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Executive summary 
 

Problem description 
Improve capacity utilization of Maruti’s Manesar and Gurgaon plants by forecasting 
future demand of Maruti cars and hence scheduling production.  
Maruti has 2 manufacturing plants at Manesar and Gurgaon. Manesar plant has a capacity of 
550k and Gurgaon plant has a capacity of 900k as of 2016. The production numbers for 2016 
shows that Manesar plant produced 630k cars suggesting overtime at the plant, whereas 
Gurgaon plant produced 678k cars only suggesting underutilization.  
The problem that we are trying to solve is to figure out where capacity augmentation can be 
done to optimize the capacity utilization based on forecasts for various models.  
 

Data Description 
Source: Sales Data obtained from annual report 
We collected data for 56 months starting from May 2012 for 18 models of Maruti cars and 
aggregated them based on the manufacturing plant they are being produced at, to get Manesar 
and Gurgaon plant data. Some models were discontinued in between and some were launched 
in between this period. 
 

Original Data 

 
 

Key Characteristics of the Data 
Trend – Linear trend can be observed in the production at Manesar plant, whereas Gurgaon 
has a quadratic trend and the models (Dzire, Swift and Celerio) have varying trends. In case of 
Dzire and Swift, a downward trend can be observed in the last 12months of the data. 
Seasonality – No observable seasonality in all the data that we have. 
Level and noise are always there. 
Other – The month of August 2012, has a significant dip across both the plants because of a 
agitation in the plants. While considering data for forecasting we have used the average of the 
other August months for August 2012 since this data was an anomaly. This period is circled in 
the graph above and going forward. 
 

Methodology 
•       Forecast demand for next 12 months at Gurgaon and Manesar plant 



•       Forecast individual demand of Dzire (Monthly and Quarterly) and Swift models which 
contribute to 80% of cars produced in Manesar plant 

•       Forecast demand of a 3rd model which can be shifted to Gurgaon plant to accommodate 
Manesar’s production plant for next 12 months 

•       Models used 
● Naïve forecasts (Lag 1, Lag 3 and Lag 12) 
● Multiple Linear Regression 
● Holts Winter 
● Double exponential smoothing, data deseasonalized using CMA of 12 and 

seasonality indices 
 

Conclusion and Recommendations 
Based on our forecasts, capacity at Manesar plant will be extremely strained over the next year 

 
● While Swift demand is 185,936 over the next year, Dzire demand is 225,124. These 

two combined capture 74% of regular capacity at Manesar plant 
● Celerio demand is 90,481 cars out of which 54,368 can be accommodated in regular 

capacity of Gurgaon plant while rest can be managed at OT. This would enable Maruti to 
maintain OT level in 2017 at Manesar plant similar to 2016 level 

Recommendations 
1. Shift complete production of Celerio to Gurgaon plant since shifting production of Swift 

or Dzire (both produced in high volume) partially will have impact on economies of scale 
achieved in sourcing 

2. Initiate capacity augmentation at both plants, at Manesar to deal with demand in Swift, 
Dzire  and in Gurgaon for other models.  

 
 

Technical Summary 
Since Maruti has flexible manufacturing, we looked at forecasting the models being produced at 
Manesar (Dzire, Swift, Celerio) along with forecasting the total production of Manesar and 
Gurgaon facility to figure out ways to better optimize the capacity based on the number of units 
that need to be produced. We have taken a 12 month forecast horizon for all five-time series.  
 
Gurgaon 
The data for Gurgaon was gathered by aggregating the production of all car models of the 
company being produced at Gurgaon. For Gurgaon, which has a quadratic trend we went ahead 
with Multiple Linear Regression. We benchmarked it with the seasonal naïve Forecast. We 
decided to use the seasonal naive as it was performing better than using the last month of 
available data as the naive for all the months. Here are the results for the same. 
 

MLR Training MAPE Validation MAPE Trend Order 



6.05% 11.27% 2 

Holt's Winter 7.05% 12.63%  

Seasonal Naïve 10.16% 10.36%  

 

 
 
We notice from the plot of residuals above that the seasonal Naïve model is constantly 
under-predicting and hence rejected. We decided to select a model that over predicts and 
under predicts fairly equally. However, if we had data about cost of over prediction vs cost of 
under prediction, we could make a better judgement call as to which model to choose. 

 

 
Manesar 
Similarly for Manesar, we aggregated demand of all cars being produced at Manesar to come 
up with the total number of cars produced at Manesar. As can be seen from the time series for 
Manesar, the data has a linear trend without an observable seasonality. We used Holt’s Winter 
method to capture trend with a 12 month period. Here is the result for the same. 

HW (12) 
Training MAPE Validation MAPE Trend 

15.36% 12.61% Linear 

Naive (Lag 1) 21.72% 8.9%  

 



 
Naïve	data	showed	strong	indication	of	overfitting	with	training	MAPE	as	21.72%	and	validation	MAPE	as	
8.9%	and	hence	was	rejected 

 

 

 

Dzire (Monthly and Quarterly) 
Initial method employed was Holt’s Winter and even double exponential smoothening method 
was employed to come up with relevant forecasts. However the results were not satisfactory. 
We also tried Naive forecast with lag 1, 3 and 12. The best Naive MAPE came out to be 17.8% 
for validation period. 
The vehicle shipped time series does not show any apparent trend  or seasonality (Trendline 
fitted is polynomial of 5th order). (See Appendix 1) 
We also tried to use quarterly data instead of monthly data to see if forecasted results could be 
any better. (See Appendix 2). However the predictions were way off with consistent over-
prediction. The training MAPE was 5.53 but validation MAPE was 24.83 indicating over-fitting. 
Hence in order to get better forecasts for the year 2017 (12 month forecast), we tried to forecast 
sale of Dzire as a percentage of the overall market for compact sedan. Procedure followed: 

1) Dzire sales converted to percentage of total compact sedan sales. 
2) Seasonality indices calculated for each month between January and December using 

Centered Moving Average method. 
3) The percentage data is then de-seasonalized and data forecasted using Double 



Exponential Smoothing. 
4) The forecasts are then re-seasonalized and MAPE and residuals calculated for both 

Validated and Forecast periods. 
5) The line graphs for both forecasted data and residuals is shown below. 
6) August 2012 data was averaged out for the next 4 years as there was an abnormal 

disruption in August 2012 (Labor strikes in this period). 

Double Exponential 
Training MAPE Validation MAPE Trend 

11.33% 7.68% Varying 

Quaterly using Double 
Exponential 5.53% 24.83%  

Naive (lag 12)  17.8%  

 

 

 

 
Dzire Validation Residual (Check Appendix 4) 
Swift 
Swift data shows a regular product life cycle trend with growth from introduction and then 
plateauing out in 2015 and finally a downward trend in 2016 in the time series data. The same 
procedure and methods were employed to reach the forecasts for this model as Dzire model. 

The data so obtained is show in Appendix 3 
 

Naïve data showed strong indication of overfitting with training MAPE as 14.52% and validation 
MAPE as 44.29% 
 

Double Exponential 
Training MAPE Validation MAPE Trend 

11.35% 3.65% Varying 

Naive 14.52% 44.29%  



 

 

 
For Swift Residual please check appendix 5 
Celerio 
For Celerio, no apparent seasonality in the training data set, there is a slight upward trend.  

• HW(12) provided a MAPE of 32.9% 
• MLR with quadratic trend gives a RMSE of 4055.631 
• Naïve provides best prediction for the next 12 month sales and hence we went ahead 

with Naive of lag 12 for the forecasts. 

Naïve Lag 12 
Training MAPE Validation MAPE Validation RMSE 

23.02% 27.35% 2352.19 

HW (12) 11.72% 32.90% 2491 

MLR   4055.63 

 

 

  
 
  



Appendix 
1. Dzire Actual 

 
 
2. Dzire Quarterly 

 
(Trendline fitted is polynomial of 5th order). 

 
3. Swift Actual 

 
(Trendline fitted is polynomial of 5th order) 
4. Validation Residual for Dzire 



 
5. Swift Residual 

 
5. Calculations for Dzire 

 
6. Calculations for Swift 



 


