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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Nature and Source of Data 

The present study is associated with the utilization of secondary data on Money 

Supply and Price Level for the economy of Nepal. The data of concerned variables 

are taken from various issues of Economic Bulletin of Nepal Rastra Bank. Quarterly 

data on money supply and price level ranging from 1976Q1 to 2012Q2, a total of 143 

periods have been used in the present study. The present study has employed the data 

sets of money supply and price level transformed in logarithmic form to minimize the 

problem of heteroscedasticity. 

Besides, the present study utilizes the quarterly data of Indian wholesale price index 

(WPI) transformed into logarithmic form to examine the impact of Indian inflation on 

Nepalese inflation. The WPIs are taken from Reserve Bank of India (RBI). 

Likewise, the present study utilizes the annual data of remittance
16

 and population 

growth to find the impact of remittance on inflation of Nepal. While analyzing the 

impact of remittance on inflation, the annual data of remittance and inflation as well 

as population growth have been employed. The political instability is taken as dummy 

variable while analyzing the relationship between annual inflation and remittance. 

The data for remittance are taken from Economic Survey of Nepal and data associated 

with population are taken from International Monetary Fund (IMF). 

Finally, the impact of anticipated money supply on price level is also analyzed by 

using the quarterly data of inflation and anticipated money supply. The anticipated 

money supply data are the derived data using the ARIMA structure of money supply. 

 

 

                                                           
16

 Due to the non-availability of quarterly data of remittance, the impact of remittance on Nepalese 

inflation has been analyzed using the annual data of concerned variables. 
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3 .2 Variables and Measures  

Price Level:  price level means the general price level or representative price level. It 

is the Consumer‘s Price Index (CPI) calculated by Nepal Rastra Bank by collecting 

the price of certain commodities from different retail business centers of the country. 

The CPI is constructed taking a certain year as base period using the Laspeyres' 

formula as a weighted arithmetic average. The formula is expressed in statistical 

notation as follows: 

𝐿𝑛0=Q 0Pi-1(Pi/Pi-1) / Q0P0= 
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(3.1) 

Where,  

𝐿𝑛0 = the index number for the period (i) with base period (𝑜) equal to 100.  

(Qo Pi−1) = the index expenditure weights adjusted for price change to the   preceding   

                 period 

( Pi/ Pi−1 ) = the change in price from the preceding period to the current                                                                                                                                                    

                    period  

QoPo = the index expenditure weight 

Money Supply: In Nepal, total money supply consists of narrow money and broad 

money. The narrow money (M1) consists of currency in circulation plus demand 

deposits, whereas broad money (M2) includes M1 plus time deposits or quasi money. 

The data sets of money supply M1, money supply M2 and consumer‘s price index 

(CPI) after transforming logarithmic form are represented by and 

 respectively. Other variables are described in the related chapters and 

sections. 

3.3 Techniques of Data Analysis  

The econometric techniques have been applied to analyze the data as the main 

research methodology in the present study. The econometric techniques used by the 

present study have been briefly explained below. 
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3.3.1 ADF Unit Root Test 

The present study includes the time series data. The time series data generally contain 

unit root. If regressions are run without checking unit root, the results will be 

spurious. So it is necessary to test unit root of the time series data. If the time series 

data contain unit root, the series will be non-stationary series. Our regression needs 

stationary series, and it can be achieved by differencing the series. 

 

There are various methods for unit root test, one of which is the Augmented Dickey 

Fuller (ADF) unit root test. The Dickey-Fuller test was extended by, among many 

other authors, Said and Dickey (1984) to take into account when {𝑌𝑡} follows an AR 

(𝜌) process. In the literature it is known as Augmented Dickey-Fuller (ADF) test. 

Lagged values of 𝑌′𝑠 were introduced in the following equations to take into account 

of the fact that (𝑌𝑡) follows an AR (𝜌) process. Said and Dickey approach yields test 

statistics with the asymptotic critical values as those tabulated by Dickey and Fuller. 

There are three possibilities in ADF unit root tests. 

 

When the time series is flat (i.e. doesn‘t have a trend) and potentially slow-turning 

around zero, use the following test equation:  

                                     (3.2) 

Where  is a pure white noise error term (  and ∆𝑦𝑡−1 = 𝑦𝑡−1 − 𝑦𝑡−2, 

𝑦𝑡−2 = 𝑦𝑡−2 − 𝑦𝑡−3 and so on. ―The number of lagged difference terms to include is 

often determined empirically, the idea being to include enough terms so that the error 

term is serially uncorrelated‖ (Gujrati, 2007, pp. 836). 

where the number of augmenting lags ( ) is determined by minimizing the Schwartz 

Bayesian Information Criterion or minimizing the Akaike Information Criterion or 

lags are to be dropped until the last lag is statistically significant. There are different 

econometric software such as Eviews, Stata and others, allow us all of these options 

for us to choose the suitable lags from the given variable/s under study. Notice that 

this test equation does not have an intercept term or a time trend. What we want to use 

for our test is the t-statistic associated with the ordinary least squares estimate of. This 

is called the Dickey-Fuller t- statistic. The Dickey-Fuller t-statistic does not follow a  
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standard t-distribution as the sampling distribution of this test statistic is skewed to the 

left with a long, left-hand-tail.  

The null hypothesis of the Augmented Dickey-Fuller t-test is:  

 (The data needs to be differenced to make it stationary) 

Versus the alternative hypothesis of 

  (The data is stationary and doesn‘t need to be differenced) 

When the time series is flat and potentially slow-turning around a non-zero value, use 

the following test equation:  

                            (3.3) 

Equation (3.3) has an intercept term in it but no time trend. Again, the number of 

augmenting lags (p) is determined by minimizing the Schwartz Bayesian information 

criterion or minimizing the Akaike information criterion or lags are dropped until the 

last lag is statistically significant. We then use the t-statistic on the  coefficient to 

test whether you need to difference the data to make it stationary or not. Notice the 

test is left-tailed. 

The null hypothesis of the Augmented Dickey-Fuller t-test is:  

 (The data needs to be differenced to make it stationary) 

Versus the alternative hypothesis of 

  (The data is stationary and doesn‘t need to be differenced) 

 When the time series has a trend in it (either up or down) and is potentially slow-

turning around a trend line you would draw through the data, use the following test 

equation:  

                     (3.4) 

Notice that this equation has an intercept term and a time trend. Again, the number of 

augmenting lags (p) is determined by minimizing the Schwartz Bayesian information 

criterion or minimizing the Akaike information criterion or lags are dropped until the 
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last lag is statistically significant. We then use the t-statistic on the θ coefficient to test 

whether we need to difference the data to make it stationary or you need to put a time 

trend in your regression model to correct for the variables deterministic trend. Notice 

the test is left-tailed.  

The null hypothesis of the Augmented Dickey-Fuller t-test is:  

 (The data needs to be differenced to make it stationary) 

Versus the alternative hypothesis of 

  (The data is trend stationary and needs to be analyzed by means of using a    

                     time trend in the regression model instead of differencing the data) 

Sometimes if we have data that is exponentially trending then we might need to take 

the log of the data first before differencing it. In this case in our Dickey-Fuller unit 

root tests we will need to take the differences of the log of the series rather than just 

the differences of the series.  

 3.3.2 Philips-Perron Unit Root Test 

Phillips(1987), Phillips and Perron (1988) generalized the DF tests to situations where 

disturbance processes, εt are serially correlated, other than by augmenting the initial 

regression with lagged dependent variables as in the ADF procedure. PP test is a non-

parametric modification to the standard Dickey-Fuller t-statistic to account for the 

autocorrelation that may be present if the underlying data generation process (DGP) is 

not AR (1). Instead of adding AR terms in the DGP to account for (possible) MA 

terms, they modify the test statistic. However, Schwartz (1989) showed that PP test 

suffers from poor size properties if the MA term is large negative. Thus, ADF and PP 

tests suffer from quite opposite problems. While the ADF test does not suffer from as 

severe size distortions, it is not as powerful as the PP test.  

The PP approach is to add a correction factor to the DF test statistic; suppose the AR 

(1) model is, 

 =  + + εt, [t =1 … T]                                                                       (3.5) 
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With Var(εt)σε
2
. If εt is serially correlated the ADF approach is to add lagged ∆Yt to 

‗whiten‘ the residuals. To illustrate the alternative approach the test statistic T(φ1-1) 

has been considered which is distributed as ρ from the maintained regression with an 

intercept but no time trend. The PP modified version is, 

Zρ = T(φ1-1) –CF                                                                                                    (3.6) 

Where the correction factor CF is 

CF = 0.5(s
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Wsl = 1- s/ (1+l)      and    εt =Yt - -φ1Yt-1  

Y -1 =
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)1/(           (Patterson 2002:264)                                                      (3.10) 

The PP test does not require us to specify the form of the serial correlation of Δyt 

under the null. In addition, the PP test does not require that the ε‘s are conditionally 

homoscedastic (an implicit assumption in the ADF test). If we apply the ADF test and 

have under-specified (p), the AR order, the test will be miss-sized.  If we apply the 

ADF test and over-specify p, the test‘s power will suffer. These problems are avoided 

in the PP test, but if we can correctly specify (p), the PP test will be less powerful than 

the ADF test. Also, the PP test requires a ―bandwidth‖ parameter selection (as part of 

the construction of the Newey-West covariance estimator) that creates finite sample 

problems analogous to those associated the lag length selection issue in applying the 

ADF test. 

3.3.3 Cointegration Test: The Johansen’s Approach 

The present study has employed the Johansen (1988) and Johansen and Juselius 

(1990) technique to find the number of Cointegrating vector. The cointegration test 
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helps to examine the long run equilibrium relationship between money supply (both 

M1 and M2) and price level. This procedure proposes Maximum likelihood (ML) 

estimation and evaluates multiple cointegrating vectors. The Johansen‘s cointegration 

test considers the following equations. 

Let be a vector of N time series, each of which is I(1) variable, with a vector 

autoregressive (VAR) representation of order k, 

tktktt XXX    .....11                                                                              
(3.11) 

Where, i are (N N ) matrices of unknown constants and t is an independently and 

identically distributed (i.e. iid) n-dimensional vector with zero mean and variance 

matrix e
i.e. N (0,e ). The estimable equation for the cointegrating 

relationship is as follows: 

tktktktt XXXX    1111 .......
                                                   

 (3.12) 

Where,  is the first difference operator. 
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In equation (3.12), all terms in except ktX   are in first difference. According to 

Johansen and Juselius (1990) method, the rank of  determines the number of 

cointegrating vectors among the variables in X where   is an (NN) matrix. If 

matrix   is of zero rank, the variables in Xt are said to be integrated of order one or a 

higher order implying the absence of a cointegrating relationship between the 

variables. In this case, the matrix   is null and equation ( ) reduces to a VAR in first 

difference. Similarly, if   is full rank, i.e. Rank ( ) = N, all components of the 

system of equations are I(0) rather than I(1), that is, the variables in the system are 

stationary and the cointegration analysis is irrelevant. If Rank ( ) =1, then there is a 



80 

 

single cointegrating vector and the expression 1tX  is the error correction term 

(ECT). Further, if the rank of   is 1  Rank ( ) (N-1), then there is the cointegrating 

case with the number of linearly independent cointegrating vectors being r = Rank (

). If   is of reduced rank, 0<r<n,   can be expressed as   = ' where  &  are 

(n r) matrices, with r denoting the number of cointegrating vectors. Hence, although 

X t  itself is not stationary, the linear combination given by X' is stationary. 

Johansen and Juselius (1990) propose two likelihood ratio tests for the determination 

of the number of cointegrated vectors. One is the maximum Eigen value test which 

evaluates the null hypothesis that there are at most r cointegrating vectors against the 

alternative of 𝑟 + 1 cointegrating vectors. The maximum Eigen value statistic is given 

by,  

)1ln( 1max  rT 
                                                                                              

(3.13) 

Where, nr  ...1  are the n-r smallest squared canonical correlations and T = the 

number of observations. The second test is based on the trace statistic which tests the 

null hypothesis of r cointegrating vectors against the alternative of r or more 

cointegrating vectors. The statistic is given by, 

)1ln(  itrace T 
                                                                                          

 (3.14) 

In order to apply the Johansen and Juselius procedures, a lag length must be selected 

for the VAR. The lag length is selected on the basis of various criteria like SIC, LR, 

AIC FPE, HQ etc. 

3.3.4 Vector Error Correction (VEC) Models 

A vector error correction (VEC) model is a restricted VAR designed for use with non-

stationary series that are known to be cointegrated. The VEC has cointegration 

relations built into the specification so that it restricts the long-run behavior of the 

endogenous variables to converge to their cointegrating relationships while allowing 

for short-run adjustment dynamics. The cointegration term is known as the error 

correction term since the deviation from long-run equilibrium is corrected gradually 

through a series of partial short-run adjustments. 
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The estimable VEC models are: 

                        (3.15) 

∆𝑙𝑛𝑀𝑡 = 𝛾2 + 𝜌2𝑍1𝑡−1 +  𝛽𝑖(
𝑛
𝑖=1 ∆𝑙𝑛𝐶𝑃𝐼𝑡−1 + ∆𝑙𝑛𝑀𝑡−𝑖) + 𝜖2𝑡                                      (3.16) 

Where, ∆𝐿𝑛𝐶𝑃𝐼𝑡= first difference of CPI in log form 

= first difference of Money Supply (either M1 or M2) in log form 

2211 ,
 tt

ZZ are the first lags of error terms in equation (3.15) & (3.16) respectively and 

21, are intercepts of equation (3.15) & (3.16) respectively.  are the coefficients of 

lagged  in equation (3.15) and are the coefficients of lagged 

in equation (3.16). In the estimation of VEC models, at least one of 1 2,

should be non-zero. 

3.3.5 Granger Causality 

The technique of Granger causality was developed by C.W.J. Granger in 1969. It is 

an econometric method to find the causal relationship between two variables under 

stud. If two variables X and Y are found to be cointegrated, then we can use the 

Granger causality technique to find one way or two way causality. If only X causes Y 

or only Y causes X, then there will be unidirectional causality. But if X causes Y and Y 

also causes X, then there will be bidirectional causality running from X to Y and Y to 

X. 

The models of Granger causality are given by the following equations (3.17) & (3.18). 

∆𝐿𝑛𝐶𝑃𝐼𝑡 =  𝛼𝑖
𝑛
𝑖=1 ∆𝐿𝑛𝑀𝑡−𝑖 +  𝛽𝑗

𝑛
𝑖=1 ∆𝐿𝑛𝐶𝑃𝐼𝑡−𝑗 + 𝑢1𝑡                                         (3.17) 

                                             (3.18) 

Where, ∆𝐿𝑛𝐶𝑃𝐼𝑡  first difference CPI in log form 

∆𝐿𝑛𝑀𝑡= first difference of Money Supply in log form 

Both variables used in equations (3.17) and (3.18) are known to be stationary.  
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3.3.6 Distributed Lags Models 

In order to find the influence of money supply on price level, following OLS 

regression models have been used, where change in price level  is dependent 

variable and change in money supply   with lagged terms are independent 

variables.  

The distributed lag model (Gujrati, 2009, pp 678) for the regression of on 

 has been presented through equation (3.19). 

 +                                                                    (3.19) 

Where,  

𝑑𝐿𝑛𝐶𝑃𝐼𝑡 = Change of CPI in Log form 

= Change of money supply in log form up to lag i = 0,1,2….n (  

 Rate of change of with respect to unlagged & lagged (j =1, 2…n & 

k=1,2) 

  = Residual/ Error term, and 𝛼 stands for constant term. 

Other necessary statistical and econometric methodologies have been analyzed in the 

subsequent chapters and sections. 

 

 

 

 

 

 

 


