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Abstract
Accurate inflation forecasting is of paramount importance in an inflation targeting monetary policy framework. Advances being made in the field of machine learning are being increasingly adopted in economics to generate inflation forecasting. This study analyses the forecasting performance of multivariate machine learning models in predicting the inflation outcome for India using different algorithms including a linear model (elastic net), a tree-based model (random forest), a feedforward artificial neural network model (multi-layer perceptron) and two recurrent neural network models (Elman network and LSTM). The paper finds that the neural network models outperformed the forecasts of survey of professional forecasters and a random walk model during the periods of study.
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I. Introduction
Artificial intelligence and machine learning (AI and ML) have found widespread adaptability in the modern era. They have been applied successfully in the fields of healthcare, agriculture, education, manufacturing automation, self-driving cars, virtual assistants, business intelligence, robotics, recruitment processes, advertising, gaming, etc. Finance and economics have also been benefitted by the adoption of these modern tools and a lot of banks are nowadays using AI for fraud detection, customer support and chatbots. The ability of machine learning techniques to identify patterns after analysing huge amount of high frequency data is also helping trading activities in the financial markets. The improvement in computing ability of modern electronic devices have aided in the extensive implementation of these technologies, so much so that they have become ubiquitous without most of us even being aware of them.

Machine learning, which is considered to be a branch of artificial intelligence, can be defined as the ability of the computers to learn from past information or data. Here the available data is used by the machine to learn patterns, anomalies, relations, etc., without being programmed explicitly. These techniques and models have been with us since the 1950s, but they gained popularity in the 1990s when IBM’s Deep Blue defeated chess grandmaster Gary Kasparov.  With the advent of the age of big data and graphical processing units (GPU), their popularity and adaptability have increased manifold. 

Although, economists have traditionally relied upon econometrics for causal inference and policy making, ML has started to gather steam in this field too.  Economists rely on economic theory to build models and estimate economic relationships, while ML builds its algorithm based on the data.  The ML models have generally been lacking in their ability of being interpretable, a feature that the economists need to explain their recommendations. The ML models have long been considered as black boxes as they do not provide the coefficients of variables as provided by the econometric models.  However, recent attempts in ML promises the best of both worlds, where the model selection is data driven and the model selection process is fully documented (Athey, 2019).

In a situation where inference is required, i.e., understanding the way the output variable (Y) is affected with changes in input variables (X1, X2, …, Xp) in a multivariate setup, or 
        … (1)

where  is a random error term, has mean zero and is independent of Xi’s, the function cannot be a complete black box. However, when predictions are required  can be treated as a black box as long as it provides accurate predictions. The function  or an estimate of the function denoted as  such that Y = , can be linear or non-linear as well as parametric and non-parametric. Most of the econometric models used are usually linear and parametric in form, as it simplifies the estimation of  to a problem of estimating parameters such as β0, β1, …, βp. A more flexible non-linear model will imply estimating a greater number of parameters. Non-parametric forms of  avoid any assumption about the form of the function but generally require large number of observations to estimate it (James et al., 2013). However, the non-parametric forms can suffer from the problem of overfitting and can perform badly on new observations. 

This leads us to the problem of the trade-off between interpretability vs accuracy. Less flexible models are more interpretable but less accurate, compared to more flexible models. Machine learning models are generally more flexible and hence less interpretable. In general, the more flexible models also have a high variance (effect of change in training data on the model) but low bias (approximation error of the model). ML models can be regression based (continuous variables) or classification based (categorical variables) and can be supervised (a response variable for each set of observations) or unsupervised (no response variable). Economists generally prefer the more interpretable models, but that can lead to less accuracy. In addition, the appositeness of ML models to take care of the properties of time series like trend, seasonality, autocorrelation, etc., require special attention, which proved to be an initial hindrance in the extensive use of ML models in economic timeseries modelling. The traditional diagnostic checks usually performed to ensure a proper econometric model are also lacking in ML models, creating another challenge for their adoption.

The success of an inflation targeting framework depends upon anchoring of the inflation expectations of the general population and economic agents, where accurate inflation forecasts play a major role. In such a scenario, utilizing modern ML techniques, which can produce more accurate forecasts can be helpful. 
Forecasting inflation in India has always been challenging, given the high weight of food and beverages in the consumer price index – combined (CPI-C) basket (weight: 45.86 per cent in the basket), which is the target under the flexible inflation targeting regime. The food and beverages group is prone to supply shocks emanating from the vagaries of nature, especially monsoon and extreme weather events, which can lead to dramatic changes in headline inflation. Global prices of edible oils, especially palm oil, also affect domestic inflation as India imports around 60 per cent of its domestic consumption demand. In addition, global prices of petroleum crude oil can also induce inflationary shocks as India imports more than 80 per cent of its demand. The shocks in food and fuel prices also affect the inflation expectations of the households (Pattanaik et al., 2019).

In such a scenario, models based on ML can be utilized to improve accuracy of the inflation forecasts. This study tries to evaluate the forecasting performance of different ML models compared to the inflation forecasts of the survey of professional forecasters (SPF) and a random walk (RW) model. The study finds that the neural network (NN) based models do outperform the forecasts of SPF and random walk for the years 2018, 2019 and 2020, while other ML techniques based on linear models and tree-based ensemble learning are not able to outperform the forecasts of SPF and RW consistently.

II. Literature Review
Machine learning models are now getting increasing approval in the field of economics and are even being used by several central banks. A staff working paper of the Bank of England studied ML in the context of central banking and policy analyses (Chakraborty and Joseph, 2017). The paper discussed three case studies of applications of ML related to banking supervision, forecasting inflation and funding patterns of start-ups in the technology field, and found that the ML models outperformed the traditional modelling approaches in forecasting the CPI inflation of United Kingdom (UK). Another study utilized dimensionality reduction techniques, shrinkage methods and other ML methods including random forest (RF), artificial neural networks (ANN) and support vector machines (SVM) on disaggregated CPI item level data of UK and found strong improvements in forecasting UK inflation against an autoregressive benchmark (Joseph et al., 2021).  It also found that the forecast accuracy improved when using large datasets for forecasting aggregate inflation.
 A long short-term memory (LSTM) model was found to outperform linear autoregressive (AR) model, random walk model, seasonal autoregressive model (SARIMA) and few other types of models in forecasting monthly CPI inflation of United States (Almosova and Andresen, 2019). Another study employed several ML algorithms to forecast gross domestic product (GDP) growth rates of seven economies and found that the ML algorithms outperformed the traditional statistical models (Jung et al., 2018). Applying ML techniques to forecast the unemployment rate in US, a study found that ML models can outperform simpler time-series models as well as a consensus of professional forecasters, when diverse and complex data is used (Hall, 2018). ML models with large number of covariates were found to be more accurate than the benchmarks, while forecasting US inflation in a data rich environment (Medeiros et al., 2019). Using artificial neural networks (ANN) to forecast time series related to economics for African countries, a study found that ANN perform marginally better than econometric and ARIMA models (Chuku et al., 2017). However, some studies have also raised questions on the accuracy of ML predictions (Makridakis et al., 2018).
In the Indian context, a study analysed different ML models, in a multivariate setup, to check the accuracy of inflation forecasts for India, China, and South Africa and found that the deep neural network outperformed the benchmark model forecasts for India, except for one month ahead horizon (Mahajan and Srinivasan, 2019). Another study on univariate inflation forecasting for India found that ML methods are generally able to outperform standard statistical models (Pratap and Sengupta, 2019).
As interpretability is the major concern with ML models, recent works have focussed on analysing and improving it. A study points to the fact that ML algorithms are not built for the purpose of parameter estimation, which many economic applications require and are more suitable for the tasks related to prediction (Mullainathan and Speiss, 2017). However, work is being done to bring causal inference to ML models by creating new methods so that ML can be used to solve causal inference problems (Athey, 2019). Explainable artificial intelligence (XAI) subdomain of ML is being developed to improve interpretability of black-box predictive models, which can be based on model-specific methods or model-agnostic methods (Maksymiuk et al., 2021). These methods can be applied to a single observation (local) or to a whole dataset (global). 
A random forest model has a built-in method to find variable importance using residual sum of squares (RSS) in case of a regression. The total amount of reduction in RSS, averaged over trees which have splits over a given variable, can provide information about the importance of that variable (James et al., 2013). Similarly, the elastic net method can give some information about the important variables, as the coefficients of non-important variable will shrink towards zero. However, it is much more difficult to interpret more complex models like neural networks and support vector machines. Some new methods have been developed to provide interpretability to such models, e.g., Shapely values and LIME (Local Interpretable Model-agnostic Explanations). The concept of Shapely values from cooperative game theory is used to calculate the payoff of including different variables in the ML model. It is the average contribution of a variable to the prediction in different coalitions (Christoph, 2019). Shapely values are model agnostic, and they are not same as the estimates of coefficients for a linear model. LIME, on the other hand, explains the predictions of any classifier in an interpretable and faithful manner, by learning an interpretable model locally around the prediction (Ribeiro et al., 2016). It tries to identify the variables that influence the model’s prediction around a single instance of interest by fitting a simpler model around the instance - which acts as a local approximation of the complex black-box model. A new method SHAP (Shapely Additive Explanations) connects Shapely values and LIME and is a unified framework for interpreting predictions (Lundberg and Lee, 2017). As accuracy of a model alone may not be a good metric to evaluate it, explanation of the model can provide insights to select the right model.
Focussing on the aspect of interpretability of ML models, while forecasting US unemployment rate, Buckmann et al., 2021 used and compared two methods: permutation importance and Shapely values. The study states that the Shapley regression framework can be used for the evaluation of ML models akin to that of linear models. Similarly, to improve the interpretability of ML models used by them, Joseph et al. (2021) used Shapely additive explanation (SHAP) framework.
Another important aspect is the transformation of data or pre-processing required for ML models. Pre-processing consists of several steps including cleaning, adjusting for missing values, detrending, deseasonalisation, scaling (standardizing or normalizing) of data, etc. These steps affect the performance of the ML models. Some studies argue that the neural networks can model seasonality directly and deseasonalisation is not required, while other studies say that seasonal adjustment of data improves performance (Zhang and Qi, 2003, Crone and Dhawan, 2007). However, it is usually advised to detrend the time series data and make it stationary before modelling (Daniel, 2019). Scaling of data can help when the scales of the input variables (or features) are different, and the model used is sensitive to it (Zheng and Casari, 2018). It is usually advantageous to standardize the inputs as it avoids computational problems, helps in meeting algorithmic requirements, and facilitates network learning (Zhang et al., 1998). Data leakage, defined as the introduction of information about the target variable that should ideally not be available and would not appear when used for real-life problems, potentially increases accuracy and lead to overestimation of the performance of the models (Kaufman et al., 2011).
With the advent of big data and availability of huge datasets, modern tools may be more suitable to the issues associated with them (Varian, 2014). Variable selection becomes important when large number of explanatory variables are available. Availability of large datasets also allows to analyse more flexible relationships than the simple linear relationships estimated by traditional models and techniques. The modern ML techniques offer the right tools to address these problems. 
A limited number of studies, for example Mahajan and Srinivasan (2019), have worked on multivariate ML models for forecasting inflation in India. This study attempts to fill this gap and contribute to the research on usage of multivariate ML models for inflation forecasting. This study also explores the impact of using seasonally adjusted vs non-seasonally adjusted data and scaled vs non-scaled data for training the ML models on their forecasting performance, on a limited scale. It also delves into some of the latest tools to provide some interpretability to the ML techniques which are generally considered to be black box in nature.    
III.  Inflation in India: Some Observations
[bookmark: _Hlk88731315]Inflation in India – as measured by the year-on-year (y-o-y) change in consumer price index- combined (CPI-C)[footnoteRef:2] – stood at an average of 6.9 per cent during the last three decades (1992-2020) with an average volatility of 3.3 per cent. Measures of skewness and kurtosis together indicate that although the headline inflation distribution showed a positive skew during this period signifying that most inflation outcomes generally remained below the mean, there were also instances when inflation deviated significantly away from its mean (Table 1). Some of the major structural changes impinging on inflation during this period include shifts in monetary policy regime - from the multiple indicators approach (during 1998-99 to 2013-14) to flexible inflation targeting (FIT) bridged by a transitional glide path during 2014-16[footnoteRef:3], market reforms, demonetisation in 2016 and the introduction of GST in 2017. While the structural factors mainly influence the underlying nature of the inflation process, the short-run fluctuations in inflation generally emanate from a variety of sources/shocks on the demand and supply fronts, including the spatial and temporal distribution of monsoon and other weather-related disturbances and their impact on production, storage and distribution of crops, movements in international commodity prices, trade policy interventions and other supply management policies by the government. A combination of all these factors determines the overall distribution of inflation. As indicated in Chart 1a, headline inflation during the past three decades moved in a wide range of 0-20 per cent with a bimodal distribution reflecting concentration of inflation around two different levels - 4.4 per cent and 9.2 per cent. From the viewpoint of monetary authorities, it is quite essential to separate out the permanent component (trend) of inflation from the transient part (cycle). While the trend component continues to evolve over time in line with shifts in underlying market dynamics and structural reforms, the cyclical component incorporates the short-run fluctuations, without which actual inflation outcomes would broadly be the trend inflation. (Chart 1b).[footnoteRef:4]   [2:  Data on CPI-C from January 2011 correspond to the base year 2012. Data prior to that correspond to CPI for Industrial Workers (CPI-IW) in different base years being rebased to 2012.]  [3:  Multiple indicators approach was adopted in April 1998 (in place of monetary targeting) under which besides monetary aggregates, a host of forward-looking indicators such as credit, output, inflation, trade, capital flows, exchange rate, returns in different markets and fiscal performance constituted the basis of information set used for monetary policy formulation (Das, 2020). In the post-global financial crisis period, however, the credibility of this framework came under question as persistently high inflation and weakening growth began to co-exist. This paved way for transition to FIT with the Expert Committee set up by RBI to revise and strengthen the monetary policy framework recommending headline inflation to be the nominal anchor for monetary policy in January 2014. Consequently, RBI adopted a self-imposed glide path to bring inflation down sequentially, leading up to the Monetary Policy Framework Agreement (MPFA) signed in February 2015 and formal adoption of FIT with the amendment to the RBI Act in May 2016. ]  [4:  Inflation trend has been measured using HP filter.] 

	Table 1: Summary Statistics of Headline Inflation (April-1992 to December 2020) 
(per cent)

	CPI-C Inflation 
	Mean
	Median
	Max
	Min.
	Standard Deviation
	Skewness
	Kurtosis
	Observations

	[0, 5)
	3.7
	3.7
	5.0
	0.0
	1.0
	-1.0
	4.5
	121

	[5, 10)
	7.6
	7.6
	10.0
	5.0
	1.6
	-0.1
	1.6
	168

	[10, 15)
	11.6
	10.9
	15.0
	10.0
	1.6
	1.1
	2.7
	50

	[15, 20)
	16.9
	16.3
	19.7
	15.0
	1.9
	0.6
	1.8
	6

	All
	6.9
	6.3
	19.7
	0.0
	3.3
	0.7
	3.4
	345


Source: NSO; Labour Bureau; and Authors’ calculations. 
Note: Measures of skewness and kurtosis are unit-free. 
 

	Chart 1: CPI-C Inflation (April 1992-December 2020)

	
	


Source: NSO and Authors’ calculations. Inflation trend has been measured using HP filter.
From a practical standpoint, policymakers tend to monitor on a regular basis an array of macroeconomic indicators, that are closely associated with inflation or have a bearing on the inflation dynamics in order to analyse and assess the inflation scenario. The regular assessment is the key towards generating reliable and unbiased inflation forecasts, which is rather a challenging task for central bankers world-wide. In the case of India, given that the food group dominates the CPI basket, with a share of around 46 per cent, and agriculture in India is primarily rainfed, the south west monsoon season (June-September) plays a major role in shaping the overall inflation dynamics. Rainfall deviation from its long period average (LPA) affects crop production, wherein both above and below average rainfall could be detrimental for a robust crop production. Further, rainfall deviation not only impacts the standing crops, but also the stored produce in the absence of efficient crop management techniques and storage facilities, along with reservoir levels supporting irrigation practices, thus having implications for crop production cycles and thereby food prices. Within food, inflation in pulses and perishable items such as vegetables show a significant co-movement with rainfall deviation (Chart 2a).  The three key vegetables- tomato, onion and potato have been the major cause of volatility in domestic food prices, where extreme weather events and other factors like farmers protests, pest attacks etc., have led to crop damages causing huge price spikes affecting the headline inflation.  Further, with increase in per capita income over the years, there has been an increase in protein demand. Pulses being the major source of plant-based protein has witnessed surge in inflation whenever there is demand supply mismatch and imports are used to meet the additional requirements. During the last four-five years the domestic production of pulses has improved but, is just about sufficient to meet the demand. Excess rains during kharif season often worsens the situation for pulses leading to sharp spikes in its prices and consequently headline inflation. 
In addition to the weather-related supply-side shocks, domestic demand conditions also have significant implications for the headline inflation trajectory. Year-on-year (y-o-y) changes in the index of industrial production (IIP) and CPI often co-move, sometimes with a lag, underlining the role of IIP in determining inflation (Chart 2b). Moreover, growth in money supply (M3) and inflation have broadly moved together in the case of India, historically. Increase in money supply faster than the real output growth may lead to inflation. This situation may result in more money chasing the same number of goods, thus causing firms to revise up their prices. Further, interest rate prevailing in the economy has implications for investment, savings, capital flows and hence, overall demand conditions. Monetary authorities often respond to inflationary pressures through demand channel using their interest rate tool or the policy rate i.e., the repo rate in the Indian context (the policy rate under FIT in India).  Here we have considered the weighted average call rate (WACR), which is the explicit operating target of monetary policy in India. The liquidity operations of the Reserve Bank of India generally keep the WACR closely aligned to the policy repo rate.  

On the global front, movements in international commodity prices also have an impact on domestic inflation (Chart 2c). India depends on crude oil imports for around 80 per cent of its requirements. Further, several intermediate inputs such as metals (both base metals and precious metals) and minerals, electronic chips and active pharmaceutical ingredients, that are heavily used in the manufacturing sector are imported. Moreover, India is also an exporter of several finished products/raw materials such as medicines and pharmaceutical items, cotton, petroleum products and gems and jewellery. In the case of agri-commodities, India is a net exporter (particularly rice, carabeef and shrimp). However, edible oils and pulses (in times of domestic supply shortages) are imported substantially. This global interdependence in the international commodity market often results in the pass-through of global commodity price cycles in the domestic inflation trajectory. Further, the import dependence also results in the pass-through of exchange rate changes to the prices of imported goods through both direct and indirect channels, thus, having a significant impact of the overall consumer price inflation (Chart 2d).
	Chart 2: Drivers of Inflation: Domestic and Global Factors

	
	

	
	



Note: Charts are based on 24 months moving averages of y-o-y change in the variables except for WACR and absolute rainfall deviation. WPI-OP refers to WPI-Onion and Potato (combined index). M3 is used as a proxy indicator for money supply. It refers to the broad money supply.
Sources: NSO; Labour Bureau; Office of Economic Adviser; RBI; World Bank Pink Sheet; and IMD.

Recognising the importance of the above-mentioned domestic and global factors driving India’s inflation, this paper takes into account all these different factors and attempts to generate inflation forecasts using different ML techniques. The ML based techniques of forecasting generate forecasts by learning from the data. This implies that the underlying process of these techniques is to study the datasets under consideration – their inherent characteristics such as identification of any pattern, seasonality, trend and cyclical components and the co-movement among the different variables in the dataset in order to generate forecasts. In this paper, the forecast period (or test data) spans over 2018-20 during which inflation based on CPI-C has revealed distinct patterns and movements (Charts 3a and b). A closer look at the charts reveal that prices usually pickup during June-July and soften during December-January reflecting summer uptick and winter easing respectively in food prices. The year 2018, more or less behaved in line with the historical pattern. However, 2019 saw price pressures during the easing months because of excess rains while 2020 recorded abnormal price spike in April and the subsequent correction in May reflecting supply chain related disruption due to nationwide lockdown. This consequently resulted in distinct inflation movements for all the three years i.e., 2018, 2019 and 2020 making the forecast challenging where the historical pattern is not repeating but evolving over time. 





	Chart 3: CPI-C Inflation: Recent Period

	
	


Sources: NSO and Authors’ calculations.
This study, therefore, attempts to forecast inflation during these three years (2018-20). Data reveal that the chosen test period for evaluating the efficacy of our forecasts involves a period of challenging times for forecasters. Importantly, forecast accuracy and reliability assumes even greater significance since the adoption of FIT as inflation forecasts act as intermediate targets. Moreover, it also reduces uncertainties and helps economic agents in assessing the future values of their savings and investment position and also helps them in the formation of their inflation expectations. 

IV. Data Description and Methodology
IV.1     Data Description
Data used in this study are on a monthly frequency and spans from April 1991 to December 2020.[footnoteRef:5] Annex Table 1 provides the details on the array of macroeconomic indicators used in this study along with their data sources. The CPI-C data (base year: 2012), released by the National Statistical Office (NSO) under the Ministry of Statistics and Programme Implementation (MoSPI), Government of India (GoI) are available from January 2011. Therefore, for the period prior to that, which is April 1991-December 2010, the data were back casted using CPI-industrial workers (CPI-IW), released by the Labour Bureau, Ministry of Labour and Employment, GoI. Similarly, data related to the other macroeconomic indicators that were available in different base years have been re-based and brought to a single base year, wherever required. Table 2 provides detailed summary statistics of the variables used in the study.  [5:  April 1991 has been considered as the starting month in the estimation sample taking into account liberalisation and economic reforms that began in India in 1991.] 

Table 2: Summary Statistics: April-1992 to December 2020 (Y-o-y, per cent)
	 
	Mean
	Standard Error
	Median
	Standard Deviation
	Kurtosis
	Skewness
	Minimum
	Maximum
	Count

	CPI-C
	6.9
	0.2
	6.3
	3.3
	0.5
	0.7
	0.0
	19.7
	345

	WPI-OP
	17.4
	2.9
	8.2
	54.1
	9.6
	2.3
	-68.2
	364.1
	345

	WPI-Pulses
	8.1
	0.8
	7.8
	15.1
	0.5
	0.0
	-36.5
	51.7
	345

	Crude oil
	8.2
	1.9
	3.5
	34.6
	1.2
	0.7
	-69.3
	153.1
	345

	Global Food
	2.8
	0.8
	0.9
	14.7
	3.4
	1.3
	-29.6
	69.1
	345

	Metals & Minerals
	5.4
	1.3
	0.7
	24.5
	1.2
	0.6
	-59.0
	91.8
	345

	Precious Metals
	6.9
	0.9
	3.4
	16.6
	0.2
	0.7
	-29.5
	65.1
	345

	M3
	15.3
	0.2
	15.6
	3.8
	-0.4
	-0.1
	5.6
	24.0
	345

	Exchange Rate
	4.2
	0.5
	3.0
	8.7
	5.6
	1.5
	-13.1
	55.4
	345

	WACR
	7.4
	0.2
	6.7
	3.9
	21.0
	3.7
	0.7
	35.3
	345

	IIP India
	5.6
	0.3
	5.4
	6.4
	30.4
	-3.5
	-57.3
	20.0
	345

	Abs Rainfall Deviation
	25.7
	1.3
	18.0
	24.0
	10.8
	2.3
	0.0
	211.6
	345


Sources: NSO; Labour Bureau; Office of Economic Adviser; RBI, World Bank Pink Sheet; IMD and Authors’ calculations.

Data reveal that during our period of analysis, WPI-onion and potato (OP) registered the highest inflation volatility, followed by the prices of crude oil, metals and minerals. The three primary vegetables, which are potato, onion and tomato, remained the major drivers of volatility in domestic food prices as their prices generally respond faster to weather-related and/or other diverse supply-side adverse shocks. However, since data related to WPI-tomato were available only on a seasonal frequency in the old bases, we had to restrict the combined vegetable index to only WPI-onion and potato as a proxy indicator for the supply-side shocks in food inflation. Moreover, rainfall deviation from its long period average (LPA) also remained significant. In this study, absolute rainfall deviation has been considered given the fact that rainfall deviation from LPA on either side can lead to production losses.[footnoteRef:6] Further, as discussed in Section III of the paper, WPI-pulses has been considered as a proxy to account for protein inflation and the thin market condition leading to price spikes in recent years. Among other important drivers of inflation, money supply (M3) grew at the rate of 15.3 per cent on an average during the sample while average WACR remained at 7.4 per cent. Moreover, the Index of Industrial production (IIP), released on a monthly frequency by the NSO, which averaged at 5.6 per cent in the sample with high kurtosis has been used as a proxy for domestic demand conditions. In addition to these domestic drivers of inflation, the modelling process also incorporates global crude oil[footnoteRef:7], food, metals and minerals and precious metals to account for spill over of global commodity prices. Among these global prices, crude oil has remained the most volatile followed by metals and minerals. Exchange rate has moved in a wide range having implications for passthrough to domestic inflation.  [6:  Data on food grain production were not considered for the empirical exercise as they are available on an annual frequency. ]  [7:  Average of Brent, Dubai, WTI crude oil prices.] 

Variables, barring WACR and rainfall deviation, have been made stationary by taking first difference of their logarithmic values and multiplying by 100, so that they are converted into month-on-month growth rates (also referred to as momentum). 
IV.2   Methodology
In this section, we employ an array of machine learning methods namely Elastic Net (EN), Random Forest (RF), Multi-Layer Perceptron (MLP), Elman Neural Network (ENN) and Long Short-Term Memory (LSTM) to forecast CPI inflation in a multivariate framework. 12 months ahead out-of-sample forecasts are generated for three years – 2018, 2019 and 2020, and quarterly averages are computed from these monthly forecasts. As mentioned earlier, our sample period begins from April 1991 and extends up to December 2017, December 2018 and December 2019 for the three forecast years. Forecast accuracy is analysed using three different measures - mean error (ME), mean absolute error (MAE) and root mean square error (RMSE) - for the four quarters of each year. The quarterly errors, thus, calculated are compared with errors of a random walk model and that of survey of professional forecasters (as these are available on a quarterly frequency), which are generally treated as the benchmark for judging the performance of the ML models. 

The models are run on seasonally adjusted as well as non-seasonally adjusted data to have a comparison of model performance. In addition, all the datasets are also scaled using standardization/scaling (z-scores), wherein the effect of scaling the data against the non-scaled data models is also analysed for the period under consideration. This implies that four different data transformations have been considered for the purpose of forecasting - scaled non-seasonally adjusted, non-scaled non-seasonally adjusted, scaled seasonally adjusted and non-scaled seasonally adjusted, which are used in each ML technique.  This is done to test whether the seasonally adjusted data or using the 12th lag of CPI-C for seasonality gives better forecasts vis-a-vis the non-seasonally adjusted data, as the literature is still divided on it.  Additionally, as the data used is stationary and in per cent change form i.e., momentum (month-on-month percentage change), the study also attempts to analyse the effect of scaling the data – as scaling is said to improve the performance of ML models. 

The models are trained using two lags and the concurrent values of all the explanatory variables, including two lags of CPI (the dependent variable). This is done to ensure that the models are trained and tested on the same data and are therefore, comparable. The 12th lag of CPI momentum is used in models using non-seasonally adjusted data. Models with different lags (up to 12 lags) of explanatory variables and the dependent variable were tried using RF, which also has an in-built measure of variable importance and is the easiest and fastest to train among the models attempted, and it was found that the error was least for the model with 2 lags. The variable importance of higher lags was also found to be low. Accordingly, all the models used data with two lags of the variables. As all the equations are run on momentum, forecasts are also generated in the form of momentum, which are then used to compute the forecasted indices, and thereby inflation.  

Training, validation and testing are the three basic steps involved in building a ML model. The traditional cross-validation methods used in ML, which split training data randomly in groups for validation, are not suitable for timeseries data as the sequence matters and random splitting can lead to a loss of timeseries properties. Therefore, an expanding horizon or sliding window approaches are generally used to train timeseries data. At each time step, the training dataset progressively expands in time, while validation is performed on the validation dataset. 

In this study the recursive forecasting technique has been used, wherein the forecasted values of the dependent variable are used as the lag values in the next forecast period. This is akin to the method of dynamic forecasting, which is generally the case when forecasting is done using certain econometric techniques.[footnoteRef:8]  Static forecasting was also attempted, and the results were better than recursive forecasting, which can be mainly attributed to data leakage as the actual lag values of the dependent variables were made available to the models which thereby improved the model performance. In the case of recursive forecasting, wrong forecasts can lead to build-up of errors in the longer horizon. Direct forecasting is also often used in ML based forecasting where a separate model is built for each horizon. In our case, this means that 12 different models need to be built, one for every month as we have a 12-months ahead forecast horizon. However, in this study, we have not considered this technique as it will lead to creation of a large number of models, which may be computationally inefficient. [8:  One may use the EVIEWS statistical package for the purpose of dynamic forecasting using econometric techniques.  ] 


All the models, except the elastic net, were built in R programming language using different packages. The elastic net models were built in the EVIEWS statistical package as it offers rolling and expanding windows options for cross-validation, which are useful for timeseries ML models. It also offers multiple options for transforming the regressors, such as the min-max transformation, standardisation (sample and population), none, etc., which can be used to analyse the effect of scaling the data on forecast performance.  For the models created in R, the training and test data were scaled separately for each year to avoid issues due to data leakage. The mean and standard deviation of the train data were used to standardise the test data for each of the three-year forecasting period. The sub-sections below discuss each of the ML models used in this study for the purpose of ML based inflation forecasting.  

IV.2.i    Elastic Net (EN)

Elastic net, an extension of the linear regression models, is a ML technique and was proposed by Zou and Hastie (2005) as a new regularisation and variable selection method. It is particularly useful in situations where observations are fewer than the predictor variables. Often in such cases, the coefficients estimated using a linear regression model happen to be large, making the model sensitive to the inputs and possibly unstable. The EN method resolves such issues by adding penalties to the loss function during training the dataset; thus, encouraging simpler models that have smaller coefficient values. [footnoteRef:9]    [9:  There are two popular approaches to address this issue: (i) change the loss function to include additional costs for a model that has large coefficients during training (L2 penalty); (ii) penalise a model based on the sum of the absolute coefficient values (L1 penalty). An L2 penalty minimises the size of all coefficients, although it prevents any coefficient from being removed from the model, whereas the L1 penalty minimises the size of all coefficients and allows some coefficients to be minimised to the value of zero, thus, removing those predictor variables from the model. EN is a penalised linear regression model that includes both the L1 and L2 penalties during training. 
] 

It also incorporates a grouping effect where highly correlated variables are either in or out of the model together and is a combination of ridge and lasso regression.[footnoteRef:10] [10:  In order to improve the performance of ordinary least square (OLS) estimates, in terms of prediction of future data and interpretability, penalisation techniques like ridge regression (Hoerl and Kennard, 1970) and lasso were developed (Tibshirani, 1996). Ridge regressions minimise the residual sum of squares (RSS) subject to a bound on the L2 norm of the coefficients (equation 2).

where, n is the number of observations, p is the number of predictor variables,  is the dependent variable, is the predictor variable and  is a constant. The first term in equation (2) is the RSS of OLS, while the second term is the shrinkage penalty. It is small when values of βj are close to zero. The tuning parameter λ controls the relative impact of the first and second terms in equation (2). The square root of   is called the L2 norm and it measures the distance of β from zero. Unlike the OLS coefficient estimates, the ridge regression coefficient estimates are not scale invariant, so standardisation of variables is recommended. 
Ridge regressions, however, include all the variables in the regression, i.e., the β values of the variables are not set to zero unless λ = ∞, which can lead to problems related to the interpretation of the model with large number of variables. To overcome this problem, a new method “lasso” (Least Absolute Shrinkage and Selection Operator) was proposed. The lasso tries to minimise equation (3) below: 

It uses an L1 penalty, where the L1 norm is given by  , instead of L2 penalty used in ridge regression. In the case of lasso, some coefficient estimates can be exactly zero when λ is sufficiently large, thus performing variable selection and improving the interpretability of the model. The tuning parameter λ is often selected by cross-validation. Literature suggests that none of the two methods dominate the other in prediction performance. The lasso regression also encounters problems when the number of predictors is greater than number of observations (p > n) and when a group of variables are highly correlated as lasso selects only one variable out of the group. 
] 


The EN does automatic variable selection and continuous shrinkage like the lasso and is also able to select groups of correlated variables. The loss function in the EN method is given in equation (4) below:

Where, the second term in equation (4) is the elastic net penalty. The value of α determines the type of regression model: α = 0, implies a ridge regression; α =1 is a lasso regression; and 0 < α < 1, it is an EN regression. Thus, EN incorporates both dimension reduction and variable selection, and is also useful in case of multicollinearity within regressors.
In this paper, the EN models were built in EVIEWS with two cross-validation methods – expanding windows and rolling windows. Different scaling methods were tried in both the cross-validation methodologies, including min-max, standardisation and no scaling. The value of α was kept at 0.5 (default value for EN in EVIEWS), while the λ values were chosen by the cross-validation methods.

IV.2.ii   Random Forest (RF)
A random forest regression is based on the concept of a simple linear regression and generally has the advantage of producing better results, working well on large datasets and long datasets with missing data by creating estimates for them. However, the function of a complex RF regression is like a black box. Chart 4 presents the structure of the RF method, which is a tree-based regression and classification method originally proposed by Brieman (2001).[footnoteRef:11]  RF uses the bootstrapping method of aggregation but improves upon it through decorrelating the trees by considering only a random subset of predictors for each split in the trees. Further, the RF method also has an in-built way to measure variable importance by using out-of-bag estimates.  [11:  Tree-based methods are simple and easily interpretable but have less prediction accuracy. The accuracy of trees can be improved by aggregation of decision trees by bagging and boosting. Bagging (bootstrap aggregation) uses bootstrapped samples from the training data, trains multiple decision trees and averages the predictions from all the trees, which reduces the variance of the decision trees.] 

However, due to the bootstrapping of data RFs are actually not suitable for timeseries data as the ordering of data gets affected. This shortcoming is generally overcome by including the lagged values of the dependent variable in the model.
In this paper, we use RF models built using the randomForest package in R and the hyperparameter changed is the number of trees, while the number of variables chosen at each split were based on the tuneRF function available in the package.
Chart 4: Random Forest Structure
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IV.2.iii  Multi-Layer Perceptron (MLP): 

The multi-layer perceptron is a feed-forward artificial neural network (ANN)[footnoteRef:12], comprising a minimum of three layers: an, input layer, a hidden layer (can be more than one), and an output layer (Chart 5). These are fully connected networks. MLPs generally learn through backpropagation algorithm which is a supervised learning problem (Rumelhart et al., 1986). The algorithm tries to reduce error by updating weights and biases of the network, so as to minimise the loss function. It has two passes: a forward pass to compute the outputs and error signals; and a backward pass to propagate the error signals in order to adjust the weights. MLP uses non-linear activation function (transformation) for each neuron, except the input layer, and the output of a neuron can be given as [12:  ANN tries to model a biological brain. Its basic units are artificial neurons (perceptrons). A perceptron was first created by Rosenblatt in 1958.The perceptrons in the hidden layer act as feature extractors. As there are no loops in the feed-forward networks, data moves in the forward direction only.] 

  …. (5)
where,  are the inputs of the neuron,  are the weights of the neuron, b is bias and  is the activation function.  determines the activation level of the neuron similar to the pulse rate of a biological neuron. The most popular activation functions are the hyperbolic tangent, sigmoid function and the rectified linear unit (ReLU).
Chart 5: A Simple Multi-Layer Perceptron 
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Note: This MLP has three layers, with three neurons in the input layer, four neurons in the hidden layer and single neuron in the output layer. 
The MLP models used in this study were created using Keras package in R with TensorFlow as back-end. The model structure comprises a single hidden layer and a single output unit. The input shape depends upon the number of predictor variables. The hyperparameters adjusted in each model are the number of nodes/units in the hidden layer, the activation function, and the learning rate. 
MLPs can find meaning from complicated data, detect trends and patterns which are otherwise difficult to find. These models learn from the training dataset and do not make any assumption about the probability density functions of the data. However, MLPs generally suffer from the problem of overfitting and are considered as black box models. Moreover, MLP models treat input data as cross-sectional, thereby omitting the temporal component in the data. Each time stamp has its own weight and the temporal information is lost (Fawaz et al., 2019).
Therefore, in order to solve the issue of the loss in temporal information observed in MLP, the recurrent neural network (RNN) was developed. The RNN is a nonlinear model used to represent complex dynamical or sequential relationships between variables. This algorithm recognises the time-series dimension of the data and makes use of sequential information to capture long-term temporal dependencies between the various input variables and the desired output. RNNs have the same perceptrons and layers that make up an MLP. RNNs are distinguished from the traditional ANNs by their memory. They take information from prior inputs to influence the current input and output so that the output depends on the prior elements of the sequential data (Chart 6). RNNs use backpropagation through time (BPTT) algorithm to determine the gradients, which is different from traditional backpropagation. While the principle of BPTT is same as that of traditional backpropagation, BPTT sums errors at each time step.  
Chart 6: A Simple Recurrent Neural Network
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The next two models discussed are RNNs: the Elman Network (among the earliest RNNs) and the LSTM (one of the most widely used RNN).
IV.2.iv  Elman Neural Network (ENN) 
The Elman network is one of the earliest recurrent neural network along with the Hopfield network (1982) and the Jordan network (1986). The recurrent networks have connections that allow the networks’ hidden units to see its own previous output, so that the subsequent behaviour can be shaped by previous responses (Elman, 1990). These connections provide the network with memory and hence provides the ability to adapt to the time-varying dynamic characteristics. Elman network modified the connections by adding context units (which are also hidden). The input units and context units activate the hidden units, which then feed forward to activate the output units. The hidden units also feed back to activate the context units (Chart 7).
Chart 7: A Simple Elman Neural Network
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Note: Dotted lines represent trainable connections.
Source: Elman (1990).
The context unit or state-layer incorporates a state space model approach to time series analysis in a neural network setting (Jung et al., 2018). Since, here the network can store information for future reference, it is able to learn both temporal and spatial patterns in the data.

In this study, we have created the ENN models using RSNNS package in R. All the models had single hidden layer and the number of units/nodes were adjusted to get the best model for each dataset. 

IV.2.v Long Short-Term Memory (LSTM)

The conventional recurrent learning techniques, where error signals flow backwards in time, suffer from the problems of blowing up or vanishing of the error signals (Hochreiter and Schmidhuber, 1997), which may lead to oscillating weights or longer time to learn the data. LSTM can tackle these error back-flow problems. The architecture of LSTM is based on a gradient-based algorithm which enforces constant error flow through internal states of special units. The basic unit of LSTM is known as the memory cell (cj), which has a linear unit with a fixed weight self-connection [the constant error carrousel (CEC)]. The memory cells ensure constant error flow within their CECs, which enables LSTM to bridge long time lags and avoid vanishing or exploding gradient problems of RNN. The workflow of LSTM is like that of RNNs, except that the internal state of a cell is also passed forward along with the hidden state (Annex Chart A2).
The LSTM models used in this study have been created using the Keras package in R with TensorFlow as back-end and consist of a single hidden layer and a single output unit. The input shape depends upon the number of variables. The hyperparameters adjusted in each model were the number of nodes/units in the hidden layer and the learning rate.
Based on five different ML techniques described above, projections are made for the years 2018, 2019 and 2020 using scaled and non-scaled data in separate models using both seasonally adjusted and non-seasonally adjusted datasets. The forecasts so obtained are compared across different models/model variants.

V. Estimation and Results 
V.1 Variable Importance
Based on the outlined methodologies in the previous section, RF and EN methods are used to arrive at the relative importance of variables using their inbuilt methods (Table 3). The results using both the methods indicate the importance the own lags of CPI-C – 1st lag and 12th lag reflecting the presence of persistence and seasonality in the data.  Importantly, WPI pulses, WPI-OP and rainfall deviation have found place in variable importance underlining the significant importance of these food items and the role of supply side factors in influencing CPI inflation. Furthermore, the significance of commodity prices has also got captured through the selection of crude oil, metals and minerals and precious metals prices. Exchange rate is also identified as an important variable under both the methods. The significance of domestic demand conditions in impacting inflation dynamics is underlined through the selection of IIP. Moreover, money supply is also found to carry some weight as illustrated by EN-RW (Rolling Window) methodology. 
Table 3: Variable Importance/Selection using Random Forest and Elastic Net Models
[Based on Mean Decrease in Accuracy (MDA) for RF]
	Variable Importance/Selection
	RF
	EN-RW

	1
	WPI-OP
	CPI_C(-1)

	2
	WPI-Pulses
	CPI_C(-12)

	3
	CPI-C_lag_12
	WPI_PULSES

	4
	WPI-OP_lag_1
	M3(-1)

	5
	CPI-C_lag_1
	WPI_OP

	6
	IIP India
	CPI_C(-2)

	7
	Crude oil_lag_1
	WPI_PULSES(-1)

	8
	Metals Minerals
	USD_INR

	9
	USD-INR
	METALS_MINERALS(-2)

	10
	WPI-Pulses_lag_1
	RAINFALL_DEVIATION(-1)

	11
	Precious Metals_lag_1
	USD_INR(-2)

	12
	Global Food_lag_2
	IIP_INDIA

	13
	Rainfall Deviation
	RAINFALL_DEVIATION

	14
	USD-INR_lag_1
	WPI_PULSES(-2)

	15
	Metals Minerals_lag_1
	WPI_OP(-2)


Note: Figures in parentheses represent lag. Variable Importance is based on models using non-seasonally adjusted training data till 2019. EN-RW refers to Elastic Net Rolling Window Method.
Source: Authors’ estimates.

V.2 Forecast Evaluation
In this sub-section, we evaluate forecast performance of various models for the years 2018, 2019 and 2020 using seasonally adjusted and non-seasonally adjusted datasets. In the case of models using seasonally adjusted data sets, projected numbers were re-seasonalised based on the seasonal factors. Further, the dependent variable was not scaled in models using scaled independent variables, so no adjustment of forecasted momentum was needed. Forecast for the year 2018 is generated using data till 2017 and projecting for next 12 months (1 month ahead to 12 months ahead forecast). Similarly forecasts for year 2019 and 2020 use actual data till 2018 and 2019 respectively. Accordingly, the five different models- EN, RF, MLP, ENN and LSTM - were applied on scaled and non-scaled data sets to generate inflation forecasts for the next twelve months (Chart 9).
The year 2020 was abnormal on account of COVID-19 and associated disruptions to data collection as well as supply and demand conditions in the economy. Additionally, excess rains during September-October 2020 made the matter worse. Accordingly, none of the models have performed well throughout 12 months particularly during the first half of 2020. Having said that, ENN-Scaled (ENN-S) is the best preforming model in the case of no seasonal adjustment while MLP-S is the best performing model in the case of models using seasonally adjusted data as input.
In addition, the more accurate models were able to predict the turning points and follow the movements of actual inflation outcomes (shown in black line) closely (Chart 9). However, the RF and EN models have overpredicted inflation across years and the error is higher in the case of seasonally adjusted data (barring 2019 for RF models).
	Chart 9: Actual Inflation vs Forecasts from ML Models
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Note: WS and S indicate Without Scaled and Scaled, respectively.
Source: Authors’ estimates.
In the next step, the forecasts generated from five different models and their variants are compared with Random Walk and SPF[footnoteRef:13] forecasts. As SPF is available on a quarterly basis, monthly forecasts are converted to quarterly by taking the average of the three months’ inflation in the corresponding quarter. The RMSE tables for each year are based on forecasts for 1 to 4 periods (i.e., 1 month to 4 quarters ahead forecasts). The comparison of forecast errors of the different models using non-seasonally adjusted data with respect to the forecast of the random walk model and that of the SPF reveals that the ML models have performed well (Table 4).  [13:  Survey of Professional Forecasters (SPF) is conducted by the Reserve Bank of India (RBI) and are released on a bi-monthly frequency. The survey comprises of around 30-40 panellists on variables related to output, inflation and external sector. The forecasts for inflation are released on a quarterly frequency.] 



Table 4: Forecast Performance of Models 
(Non-Seasonally Adjusted Dataset)
	
	2018
	2019
	2020

	
	ME
	MAE
	RMSE
	ME
	MAE
	RMSE
	ME
	MAE
	RMSE

	Random Walk
	1.25
	1.25
	1.52
	-1.60
	1.60
	2.05
	0.72
	0.72
	0.75

	SPF
	1.01
	1.01
	1.14
	0.04
	0.76
	0.86
	-1.60
	1.60
	1.80

	Elastic Net - RW
	1.21
	1.21
	1.48
	0.58
	0.58
	0.60
	0.30
	0.39
	0.52

	Elastic Net - EW
	1.32
	1.32
	1.66
	0.86
	0.86
	0.94
	0.43
	0.45
	0.58

	Random Forest - WS
	1.48
	1.48
	1.76
	0.58
	0.58
	0.61
	0.26
	0.36
	0.48

	Random Forest - S
	1.56
	1.56
	1.83
	0.61
	0.61
	0.66
	0.40
	0.40
	0.56

	MLP - WS
	0.52
	0.64
	0.77
	-0.24
	0.46
	0.59
	0.39
	0.39
	0.40

	MLP - S
	0.04
	0.29
	0.33
	0.06
	0.33
	0.37
	0.36
	0.50
	0.55

	ENN - WS
	-0.07
	0.18
	0.24
	0.10
	0.20
	0.21
	0.08
	0.29
	0.38

	ENN -S
	0.18
	0.57
	0.62
	-0.05
	0.13
	0.15
	0.06
	0.28
	0.30

	LSTM - WS
	0.49
	0.50
	0.68
	0.17
	0.17
	0.23
	0.05
	0.32
	0.34

	LSTM - S
	-0.03
	0.38
	0.43
	0.10
	0.38
	0.42
	-0.13
	0.36
	0.38


Note: S - Scaled, WS – Without scaled, EW- Expanding Window, RW – Rolling Window
Source: Authors’ estimates.
Along similar lines forecast performance of models with seasonally adjusted data yield better results compared to SPF and Random Walk models (Table 5). 
Table 5: Forecast Performance of Models 
(Seasonally Adjusted Dataset)
	
	2018
	2019
	2020

	
	ME
	MAE
	RMSE
	ME
	MAE
	RMSE
	ME
	MAE
	RMSE

	Random Walk
	1.25
	1.25
	1.52
	-1.60
	1.60
	2.05
	0.72
	0.72
	0.75

	SPF
	1.01
	1.01
	1.14
	0.04
	0.76
	0.86
	-1.60
	1.60
	1.80

	Elastic Net - RW
	1.87
	1.87
	2.11
	0.88
	0.88
	1.01
	1.07
	1.07
	1.10

	Elastic Net - EW
	2.01
	2.01
	2.27
	0.97
	0.97
	1.08
	1.26
	1.26
	1.29

	Random Forest - WS
	2.19
	2.19
	2.50
	0.56
	0.56
	0.62
	1.24
	1.24
	1.27

	Random Forest - S
	2.18
	2.18
	2.48
	0.51
	0.51
	0.58
	1.24
	1.24
	1.28

	MLP - WS
	0.15
	0.38
	0.40
	-0.04
	0.20
	0.22
	-0.26
	0.26
	0.29

	MLP - S
	0.42
	0.42
	0.46
	-0.17
	0.22
	0.32
	-0.09
	0.21
	0.29

	ENN - WS
	0.03
	0.17
	0.18
	0.15
	0.30
	0.34
	0.00
	0.52
	0.54

	ENN -S
	-0.16
	0.28
	0.31
	-0.04
	0.62
	0.73
	-0.20
	0.38
	0.48

	LSTM - WS
	-0.24
	0.28
	0.39
	0.17
	0.35
	0.45
	0.05
	0.29
	0.34

	LSTM - S
	0.17
	0.25
	0.26
	0.07
	0.26
	0.29
	0.01
	0.36
	0.41


Note: S - Scaled, WS – Without scaled, EW- Expanding Window, RW – Rolling Window
Source: Authors’ estimates.
Moreover, forecast comparison across models with respect to the monthly forecasts reveal that the forecasts based on neural network-based models were much better than the random walk and other ML models at the longer horizons of forecasts i.e., at 6, 9 and 12 months ahead in terms of RMSEs (Appendix Table A2). 
To sum up, the results indicate that the three neural network models (ENN, MLP, LSTM) generally outperformed the SPF forecasts and random walk forecasts for all three years. In fact, the best models outperformed them by quite a gap (Chart 10). The performance of the neural network models was better with seasonally adjusted data, especially without scaling, while, for the other types of ML models the non-seasonally adjusted data performed better. However, the two ML models based on EN and RF did not outperform random walk forecasts in 2018 and 2020. While the EN and RF forecasts did perform better than SPF forecasts in 2020, the RF models also performed better than SPF in 2019. There was hardly any difference between the scaled and non-scaled forecasts generated from RF models, especially with seasonally adjusted data, indicating that scaling is probably not that important for RF models. Nonetheless, for other models scaling resulted in slightly different forecasts, although there was no definitive answer to whether scaling led to better performance. Scaling data, however, led to lower time required to train for the neural networks as it allows the gradient descent algorithm (the optimization algorithm) to converge faster. 
	Chart 10: Best Performing ML Model and SPF- RMSE Comparison
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Note: WS and S indicate Without Scaled and Scaled, respectively.
Source: Authors’ estimates.
However, an important point to note here is that the better performance of ML models than the SPF can also be attributed to the choice of variables. The outbreak of COVID-19 could be a major factor along with the unseasonal rains for the high RMSE of SPF in 2020, which is being captured better through the variables chosen. Another point is that the professional forecasters did not have the actual values of these variables, as are being used in this study, however, it indicates the importance of the variables chosen.
V.3 Variable Importance in Neural Network Models (Shapely Values and LIME)
Unlike the RF and EN models which have inbuilt methods of measuring variable importance, neural network models do not have such inbuilt methods. New methods have been designed to provide variable importance for NN models indirectly by using Shapely values and LIME, while efforts are being made to further improve the interpretability of these models. 
The local[footnoteRef:14] variable importance was calculated for the Elman neural network using the DALEX package for Shapely values and LIME package in R (Chart 11). It is possible to get these values for each prediction, thus making the black box model a little more interpretable. It is also possible to get the variable importance for the entire dataset using permutation-based method – a model agnostic approach, similar to the approach used in random forest models, which is based on the premise that permuting the value of an important variable will lead to poor model performance (Biecek and Burzykowski, 2021) [Appendix Chart A1].  [14:  Local variable importance is calculated by learning an interpretable model locally around the prediction, as explained in section II.] 

	Chart 11: Variable Importance from Shapely Values and LIME – Top 10
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Source: Author’s estimates.
The Shapely values and LIME indicate that WPI-OP, rainfall deviation and crude oil are the most important variables for this point prediction, i.e., for January 2020, as per the local variable importance. Easing in onion prices from January 2020 was the major reason for fall in inflation during that month. This indicates that the Elman neural network is able to identify the important variable affecting inflation at this point. The LIME package divides continuous variables into 4 bins by default, which is reflected in Chart 11b. 
VI.  Conclusion
The multivariate machine learning models can produce accurate forecasts even during periods when the forecasting exercise becomes challenging. The random forest and elastic net methods indicate the importance of the own lags of CPI, reflecting the presence of persistence and seasonality in the data.  Further, the models have also underlined the role of supply-side factors such as rainfall related disturbances in explaining India’s inflation dynamics. In addition, relevance of international commodity prices, such as crude oil and metals prices, and other macro indicators including exchange rate, IIP and broad money supply has also been captured by the different models in explaining inflation. 
Across the five different ML models studied in the paper, the neural network based (NN) models have performed better compared to the linear (EN) and tree based (RF) models in forecasting inflation. Moreover, the best performing models have been able to capture the turning points of actual inflation prints. The neural networks-based models performed better with seasonally adjusted data, especially without scaling the data, while other ML models performed better with non-seasonally adjusted data. Scaling was not found to be important in the case of RF models. In terms of comparison with median forecasts of the professional forecasters, the neural network models largely performed better across time. RMSEs of best performing models for 12 months (1 to 12 months ahead forecasts) ranged between 0.15 to 0.30 for the three years covered in the study. The NN models were able to follow the general movement of actual inflation as well. 
Therefore, irrespective of the fact that ML models do not provide estimated coefficients associated with the predictor variables of the models, they do a good job in terms of forecast performance even during abnormal times such as 2020 that saw the outbreak of COVID-19. This makes a case for equal importance of ML based models for the purpose of inflation forecasting, thereby making these models go hand-in-hand with the macroeconomic and structural models available in the toolkit of inflation forecasters.
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Appendix
Table A1: Data Sources
	Data 
	Index/Values
	Source/s

	Consumer Price Index (CPI)

	CPI Combined (CPI-C) Headline
CPI Industrial Workers (CPI-IW)
	NSO and Labour Bureau

	Wholesale Price Index (WPI)

	WPI – Onion and Potato (OP)
WPI - Pulses 
	Office of Economic Adviser

	Agriculture

	Rainfall deviation (absolute values)
	IMD and CMIE

	Domestic demand

	Index of Industrial Production (IIP)
	NSO

	Global demand and supply

	Crude oil average
Metals and minerals
Precious metals
Global food
	World Bank Pink Sheet

	Exchange rate

	USD-INR
	RBI

	Operating target of monetary policy

	Weighted Average Call Rate (WACR)
	RBI

	Money supply

	M3
	RBI



	Chart A1: Global Variable Importance
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Source: Authors’ estimates.

Table A2: RMSEs Based on Horizon of Forecast

	Months Ahead
	1
	3
	6
	9
	12

	Seasonally Adjusted Data

	RW
	0.18
	1.11
	0.91
	1.40
	3.86

	RF-WS
	0.34
	1.14
	1.49
	1.86
	2.89

	RF1-S
	0.35
	1.14
	1.49
	1.86
	2.85

	Elastic Net-RW
	0.31
	1.08
	1.29
	1.75
	2.58

	Elastic Net-EW
	0.36
	1.18
	1.50
	1.92
	2.71

	MLP-WS
	0.65
	0.37
	0.15
	0.30
	0.82

	MLP-S
	0.33
	0.61
	0.29
	0.50
	0.93

	ENN-WS
	0.37
	0.59
	0.24
	0.17
	1.03

	ENN-S
	0.44
	0.76
	0.58
	0.23
	0.44

	LSTM-WS
	0.43
	0.46
	0.43
	0.45
	0.43

	LSTM-S
	0.36
	0.47
	0.24
	0.27
	0.56

	Non-Seasonally Adjusted Data

	RF-WS
	0.28
	0.54
	0.84
	1.31
	2.36

	RF1-S
	0.28
	0.66
	0.93
	1.36
	2.46

	Elastic Net-RW
	0.27
	0.59
	0.68
	1.03
	2.21

	Elastic Net-EW
	0.26
	0.63
	0.81
	1.31
	2.49

	MLP-WS
	0.72
	0.54
	0.33
	0.47
	1.31

	MLP-S
	0.10
	0.59
	0.55
	0.46
	1.02

	ENN-WS
	0.15
	0.70
	0.30
	0.44
	0.41

	ENN-S
	0.51
	0.41
	0.33
	0.61
	1.01

	LSTM-WS
	0.50
	1.04
	0.46
	0.18
	0.77

	LSTM-S
	0.71
	0.63
	0.29
	0.34
	0.72



Chart A2: A Traditional LSTM
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Note: Xt – input vector, σ – sigmoid function, tanh – hyperbolic tangent function, ht-1 – output of a previous cell, ht – output of current cell, Ct-1 – cell memory of previous cell, Ct – cell memory of current state.
Source: Smagulova and James (2019).
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a. Domestic Factors: Monsoon and Food Prices
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b. Domestic Factors: Money Supply, IIP and WACR
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Y-o-y, per cent


Y-o-y, per cent




c. Global Factors: Commodity Prices
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Y-o-y, per cent




d. Global Factors: Exchange Rate Passthrough
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Y-o-y, per cent


Y-o-y, per cent




a. CPI-C Momentum: Seasonality

2012-2017	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.6673502431336202E-2	0.22364365851690327	0.38447579715835306	0.73439754413195579	0.6952702475413538	1.073833912631909	1.3205522629300674	0.85619554514648755	0.30929458995024306	0.54226591532098667	0.55478839586474893	-0.52305594759802976	2018	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.21865889212826506	-0.36523009495982306	7.3313782991202281E-2	0.439560439560438	0.51057622173598105	0.5079825834542806	0.93862815884477868	0.42918454935620964	-0.14245014245015675	0.3566333808844524	7.1073205401583905E-2	-0.49715909090910504	2019	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.35688793718772205	0.21489971346706493	0.35739814152966343	0.56980056980056037	0.56657223796034994	0.63380281690141871	0.90972708187542217	0.55478502080443803	0.55172413793105335	0.96021947873798918	0.95108695652175168	1.211305518169592	2020	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-0.13297872340426453	-0.73235685752329749	-0.33534540576793948	1.8842530282638048	-0.33025099075296716	0.59642147117295874	1.383399209486158	0.51981806367771277	1.0989010989011172	1.2787723785166349	0.31565656565657463	-1.0069225928256764	
,Per cent




b. CPI-C Inflation: Recent Years

2012-2017	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.4851445198648321	6.7460678011188451	6.7857403670759551	6.6759276578755582	6.5815604045416798	6.5125251085045681	6.5723724518395921	6.5542794581889909	6.3183119394031726	6.2476584652041316	6.3758675455732741	6.4057124807354482	2018	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.0652340752110447	4.4410413476263511	4.2780748663101553	4.5766590389016093	4.8706240487062402	4.924242424242431	4.1728763040238537	3.692762186115206	3.6982248520710082	3.3798677443056535	2.3255813953488413	2.1137026239067103	2019	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.9722425127830512	2.5659824046920798	2.8571428571428692	2.9905178701677526	3.0478955007256836	3.1768953068592065	3.1473533619456262	3.2763532763532721	3.9942938659058624	4.6197583511016438	5.5397727272727071	7.3518915060670986	2020	Jan 	Feb 	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.5931232091690504	6.5761258041458159	5.8404558404558271	7.2237960339943452	6.2676056338028197	6.2281315605318355	6.7267683772538334	6.6896551724137776	7.2702331961591149	7.6086956521739246	6.931359353970401	4.5877659574468099	
Y-o-y, per cent




2018

Actual	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.0652340752110465	4.4410413476263493	4.2780748663101562	4.5766590389016022	4.8706240487062447	4.9242424242424239	4.1728763040238617	3.6927621861152145	3.6982248520710059	3.3798677443056535	2.3255813953488498	2.1137026239067098	RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2147239263803504	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	RF1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.3040888827221693	4.9506143763269295	4.7732126190856645	5.1099896149773869	5.7081514540068863	6.1708543336799195	5.5687031113214251	5.364475888710162	5.7323940275565208	5.6503554027287821	5.3685937006858468	5.6004493829380344	RF1-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.3415045037672781	5.0331110701958846	4.8809609758096189	5.2049663793250165	5.7839765694513643	6.2855592349301697	5.6679885976303037	5.42648647686985	5.7653175452603049	5.6821862441953055	5.4429909301692163	5.7343152086068967	Elastic Net-RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2938366137960653	4.9984364047895973	4.836232086485432	5.1332544742354278	5.5102709754768071	5.6395402723476256	4.9325568759281317	4.8015304627807742	5.2470631657578215	5.2510199164678237	4.9821231552768817	5.4447169732006104	Elastic Net-EW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2856382215719524	4.9001987651799634	4.6888470611276452	4.9350134793051508	5.4769835885616365	5.7508540336059326	5.1708655038308651	5.0853486807875017	5.5089564963936732	5.574751781605829	5.3281309398120991	5.6693612666272637	MLP-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.9022172527503232	4.8194969305723045	4.3382808690678631	4.4245535409626102	5.2336554259721026	5.3776081741417263	5.8140424253588767	4.6580682139722231	4.4260938753015271	3.91291698080967	3.1586094239472078	3.7553095353148112	MLP-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.920438658889192	4.5483424855963834	4.122336292429182	4.2581520119158025	4.2038469877201026	4.6132134021454902	4.0311163519824227	4.3736397912880252	4.4305360467038657	3.7043727392494246	2.4520755890514234	2.3743173820700663	ENN-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.0370583728195726	4.5385914796075655	4.0430391212647088	4.578103161200989	5.0361664425618811	5.2570205766089888	4.2229265647321199	3.0457229035795708	2.9448909690219964	2.9468547243169896	2.5046458795922071	2.5511953830709042	ENN-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4.4167575975243585	4.288839510461127	3.7666265491591493	3.6287609412873914	4.6959513198121829	5.0675554259548292	4.4833916630305319	4.5266633984932207	4.0911180831760658	3.9709702345104292	3.6731491804416394	3.1456068068038072	LSTM	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.7129375839452763	5.6308357910748068	5.8065603557601602	5.6149159155819088	5.5675973787060729	5.4659681066961623	4.1088769959409248	3.5583201802615503	3.8395149009445575	3.3100455506548796	2.063771647114633	2.7643299328610373	LSTM-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2917548267546488	5.2132526506672265	4.9252077532833924	4.9340212692805983	5.0569631559750885	4.8238244810967075	3.5084110590528432	2.9269964159585808	3.3319064952850113	2.7006336212202715	1.9074429773342145	2.5630797151197293	
Per cent




2018

Actual	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.0652340752110465	4.4410413476263493	4.2780748663101562	4.5766590389016022	4.8706240487062447	4.9242424242424239	4.1728763040238617	3.6927621861152145	3.6982248520710059	3.3798677443056535	2.3255813953488498	2.1137026239067098	RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2147239263803504	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	5.2147239263803549	RF1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.3550059874394789	5.149999090674128	5.2641195348815835	5.7253506188596059	6.3665193640667219	6.9239030584191701	6.6276321842469201	6.43340783217712	6.6494358206727915	6.7319780563980265	6.1994135043753333	6.4030183877447922	RF1-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.3795129058250319	5.1584786726649661	5.240144220934928	5.7188302660749786	6.3814064736834073	6.9483715087714533	6.6356350831503343	6.4276928665968232	6.6394480189561387	6.7225924795558987	6.1549288719812782	6.3472527843553239	Elastic Net-RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.4699602587808238	5.1941259193154403	5.2339988087297735	5.6253048861913664	6.1537292937141936	6.4120824789108051	6.1149376798623676	5.8324878477128532	6.1363566741069508	6.155220057191527	5.6451574122018195	5.9814593560322802	Elastic Net-EW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.4956246670367808	5.1962875313462327	5.2482379646406692	5.6998878766746834	6.2578570144040873	6.6015485445964961	6.3103396662755316	6.0219588691894774	6.3431262614395996	6.4067618001616093	5.8917190548089025	6.1697468406691982	MLP-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.4747664204920756	4.9573302728261659	4.3460556631014935	2.9492627652809174	4.9650986692634582	5.1156021974924348	4.6709826441941908	4.1259863343629206	3.3410838031843215	3.2322323537746915	3.0523916734204031	3.1563021036539087	MLP-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.5659386936616286	5.1228996650854981	4.8061096588289267	4.9427448338894289	5.0723170662188277	5.1830308802377347	4.5887776556689115	3.8480007092359712	3.6675252824287443	3.300408111285702	3.0411783142322988	3.4268394034549337	ENN-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.1797121345600941	4.6412815498516551	4.4271982006007047	4.3158689581747538	5.1949045124876125	5.1258976173616331	4.4469391836035603	3.8068364870105924	3.7398006926781697	3.2733765451697536	2.0817348671397182	1.6381678052238642	ENN-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.725878108915281	5.1832131914672956	3.6296553538603318	3.910704937478815	4.4703771413459092	4.5390133120891623	3.0354729461802021	4.1760755027136502	3.9129836186943745	2.7236258197892353	1.6205063842200922	2.7135988310715993	LSTM	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.7942359127304366	4.3386770353987805	3.8677420987768683	3.8671697684668169	4.03853531204616	4.3577123964698172	4.3626706283339356	3.9901247063129688	3.2434662901508626	2.7308662962686818	2.0068028244067047	2.1067755557951235	LSTM-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2274263177673701	4.7344497480852956	4.5695802570397612	4.6102608899630679	4.5944910334104367	4.7138353469940961	4.3166087128471391	3.967523256450372	3.9701957427320891	3.7199103860372493	2.6698691768515586	2.5388915456711993	
Per cent




2019

Actual	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.972242512783045	2.5659824046920821	2.8571428571428612	2.9905178701677566	3.0478955007256809	3.1768953068592101	3.14735336194562	3.2763532763532721	3.9942938659058651	4.6197583511016349	5.5397727272727151	7.3518915060671031	RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	RF1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.3915678118763477	2.8897053683381841	3.0251015519329094	3.2365718446571012	3.5237135361181138	3.9055287532160894	3.7011060342693498	3.9986008722070849	5.0097754814755904	5.4866001008306906	6.4648279841508627	7.8400797977241714	RF1-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.3734887589034463	2.8647215470708693	3.0038275208189105	3.2236119912607957	3.5275459547655088	3.9437830075937463	3.7684093964848215	4.0766213901095911	5.1144849858104644	5.5754900783946582	6.5230890980172225	7.8934776831388334	Elastic Net-RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.3809475148255888	2.9623287925154722	3.1934495546722919	3.4481564532243492	3.7674143324107421	4.0688716704588863	3.8260435519377904	4.0300268941644717	4.8737551117700519	5.190008991526204	6.1298614134095626	7.6773084381688559	Elastic Net-EW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.3427258428329116	2.9058479483284687	3.1027427072104858	3.3351310549115358	3.8011380881290546	4.1984455934508675	4.0250756531036043	4.3293983345523523	5.3494696904179122	5.7659676383791787	6.9374002431278834	8.7926045614551196	MLP-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.2735488960741046	3.2114421684814842	3.0714119138509979	3.1196376847743394	3.0949910023286238	3.1236974231559942	2.6623085242366278	3.0386682799710356	3.7210161360515568	3.290926788475713	4.9122120086877645	6.0995944855853157	MLP-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.0626270169537637	2.3875675085907937	2.375659172713561	2.3345945124847121	2.7071853719294015	3.1458291090762409	3.1189583630548272	3.5576601584861951	4.3100275223032387	5.017544243228957	6.1700146007286341	8.111325443336618	ENN-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.1552889986226305	2.8339896279992565	2.9542681842973408	3.3495512419799054	3.1834345713002419	3.50834486944514	3.3920172580533281	3.3091721621256918	4.1464340827205914	4.6326834218329243	5.421174103448485	6.8216867892583828	ENN-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.9070321732929201	2.61722863404822	2.5575341735706498	2.4660952353069483	2.9854289315457949	3.6120647858939474	3.0477216653652466	3.0486151097098069	4.7955310386239454	5.0203624338504182	5.4048655810904842	6.4305401424953761	LSTM	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.5288777096785968	2.3971500327844977	2.8243129312963968	2.9148496995327173	2.9323548999517319	3.7697920415559971	3.379389289301034	2.7623715239228739	4.2732250315881082	5.2801064956487878	5.7821862929327104	7.7200761432277343	LSTM-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.4987774941066014	3.3021491452016631	3.5358279775630059	3.4884468234365111	3.3919681295657709	3.2712071766254769	2.6115884680477843	2.6185705265608008	4.0253874225501942	4.6230953218125439	5.6433857328728383	6.7180536897190724	
Per cent




2019

Actual	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.972242512783045	2.5659824046920821	2.8571428571428612	2.9905178701677566	3.0478955007256809	3.1768953068592101	3.14735336194562	3.2763532763532721	3.9942938659058651	4.6197583511016349	5.5397727272727151	7.3518915060671031	RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	2.1137026239067098	RF1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.4276830750974634	3.0091099317436547	3.2694682711261045	3.3809248541179482	3.5781223740448587	4.0308168797750916	4.1540766274698386	4.3644374283603034	4.8184475129260749	5.2002743819604156	5.8294220571720832	7.1978119479816085	RF1-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.4276830750974634	3.0091099317436547	3.270685710127978	3.3679956192376195	3.5271219298999181	3.9425130551312546	4.075534138218619	4.3039656751291844	4.7621895489158828	5.1554817525773844	5.756460933953564	7.1115606767474411	Elastic Net-RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.2668381162830742	2.8796618255121733	3.2745655249409298	3.5259102827715716	3.8438027809037143	4.3856585780089921	4.7529756919813675	5.119708788664469	5.5236900449367035	6.0359647779736108	6.5422416194991628	6.9916354074349512	Elastic Net-EW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.3168579898267638	2.9433251243821932	3.2531934268234552	3.4820082145734119	3.9127629539190392	4.5807879070665445	4.7816108176230179	5.1410603148063041	5.6321225273428288	6.2383968530852441	6.7847047644184419	7.1460733139678014	MLP-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.400427419112324	2.7520439557261978	2.7400713762162199	2.7991676558551624	2.8085721653926088	3.1061563474681848	3.2799919768617327	3.3575481309060686	4.2404444959976333	4.5293274221359869	5.3815780844022658	6.6145916764233457	MLP-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.1652416468640365	2.3466724514968362	2.5871949079023304	2.7014793832921198	2.9428892814203786	3.3286216428101785	3.2418986384248374	3.3946647567149935	4.0787192573253961	4.2832206928200103	4.6848659076665706	6.6910271947716167	ENN-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.5783222928088039	2.6337120567484837	2.6824514187707305	2.9846930363625379	3.3156190977799849	3.4471336745743542	3.8667253620383137	4.066927291832501	4.1853846431102255	4.4050525148713344	4.6319909085952089	7.586418402874787	ENN-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.6425442241840658	1.703913944352339	2.0490106040355154	2.1661092941590776	2.3357611638808664	2.9948698630094905	3.1081290402174329	2.9834755259922119	4.0524126207679929	5.996327797807206	7.1801436926877527	7.8181109082069389	LSTM	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.9974183060074511	1.8814984946201052	2.4234773477155573	3.0727105613720513	3.3248349025437718	3.5795505791304914	3.9202363355797973	4.2448235810179025	4.599655956265388	5.0574033538739265	5.524159551615357	6.9661317865797585	LSTM-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.5725848577700128	2.9171547065468975	2.7772176243533169	2.6969303409629615	2.6322629222270519	2.9323192877409925	3.3434972724236061	3.8438811394481402	4.348670918012588	4.8954251764290575	5.729722902925757	6.6999712112821852	
Per cent




2020

Actual	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.5931232091690504	6.5761258041458106	5.8404558404558315	7.223796033994347	6.2676056338028214	6.2281315605318444	6.7267683772538263	6.6896551724137856	7.2702331961591176	7.6086956521739246	6.9313593539703984	4.5877659574468117	RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	RF1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.6294003626989699	6.9130314848606309	6.6160955719576391	6.6414540954028904	6.4424803825090153	6.4157012962209565	6.4131853440772533	6.7111451288856623	7.1553477313639773	7.3379544668189283	7.71465449513971	6.6499616461016711	RF1-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.6431455957914967	6.9684027220702482	6.7922237836939976	6.8325748755797804	6.5983167468422046	6.6008435711496682	6.6181313277533791	6.8428495065050221	7.2956797033052547	7.4999925213428229	7.894254105029022	6.7573394221786334	Elastic Net-RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.6692891670697785	6.8436178782166568	6.6295570370552159	6.7965251321036622	6.5530812906694127	6.49789362340021	6.3908382542020856	6.5304578659440091	7.213471409836048	7.6750698630799326	7.8538568748985167	6.4584552378175548	Elastic Net-EW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.727136435838557	6.9692159717301196	6.811756568950095	7.0150236918114022	6.7762868513801102	6.6995623627406271	6.5701477411949556	6.6842108580108528	7.3229412440913206	7.7482778658347105	7.8891106080878686	6.5455808022809023	MLP-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.926733006720581	6.3090946803429127	6.7460318940927504	7.2825396719089399	6.7055465174488988	6.559840950417227	6.3369383688730974	8.1845818127080623	7.533631115688463	7.755927565109566	7.3537529675195747	5.5097225906434764	MLP-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.6367639935119218	6.4228036767835395	6.7268081545951102	7.7852736019339854	7.0529136399515009	7.1301969600556516	6.3752298978331723	6.2719065952575193	7.2224868017432664	7.4337165263543215	7.683943365429073	6.1649180467204232	ENN-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.7659683114819718	7.2429184463261231	7.0212401690840069	6.6278526517589196	6.4234102803008311	6.4448432323240432	6.7116381232583757	6.9638376705913858	7.219897028429056	7.0485952703893586	6.3045330859173561	4.7621402454186628	ENN-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.989515061364818	6.1650749909245199	6.2273574362268507	7.2503397417857798	7.163943148612427	5.9010621891138424	5.8146674037563031	6.356499317208125	7.8250697847610029	8.0467962603315719	6.8324725042020651	5.6542871881965855	LSTM	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.760957930696061	6.9199134233216828	6.7852579166867679	6.9128843781646161	6.0899378532637449	6.2132201215708633	6.010936154382426	6.3370530407529255	7.2303020497457311	7.1473684634850612	7.0599349518673442	5.698784854011044	LSTM-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.5005683215778136	5.6388086266803654	6.3820573168912418	7.3665216617925804	6.351345647534937	6.7022825112238182	6.3780932777508017	6.0458932849459464	6.8098996659065367	7.2143459299663206	7.068187839669628	5.5531350296524753	
Per cent




2020

Actual	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.5931232091690504	6.5761258041458106	5.8404558404558315	7.223796033994347	6.2676056338028214	6.2281315605318444	6.7267683772538263	6.6896551724137856	7.2702331961591176	7.6086956521739246	6.9313593539703984	4.5877659574468117	RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	7.3518915060671031	RF1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.8309756358940064	7.4980482504698855	7.5014778652141736	7.5880400109537431	7.5269445701566617	7.6240709147247401	8.0948362955076192	8.1932568394156799	8.2907582206251647	8.61150928139336	8.4684619096634002	7.1571143679164031	RF1-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.8309756358940064	7.4980482504698855	7.5043154524901956	7.5665781897526845	7.5255148918609418	7.6245632622444051	8.1107656062371163	8.2458682751634704	8.3389903493657194	8.6315886259137589	8.4535255058651373	7.1237275154731785	Elastic Net-RW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.7736525695911745	7.3464035155098406	7.3932121271071392	7.4519273111058482	7.3319884194646079	7.3916639957725208	7.8070715228608121	8.0716374637516566	8.2313992783649184	8.441391992662501	8.3125545663481759	6.7925630669575447	Elastic Net-EW	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.8658829039429392	7.5180866880686352	7.5853843667678538	7.7055224447435036	7.581275176500438	7.6284653271939433	8.0190391435957338	8.2387823692688524	8.4354898510085423	8.6728641876073134	8.5052529279446976	6.9446596550944344	MLP-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.6278030606945633	6.4780092647388638	6.46554462903923	6.2464727408406109	6.0244715828752291	6.0596349327064205	6.3553788500795294	6.4310914337212628	6.9969610655342409	7.7271811702087883	7.0134191871529845	3.9688642635318709	MLP-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.7719129308169235	6.2643204843491729	6.7206092928090611	6.6956785531946945	6.2989725824120715	6.6227060182324644	6.2934883050356234	6.4443753601909552	6.4175689743204076	6.8273204362506874	6.8801827282611265	5.2623505087987281	ENN-WS	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.7422584827164753	6.7919229522517135	6.844739286502298	7.1529614729362354	5.5982784252211264	5.9824934835765289	7.40752457970867	7.5497916378953018	7.4804279398630351	7.5683853077283914	6.5034228506153591	2.8882751446480883	ENN-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.415501414772101	6.7894291203464059	6.6571541034919566	6.9773901179614182	6.5542226140227449	5.3148318500154383	6.4377503404610872	7.5487477742429849	6.948446230478095	6.0073689794305354	5.9458053893594274	4.5994777330028551	LSTM	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.707008718306434	7.5697301837166497	6.3693838119728214	6.381186554090239	7.265679619838429	6.4713382495054468	6.1186964241072506	6.5937719332649278	7.4726329893629613	7.2695513679642998	6.9260832470100384	3.9519251053451465	LSTM-S	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.6110294103472711	6.5762693169960942	6.6042782354782466	7.5866046025333738	6.4399596813798627	6.4958754339239855	6.8889441755192991	6.9681763276026754	7.4302516036032733	7.0176960651811493	5.9763341597600039	4.0198299886429059	
Per cent





ENN - WS	SPF	ENN -S	SPF	ENN -S	SPF	2018	2019	2020	0.24	1.1399999999999999	0.15	0.86	0.3	1.8	



ENN - WS	SPF	MLP - WS	SPF	MLP - S	SPF	2018	2019	2020	0.18	1.1399999999999999	0.22	0.86	0.28999999999999998	1.8	
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