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Introduction 

‘‘We really can’t forecast all that well, and yet we 
pretend that we can, but we really can’t.’’
� -Alan Greenspan

(American Economist)
In simple words, forecasting can be regarded as the 
statistical technique undertaken to predict the direction 
of the future values of a variable given its historical 
data. Armstrong (1985) divided the forecasting process 
into a number of stages comprising formulation of the 
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In the forecasting literature, it has been observed that simple techniques can be employed unless there is a strong case for 
complexity in the historical data. This paper studies the annual trends and patterns in the domestic sales of the four main 
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Exponential Smoothing (DES) have been used for the time series based on annual data and these techniques are evaluated 
on the basis of Mean Absolute Deviation (MAD), Mean Absolute Percentage Deviation (MAPD),Root Mean Square 
Error (RMSE) from Mean Square Error (MSE) .It was observed that out of all the methods Holt’s DES was carrying the 
least MAPD for the passenger vehicles, for the commercial vehicles and three wheelers and for two-wheelers ,  MAD was 
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forecasting problem, choice of method, application 
of method, comparison and combination of forecasts, 
assessment of uncertainty in forecasts, adjustment of 
forecasts, and evaluation of forecasts. The annual data 
on the automobile industry since the lat two decades 
provides us with the exact data required for this study 
to  and it is used for the transportation of passengers 
and goods on the ground and comprises of four major 
segments in Original Equipment Manufacturers (OEMs), 
engaged in vehicle manufacturing or assembling of all 
components into an automobile.
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Figure 1 Structure of OEMs in the Indian  
Automobile Sector  

Source: SIAM

As shown in Figure 1 with i) Passenger vehicles including 
Cars, Utility Vehicle and Multipurpose vehicles, ii) 
Commercial vehicles that include a) Light Commercial 
Vehicles and b) Medium and Heavy Commercial Vehicles, 
iii) Two-Wheeler comprising of Scooters, Mopeds and 
Motorcycles and Electric Two-Wheelers; and (iv) Three-
Wheeler including Passenger Carriers & Goods Carrier 
.SIAM has released the data for the year 2020-21 on the 
domestic market share of each of the individual segments 
of the automobile sector. The passenger vehicle holds 
13% of the total market share for the time period of 2020-
21 and commercial vehicles and the three-wheelers are 
at the tie at an equal domestic market share of 3% each. 
As depicted in the Figure 1.2 pie diagram representation 
on the market share data by SIAM, it is the two-wheeler 
segment that has the dominant position holder of the 
domestic automobile industry with 81% of the market 
share in the year 2020-21.

Figure 2 Domestic Market share of various  
segments for the year 2020-21 (in percentage). 

Along these lines, the simple time series-based methods 
of forecasting to get the idea of the current situation in 
the domestic sales would contribute to understand the 
extent to which the various segments in the automobile 
industry could efficiently operate in the year 2021-22. 
The onset of the global pandemic from December 2019 
in China led to worldwide lockdowns and disrupted the 
production process. With the national lockdown in India 

since March 2020, the Indian automobile had witnessed 
a discernible slowdown and some really worrying 
expectations reflected in the domestic sales of the main 
segments of the automobile industry with respect to the 
year 2021-2022. This calls for the following objectives: -

Objectives of the Study

•	 To analyse the trends and patterns of the domestic 
sales with regression-based trend analysis.

•	 To analyse the trends and patterns of the domestic 
sales with Simple Moving Averages (SMA), Weighted 
Moving Averages (WMA), Brown’s Exponential 
Smoothing (ES) and Holt’s Double Exponential 
Smoothing (DES).

•	 To compare the domestic sales for the year 2021-22 
on the basis of Mean Absolute Deviation (MAD), 
Mean Absolute Percentage Deviation (MAPD), 
Mean Square Error (MSE) and Root Mean Square 
Error (RMSE).

Review of the Literature 

Kharina et al. (2021) compared the forecasting techniques 
of trend moment and double moving averages with MAD, 
based tracking signal and moving range and found a 
difference between the actual data and forecasting results 
is not too significant. in the case of dengue haemorrhagic 
fever patients in Indonesia. Febrian et al. (2020) took 
double moving average and double exponential 
smoothing methods of forecasting and compared the 
values with the help of MAD, MAPE and MSE to assess 
the number of foreign tourists in Northern Sumatra. it 
was found that Holt’s DES produced minimum MAPE 
values.   According to Saha and Sinha (2020) Holt’s 
exponential smoothing method shows good forecasting 
performance in the absence of seasonal or cyclical 
variations listed the number of agricultural studies that 
made use of Holt’s linear trend method and concluded 
that this method shows good forecasting performance in 
the absence of seasonal or cyclical variation. Beevi et al.  
(2019) compared the simple forecasting methods in the 
case of stock market totality such as DES and ARIMA in 
the case of stock market volatility with the help of MSE, 
MAD and MAPE. Ivanovski et al. (2018) tried to predict 
tourist trends in Macedonia using a moving average 
model for extrapolation on monthly data moving 
average model provided accurate forecasting for the 
number of tourist guests in 2017.   Kolkova (2018) also 
depended on SMA and the ES as the forecast techniques 
while giving more preference to the technique with lower 
MAPE. Karmarker (2017) made a comparison between 
eight different forecasting techniques on the basis of 
least value of MAD, MSE and MAPE in case of jute your 
demand. Ravinder (2013) compared simple methods of 
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forecasting simulated random data generated on MS 
Excel with ES and DES through the minimum value of 
MAD and MSE.

Research Methodology

This study is mainly time series based that analysed the 
trends and patterns of the domestic sales for various 
segments of the Indian automobile sector from 2001-02 
to 2020-21 and predict the values for the 2021-22 based 
on simple moving averages, weighted moving averages 
and exponential smoothing and double exponential 
smoothing having the smallest MAE, MAPE, and mean 
MSE value and with regression-based trend. In this 
study, secondary data of domestic sales is compiled 
from various SIAM’s Annual Reports from April-
March,2001-02 to April-March, 2020-21 on the annual 
basis. For the purpose of calculations, MS -Excel (where 
the values of alpha and beta are estimated with solver) 
and Stata software have been used.

Annual Growth Rae (Percentage Change) 
Annual Growth Rate = (Final Value/Initial Value)-1

Average Annual Growth Rate (AAGR)

1

/
N

i

Average AnnualGrowth Rate AverageGrowth Rate N
=

= ∑

where N is the number of years. 

Compound Annual Growth Rate (CAGR)
Compound Annual Growth Rate=(Final Value/Initial 
Value)(1/N)-1
where N is the number of years.
Since the 20-year period has the ability to reflect on the 
general tendency of the data for the domestic sales data 
for various segments is being characterized by a rising 
movement throughout the same time period. Therefore, 
its analysis called for the following time serries 
techniques: -

Linear Regression based Trend  
The trend line is fitted into the data represented by 
the regression of the time variable as the independent 
variable and the forecast values as the dependent variable 
	 Fi = a + btimei 

where a= intercept when time=0 and b is the slope 

of the trend line satisfying the conditions that 
2
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Simple Moving Average

A simple moving average (3 yearly) of order N (here 
N=3) is simply the arithmetic average of the most recent 
N observations

1(1/ ) t
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= ∑

Weighted Moving Average
In   Simple Moving Average Forecast assigned equal 
weights to the previous three values but in  weighted 
moving average different m weights i.e.W1, …,Wm   are 
assigned such that W1 +…. +Wm = 1 to
	 Fi = wmDi-m + ….+w1Di-1  

Exponential Smoothing 
The current forecast (Ft) is the weighted average of the 
last forecast value (Ft-1)and the current actual value (Dt-1),
	 Ft = αDt-1 + (1-α)Ft-1

where 0<α≤1 is the smoothing constant, which determines 
the relative weight placed on the current observation 
of actual value and (1–a) is the weight placed on past 
observations of forecast value.

Holt’s Double Exponential Smoothing 
Holt’s method is a type of double exponential smoothing 
especially for time series with linear trend having two 
smoothing constants, α and β where β≤ α, and two smoothing 
equations; -
 i)	 for the value of the intercept  St at time t 
	 St = αDt + (1-α)(St-1 - Gt-1)
and for the value of the slope   at time t
	 Gt = β(St–St-1) + (1-β)Gt-1

The τ–step-ahead forecast made in period t, which is 
denoted by Ft,t+τ is given by
	 Ft,t+τ = St + τGt

For the evaluation of the forecast value let ei = e1, e2……
.,e_t be the error terms that is the difference between the 
actual values Di = D1, D2 ... ..., Dt and the forecast values  
Fi = F1, F2 ... ..., Fn observed over t periods of the time 
series i.e. et = Ft–Dt  then,

MAD 

The Mean Absolute Deviation is the average of the sum 
of the error terms as the difference between the actual 
values from the mean. Symbolically, it is expressed as 

1

1MAD n
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MAPD
The Mean Absolute Percentage Deviation (MAPD) measures the average absolute error as a percentage of the average 
value of the absolute error rate of the actual data period.

1

1MAPE = [ / ] 100n
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e D
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MSE and RMSE

Mean Square Error can be defined as the averaged sum of squared difference between the actual values and the 
forecast values and the square root of MSE generates root mean square error.

2

1

1MSE ; whereasRMSE = MSEn

ii
e

n =
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Data Analysis and Interpretation 

In table 1, the percentage change (the annual growth rate) in the domestic sales tend to be negative in the year 2013-14 
and 2018-2021 for the passenger vehicles that also show the largest compound annual growth rate (CAGR) of 7.20% 
and the annual average growth rate (Annual Average Growth Rate) of 7.80 % over the 20 years of time period with a 
major change being witnessed in 2010-11. With three-wheeler segment the least change (0.38%) in the 
Table 1 Domestic sales for the Passenger Vehicle, Commercial Vehicles, Three-Wheeler and Two-Wheeler segments from 2001-
2002 to 2020-2021. (in numbers).                

  
Source: Compiled and computed by Author on the basis of various Annual Reports of SIAM. 
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CAGR and AAGR (3.44%) can be observed over the 20 
years in domestic sales which were. showing a degrowth 
in the years of 2007-2009 following the Automotive 
Mission Plan  (2006),then in 2011-2014; where spiralling 
inflation ,interest rate and rapid rise in the petrol prices 
took its toll on the overall sentiments in the domestic 
market; then in  2016-17 marked by second Automotive 
Mission Plan (2016) and then from 2019-2021 marked by 
number of events such as demonetization ,new emission 
norms and lockdown due to COVID-19; although 
sales achieved maximum growth rate in 2009-2010 at 
25.92%.The AAGR has been the largest in the case of 
the commercial vehicles 8.98% and the CAGR have also 
been impressive at 7.01% in the same period but the 
annual growth rate has remained negative in the years of 
2008-2009,2012-2015 and 2019-2021while the maximum 
growth was seen in the year similar to three wheelers 
sector at 38.66%.Finally the dominant segment of the two 
wheelers has shown the CAGR of 6.61% and AAGR of 
7.37 % with its percentage change being negative in the 
year 2007-2008 ,2011-2012 and in 2019-2021saw a largest 
percentage change in 2010-11 at 43.38% 
In order to understand such basic numbers in the 
domestic sales, regression based linear trend line has 
been employed to estimate the forecast value computed 
on the basis of the regression line, slope coefficient 
and the intercept in table 2 followed by the graphical 
representation in figure 3 for the passenger vehicle 
segment, figure 4 for commercial vehicle segment, figure 

5 for three wheelers, and figure 6 for two wheelers 
respectively. The importance of the regression-based 
trend line has also been emphasized by Armstrong 
(2001) who states that drawing a best-fitted line through 
a data series reduces inconsistency at the application of 
method stage of the forecasting process, however when 
data are independent and without causal factors, the line 
of best fit itself is a good source of forecasts. With this 
statement in mind, the linear trend line in the case of all 
the segments of the OEMs are increasing at a steady rate, 
despite of the random shocks that arose due to various 
economic events that managed to change the sentiment 
of the domestic consumers in the terms of spending. 
With table 2, in the case of passenger vehicle segment the 
estimated value comes out to be 35,74,130 (in numbers) 
through y = 141289x + 607061, with regression line 
y = 33201x + 212776 the estimated value in the case of 
commercial vehicles has turned out to be 9,09,997 (in 
numbers),with three wheelers the estimated forecast 
value is 617,857 (in numbers)  from y = 17068x + 259429 
and with two-wheelers is 21,080,895 (in numbers) in 
2021-22  from y = 860995x + 2907463 where domestic 
sales (in numbers) acted as the dependent variable (y) 
and the time (in years) acted as the independent variable 
(x).
Table 2 Linear Regression based Trend analysis of 
domestic sales for the Passenger Vehicle, Commercial 
Vehicles, Three-Wheeler and Two-Wheeler segments 
from 2001-2002 to 2020-2021. 

Source: Computed by Author on the basis of various Annual Reports of SIAM. 
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It is to be kept in mind that the longer into the future 
values a forecast is applied, the more uncertain the 
results become. Hence, forecast is made only for the 
relevant year of 2021-22. (See table 2). It is also to be 
noticed that since only annual figure of the domestic 
sales are presented there are no seasonal variations 
exhibiting any definite pattern. Such variables are 
more of an irregular nature arising out of the various 
policies programmes implementation and change in 
consumption pattern in the domestic market. In this 
scenario four main models of forecasting namely SMA, 
WMA, ES and DES have been employed for domestic 
sales within each segment of the automobile industry 
respectively. Following the literature reviewed the 
accuracy of these techniques shall be compared using the 
minimum value of MAD, MAPD, MSE and RMSE.

Figure 3 Linear Trend Line of Domestic Sales in Passen-
ger Vehicles from 2001-02 to 2020-21.

Figure 4 Linear Trend Line of Domestic Sales in Com-
mercial Vehicles from 2001-02 to 2020-21.

Figure 5 Linear Trend Line of Domestic Sales in Three 
Wheelers from 2001-02 to 2020-21.

Figure 6 Linear Trend Line of Domestic Sales in Two- Wheel-
ers from 2001-02 to 2020-21.

In the time series for the annual domestic sales from 
2001-02 to 2020-21, the 3- yearly simple moving average 
(SMA) is taken to calculate the trend values while 
smoothening the data. However, it is the SMA method 
of forecasting that have generated the largest errors in 
the case of the passenger vehicle sector (see table 3) and 
the two wheelers sector (see table 6) of RMSE equalling 
403357.46 and 2574720.57 respectively. The value of 
MAD and MAPD is also the maximum in case of all the 
four sectors. For passenger vehicles MAD=357469.84 
and MAPD= 16.71 % (see table 3), for commercial 
vehicles MAD =143453.67 and MAPD= 23.60 % (see 
table 4), for three wheelers MAD= 82796.39 and MAPD= 
23.85 (see table 5) and finally for the two wheelers, 
MAD=2191518.24 and MAPD=16.64 % (see table 6). The 
next method of weighted average methods is a step above 
the simple moving averages as the most recent data is 
weighted while taking the averages as WMA with equal 
weights generate forecast values same to that of SMA.  
However, it is must be understood that the recent data 
on domestic sales has been suffering from temporary 
instabilities since 2018 such as demonetization, 
lockdown and new emission norms and that might 
prove detrimental to forecasts. That is why the weights 
have been assigned with the help of the solver function 
in the MS-Excel. Accordingly, in the passenger vehicle 
segment, commercial vehicle segment, three wheelers 
and two wheelers greater weight of W1 is assigned to 
the earlier data when the data was relatively free from 
major random shocks. Before discussing the measures 
of accuracy, it would be interesting to look at the next 
method of exponential smoothing. The Exponential 
Smoothing (ES) makes the use of smoothing constant (α) 
to dampen the level effect in the time series. According 
to Armstrong (2001), Brown’s ES is appropriate in the 
case of time-series data with limitation of only one new 
data point per time period (i.e., short-range forecasts 
of long-interval data) allowing only small parameter 
adjustments, which accumulate and eventually catch up 
with pattern regime changes thus making the smoothing 
estimates appear to drift. The value of α has been 
computed with the help of solver function in MS-Excel 
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and in the case of all the segments of the automobile 
industry it is coming out to be 1. Now, The MAPD with 
the ES method in the case of the Passenger Vehicle in 
table 3 is 9.72% which is similar to that of the WMA at 
9.33%. The value of MAD in ES (194274.5789) is lesser 
than WMA (203778.6471), with smaller value of RMSE 
turns out be for the WMA method at 2352268. 259.The 
MAPD in the case of the commercial vehicles is coming 

out to be 18.05% for ES method and 17.24 % in the case of 
the WMA method. On the other hand, the value of MAD 
is greater when the forecasts estimates are computed on 
the basis of the ES in the table 4. The value of RMSE is 
smaller for the ES method with the value of 121110. 5251.
In the case of three wheelers, the forecast value of ES is 
lesser than that of the WMA method. (See table 5) The 
two wheelers 

Table 3 SMA (3-yearly), WMA, ES and DES methods of Forecasting of Domestic Sales for the Passenger Vehicle. 

Source: Computed by Author

Table 4 SMA (3-yearly), WMA, ES and DES methods of Forecasting of Domestic Sales for the

Commercial Vehicle

 
Source: Computed by Author
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Table 5 SMA (3-yearly), WMA, ES and DES methods of Forecasting of Domestic Sales for the Three Wheelers.

 
Source: Computed by Author

Table 6 SMA (3-yearly), WMA, ES and DES methods of Forecasting of Domestic Sales for the Two Wheelers. 

Source: Computed by Author
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sector in table 6 shows the forecast value of WMA more 
accurate than that of the ES with RMSE =13590728.97. The 
values for the MAPD are coming out to be similar with 
WMA at MAPD=10.52% and ES with MAPD=10.62% 
whereas MAD is greater in the case of WMA at 1363259. 
294.Although in theory, the ES method is considered to 
be superior than that of the WMA but here, in some cases 
the accuracy measures are falling in favour of WMA 
method purely because of the fact that in the case of 
ES the smoothing constant is following the most recent 
data as opposed to the WMA which has placed greater 
weights to the older data in the series. In this regard, 
Beevi et al.   (2019) added that exponential smoothing 
is an averaging technique that uses unequal intervals 
such that the intervals applied to past observations 
decline in an exponential manner. The final method 
of calculating computing the forecast values is Holt’s 
Double Exponential Smoothing (DES) which as per Saha 
and Sinha (2020), shows good forecasting performance 
in the absence of seasonal or cyclical variations.  Beevi et 
al (2019) defines DES as exponential smoothing over an 
already smoothed time series. The DES method according 
to Ravinder (2013) depends on the initial estimates of the 
level component (α) and the trend component (β). The 
DES method generates the least values of the prediction 
accuracy measures with MAD at 156479.7975, MAPD at 
7.50% and RMSE at 233309.9299 when compared with 
SMA, WMA and ES techniques of forecasting in the case 
of passenger vehicle segment in table 3. In table 3, the 
value of is α=1 and is β=0.04 approximately. The forecast 
values for the year 2021-22 is much closer to the actual 
value in 2020-21 at 2793786. 933.With α=1 and is β=0.67 in 
the case of the commercial vehicle segment, the value of 
MAPD =16.85 % and MAD=94823.23254 is the minimum 
when compared to the values of the same measures of 
accuracy in other forecasting technique. (See table 4) 
However, the value of RMSE=136972.101 is greater than 
that of generated with ES with RMSE=136972. 101.Even 
in this case, forecast from DES method will be treated as 
more accurate because RMSE is not independent of scale 
causing a disproportionate increase or decrease in its 
computed value. Febrian et al. (2020) has mentioned the 
importance of MAPE criteria in evaluating the accuracy 
of forecasting results, where MAPD value of less than 
10% is regarded very good and the value of MAPD 
between 10% -20% is regarded good. In table 5, with 
three wheelers being the main focus the value of MAPE is 
minimum in the case of DES at 20.11 %, the value of MAD 
is 70414.59 which is greater than the minimum value of 
MAD at 67813.53 with the ES. The RMSE of ES method is 
also the least. The value of smoothing constants α=1 and 
β=0.71. In the case of two wheelers, the value of MAPD is 
least at 8.90 % and so is the value of MAD at 

Figure 7 Graphic Effects of Forecasting in Passenger Ve-
hicles from 2001-02 to 2020-21.

Figure 8 Graphic Effects of Forecasting in Commercial 
Vehicles from 2001-02 to 2020-21.

Figure 9 Graphic Effects of Forecasting in Three Wheel-
ers from 2001-02 to 2020-21.

Figure 10 Graphic Effects of Forecasting in Two Wheelers 
from 2001-02 to 2020-21.

1109205. 022.The value of RMSE is 1705888.428 which 
is greater than the minimum value generated by ES 
method with α=1 and β=0.71.(See table 6)The graphic 
effects of forecasting the domestic sales with all the 
four methods of SMA, WMA, ES and DES are shown 
in figure 7 for the passenger vehicles, in figure 8 with 
respect to the commercial vehicles, and figure 9 and 
figure 10 deal with the three wheelers and two wheelers. 
It was observed that out of all the methods Holt’s Double 
Exponential Smoothing was carrying the least MAPD 
for the passenger vehicles, for the commercial vehicles 
and three wheelers and for two-wheelers ,  MAD was 
minimum with DES for the passenger vehicles, for the 
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commercial vehicles and for two-wheelers but not in 
three wheelers segment, and RMSE value was minimum 
for ES method in commercial vehicle, three wheelers 
and two wheelers’ forecast estimates for the passenger 
vehicles, for the commercial vehicles and three wheelers 
and for two-wheelers. Therefore, on the basis of MAPE 
value it can be said the Holt’s DES method has been 
able to compute the most accurate forecast estimates 
for passenger vehicles segment at 2793786.933 that are 
actually closer to the actual values of the domestic sales 
in 2020-21 at 2711457. (see table 3) With the commercial 
vehicles segment in table 4, the forecast values with DES 
method in the year 2021-22 and at 419525.3195 which are 
also closer to the actual value to the domestic sales in 2020-
21.In the case of three wheelers in table 5 the level effects 
has seemed to clearly dominate the trend effect showing 
the negative values for the year 2021-22 at -90595.59 
which when seen in the context of sudden drop in sales 
from 2019-20 to 2020-21,tend to make sense.(see table 5)
In this case If MAD is to be trusted then ES method will 
generate the accurate forecast values for the year 2021-22 
(216197) which is doubted given the ongoing situation 
of the COVID-19.Again, given the irregularities in the 
recent domestic sales, the forecast value of 12822346.24 
seems more realistic in the year 2021-22.

Conclusion 

It is concluded that out of all the methods Holt’s Double 
Exponential Smoothing was carrying the least MAPD 
for the passenger vehicles, for the commercial vehicles 
and three wheelers and for two-wheelers ,MAD was 
minimum with DES for the passenger vehicles, for the 
commercial vehicles and for two-wheelers but not in three 
wheelers segment, and RMSE value was minimum for ES 
method in commercial vehicle, three wheelers and two 
wheelers’ forecast estimates for the passenger vehicles, 
for the commercial vehicles and three wheelers and for 
two-wheelers. Therefore, based on the accuracy criteria 
of forecast MAPE it is the DES method generating the 
forecast values of domestic sales for four main segments 
of the Indian automobile sector for the year 2021-22.
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