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CHAPTER SIX 

UNIT ROOT TEST OF MONEY SUPPLY AND PRICE 

LEVEL 

6.1   Introduction 

In order to develop models for time series data, it is necessary to identify whether the 

data is stationary or not. Only those series are called stationary, which are assumed to 

be invariant with respect to time. If the time series data change over time, the series 

are taken as non-stationary data. A stationary time series has three basic properties 

(Baral, 2007). 

(a) A stationary series fluctuates around a constant long run mean. 

                𝐸 𝑌 𝑡  is independent of 𝑡.  

           Or, 

      𝐸 𝑌 𝑡  = E [Yt- s] =                                                                                             (6.1) 

(b) It has a finite variance.    

          E (Yt - )
2
 = E(Yt-s - )

2
 = y

2                                                                                                            
 (6.2) 

          [var(Yt)=var(Yt-s)= y
2
]

 
                       

          Var(Yt) is a finite, positive constant and independent of t. 

(c) Cov [Yt,Ys] is a finite function of t-s, but not of t or s. 

           E [(Yt - )(Yt-s - )] = E[(Yt-j - )(Yt-j-s - )] = s 

       [Cov(Yt, Yt-s )=Cov(Yt-j, Yt-j-s )]                                                                         (6.3)  

where , 𝜍𝑦
2and all 𝛾𝑠  are constants. That is, the mean, variance and co-variance are 

invariant to the time origin. 

Testing for stationarity can be performed with the help of unit root test and/or 

correlogram. This chapter is first devoted to unit root test employing various 

techniques. The correlogram technique does not represent of well identification of 

stationarity. It gives only the roughly idea regarding the stationarity. So, we have not 
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employed the correlogram technique for stationarity in this chapter. However, the 

graphical plot of the stationary and non-stationary series has included in Annex. 

6.2 Unit Root Test         

Suppose we have a series {Yt} that can be generated by an AR (1) process, say  

        𝑌𝑡 = 𝑌𝑡  𝛼 + 𝜌𝑌𝑡−1 + 휀𝑡                                                                                       (6.4)  

Where || < 1 and 휀𝑡  is white noise error term. The parameter in equation (6.4) can be 

computed by OLS regression. The estimator is claimed to be efficient and robust, and 

the series becomes stationary because || < 1. If the value of  = 1, the series {𝑌𝑡} is 

non-stationary. That is, if the coefficient of 𝑌𝑡−1 is equal to one, we face with unit root 

problem. Hence, the unit root null hypothesis is: Ho =  =1 

 While testing the null hypothesis of unit root, we use the following equation- 

∆𝑌𝑡=𝛼𝜌𝑌𝑡−1+휀𝑡                                                                                                                (6.5) 

Where,  =  − 1, 𝑌𝑡  - first difference of the series 𝑌𝑡  . The null hypothesis of unit root is, 

𝐻0=  =0. If ‗‘ is in fact zero, we can write equation (6.5) as 

∆𝑌𝑡= 𝑌𝑡 − 𝑌𝑡−1 +휀𝑡                                                                                                                 (6.6) 

Time series data, which we often use in practice for economic modeling, almost have 

a unit root at level and such series are known as non-stationary time series. They are 

also called random walk time series. If the series have the characteristics of non-

stationarity or random walk at level, then we have to find its successive differences to 

obtain the stationarity of the series. For meaningful OLS regression, the series must 

be stationary. OLS regression with non-stationary series generates spurious regression 

results. That is why, the econometric models are developed using only the stationary 

time series. 

6.2.1 Augmented Dickey-Fuller (ADF) Unit Root Test 

The Augmented Dickey Fuller (ADF) is the renowned test that has been developed to 

check the unit root of univariate time series. In order to test for the existence of unit 

roots, and to determine the degree of differencing necessary to induce stationarity, we 
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have applied the augmented Dickey-Fuller test. Dickey and Fuller (1976, 1979), Said 

and Dickey (1984), Phillips (1987), Phillips and Perron (1988), and others developed 

modifications of the Dickey-Fuller tests where 휀𝑡   is not white noise. These tests are 

called ―augmented‖ Dickey-Fuller (ADF) tests.  The results of the augmented Dickey-

Fuller test (ADF) determine the form in which the data should be used in any 

subsequent econometric analyses.  The estimable equation for ADF unit root test is 

given by: 

ttjtj

p

j
tt YYY   




1
1                                                                             (6.7) 

Where, 𝑌𝑡  follows an AR (k) process. In the literature it is known as Augmented 

Dickey-Fuller (ADF) test. In equation (6.7), the constant term   is said to be drift 

term. In the equation, the notation t  denotes the time trend, and p  is the lag length of 

the time series and 휀𝑡  is defined as white noise error term.  For the analysis of 

deterministic trend in the time series, we can use the Likelihood Ratio test 

recommended by Dickey and Fuller (1981). Additionally, we can follow the test 

sequence recommended by Patterson (2000) with following estimable equations. 

ttjtj

p

j
tt YYY   




1
1                                                                             (6.8) 
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1                                                                                 (6.10) 

0:,0:, 0   aHH  

Equation (6.8) is related to ADF test with constant as exogenous, equation (6.9) is 

based on constant and linear trend as exogenous and ADF test with no exogenous is 

presented in equation (6.10).  
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The ADF unit root test has the null hypothesis: 𝐻0: 𝑌𝑡  has unit root. If the computed 

value of t-statistic is not significant, there is no evidence of rejecting the null 

hypothesis, that is, the variable 𝑌𝑡  has unit root; which confirming the variable 𝑌𝑡  as 

non-stationary. Contrary to this, if the computed t-statistic is significant after 

transforming the variable into first/second difference, the null hypothesis is rejected 

and we accept the alternative hypothesis that the variable 𝑑𝑌𝑡/𝑑
2𝑌𝑡  has no unit root 

implying that 𝑑𝑌𝑡/𝑑
2𝑌𝑡  is a stationary series, appropriate to employ in OLS 

regression. Table-6.1 presents the results from ADF Unit Root test taking ‗Constant‘ 

as exogenous variable. 

Table- 6.1: Augmented Dickey Fuller Unit Root Test on Variables 

Exogenous: Constant                        Null Hypothesis: The variable has a unit root              

                                                                                               [Sample: - 1976Q1   - 2012Q2] 

Varia

ble 

ADF test 

statistic 

Prob
*
 

value 

Lag 

length 

Test    critical    values 

1% 5% 10% 

𝑙𝑛𝐶𝑃𝐼 -1.0482 0.7347 8 -3.4778 -2.8822 -2.5779 

𝑑𝑙𝑛𝐶𝑃𝐼 -3.2268 0.0205 7 -3.4778 -2.8822 -2.5779 

𝑙𝑛𝑀1 -0.1451 0.9412 4 -3.4789 -2.8827 -2.5781 

𝑑𝑙𝑛𝑀1 -4.4395 0.0004 3 -3.4789 -2.8827 -2.5781 

𝑙𝑛𝑀2 -0.9026 0.7782 5 -3.4771 -2.8819 -2.5777 

𝑑𝑙𝑛𝑀2 -6.3229 0.0000 5 -3.4771 -2.8819 -2.5777 

Exogenous: Constant, Linear trend 

𝑙𝑛𝐶𝑃𝐼 2.8091 0.9988 4 -2.5812 -1.9430 -1.6152 

𝑑𝑙𝑛𝐶𝑃𝐼 -4.0863 0.0001 2 -2.5811 -1.9493   -1.6152 

𝑙𝑛𝑀1 -8.9028 0.000 2 -2.6240 -1.9493  -1.6112 

𝑑𝑙𝑛𝑀1 10.5434 1.0000 0 -2.6185 -1.9484  -1.6121 

𝑙𝑛𝑀2 -0.3553 0.5501 5 -2.6272 -1.9498  -1.6114 

𝑑𝑙𝑛𝑀2 -5.2730 0.0000 4 -2.6272 -1.9498  -1.6114 
*MacKinnon (1996) One-sided P-values                                 ** Automatic based on SIC 

From Table-6.1 it is observed that all the variables: 𝑙𝑛𝐶𝑃𝐼, 𝑙𝑛𝑀1 and 𝑙𝑛𝑀2 are 

suffering from unit root at level forms in all distinct cases such as exogenous- 

constant, exogenous- constant and linear trend and exogenous-none, because the 

absolute value of ADF test statistics are less than the critical values. The null 

hypothesis ‗variable has unit root‘ cannot be rejected even at 10 percent level of 

𝑙𝑛𝐶𝑃𝐼 -1.5529 0.8063 8 -4.0254 -3.4424 -3.1458 

𝑑𝑙𝑛𝐶𝑃𝐼 -3.3350 0.0649 7 -4.0254 -3.4424 -3.1458 

𝑙𝑛𝑀1 -4.2602 0.5527 8 -4.0264 -3.4429 -3.1461 

𝑑𝑙𝑛𝑀1 -6.4721 0.0048 5 -4.0254 -3.4424 -3.1458 

𝑙𝑛𝑀2 -2.0226 0.5836 4 -4.0244 -3.4420 -3.1456 

𝑑𝑙𝑛𝑀2 -3.8653 0.0160 4 -4.0249 -3.4422 -3.1457 

Exogenous: None 
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significance indicating that all variables have unit root at level form, which means 

these variables are non-stationary at level forms. 

However, while taking the first difference of all variables and testing the ADF unit 

root, there is no evidence of accepting the null hypothesis because the absolute value 

of ADF-statistics are found to be more than the critical values in three distinct cases: 

exogenous- constant, exogenous- constant and linear trend and exogenous-none. The 

null hypothesis that ‗the variable has unit root‘ is strongly rejected under all cases as 

the variables are transformed in to the first difference. Thus, the variables under study 

are identified stationary at first difference. 

Hence, the ADF unit root test implies that our variables under analysis are non-

stationary at level forms and they are stationary at first difference. 

6.2.2 Dickey-Fuller-GLS Unit Root Test 

The DF-GLS unit root test, elaborated by Elliott, Rothenberg and Stock, based on the t-test 

of the hypothesis 𝐻0 = 0 in the regression equation, 

𝑑𝑌𝑡
𝑑 = 𝑎0𝑑𝑌𝑡

𝑑 + 𝑎1𝑑𝑌𝑡−1
𝑑 + ⋯+ 𝑎𝑝𝑑𝑌𝑡−𝑝

𝑑 + 휀𝑡                                                         (6.11)           

Where, 𝑌𝑡
𝑑  is the locally de-trended series𝑌𝑡 . The local de-trending depends on 

whether we consider a model with drift only or a linear trend (Maddala, 2002:550). 

The latter case is based on the following equation,  

𝑌𝑡
𝑑 = 𝑌𝑡 − 𝛽0 − 𝛽1𝑇                                                                                                   (6.12) 

The DF-GLS Unit root test has been performed on the basis two equations (equations 6.13 & 

6.14) 

 DF-GLS unit root test without time trends (a model with drift only) 

𝑌𝑡
𝜇

= 𝛼𝑌𝑡−1
𝜇

+  𝜑𝑖
𝑘
𝑖=1 𝑑𝑌𝑡−𝑖

𝑡 + 휀𝑡                                                                               (6.13) 

DF-GLS unit root test with time trends (a model with linear trend) 

𝑌𝑡
𝜏 = 𝛼𝑌𝑡−1

𝜇
+  𝜑𝑖

𝑘
𝑖=1 𝑑𝑌𝑡−𝑖

𝜏 + 휀𝑡                                                                                (6.14) 

Where 𝑌𝑡
𝜏  

is the GLS de-trended real output (and other variables). For the DF-GLS 

test with SIC lag selection, there are no additional unit root rejections.  
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The results of the DF-GLS unit root test (Table- 6.2) also illustrates the same 

conclusion as ADF test when constant and linear trend are taken as exogenous. This 

mean the null hypothesis of a unit root is rejected when the variables are in first 

differences. Again, conclusions that the variables are non stationary at level form 

and stationary at first differences have been drawn on the basis of second case also 

(i.e. exogenous- constant and linear trend) in DF-GLS unit root test. 

Table 6.2: Dickey-Fuller-GLS Unit Root Test on Variables 

Exogenous: Constant                    Null Hypothesis: The variable has a unit root 

Variable 

ERS DF-

GLS test 

statistic 

Lag 

length 

Test    critical    values
*
 

1% 5% 10% 

𝑙𝑛𝐶𝑃𝐼 0.9319 4 -2.5812 -1.9430 -1.6152 

𝑑𝑙𝑛𝐶𝑃𝐼 -2.6052 2 -2.5811 -1.9430 -1.6152 

𝑙𝑛𝑀1 1.0506 4 -2.5814 -1.9431 -1.6152 

𝑑𝑙𝑛𝑀1 -2.6813 3 -2.5814 -1.9431 -1.6152 

𝑙𝑛𝑀2 1.3662 4 -2.5814 -1.9431 -1.6152 

𝑑𝑙𝑛𝑀2 -3.2825 1 -2.5812 -1.9430 -1.6152 
                                                            * Mackinnon (1996) 

Exogenous: Constant, Linear trend                   

Variable 

ERS DF-

GLS test 

statistic 

Lag 

length 

Test    critical    values
*
 

1% 5% 10% 

𝑙𝑛𝐶𝑃𝐼 -2.1690 4 -2.5284    -2.9870     -2.6970 

𝑑𝑙𝑛𝐶𝑃𝐼 -8.9131 0 -2.5248 -2.9840         -2.6940 

𝑙𝑛𝑀1 -1.5988 4 -3.5308   -2.9890 -2.6990 

𝑑𝑙𝑛𝑀1 -3.9256 3 -3.5308   -2.9890 -2.6990 

𝑙𝑛𝑀2 -1.7189 4 -3.5308   -2.9890 -2.6990 

𝑑𝑙𝑛𝑀2 -3.5484 2 -3.5296 -2.9890         -2.6980 

From Table-6.2, it is observed that all the variables: 𝑙𝑛𝐶𝑃𝐼, 𝑙𝑛𝑀1 and 𝑙𝑛𝑀2 suffer 

from unit root at level forms under both cases, that is, constant as exogenous and 

constant and linear trend as exogenous because the DF-GLS test statistics in absolute 

form for all variables are less than the critical values at 1%, 5% and 10% level. The 

null hypothesis cannot be rejected even at 10% level of significance representing that 

these variables are non-stationary at level forms. However, the variables 𝑙𝑛𝐶𝑃𝐼, 𝑙𝑛𝑀1 

and 𝑙𝑛𝑀2 do not contain the unit roots at their first differences in both cases: constant 

as exogenous and constant and linear trend as exogenous, because the null hypothesis 

is strongly rejected at 1% level of significance for all variables under study. This 
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clearly indicates that the variable under study, 𝑙𝑛𝐶𝑃𝐼, 𝑙𝑛𝑀1 and 𝑙𝑛𝑀2 are stationary at 

first differences. 

6.2.3 Phillips-Perron Unit Root Test 

The Phillips-Perron unit root test does not reject the null hypothesis ―variable has a 

unit root‖ on variables when they are in level as reported by Phillips-Perron test 

statistic and probability value (Table-6.3). The hypothesis is rejected when the 

variables are in first differences. Hence it can be concluded that the variables are 

stationary when they are in first differences and non-stationary at level in all cases of 

exogeneity.  

Table 6.3: Phillips-Perron Unit Root Test on Variables 

     Exogenous: Constant                                Null Hypothesis: The variable has a unit root 

Variable Phillips-Perron 

test statistic 

Prob
*
 

value 

Band
**

    

-width 

Test    critical    values 

   1%                     5%              10% 

𝑙𝑛𝐶𝑃𝐼 -0.3815 0.9081 10 -3.4751            -2.8811        -2.5772 

𝑑𝑙𝑛𝐶𝑃𝐼 -12.4618 0.0000 10 -3.4755            -2.8812         -2.5773 

𝑙𝑛𝑀1 -0.9856 0.7575 12 -3.4758            -2.8814         -2.5774 

𝑑𝑙𝑛𝑀1 -12.9296 0.0000 12 -3.4761            -2.8815         -2.5775 

𝑙𝑛𝑀2 -0.3051 0.9201 7 -3.4758            -2.8814         -2.5774 

𝑑𝑙𝑛𝑀2 -11.1193 0.0000 7 -3.4761            -2.8815         -2.5775 

   Exogenous: Constant, Linear trend                              

𝑙𝑛𝐶𝑃𝐼 -1.4234 0.8503 10 -4.0216           -3.4406        -3.1448 

𝑑𝑙𝑛𝐶𝑃𝐼 -12.4595 0.0000 10 -4.0221           -3.4408        -3.1449 

𝑙𝑛𝑀1 -2.1304 0.5242 11 -4.0225           -3.4411         -3.1450 

𝑑𝑙𝑛𝑀1 -13.0028 0.0000 12 -4.0230           -3.4413         -3.1452 

𝑙𝑛𝑀2 -1.9732 0.6106 8 -4.0225           -3.4411         -3.1450 

𝑑𝑙𝑛𝑀2 -11.0784 0.0000 7 -4.0230           -3.4413         -3.1452 

   Exogenous: None 

𝑙𝑛𝐶𝑃𝐼 7.6558 1.0000 10 -2.5807           -1.9430        -1.6152 

𝑑𝑙𝑛𝐶𝑃𝐼 -10.1560 0.0000 10 -2.5808           -1.9430        -1.6152 

𝑙𝑛𝑀1 10.9693 1.0000 12 -2.5810           -1.9430        -1.6152 

𝑑𝑙𝑛𝑀1 -9.6141 0.0000 11 -2.5811           -1.9430        -1.6152 

𝑙𝑛𝑀2 12.6531 1.0000 8 -2.5810           -1.9430        -1.6152 

𝑑𝑙𝑛𝑀2 -5.9605 0.0000 9 -2.5811           -1.9430        -1.6152 
    * MacKinnon (1996) One-sided P-values                                                        **Newey-West using Bartlett kernel                                                                                                                    

 

 6.2.4 KPSS Unit Root Test 

To circumvent the limitation that ADF test always has a low power, Kwiatkowski, 

Phillips, Schmidt, and Shin (1992) proposed an alternative test which 𝑌𝑡  is assumed to 
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be stationary under the null. The KPSS test is a Lagrange multiplier test and the test 

statistic can be computed by firstly regressing the dependent variable 𝑌𝑡  on a constant 

or a constant and a time trend t. And then save the OLS residuals 휀𝑡 and compute the 

partial sums St =  휀𝑠
𝑡
𝑠=1  for all t. Further the test statistic is given by (Verbeek 

2004)
24

. 

𝐾𝑃𝑆𝑆 𝐿𝑀 =  
𝑆𝑡

2

𝜍 𝑡
2

𝑇
𝑖=1                                                                                                             (6.15) 

Where, 𝑆𝑡 =  휀𝑠
𝑡
𝑠=1  and 𝜍 𝑡

2 is the estimated error variance from the regression. 

𝑌𝑡 = 𝛼 + 𝛽𝑡 + 휀𝑡                                                                                                                  (6.16) 

For the conclusion to be robust, we use the unit root test and the stationary test jointly. 

The results of these two tests can be compared and see if the same conclusion is 

obtained. If the contradictive results are reached based on both ADF and KPSS tests, 

KPSS test is preferred due to the drawbacks of ADF tests. 

Kwiatkowski-Phillips-Schmidt-Shin
 
(KPSS) unit root test (Table-6.4) on variables 

does not support the null hypothesis that the variable is stationary when the variables 

are in level form. However, the null hypothesis that the variable is stationary is not 

rejected in both cases (constant as exogenous and constant and linear trend) when the 

variables are in first difference. Thus, the KPSS unit root test verifies that all the 

variables under study are non-stationary at level forms and these variables are 

stationary at their first differences. 

                            

 

 

 

 

 

 

 

                                                           
24

 Verbeek, M. (2004). A guide to modern econometrics. Rotterdam, Johan Wiley& Sons. 
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Table- 6.4: KPSS Unit Root Test on Variables 

           Exogenous: Constant                        Null Hypothesis: The variable is stationary 

Variable 

KPSS test 

statistic (LM-

stat.) 

Band 

width
**

 

Residual 

variance 

(no correction) 

HAC 

Corrected Variance 

(Bartlett kernel) 

𝑙𝑛𝐶𝑃𝐼 1.4376 10 0.8041 8.1967 

𝑑𝑙𝑛𝐶𝑃𝐼 0.1436 10 0.0006 0.0005 

𝑙𝑛𝑀1 1.4338 10 2.3603 23.9967 

𝑑𝑙𝑛𝑀1 0.1623 12 0.0019 0.009 

𝑙𝑛𝑀2 1.4376 10 3.0911 31.2658 

𝑑𝑙𝑛𝑀2 0.1301 7 0.0009 0.0011 

Asymptotic critical Values
*
               1%                  5%                   10%   

                                                                   0.7390             0.4630               0.3470       

           Exogenous: Constant, Linear Trend                                       

𝑙𝑛𝐶𝑃𝐼 0.3062 10    0.0116 0.1157 

𝑑𝑙𝑛𝐶𝑃𝐼 0.1257 10 0.0006 0.0005 

𝑙𝑛𝑀1 0.2676 10 0.0131 0.1234 

𝑑𝑙𝑛𝑀1 0.0718 12 0.0019 0.0008 

𝑙𝑛𝑀2 0.2286 10 0.0138 0.1287 

𝑑𝑙𝑛𝑀2 0.1197 7 0.0009 0.0011 

Asymptotic critical Values
*
      1%            5%                10% 

                                                            0.216000     0.146000       0.119000 
                *Kwiatkowski-Phillips-Schmidt-Shin (1992, Table-1) 

                
**Newey-West using Bartlett kernel

 

6.2.5 ERS Point-Optimal Unit Root Test           

Elliott et al. (1996) (ERS
25

, thereafter) developed a unit root test based on a quasi-

difference detrending of the series in order to increase power of Dickey-Fuller (1979, 

1981) tests. They suggest the Dickey-Fuller Generalized Least Squares (DF-GLS) 

test using the following regression. 

𝑑𝑌 𝑡 = 𝛽0𝑌 𝑡−1 +  𝛽𝑗
𝑘
𝑗=1 𝑑𝑌 𝑡−𝑗+휀𝑡                                                                               (6.17) 

 where, 𝑌 𝑡  is the locally detrended series 𝑌𝑡 . The DF-GLS t-test is performed by 

testing the null hypothesis 𝛽0 = 0 against the alternative 𝛽1 < 0. The local 

                                                           
25

 Elliott, G., Rothenberg, T.J., Stock, J.H. (1996). Efficient tests for an autoregressive unit root. 
Econometrica 64, 813-836. 
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detrending series is defined by 

𝑌 𝑡 = 𝑌𝑡 − 𝜓 𝑍𝑡                                                                                                                     (6.18) 

Where 𝑍𝑡  equals to 1 for the constant mean case, and (1; t) for the linear trend case, 

and 𝜓  is the GLS estimator obtained by regressing 𝑌  on 𝑍  where 

𝑌 =  Y1 ,  1 − α B Y2 ,… ,  1 − α B YT ′                                                                             (6.19) 

𝑍 =  Z1 ,  1 − α B Z2 ,… ,  1 − α B ZT ′                                                                            (6.20) 

and α  =1 + 𝑐 
𝑇  . They also consider a point optimal test of the unit root null 

hypothesis 𝛼 = 1 against the alternative  𝛼 = α   given by 

𝑃𝑇 =   α  − α  1  /𝑆𝑎𝑟
2                                                                                          (6.21) 

where 𝑆 𝑎  is given by  𝑌𝑎 − 𝑍𝑎𝜓
′ ′   𝑌𝑎 − 𝑍𝑎𝜓  and 𝑆𝑎𝑟  is the autoregressive spectral 

density estimator of the long-term variance. The value of 𝑐  is chosen such that the 

asymptotic power of test is 50% against the local alternative α  =1 + 𝑐 
𝑇  . ERS 

advise 𝑐 = −7 for the constant mean case. 

Table-6.5 portrays the results from ERS Point-Optimal unit root test under two 

cases: constant as exogenous and constant and linear trend as exogenous. The ERS 

statistics for all variables under both cases of exogeneity are found to be greater than 

the test critical values when the variables are in level forms. This clearly indicates 

that the null hypothesis ‗variable has unit root‘ cannot be rejected even at 10% level 

of significance. It means all variables are non-stationary at level forms under both 

cases of exogeneity. However, the ERS statistics for all variables under both 

conditions of exogeneity are found to be less than the test critical values when the 

variables are first differenced. The null hypothesis is strongly rejected for all 

variables under both cases implying that all the variables are stationary at first 

difference. 
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Table 6.5: ERS Point-Optimal Unit Roots Test on Variables 

        Exogenous: Constant                             Null Hypothesis: The variable has a unit root 

Variable ERS test 

statistic (P-

statistic) 

HAC  Corrected 

Variance(Spectral 

OLS 

auto regression) 

 

Lag 

length 

Test    critical    values 

       1%                  5%                 10% 

𝑙𝑛𝐶𝑃𝐼 1366.045 0.000818 4 1.9308         3.1388         4.2468 

𝑑𝑙𝑛𝐶𝑃𝐼 0.72612 0.001035 1 1.9312         3.1382         4.2452 

𝑙𝑛𝑀1 3588.13 0.001002 4 1.9316         3.1376        4.2436 

𝑑𝑙𝑛𝑀1 0.07274 0.010629 1 1.9320         3.1370        4.2420 

𝑙𝑛𝑀2 3231.21 0.001509 4 1.9316         3.1376        4.2436 

𝑑𝑙𝑛𝑀2 1.1939 0.001542 1 1.9320         3.1370        4.2420 

Exogenous: Constant, Linear trend 

*Elliott-Rothenberg-Stock (1996, Table 1)                                                    ** Spectral OLS AR based on SIC  

6.2.6 Ng-Perron Modified Unit Root Test 

Ng-Perron modified unit root test has been recently introduced in Econometrics in 

2001. Ng-Perron unit root test is the modified form of Phillips-Perron Phillips and 

Perron (1988) Z  and tZ  statistics, the Bhargava (1986) 1R  statistic, and the Elliot, 

Rothenberg and Stock (1996) Point Optimal statistic based on GLS detrended data d

tY

. 22
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1 /)( TY
T

t

d

t


                      (6.22) 

And. the GLS-detrended modified statistics are written as 
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       (6.23) 

𝑙𝑛𝐶𝑃𝐼 15.0182 0.000973 4 4.1592         5.6496         6.8236 

𝑑𝑙𝑛𝐶𝑃𝐼 1.3989 0.001033 1 4.1613         8.6494         6.8229 

𝑙𝑛𝑀1 17.0632 0.001178 4 4.1634         5.6492        6.8222 

𝑑𝑙𝑛𝑀1 0.2339 0.010744 1 4.1655         5.6490        6.8215 

𝑙𝑛𝑀2 12.6774 0.001882 4 4.1634         5.6492        6.8222 

𝑑𝑙𝑛𝑀2 1.5831 0.001543 1 4.1655         5.6490        6.8215 
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where  
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xif
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t
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,15.13
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                                                         (6.24) 

Table-6.6 displays the results from NG-Perron Modified unit root test based on MZa, 

MZt, MSB and MPT test statistics for the variables under study. From this table-6.6 it 

is observed that 

(a) MZa statistics for all variables at level form under both cases of exogeneity 

are not significant at any level. 

(b) The MZt statistics for all variables at level form under both cases of 

exogeneity are not significant at any level. 

(c) MSB and MPT statistics for all variables at level form under both cases of 

exogeneity are also not significant at any level. 

(d) MZa, MZt, MSB and MPT statistics testify that the variables under study at 

level form under both conditions of exogeneity are suffering from unit root; 

and hence, all the variables are non-stationary at level form under both of the 

conditions of exogeneity. 

(e) However, all the variables under study under both of the conditions of 

exogeneity are found to be stationary as reported by MZa, MZt, MSB and 

MPT statistics. 

It is, therefore, the NG-Perron Modified Unit Root test confirms that all the variables 

at level form are non-stationary and these are stationary at their first difference. Not 

only this, all six tests of unit root confirm that the variables under study such as 

𝑙𝑛𝐶𝑃𝐼, 𝑙𝑛𝑀1 and 𝑙𝑛𝑀2 are stationary at their first differences. These variables are 

integrated of order 1 and can be denoted as 𝐼 1 .  So for robust regression, these 𝐼 1  

variables can be used except Johansen‘s Cointegration test and Vector Error 

Correction Modeling, it is because the Eviews econometric software automatically 

transforms the series in to stationary if the series are 𝐼 1 . It means, the Eviews 

requires 𝐼 1  series for computing cointegration and VECM. 
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Table 6.6: Ng-Perron Modified Unit Root Test on Variables 

          Exogenous: Constant                          Null Hypothesis: The variable has a unit root 

Variable 
Lag 

length
*
 

                          Ng-Perron test statistics 

 

HAC 

corrected 

variance MZa MZt MSB MPT 

𝑙𝑛𝐶𝑃𝐼 4 1.1166 1.0315 0.9238 62.0204 0.0146 

𝑑𝑙𝑛𝐶𝑃𝐼 2 -12.1024 -2.4547 0.2028    2.0450 0.0003 

𝑙𝑛𝑀1 4 1.21006 1.2110 1.0008     72.8856 0.0397 

𝑑𝑙𝑛𝑀1 2 -56.1437 -5.2951 0.0943   0.4441 0.0001 

𝑙𝑛𝑀2 4 1.5366 1.9672 1.2802      122.279 0.0321 

𝑑𝑙𝑛𝑀2 1 -18.8276 -3.0234 0.1605      1.4647 0.0009 
Asymptotic 

Critical 

Values 

1% -13.8 -2.58 0.174     1.78  

5% -8.1 -1.98 0.23     3.17 

10% -5.7 -1.62 0.275     4.45 

         Exogenous: Constant, Linear Trend                                    

Variable 
Lag 

length
*
 

                          Ng-Perron test statistics 

 

HAC 

corrected 

variance MZa MZt MSB MPT 

𝑙𝑛𝐶𝑃𝐼 4 -6.5517 -1.7994   0.2746 13.9142 0.001063 

𝑑𝑙𝑛𝐶𝑃𝐼 2 -66.7914 -5.76701 0.08624        1.4489 0.000906 

𝑙𝑛𝑀1 4 -5.8886 -1.6801 0.28532 15.4303 0.001262 

𝑑𝑙𝑛𝑀1 1 -351.902 -13.2645 0.03769      0.25926 0.009760 

𝑙𝑛𝑀2 4 -2.77062 -1.16315 0.41982         32.4575 0.000699 

𝑑𝑙𝑛𝑀2 0 -548721 -5.23572 0.09542 1.6715 0.001282 

Asymptotic 

Critical 

Values 

1% -23.8 -3.42   0.143 4.03  

5% -17.3 -2.91   0.168 5.48 

10% -14.2 -2.62   0.185 6.67 

6.3 Conclusion of Chapter Six 

Following conclusions are drawn from Chapter Six. 

 The price level transformed in logarithmic form (𝐿𝑛𝐶𝑃𝐼) is non-stationary at 

level form. However, it is stationary at first difference as indicated by various 

unit root test such as ADF unit root test, DF-GLS unit root test, PP unit root 

test, KPSS unit root test, ERS point optimal unit root test and Ng-Perron 

modified unit root test. 

 Both money supply (M1 and M2) in logarithmic form (𝐿𝑛𝑀1  and 𝐿𝑛𝑀2) are 

non-stationary at level. However, these variables are stationary at first 

difference as confirmed by different unit root tests mentioned above. 

 


