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Abstract 

 

Economic indicators are vital for any country to make better financial and policy making 

decisions. Well informed and timely decision are important keeping in view the pace of 

production, accessibility and supply chains. Economic indicators are dynamic and does not 

solely rely on financials of the market but also on supply chain, natural calamities and short- 

and long-term policies by the institutions. We are using statistical models and machine learning 

models to forecast inflation of Pakistan. A univariate approach is good for getting good 

forecast, but this is not suitable to capture turning points and identify the causation of inflation. 

This study involves multivariate approach to forecast consumer price index and to understand 

the relationship between CPI and other macroeconomic indicators.  
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1. Introduction 

Inflation forecast has always been a center of attention for the governments and financial 

institutions as a guide in the formulation of monetary policy by the financial institutions around 

the world. Monetary policy decisions are based on the forecasted inflation of various models 

and other information provided by relevant economic indicators. Precise inflation forecasts are 

necessary for the central institutions to attain their targets and it also helps companies in 

decision making about the price and wage contracts. Current inflation levels which are the 

results of previous policies may give insufficient information. Forecasts that connect current 

developments and policies to future inflation can bridge this gap. It assumes that inflations 

forecasts are reliable. However, situations where quality of data is evolving, and structure is 

less stable, quantitative inflation forecast can provide insights on further development that 

needs to be matched with additional analysis beyond econometric relationships. If unexpected 

high inflation occurs, families that depends on bond income or pensions will be particularly 

affected with the costs over long duration. An unforeseen increase in inflation has the tendency 

to lower the labor wage and affects their buying power. Companies and families have to devote 

their time and efforts to decrease the currency holding and businesses to repeated adjustments 

in prices. Moreover, the cost of capital will increase by high inflation after tax payment. 

Therefore, such outcome is result of capital depreciation. [1]   

Modeling inflation involves the selection of an inflation measure. In Pakistan, we have different 

measures of general trend in prices in the country. National statistics institute, Pakistan Bureau 

of Statistics is responsible for accumulating, compilation and broadcasting of the prices related 

data and indices. Such indices include GDP deflator, Consumer Price Index (CPI), Wholesale 

Price Index (WPI) and Sensitive Price Index (SPI). Within the basket of CPI. We also have and 

exclusion-based measures of core prices index and that is for Non-Food Non-Energy (NFNE) 

group. Another measure of core inflation for which PBS started publishing data is ’20 percent 



trimmed core inflation. In calculating 20 percent trimmed core inflation, 10 percent of items 

showing extreme price changes each from top and bottom are excluded from the CPI basket.  

SPI is the most frequently (weekly) available price index, but it covers only necessities and just 

17 cities. GDP deflator is the most comprehensive one but is available less frequently (yearly). 

WPI does not cover the services. Core inflation is the one measure which SBP considers 

important in discussion in its flagship publications; but it is not the target inflation variable. So, 

we are left with CPI. Government of Pakistan announces annual inflation target which is for 

12 months average of year-on-year change in CPI. In this study we will be using as our target 

variable.  

Among all the price indices, SPI is the most frequent, as it is measured weekly, but it 

accumulates only necessities and seventeen cities. One which gives a broader understanding of 

economic dynamics is GDP deflator but only available annually. WPI only covers the prices 

of goods and not the services. Core inflation is the one measure which SBP considers important 

in discussion in its flagship publications; but it is not the target inflation variable [2].  

1.1. Overview of CPI 

Consumer Price Index (CPI) is used to recognize variations in the cost of purchasing a bucket 

of goods and services by a consumer. To compile the CPI, a price sample representative of the 

full set of goods and services available to consumers that takes account of the relative weight 

of each item in overall household expenditure is needed.  



  

Figure 1: Goods & Services for CPI basket 

This sample is defined, and weights are identified with respect to the information extracted by 

the financial or statistical institutions, as well as additional sources. The current CPI, which has 

its base year as 2007-2008, is calculated using 148048 price quotes every month corresponding 

to 487 products [3]. Following is how the CPI is calculated given the weights of items are 

defined for the basket.  

 

Gives the consumer price index with respect to the base period which is 2008 in case of 

Pakistan.  



1.2. Problem Statement: 

Inflation is one of the most looked after indicator in any economy as it defines the prices of 

goods and services available in the region. CPI is a metric used for inflation which is 

calculated using the price basket of goods and services. Reliable forecasting of inflation 

metric can help make better decisions and policies.  

1.3. Objective: 

The main objective of this study is to provide methods and to forecast the metric used for 

inflation i.e., CPI using some high-level indicators instead of using the price basket method. 

Doing so to provide tool for better economic forecasting in scarce data environment. 

1.4. Thesis Overview: 

In this work, section 2 explains the work done by previous researchers and methods they have 

used with respect to forecasting inflation. Section 3 contains the methodology and 

implementation including the dataset, data pre-processing and complete workflow. Section 4 

includes the results acquired after implementing the methods to forecast. Section 5 consists of 

discussion of complete work and section 6 describes all the possible future work which can 

be held in this domain. 

2. Literature Review: 

There is substantial and increasing literature on inflation forecasting in emerging economies. 

Analogous to the insights for advanced economies, changes in price of imports, money 

growth, inflation expectations, nominal exchange rates, and exogenous supply shocks, 

especially to food and oil prices, are identified as main determinants of inflation in emerging 

economies [4].  

Many empirical studies find standard economic relationship to hold. Estimates of money 

demand functions mostly find money demand to be determined by measures of opportunity 



costs and activity [5]. Similarly, inflation is influenced by changes in money supply, 

measures of aggregate demand or output, interest rate and import prices [6]. However, many 

studies find such relationships to hold in a cointegration framework, some failed to identify 

cointegration which could imply to the structural breaks in particular samples [7]. There seem 

to be no or only little exchange rate between local prices [8]. 

Following table gives a detail overview of the previous work being carried out regarding 

inflation in Pakistan. 

Table 1: Past Work 

Ref Approach Dependent 

Variable 

Regressors Sample 

Period 

Findings 

[9] VAR  CPI inflation, WPI 

inflation, M2, oil prices 

1988:1 to 

2003:9 

Little exchange rate 

pass through to 

domestic inflation 

[8] VAR CPI, WPI USD exchange rate, 

foreign price index 

1982-2003 There is no exchange 

rate pass-through to 

domestic prices 

[10] OLS, 

cointegration 

analysis 

M1, M2 Industrial Production, 

Interbank call money 

rate, CPI inflation 

1972: I to 

1996: I 

Inflation is a better 

measure of 

opportunity cost than 

interest rate. 



[6] Single 

equation, 

cointegration 

test, 2-

equation 

model with 

2SLS 

CPI and 

Exchange 

Rate 

Exchange rate, import 

prices, world prices, 

money supply, GDP, 

forex reserves 

1982: II to 

1996: IV 

CPI reacts to 

changes in import 

prices and money 

supply. Exchange 

rate responds to 

domestic and world 

prices. 

[11] OLS CPI Bond Money, GDP 

growth, share of service 

sector, public debt, 

import prices 

1972-1992 Inflation results from 

money growth and 

structural factors. 

[12] OLS of 

distributed 

lag 

specification 

CPI M1, industrial 

production, interest rate, 

foreign interest rate, 

import prices 

1970: I to 

1987: IV  

All variables explain 

inflation except M1 

[13] OLS WPI,CPI,GNP 

deflator, and 

absorption 

deflator 

Real GNP growth, 

lagged inflation, growth 

rate of unit value of 

imports, growth rate of 

M1/M2 

1960 to 

1988 

Inflation is 

determined by real 

GNP growth, unit 

value of import 

growth, nominal 

money growth and 

lagged inflation. 

 

 



3. Methodology: 

3.1. Data:  

While developing a forecasting model for Pakistan, there could arise few problems collecting 

and utilizing data. One of the major problem Pakistan does not used to have a data rich 

environment or data centric approach previously to identify the problems. So, with less data 

there were few factors to measure their relationship with inflation. Pakistan Bureau of 

Statistics (PBS) is the institute responsible for the collection and compilation of data. But 

PBS was not used as a single source of information since it mostly contains reports and 

statistics for each month or quarter or year separately. Data was accumulated using various 

sources which includes World Bank, State Bank of Pakistan, Pakistan Bureau of Statistics, 

IMF and few third-party data economic data portals like CIEC and Trading Economics. It 

was tried to collect as much data possible without compromising the quality of data. 

Therefore, data from 2001 to 2021 was acquired as these years were more data rich and give 

a more accurate data than previous years.  

Table 2: Summary of Dataset 

Total Features 26 

Data Frequency Monthly 

Feature Type Numerical 

Total Records 241 

Data characteristic Time series 

 

3.1.1. Data Pre-Processing: 

Missing values are one of the major and common problems in the datasets. Solving missing 

values can vary from problem to problem. Missing values can be handled using replacing null 



with the zero or with mean values. For time series problem it seems reasonable to use linear 

interpolation. 

 

Figure 2: Missing Values 

As it can be seen in Figure 2 that most of the predictors have missing values even after 

collecting the most recent data. Data was refined using three methods in order to maintain the 

data quality for the model.  

1. Predictors with very high missing values were dropped as they will not be able to give 

a clear understanding of the results.  

2. Linear interpolation was used for few features as it gives more sense when dealing 

with time series. Because these feature does show a gradual increasing or decreasing 

pattern which makes linear interpolation suitable. Example, Gasoline prices. 

3. Some features with missing values do not show increasing or decreasing trend but 

their values were correlated with other available features. Feature with highest 

correlation to the column of missing values was selected, corresponding values were 

observed, and missing values were replaced by the average of the corresponding 

values.  



3.1.2. Feature Selection: 

In every multivariate timeseries dataset there are features that contribute to forecasting the 

target feature but there are also some features that contribute less or including them would 

make the model fitting more complex affecting the results. Initially target variable was 

plotted to see the trend.  

 

Figure 3: Monthly CPI 2001-2021 

 

This provides an increasing trend over time. Further we used feature interaction plots (Figure 

4) to identify the behavior of predictors with the target variable for feature selection. To be 

more concrete Pearson Correlation was calculated between all the features, plotted a heatmap 

(Figure 5) and removed the features which are highly correlated with each other.  
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Figure 5: Correlation Plot 

Features having absolute correlation values greater than 0.3 with the target variable, were 

selected to be used for modeling. Electricity production, gasoline prices, manufacturing 

production, deposit interest rate, crude oil production, trade difference seem to be of high 

importance while looking the correlation values.  

 

 



3.2. Proposed Method: 

With the preprocessing of all the data and feature selection comes the behavior of the target 

variable. In time series problems there could exist some seasonality in the data. Figure 6 gives 

a better understanding of trend and seasonality of the target variable.  

 

 

Figure 6: Trend of CPI 

 

Further the data was investigated for the autocorrelation. If the current value depends on the 

previous value and how much it is likely to define the next value. Figure 7 describes the 

autocorrelation and partial correlation with lag of 12. 



 

Figure 7: ACF & PACF Plots 

3.2.1. Sarimax: 

Auto-Regressive Integrated Moving Average (ARIMA) is frequently used for timeseries 

forecasting but the problem with ARIMA is that it’s a univariate forecasting model which 

cannot incorporate multiple features and seasonality in the timeseries data. To tackle such 

problems several variations of ARIMA have been introduced.  

Seasonal Auto Regressive Integrated Moving Average (SARIMA) is an extension of ARIMA 

to handle seasonality within the time series data, but even this had the shortcoming of being a 

univariate model. To solve multivariate forecasting problems that has seasonality effects as 

well as multivariate features SARIMAX was introduced. SARIMAX handles seasonality 

which ARIMA could not and accommodates exogenous variables. SARIMAX function can be 

defined by Eq. 1 

𝛩(𝐿)𝑝𝜃(𝐿𝑠)𝑝𝛥𝑑𝛥𝑠
𝐷𝑦𝑡 = 𝜙(𝐿)𝑞𝜙(𝐿𝑠)𝑄𝛥𝑑𝛥𝑠

𝐷𝜖𝑡 + ∑ 𝛽𝑖𝑥𝑡
𝑖𝑛

𝑖=1
              Eq.  1 



Where p, P, q, Q, d and D are the non-seasonal and seasonal AR, MA and differencing orders, 

respectively, while L is lag operator and β is a constant. 

The statsmodel python library function SARIMAX is used to fit and forecast our timeseries 

data with the configuration in Table 3 

Table 3 SARIMAX Parameters 

 

3.2.2. Prophet model: 

The forecasting model used by Prophet, a python package developed by Facebook, is based on 

an additive model and uses decomposable timeseries forecasting model. This model was 

initially built for business forecasting purposes having strong seasonal effects but due to its 

ability to incorporate seasonality, trend, and multivariate features it can be customized for use 

in weather time series forecasting as well. The Prophet model is shown in Eq.2:  

𝑦(𝑡) = 𝑔(𝑡) + 𝑠(𝑡) + ℎ(𝑡) + 𝜀t                                                                                                                                  Eq.2 

In the above equation 𝑔(𝑡), 𝑠(𝑡) and ℎ(𝑡) are the trend, seasonality, and holidays function 

respectively. The term 𝜀t represents characteristic changes at time-step ‘t’, that are not 

accommodated by the model. Since, solar irradiance by any type of holidays, so, ℎ(𝑡)  function 

is not used.  

The Prophet forecasting model uses Analyst-in-the-loop model shown in Figure 6, because 

often analysts have domain knowledge about the variable being forecasted but have little 

statistical knowledge and there are there are several places in the model specifications where 

analysts can apply their expertise and external knowledge without requiring deep 

understanding of the underlying statistics. 

PARAMETERS p P q Q d D s 

VALUES 0 0 1 0 0 0 1 



 

Figure 8: Analyst-in-the-loop model 

 

3.2.3. ANN without time series: 

An artificial neural network (ANN) is a system in Machine Learning built to mimic on the way 

the human brain analyzes and processes information, having self-learning capability to solve 

problems that would, otherwise, be impossible or difficult by human or statistical standards 

and depends on data experiences to learn and predict results as humans do. 

ANNs consist of three main units namely Input Layer, Hidden Layers and Output Layer. The 

hidden layer is where the learning and processing happens. The hidden layer consists of 

neurons that are the base processing units of each layer. The hidden layers take data from the 

input layer and learns depending on the type of learning method chosen for each hidden layer 

and forwards the result to the output layer. A simple architecture of Artificial Neural Networks 

is given in Figure 7. 

 



 

Figure 9: Artificial Neural Network 

The ANN configuration used in this study to perform time series forecasting of CPI. 

4. Results: 

This section discusses the results generated by the different iterations of models.  

4.1.1. SARIMAX MODEL: 

Four different iterations were used for the Sarimax where different moving average and 

autoregressive parameters were used in order to see the impact of it. 

 

Figure 10: Actual and Forecast Results, MA = 4 , AR = 4 

INPUT LAYER HIDDEN LAYER OUTPUT LAYER 



  

Figure 11: Actual and Forecast Results, MA = 8 , AR = 4 

  

Figure 12: Actual and Forecast Results, MA = 2 , AR = 1 

 

Figure 13: Actual and Forecast Results, MA = 1 , AR = 1 

4.1.2. Prophet: 

 

Figure 14: Actual and Forecast results, Prophet additive Model 



4.1.3. ANN: 

 

Figure 15: ANN results with 3 connected layers of 10 neurons 

 

Table 4: Comparison 

Model R2 RMSE MSE MAE 

SARIMAX 0.87 0.26 0.07 0.23 

Prophet 

(Additive model) 

-14.30 9.60 92.26 9.40 

ANN 0.13 4.69 42.66 4.30 

 

5. Conclusion and Future Work: 

We were able to identify variables affecting the inflation Pakistan and created exogenous 

models. Statistical model Sarimax performed better than prophet and ANN. While ANN 

appear to perform good given the size of the data. Machine learning model will be able to 

perform better with increased number of records and better processed features.  

More features can be identified to verify their behavior on inflation metric. LSTM, CNN or 

Deep NN can be used to identify rich patterns of variables with the target variable.   
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