (5.) the Information Set, and (6.) Methods and Complexity, the Parsimony Principle, and the Shrinkage Principle.  First of all, the Decision Environment is regarding forecasting monthly retail sales.  I believe this is an accurate forecast because it takes into account the trend and seasonality of the data series.  This was verified by examining the residuals from the regression and resulting in white noise.  The forecast object was a time series because I wanted to know the future value of retail sales.  The forecast statement was both a point and interval forecast, as depicted in Figure 7.  The forecast horizon was long term because it was more than a year in the future.  The information set was univariate and reflected on the past data to forecast the future.  And finally, this forecast concentrated on the Parsimony Principle, because all things being equal, simple models are preferable to complex models.
CONCLUSION

By completing this study, I have learned to analyze time series data and recognize trends and seasonality within a series.  This study confirmed my assumption that retail sales had trend and seasonality components.  Retail businesses should definitely prepare for the spike in demand that occurs in December.  This will allow them to keep the necessary levels of inventory and should make their businesses more efficient.  I hope readers of this paper, besides learning about retail sales, will realize that forecasting is an intricate process and involves a lot of work and knowledge to fully understand the full potential.   
APPENDIX
	Month
	Retail sales, total (in Millions of Dollars)

	Jan. 1992
	130,191

	Feb. 1992
	130,765

	Mar. 1992
	141,915

	Apr. 1992
	146,596

	May. 1992
	151,851

	Jun. 1992
	151,215

	Jul. 1992
	151,969

	Aug. 1992
	151,874

	Sep. 1992
	147,587

	Oct. 1992
	155,411

	Nov. 1992
	154,248

	Dec. 1992
	190,890

	Jan. 1993
	136,496

	Feb. 1993
	133,981

	Mar. 1993
	152,393

	Apr. 1993
	157,972

	May. 1993
	162,904

	Jun. 1993
	162,272

	Jul. 1993
	163,925

	Aug. 1993
	163,305

	Sep. 1993
	158,647

	Oct. 1993
	163,305

	Nov. 1993
	169,298

	Dec. 1993
	205,559

	Jan. 1994
	144,607

	Feb. 1994
	145,698

	Mar. 1994
	172,786

	Apr. 1994
	169,974

	May. 1994
	174,768

	Jun. 1994
	177,745

	Jul. 1994
	172,486

	Aug. 1994
	181,670

	Sep. 1994
	174,360

	Oct. 1994
	177,874

	Nov. 1994
	183,494

	Dec. 1994
	220,772

	Jan. 1995
	157,230

	Feb. 1995
	154,458

	Mar. 1995
	181,041

	Apr. 1995
	175,821

	May. 1995
	189,404

	Jun. 1995
	190,734

	Jul. 1995
	182,123

	Aug. 1995
	192,496

	Sep. 1995
	181,717

	Oct. 1995
	183,367

	Nov. 1995
	192,448

	Dec. 1995
	226,616

	Jan. 1996
	166,553

	Feb. 1996
	173,182

	Mar. 1996
	190,986

	Apr. 1996
	190,969

	May. 1996
	204,874

	Jun. 1996
	195,955

	Jul. 1996
	196,236

	Aug. 1996
	203,342

	Sep. 1996
	188,466

	Oct. 1996
	200,861

	Nov. 1996
	202,533

	Dec. 1996
	236,305

	Jan. 1997
	180,052

	Feb. 1997
	177,474

	Mar. 1997
	202,543

	Apr. 1997
	197,981

	May. 1997
	210,296

	Jun. 1997
	204,366

	Jul. 1997
	207,799

	Aug. 1997
	210,968

	Sep. 1997
	200,387

	Oct. 1997
	209,117

	Nov. 1997
	206,603

	Dec. 1997
	248,409

	Jan. 1998
	186,713

	Feb. 1998
	183,072

	Mar. 1998
	207,113

	Apr. 1998
	211,399

	May. 1998
	220,315

	Jun. 1998
	220,088

	Jul. 1998
	216,935

	Aug. 1998
	215,885

	Sep. 1998
	208,143

	Oct. 1998
	219,688

	Nov. 1998
	218,165

	Dec. 1998
	264,756

	Jan. 1999
	196,204

	Feb. 1999
	198,929

	Mar. 1999
	229,633

	Apr. 1999
	226,547

	May. 1999
	236,945

	Jun. 1999
	236,386

	Jul. 1999
	236,624

	Aug. 1999
	240,121

	Sep. 1999
	230,312

	Oct. 1999
	232,864

	Nov. 1999
	240,558

	Dec. 1999
	292,762

	Jan. 2000
	213,534

	Feb. 2000
	227,018

	Mar. 2000
	253,578

	Apr. 2000
	238,961

	May. 2000
	257,507

	Jun. 2000
	255,056

	Jul. 2000
	244,498

	Aug. 2000
	257,515

	Sep. 2000
	243,661

	Oct. 2000
	245,197

	Nov. 2000
	252,175

	Dec. 2000
	294,307

	Jan. 2001
	226,865

	Feb. 2001
	224,136

	Mar. 2001
	253,614

	Apr. 2001
	249,213

	May. 2001
	269,067

	Jun. 2001
	260,944

	Jul. 2001
	252,313

	Aug. 2001
	267,419

	Sep. 2001
	237,125

	Oct. 2001
	266,343

	Nov. 2001
	262,984

	Dec. 2001
	299,800

	Jan. 2002
	231,632

	Feb. 2002
	229,199

	Mar. 2002
	258,128

	Apr. 2002
	258,215

	May. 2002
	272,687

	Jun. 2002
	261,480

	Jul. 2002
	268,024

	Aug. 2002
	279,016

	Sep. 2002
	247,480

	Oct. 2002
	261,141

	Nov. 2002
	264,647

	Dec. 2002
	309,819

	Jan. 2003
	242,998

	Feb. 2003
	234,157

	Mar. 2003
	265,006

	Apr. 2003
	266,472

	May. 2003
	282,065

	Jun. 2003
	272,003

	Jul. 2003
	280,277

	Aug. 2003
	286,328

	Sep. 2003
	266,601

	Oct. 2003
	275,462

	Nov. 2003
	274,095

	Dec. 2003
	329,943

	Jan. 2004
	254,945

	Feb. 2004
	256,282

	Mar. 2004
	290,883

	Apr. 2004
	287,527

	May. 2004
	299,767

	Jun. 2004
	293,642

	Jul. 2004
	299,236

	Aug. 2004
	298,902

	Sep. 2004
	287,953

	Oct. 2004
	292,750

	Nov. 2004
	299,470

	Dec. 2004
	360,352

	Jan. 2005
	268,560

	Feb. 2005
	270,872

	Mar. 2005
	312,877


Data courtesy of U.S. Census Bureau

[image: image8.emf]100000


150000


200000


250000


300000


350000


400000


92


93


94


95


96


97


98


99


00


01


02


03


04


05


Figure 1 Retail Sales, 1992.01-2005.03
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Figure 2 Retail Sales, 2001.01-2005.03
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Unit-Root Test of the 1st Difference of the Log of Retail Sales
	ADF Test Statistic
	-4.584976
	    1%   Critical Value*
	-4.0237

	
	
	    5%   Critical Value
	-3.4413

	
	
	    10% Critical Value
	-3.1449

	*MacKinnon critical values for rejection of hypothesis of a unit root.

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(DSALES)

	Method: Least Squares

	Date: 06/18/05   Time: 14:36

	Sample(adjusted): 1993:03 2005:03

	Included observations: 145 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	DSALES(-1)
	-4.901519
	1.069039
	-4.584976
	0.0000

	D(DSALES(-1))
	3.190695
	1.029370
	3.099659
	0.0024

	D(DSALES(-2))
	2.709961
	0.945974
	2.864730
	0.0049

	D(DSALES(-3))
	2.261245
	0.860965
	2.626408
	0.0097

	D(DSALES(-4))
	1.818469
	0.774903
	2.346705
	0.0205

	D(DSALES(-5))
	1.425016
	0.687019
	2.074203
	0.0400

	D(DSALES(-6))
	1.050273
	0.597412
	1.758037
	0.0811

	D(DSALES(-7))
	0.689338
	0.507218
	1.359055
	0.1765

	D(DSALES(-8))
	0.352224
	0.416308
	0.846067
	0.3991

	D(DSALES(-9))
	0.012930
	0.325680
	0.039701
	0.9684

	D(DSALES(-10))
	-0.370395
	0.237557
	-1.559183
	0.1214

	D(DSALES(-11))
	-0.760800
	0.153444
	-4.958144
	0.0000

	D(DSALES(-12))
	-0.224886
	0.083187
	-2.703383
	0.0078

	C
	0.029802
	0.007747
	3.847015
	0.0002

	@TREND(1992:01)
	-7.81E-05
	5.02E-05
	-1.558013
	0.1217

	R-squared
	0.984778
	    Mean dependent var
	0.001122

	Adjusted R-squared
	0.983139
	    S.D. dependent var
	0.185604

	S.E. of regression
	0.024101
	    Akaike info criterion
	-4.515449

	Sum squared resid
	0.075510
	    Schwarz criterion
	-4.207511

	Log likelihood
	342.3700
	    F-statistic
	600.7390

	Durbin-Watson stat
	2.136558
	    Prob(F-statistic)
	0.000000
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Figure 3 Residual Plot
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Figure 4 Estimated Seasonal Factors: Retail Sales
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AIC of LSALES

	AR / MA
	0
	1
	2
	3
	4

	0
	
	-2.186026
	-2.218999
	-2.207187
	-2.202128

	1
	-2.199941
	-2.232034
	-2.233026
	-2.320508
	-2.373181

	2
	-2.250118
	-2.247469
	-2.321438
	-2.397960
	-2.401246

	3
	-2.244406
	-2.315520
	-2.220538
	-2.392497
	-2.430533

	4
	-2.233644
	-2.313899
	-2.385178
	-2.328849
	-2.339704


SIC of LSALES

	AR / MA
	0
	1
	2
	3
	4

	0
	
	-2.128122
	-2.141793
	-2.110681
	-2.086320

	1
	-2.141791
	-2.154500
	-2.136109
	-2.204207
	-2.237496

	2
	-2.172252
	-2.150136
	-2.204639
	-2.261695
	-2.245514

	3
	-2.146654
	-2.198218
	-2.083686
	-2.236094
	-2.254580

	4
	-2.115834
	-2.176454
	-2.228098
	-2.152134
	-2.143354


AIC of DSALES

	AR / MA
	0
	1
	2
	3
	4

	0
	
	-2.241273
	-2.181734
	-2.277510
	-2.305832

	1
	-1.671724
	-2.238704
	-2.214998
	-2.187534
	-2.297848

	2
	-1.849488
	-2.271465
	-2.255285
	-2.224128
	-2.167086

	3
	-1.944844
	-2.311438
	-2.285779
	-2.337116
	-2.237980

	4
	-2.061702
	-2.301406
	-2.294218
	-2.237980
	-2.267136


SIC of DSALES

	AR / MA
	0
	1
	2
	3
	4

	0
	
	-2.183122
	-2.104200
	-2.180592
	-2.189530

	1
	-1.613324
	-2.160838
	-2.117666
	-2.070735
	-2.161582

	2
	-1.771287
	-2.173713
	-2.137983
	-2.087275
	-2.010683

	3
	-1.846669
	-2.193628
	-2.148334
	-2.180036
	-2.061265

	4
	-1.943379
	-2.163362
	-2.136455
	-2.061265
	-2.069932
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Figure 5 Retail Sales: ARMA(3,4) Model, Residual Plot
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Figure 5 Retail Sales: ARMA(3,4) Model, Residual Plot



Correlogram of Residuals of DSALES
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Fig. 6 Recursive Residuals & 2 S.E. Bands: Seasonal Dummy Var. Model for Retail Sales
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Fig. 7 Retail Sales: History (2001.01-2003.12), & Forecast (2004.01-2005.03)
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Fig. 8 Retail Sales: History (2001.01-2003.12), & Forecast and Realization (2004.01-2005.03)
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