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CHAPTER – 3 

DATA AND METHODOLOGY 

 

 

3.1   Nature, Period of Dataset, Transformation and Sources 

The study is based on time series datasets on Rupee-dollar exchange rates and Forward 

premia (1-month, 3-month) for Dollar quoted by RBI. The study involves the use of 

weekly and monthly datasets on exchange rates. Weekly dataset on rupee-dollar 

exchange rates ranges over the period 11th November, 2011 - 27th February, 2015 while 

monthly dataset on rupee-dollar exchange rates covers the period 3rd January, 2011 – 2nd 

November, 2015. Forward Rates have been derived on the basis of the forward premia (in 

annualized percent) quoted by the RBI. RBI Bulletins constitute the main source of these 

time-series datasets. The study uses the logarithmic transformation of the level datasets 

on spot rates and the corresponding quoted one month forward rates such that 

st = log (monthly spot exchange rate) 

st
′ = log (weekly spot exchange rate) 

Ft= log (one-month forward rate corresponding to monthly spot exchange rate) 

Fwt = log (one-month forward rate corresponding to weekly spot exchange rate) 

Et = log (percentage change in daily spot exchange rate) 

It = log (percentage change in daily domestic interest rate) 

The study is based on time series data on domestic term deposit (31 to 90 days) interest 

rate and daily Rupee-dollar exchange rate. Term (31 to 90 days) deposit interest rate 

series has been taken from SBI official sources and daily Rupee-dollar exchange rate 

series has been taken from RBI Bulletins. The datasets range over the period 22nd 

September 2011 to 7th August 2012.   

3.1. A   Determination of Forward Rates from Forward Premium. 

Forward premia  Ft are quoted by the RBI. These forward premia have been used to 

derive corresponding forward rates. The procedure is being described below. 
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The per annum n ‘year’ Premium/Discount of currency i versus currency j is 

Premium/Discount ( i vs. j) = 
Fn(i/j)−s(i/j)

n s (i/j)
  

where Fn(i/j) = n-year forward exchange rate of currency i per unit of currency j.                      

 s(i/j) = spot rate of currency i per unit of currency j 

Therefore, Fn(i/j) =  s(i/j)  [1+ n / Premium /discount (i vs. j)] 

For 1-month, 3-month, 6-month, premium/discount, n = 1/12, 1/4, 1/2, respectively. 

3.1. B   Rationality Behind Log Transformation (Requirement for Jensen’s  

             Inequality) 

Log transformation is needed for satisfying Jensen’s Inequality. 

Let st= rupee/dollar spot exchange rate at time t. 

Therefore, 1/st = dollar/rupee exchange rate. 

Now, st =  
1

( 
1

st
 )

  

It is usually held that 

or, E(st) = 
1

E( 
1

st
 )
 

or, 
1

E(st)
= E( 

1

st
 ) 

This violets Jensen’s Inequality which states that  

             
1

E(X)
≠ E( 

1

X
 ) 

            Herein comes the role of lag-transformation of exchange rate. 

            Now, log( 
1

st
 ) = - log st 

            Then, -E (logst) = E (- logst )  

            or, -E (𝓈t) = E (-𝓈t)       [Since log st = 𝓈t] 

            This satisfies Jensen’s Inequality. Thus the problem is solved through log-transformation. 
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            3.2   METHODOLOGICAL ISSUE 

The study involves ARIMA (p, d, q) estimation of n-period ahead spot rates. The basis of 

such forecast methodology is being stated below. 

3.2.1   Forecast Model Estimation:   

Let the ARIMA (p, d, q) model be for the time series yt 

φ (β) Δd  yt = φ(β) ωt = θ(β) ωt                                      (3.1) 

                                           with φ (β) = 1- φ1 β – φ2 β
2 -.........- φp β

p 

                                           and θ (β) = 1- θ1 β – θ2 β
2 -.........- , θq β

q 

Eqn.(3.1) can be expressed in terms of error term series εt such that  

                         εt = θ-1(β)  φ(β) ωt                                     (3.2) 

                                        where    ωt  =  Δd  yt 

The objective in estimation is to find a set of auto-regressive parameters (φ1, φ2...,φp) and a 

set of moving average parameters (θ1, θ2,....., θq  ) which minimize the sum of squared 

errors 

                                S (φ1,.........., φp, θ1, ............, θq  ) = ε2
t                            (3.3) 

Now let us assume that the error terms (ε1.,....., εt) are all normally distributed and 

independent with mean 0 and variance 2
Є .Then the conditional log-likelihood function 

associated with parameter values (φ1, φ2..., φp, θ1, θ2,....., θq , Є  ) is given by  

L = -T log Є - S(φ1,.........., φp, θ1, ............, θq  )/2 2
Є                   (3.4) 

Here L is the conditional logarithmic likelihood function. Consequently, 

ε1 =ω1 – φ1 ω0 – φ2 ω-1 -..... – φp  ω-p+1 + θ1 ε0 +.....+ θq ε-q+1               (3.5) 

Equation (3.5) shows that the maximum-likelihood estimate of the model’s parameters is 

given by the minimization of the sum of squared residuals. Thus, under the assumption of 

normally distributed errors, the maximum-likelihood estimate is the same as least-square-

estimate. 
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 3.2.2    Minimum Mean-Square-Error Forecasts:    

Optimum forecasts are forecasts with ‘minimum mean-square forecast error’. Thus the 

forecast ŷT(1) will be so chosen that E[e2(1)] = E [{yT+e - ŷT(1)}2] is minimized. This 

forecast is the conditional expectation of yT+1 such that  

                                                   ŷT+1 = E [yT+1/yT, yT-1,....,y1 ]                  (3.6) 

Eqn. (3.6) gives the minimum mean-square-error forecast. 

Eqn. (3.6) can be written as               

φ (β) (1- β)dyt = θ(β) εt                                   (3.7) 

since Δ =1- β. Therefore, 

yt = φ-1 (β)(1- β)-d θ(β) εt = Ψ (β) εt = ∑ Ψj εj=0 t-j       (3.8) 

Eqn. (3.8) expresses the ARIMA model as a purely moving average process of infinite 

order. Then 

yt+1 = Ψ0εT+1 + Ψ1εT+1-1 +................+ Ψ1εT + Ψ1+1εT+1 +..... 

     = Ψ0εT+1 + Ψ1εT+1-1 +................ + Ψ1-1 εT+1 +∑ Ψ1 + j εj=0 t-j        (3.9) 

In eqn. (3.9) the infinite sum has been divided into two parts. The second part begins with 

the term  ΨjεT and thus describing information up to and including time period T. 

However, the forecast ŷT (1) can be based only on information available up to time T. 

Now forecast can be written as a weighted sum of those error terms, εT , εT-1,.....Then the 

desired forecast is 

ŷT (1) = j=o Ψ
*
1+jЄT-j                                                   (3.10) 

where the weights are chosen optimally to minimize the mean square forecast error. Then 

using Eqn. (1.11) and (1.12) we get 

         eT (1) = yT+1 -  ŷT(1) 

= Ψ0εT+1 + Ψ1εT+1-1 +................ + Ψ1-1 εT+1 +j=o (Ψ1+j - Ψ
*
1+j) εT-j           (3.11) 

Since by assumption E (εi, εj) = 0 for i≠j, the mean-square forecast is 
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E [e2
T (1)] = (Ψ2

0 + Ψ2
1+.... + Ψ2

1-1) 
2

Є +j=o (Ψ1+j -   Ψ
*
1+j)

2 2
Є                 (3.12) 

Then this expression is minimized by setting the “optimum” weights Ψ*
1+j equal to true 

weights   Ψ1+j , for j = 0,1,.......In that case optimal forecast  ŷT(1) just becomes the 

conditional expectation of yT+1. Consequently, 

ŷT(1) = (Ψ1+j εT-j ) =E [yT+1/yt,.....y1]      (3.13) 

Eqn. (3.13) provides the basic principle for estimations of forecast from ARIMA models. 

3.2.3   Computation of a Forecast: 

Let the ARIMA (p, d, q) model be 

ωt = φ ωt-1 +.........+ φp ωt-p + εt - θ1 εt-1 -.....- θq εt-q + δ                (3.14) 

                           where yt =
d ωt 

The one period forecast of ωt  is ω̂t (1) . Now from eqn. (3.14) we get 

ωT+1 = φ1 ωT +.........+ φp ωT-p+1 + εt+1 - θ1 εT -.....- θq εT-q + δ        (3.15) 

 Taking conditional expected value of ωT+1 in equation (3.15) we get 

                              ω̂T (1) = E [ωT+1/ ωT,....]  

         = φ1 ωT +.........+ φp ωT-p+1 - θ1  ω̂T -......- θq  ε ̂T-q+1+ δ         (3.16) 

where ω̂T, ω̂T-1 etc. are the observed residuals and the expected value of εT+1 is 0. 

Now using the one-period forecast ω̂T (1), one can obtain two-period forecast, ω̂T (2) such 

that 

                     ω̂T (2) = E [ωT+2/ ωT,....]  

        = φ1 ω̂T (1) + φ2 ωT+.....+ φp ωT-p+2 - θ1  ω̂T -......- θq  ε ̂T-q+2+ δ    (3.17) 

The two-period forecast is then used to produce the three period forecast, and so on until 

the h-period forecast ω̂T (h) is reached: 

                         ω̂T (h) = φ1 ω̂T (h-1) + ......+ φ1 ωT +...... 

                         + φp ωT-p+1 - θ1  ω̂T -......-θq  ε ̂T-q+1 + δ                        (3.18) 

If 1>p and 1>q, this forecast will be  
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ω̂T (h) = φ1 ω̂T (h-1) +............+ φpω̂(1-p) 

In order to compute the forecast ŷT(l), we start by computing the one period forecast of 

ωT i.e, ω̂T (1). 

such that,  ŷT(l) = yT + ω̂T (1) + ω̂T (2) + ω̂T (3) + …..+ ω̂T (l)                  (3.19) 

Once the differenced series ωT has been forecasted, a forecast can be obtained for the 

original series yt simply by summing ωt,   ‘d’ times. 

3.2.4    Isolating Trend component and Cyclical Component of a Time-series:   

Inconsistencies in Econometric study 

The present study seeks to improve upon the econometric estimation through the removal 

of some possible inconsistency in the estimation procedure of the existing relevant 

studies in the field. The weakness of the methodology in the current relevant studies is 

being explained initially and the proposed improvement is being stated hence.  

Shortcoming in Existing Methodology: 

Let {Yt: t = 0, 1, 2, ----n} and {Xt: t = 0, 1, 2, ----n} be two I (1) processes. If, for some 

coefficient β ≠ 0, Yt - β Xt is an I (0) process, then Xt and Yt are said to be cointegrated. 

The coefficient β is called the cointegrating coefficient. 

Yt - β Xt, being an I (0) process, means that it has constant mean, constant variance and 

covariance’s in the series. If Yt and Xt are cointegrated, then they have the same or 

common stochastic trend. Computing the difference (Yt -β Xt) eliminates this common 

stochastic trend.  

Two-step-Augmented Engle-Granger (AEG) method may be adopted to test if Yt and Xt 

are cointegrated. If β is unknown, then in the first step, the cointegrating coefficient (β) is 

estimated by the OLS estimation of the regression equation  

Yt =  α +  βXt + ut                                          (3.20) 

The estimated equation is  

  Ŷt =  α̂ +  β̂ Xt 
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In the second step, a Dickey-Fuller‘t’-test is used to test for a unit root in the residual (ût) 

from this regression. 

Now  β̂ is a BLU estimator for β, if  

ut ~ iid N (0, σ2 u),  and E (Xt ut) = 0 

If Yt and Xt are cointegrated, then (ût) is an I (0) process. But E (Xt Ut) = 0 is not 

guaranteed by the AEG test. If E (Xt ut) ≠ 0, then the explanatory variable Xt fails to be 

exogenous. In that case, β̂
 
is not only biased but also inconsistent. 

E (Xt Ut) ≠ 0 only when an error component exists in observed Xt and this error 

component represents the transitory part or the error-in-measurement of Xt such that 

Xt = Xt* + ωt 

where,  Xt = observed series of Xt.  Xt
* = permanent component in Xt.  ωt = transitory 

component in Xt  

Here E (Xt
* ut) = 0 and this indicates that cointegration test in the first step involves the 

estimation of the regression equation  

Yt = α + β Xt* + ut                                              (3.21) 

The estimated regression is  

Ŷt =  α̂ +  β̂ Xt
∗                                                   (3.22) 

If the residuals (ût) from the estimated regression equation (3.22) are I (0), then Yt and 

Xt* are cointegrated and 


 is the BLU estimator for β.  

Now if observed Xt is used in place of Xt
*, then entire exercise relates to estimating 

Equation (3.21a) 

Yt = α + β Xt + Ut                                               (3.21a) 

The equations (3.21a) then becomes 

Yt = α + β (Xt – ωt) + Ut 

Or, Yt = α + β Xt + (Ut - β ωt) 

                                                     Yt = α + β Xt + υt                                                    (3.23) 
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where,   υt = Ut - β ωt is a compound of equation error and measurement error. Even if  ωt 

~ iid N (0, σ2 ω) and E (Ut ωt) = 0, vt is no longer independent of Xt. since Cov (υt Xt) ≠ 0    

where,   Cov (υt Xt) = E [{υt – E (υt)} {Xt – E (Xt)] 

                  = E [(υt – β ωt)} (ωt)] 

                                                                       = E [(– β ωt
2] 

                                                                       = – β E (ωt
2) 

                                                                       = – β 𝜎𝜔
2        [where E(ωt

2 = 𝜎𝜔
2] 

∴ Cov (υt Xt) ≠ 0       (given that 𝛽 ≠ 0 and 𝜎𝜔
2 ≠ 0) 

From (3.23) we obtain 

                                          



 =   ∑xy / ∑x2 

Now 

  


 =   ∑xy / ∑x2 

      = ∑ [{β xt
* - (ut – ū)} { xt

* + (ut – ū)}] / ∑[ xt
* + (ωt -  ω)]2 

      = β∑ xt
* + β∑ xt

*(ωt - ω) + ∑ xt
*(ut – ū) + ∑ [(ut – ū) (ωt - ω)] / ∑ xt

*2 + 2 ∑ xt
*(ωt - ω)   

         + ∑ (ωt - ω) 2 

      = 1/n [β∑ xt
* + β∑ xt

*(ωt - ω)+ ∑ xt
*(ut – ū) + ∑(ut – ū)(ωt - ω) / 1/n [xt

*2 + 2 ∑ xt
* 

         (ωt - ω) + ∑(ωt - ω) 2]     

With the assumptions that in the infinitely large sample 

Cov (xt
* ωt) = Cov (xt

* ut) = Cov (ωt ut) = 0 

while  𝜎𝑥
2 and 𝜎𝜔

2  are the variance of xt
* and ωt respectively. 

We have, p lim
n→α

β ̂ =  
βσx

2

σx
2+σω

2  

                                   = β [1/ {1+ σ2 ω / σ2x}]    

Now given that σ2 ω > 0 and σ2x > 0,  p lim
n→α

β ̂  < 𝛽    

Thus the OLS estimator 


 is biased downward and inconsistent since this downward bias  
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cannot be removed even upon increasing the sample size. Similarly, if both Yt and Xt 

contain measurement errors or transitory components, then 


 will be biased and 

inconsistent in case of the estimation of equation (3.20). 

3.2.4.   A NELSON-BEVERIDGE DECOMPOSITION: ALTERNATIVE  

            METHODOLOGY. 

It is, therefore, evident that, in order to obtain an unbiased and consistent estimator for β, 

we need to regress transitory component free Yt
* on the transitory component free 

Xt*. Thus it is required to isolate the transitory components from each of Yt and Xt , and 

then obtain Yt
* as well as Xt* respectively. Regression of Yt

* on Xt* gives us �̂� which is 

an unbiased consistent estimator for β. The methodology as proposed by Nelson and 

Beveridge, is being studied below 

Let Yt and Xt be I(1) DS (Differenced Stationary) series.  

The wold representation for for Xt ~ I (1) give 

                                                          (1-B)Xt = µ1 + ψ1 (B) a1t                                     (3.24) 

where ψ1k = O (Tk) with │T│< 1 and ψ1 (1) ≠ 0 

Then the Beveridge – Nelson Decomposition for Xt is  

                                                                  Xt = T1t + C1t                                              (3.25) 

where T1t is a random walk with drift such that 

                                                            T1t = µ1 + T1t-1 + ψ1 (1) a1t                                (3.26) 

and C1t is a stationary cycle with wold representation  

C1t = ψ1
* (B) a1t 

                                                      C1t = ψ10
* a1t + ψ11

* a1t-1 +                                  (3.27) 

Now if Xt is DS with C1t and AR (p) process, then the T1t, in the Beveridge – Nelson 

decomposition, is given by 

                                                       T1t = φ1 (B) / φ1 (1) * Xt                                        (3.28) 

and C1t is an AR (p)  

                                                φ1 (B) (1-B) Xt = φ1 (1) µ1 + a1t                                 (3.29) 
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From (3.28) and (3.29)  

                                                  T1t – T1t-1 = µ1 + ψ1 (1) a1t 

                                           or, (1 – B) T1t = µ1 + ψ1 (1) a1t 

                                 or, (1 – B) T1t = µ1 + ψ1 (1) {φ1 (B) (1-B) Xt - φ1 (1) µ1} 

                   or, T1t = φ1 (B)/ φ1 (1) * Xt                                                                       (3.30) 

Thus T1t represents the univariate ARIMA (p, d, q) structure of the Xt ~ I (1) series. 

The cycle C1t can then be obtained as  

                                                           C1t = Xt + T1t                                                     (3.31) 

Similarly, if Yt is DS such that  

                                            (1 – B) Yt = µ2 + ψ2 (β) a2t                                              (3.32) 

where ψ2t = O (Tk) with │T│< 1 and ψ2 (1) ≠ 0, then Yt can be decomposed as 

           Yt = T2t + C2t                                                     (3.33) 

where, T2t is a random walk with drift. 

                                         T2t = µ2 + T2t-1 + ψ2 (1) a2t                                         (3.34) 

wnd C2t is a stationary cycle with Wold representation  

C2t = ψ2
* (B) a2t 

                                          (Tk) = ψ20
* a2t + ψ2t-1

* a2t-1                                          (3.35) 

                                                      Where, ψ2k
* = O (Tk). 

Now if C2t is an AR (p) process, then  

                                                         T2t = φ2 (B) / φ2 (1) * Yt                                    (3.36) 

The cycle C2t can be obtained as  

                                                      C2t = Yt + T2t                                                  (3.37) 

Since Xt is DS, then forecasts of Xt+k converge rapidly to a stochastic trend line or more 

precisely, 
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                                              Et (Xt+k) = T1t + µk + O (Tk)                                          (3.38) 

So, for one period ahead forecast 

                                               Et (Xt+k) = T1t + µ + O (T)                                            (3.39) 

The trend line is random and, in particular, the intercept T1t is a non-stationary random 

walk with a drift, given that  

T1t = φ1 (B)/ φ1 * Xt 

Thus the conditional mean or the forecast for Xt is based on the estimates ARIMA (p, d, 

q) structure of Xt. 

                                                         C1t = Xt + T1t 

C1t = Xt + Et (Xt+1) 

C1t = Xt
u                                                                (3.40) 

Since C1t is stationary, Xt
u must be stationary. Again T1t = Et (Xt+1) is based on ARIMA 

(p, 1, q) estimates. So Xt
u must be stationary and Xt

u is white noise when Et (Xt+1) 

represent Minimum Mean Squared ARIMA (p, 1, q)k period ahead forecast for Xt.  

By the same analogy,  

                                                 C2t = Yt – T2t = Yt
u                                                     (3.41) 

where, Yt
u is stationary and MMSE ARIMA (p, 1, q) one - period ahead in - sample 

forecast for Yt ensures that Yt
u is white noise. It therefore, follows that the ‘Trend 

Component’ series of a variable may be captured through one period ahed in sample 

MMSE ARIMA (p, 1, q) forecast for the variable. The cycle component series of the 

variable is captured by the series of forecast residuals.  

 

___________________________________ 
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CHAPTER-4 

STATIONARITY AND INTEGRABILITY OF TIME SERIES DATA ON 

MACROECONOMIC VARIABLES UNDER STUDY. 

 

 

 

4.1   Introduction: 

Time series data on any macroeconomic variable are basically used to identify and 

estimate the ‘Univariate Stochastic Structure’ for the variables concerned. The structure 

is then used to generate n-period ahead out of sample forecasts for the variable. In case of 

multivariate analysis, the univariate stochastic structures of the variables concerned are 

used to quantify this historical relationship. Such relationship is then used to examine 

how these variables would behave in future. This entire exercise is usually based on the 

underlying assumptions that the ‘future is akin to the past’. However, in real life, future 

may not conform to the past. In such event the quantified structural relationship would 

fail to reliably exhibit the future relationship. 

Nelson and Ploser (1982) argue that univariate stochastic structure, identified and 

estimated from the past time series data, remains valid even in future when the time series 

is ‘stationary’. In other words, stochastic structure of a variable which remains 

unchanged, over the past, present and future periods are considered to be ‘stationary’.  

Consequently, for any non-stationary series the stochastic structure changes over time 

and, therefore, future does not conform to its past and present behavior. This indicates 

that a meaningful relationship among variables can be identified if and only if, the 

variables were ‘stationary’. 

It has, therefore, become a regular protocol for econometrician to examine the 

‘stationarity’ and also the nature of ‘integrability’ of the series concerned at the very 

outset of research study. In conformity with the ‘protocol’, we seek to examine the 

‘stationarity’ and nature of ‘integrability’ of the variables involved in our study through 

(i) the trend analysis on the basis of time plots of data series. 

(ii) the ADF Unit Root Test   

(iii) the Correlogram morphology. 
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Incidentally, the concerned variables are spot exchange rates (daily, weekly and 

monthly), one-month forward rate and interest rate. ‘Stationarity’ and ‘integrability’ of 

the time series have been examined through the above mentioned procedures.  

 

4.2   STATIONARITY AND INTEGRABILITY OF WEEKLY SPOT EXCHANGE  

        RATE (𝐬𝐭
′). 

Time plot of the weekly spot exchange rate (𝐬𝐭
′) series is being presented through the 

Figure 4.1 and 4.2 for the period (11th November, 2011- 27th February, 2015) 

 

Figure: 4.1 

Time Plot of Weekly Spot Exchange Rate (𝐬𝐭
′) 

[Period: 11th November, 2011- 27th February, 2015] 

            

Figure: 4.2 

Time Plot of First Differenced Weekly Spot Exchange Rate (𝐝𝐬𝐭
′) 

[Period: 11th November, 2011- 27th February, 2015] 
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4.2.1 Trend Analysis: 

It is observed from the Figure 4.1 that 

(i) weekly spot exchange rates  (st
′) displays a rising trend over the period with 

some few insignificant ups and downs. 

(ii) the rising trend in (st
′) is almost steady over time. 

The rising trend of the spot exchange rates (st
′) over time implies that (st

′) drifts away 

from the mean value of the series. However, as the series displays a rising trend, the 

mean value of the series changes over time. Consequently, variances and higher moments 

also change over time. This indicates that the series for (st
′) is non-stationary.  

4.2.2 Test of Stationarity: Augmented Dicky-Fullar (ADF) Unit Root Test 

Stationarity of weekly exchange rate has been studied through the Augmented Dickey-

Fullar (ADF) tests. Results of tests are being produced through the Table 4.1 below. 

  

Table: 4.1 

Results of ADF Tests on Weekly Spot Exchange Rate (𝐬𝐭
′) 

[Period: 11th November, 2011- 27th February, 2015] 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    (st
′) 

(st
′) has unit root 

Exogenous: 

Constant 

 

1 

 

-1.578 

 

0.491 

 

-3.468 

 

-2.878 

 

-2.575 

(st
′) has unit root 

Exogenous: 

Constant, Linear 

Trend  

 

1 

 

-2.581 

 

0.289 

 

-4.012 

 

-3.436 

 

-3.142 

(st
′) has unit root 

Exogenous: 

None 

 

1 

 

0.816 

 

0.887 

 

-2.578 

 

-1.942 

 

-1.615 

                     **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

4.2.3 Findings from the ADF Tests (Table 4.1) 

It is observed from the Table 4.1 that  

(i) the hypothesis of ‘unit root’ in (𝐬𝐰𝐭) cannot be rejected even at 10% level in the 

presence of ‘intercept term’ and ‘time variable’ in the estimated equation 
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(ii) the hypothesis of ‘unit root’ stands accepted in the process of ‘intercept’ term 

without linear trend and even in absence of both ‘intercept’ term and ‘linear 

trend’ in the estimated ADF equation even at 10% level. 

These findings indicate that the weekly spot exchange rate (st
′) series are ‘non stationary’ 

at level. 

 

4.2.4   Integrability of Weekly Spot Rate (𝐬𝐭
′) Series Studied through the ADF Unit  

Root Test.  

The first difference series of weekly spot exchange rate (dst
′) has been subject to ADF 

Unit Root Test. Results of such tests are being presented through the Table 4.2 below. 

 

Table: 4.2 

Results of ADF Unit Root Tests on First Differenced Weekly Spot Exchange Rate 

Series (𝐝𝐬𝐭
′) 

[Period: 11th November, 2011- 27th February, 2015:]  

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

   (dst
′) 

(dst
′) has unit 

root Exogenous: 

Constant 

 

0 

 

-9.677 

 

0.000 

 

-3.468 

 

-2.878 

 

-2.575 

(dst
′) has unit 

root Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-9.656 

 

0.000 

 

-4.012 

 

-3.436 

 

-3.142 

(dst
′) has unit 

root Exogenous: 

None 

 

0 

 

-9.650 

 

0.000 

 

-2.578 

 

-1.942 

 

-1.615 

                 **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

4.2.5 Findings from the Table 4.2. 

The table 4.2 indicates that for the first differenced weekly spot exchange rate series(dst
′)  

(i) the hypothesis of unit root gets rejected even at 1% level with and without 

‘intercept term’ in the maintained ADF Test Equation. 

(ii) the hypothesis of unit root gets rejected even at 1% level with ‘intercept’ term 

and linear trend in the maintained ADF Test equation. 
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These findings indicate ‘stationarity’ of the first differenced weekly spot exchange rate 

series(dst
′) . Figure 4.2 also confirms ‘stationarity’ of (dst

′). Consequently, it is found 

that 

(i) the weekly spot exchange rates (st
′)  at level are ‘non-stationary’, and 

(ii) the series (st
′) becomes ‘stationary’ upon first order differencing such that 

(iii) (st
′)  is an I(1) variable i.e, the weekly spot exchange rate (st

′) is integrated at 

order one. 

4.2.6   Correlogram study on ‘stationarity’ and ‘Integrability’ of (𝐬𝐭
′) 

 

The correlogram of weekly spot exchange rate (st
′) and first difference series(dst

′) are 

being given in Figure 4.3 and 4.4 below.  

Figure: 4.3 

Correlogram of Weekly Spot Exchange Rate(𝐬𝐭
′) Series 

 
 

Figure: 4.4 

Correlogram of First Differenced Weekly Spot Exchange Rate (𝐝𝐬𝐭
′)Series 
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4.2.7   Findings From Figures 4.3 and 4.4: 

(A)  It is observed from the figure 4.3 that 

(i) the ACF of  (𝐬𝐭
′) displays a long ladder-like gradually diminishing pattern of 

spikes. Corresponding Q-statistics are found to be significant even at 1% 

level. 

(ii) the PACF entains only one significant spike at the first lag. All these features 

confirm ‘non-stationarity’ of the (st
′) series at level. 

(B) It is observed from the figure 4.4 that for the first differenced filtered series(dst
′). 

(i) the ACF is devoid of any dying out pattern of spikes and 

(ii) the PACF is free from the singularly significant spike at the first lag. 

These features of the correlograms 4.3 and 4.4 confirm that series (st
′) is ‘non stationary’ 

at level but ‘stationary’ upon first differencing. Consequently, (st
′) series is I (1). 

4.3   STATIONARITY AND INTEGRABILITY OF MONTHLY SPOT       

        EXCHANGE RATE (𝐬𝐭).  

4.3.1   Time Plot of Monthly Spot Exchange Rate (𝐬𝐭). 

Figure 4.5 presents the time plot of monthly spot exchange rate (st) series at level over 

the period (3rd January, 2011 through 2nd November, 2015). Figure 4.6 presents the time 

plot of the first differenced filtered series(dst). 

Figure: 4.5 

Time Plot of Monthly Spot Exchange Rate  (𝐬𝐭) at level 

[Period: (3rd January, 2011 – 2nd November, 2015)] 
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Figure: 4.6 

Time Plot of First Differenced Series of Monthly Spot Exchange Rate i.e,(𝐝𝐬𝐭) 

[Period: (3rd January, 2011 – 2nd November, 2015)] 

            
 

4.3.2   Findings from Figures 4.5 and 4.6.  

 

 It is observed from Figures 4.5 and 4.6 that 

(iii) data series  (st) exhibits a linear upward rising trend and displays no feature of 

reverting to its initial mean level. As a matter of fact, mean of the series appears 

to be varying over time. This feature indicates ‘non-stationarity’ for the 

 (st) series. 

(iv) First differenced data series  (dst) clearly displays a mean reverting trend. Any 

deviation from its mean level at any time is immediately countered through 

random movements of the variable at the next period. Thus  (st) series is found to 

be ‘stationary’ over the period of studies.  

  These findings indicate that 

(i)        (st) series at level is ‘non-stationary’ but  

(ii)        (st) attains stationarity upon first differenced 

(iii)      series (st), therefore, is an I(1) variable. 

4.3.3   Test of ‘stationarity’ and ‘Integrability’ of the series (𝐬𝐭): ADF Unit Root  

           Test. 

Monthly spot exchange rate series (st) has been subject to ADF unit root test. Results of 

such tests have been presented through the Table 4.3 below 
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Table: 4.3 

Results of ADF Unit Root Tests on  (𝐬𝐭) 

[Period: 3rd January, 2011 through 2nd November, 2015] 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

     (st) 

(st) has unit root 

Exogenous: 

Constant 

 

0 

 

-1.379 

 

0.586 

 

-3.548 

 

-2.912 

 

-2.594 

(st) has unit root 

Exogenous: 

Constant, Linear 

Trend  

 

 

0 

 

-2.395 

 

0.377 

 

-4.124 

 

-3.489 

 

-3.173 

  (st) has unit 

root Exogenous: 

None 

 

0 

 

1.702 

 

0.977 

 

-2.605 

 

-1.946 

 

-1.613 

                **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

Table: 4.4 

Results of ADF Unit Root Tests on  (𝐝𝐬𝐭) 

[Period: 3rd January, 2011 through 2nd November, 2015] 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length

* 

ADF Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

  (dst) 

(dst) has unit 

root Exogenous: 

Constant 

 

0 

 

-7.481 

 

0.000 

 

-3.550 

 

-2.913 

 

-2.594 

(dst) has unit 

root Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-7.434 

 

0.000 

 

-4.127 

 

-3.490 

 

-3.173 

(dst)has unit root 

Exogenous: None 

 

0 

 

 

-7.213 

 

0.000 

 

-2.606 

 

-1.946 

 

-1.613 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

4.3.4   Findings from the Tables 4.3 and 4.4 

 Tables 4.3 and 4.4 show that  

(i) the null hypothesis of ‘unit root with exogenous constant’ in the maintained 

regression equation for the series  (st) cannot be rejected even at 10% level 
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(ii) the null hypothesis of unit root  (st) with ‘no intercept trend and linear trend’ 

in the maintained regression equation cannot be rejected even at 10% level. 

(iii) the null hypothesis of ‘unit roots’ in (dst) with exogenous constant has been 

rejected even at 1% level 

(iv) the null hypothesis of ‘unit root’ is  (dst)  with intercept term and linear trend’ 

in the maintained regression equation gets rejected even at 1% level. 

It is, therefore, observed that  

(i) (st) series at level is non-stationary vide findings in (i) and (ii)  

(ii) (st) series, upon first difference filtration, is stationary vide findings in (iii) 

and (iv) 

(iii)  (st) series is integrated of order one such that  (st)   ∼ I(1).  

 

4.3.5   Correlogram of (𝐬𝐭) : Study on Stationarity and Integrability.  

 

Correlograms of monthly spot exchange rate (st)   is given by Figure 4.7. Again Figure 

4.8 presents the correlogram of (dst), the first differenced series on(st). 

 

Figure: 4.7 

Correlogram of one Monthly Spot Exchange Rate (𝐬𝐭)   
[Period: 3rd January, 2011 through 2nd November, 2015] 
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Figure: 4.8 

Correlogram of First Differenced Monthly Spot Exchange Rate (𝐝𝐬𝐭) 

[Period: 3rd January, 2011 through 2nd November, 2015] 

 
 

4.3.6   Findings from the correlograms in Figures 4.7 and 4.8. 

 

Figures 4.7 and 4.8 clearly indicates that 

(i) (st) is highly non-stationary as given by the ladder like gradual declining 

spikes in the ACF in Figure 4.7 along with a singular significant spike in the 

corresponding PACF. 

(ii) (dst) is stationary in view of the fact that the ACF and PACF in the figure 

4.8 are free from any significant spike. 

These findings confirm the unit-root test finding that (st)  is non stationary at level but it 

attains stationarity upon first difference implying that (st)  ∼ I(1). 

4.4   STATIONARITY AND INTEGRABILITY OF MONTHLY FORWARD   

                    EXCHANGE RATE (𝐅𝐭) SERIES CORRESPONDING TO MONTHLY   

                    EXCHANGE RATE SERIES.  

4.4.1   Graphical study 

Time plot of one-month forward exchange rate (Ft) series is being presented through the 

Figure 4.9. Again Figure 4.10 presents the time plot of (dFt), the first differenced series 

of the Forward exchange rate. It is observed from figures 4.9 and 4.10  
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Figure: 4.9 

Time Plot of Monthly Forward Exchange Rate a(𝐅𝐭) t level 

[Period: (3rd January, 2011 – 2nd November, 2015)] 

              

Figure: 4.10 

Time Plot of 1st Differenced Monthly Forward Exchange Rate(𝐝𝐅𝐭)   
[Period: (3rd January, 2011 – 2nd November, 2015)] 

               

(i) Forward exchange rate (Ft) series entails a stochastic trend over time and the 

series does not indicate any reverting trend to the initial mean. The series 

exhibits the feature of changing mean value over time. 

(ii) The first differenced series (dFt) exhibits a visible mean reverting trend along 

with an absence of trend over time. 

These observations hint at the existence of non-stationarity in One-Month Forward 

exchange rate (Ft) series and stationarity in (dFt) series. These imply that (Ft) is 

integrable of order one i.e. (Ft) ∼ I(1).  
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4.4.2   ADF Unit Root Test on Series(𝐅𝐭) : 

One-month forward exchange rate series(Ft)  at level and its first differenced series 

(dFt)  have been subject to ADF Unit Root Tests. Test results are being presented 

through Tables 4.5 and 4.6 below. 

Table 4.5 

Results of ADF Unit Root Test on Monthly Forward Exchange Rate (𝐅𝐭) 

[Period: 3rd January, 2011 through 2nd November, 2015]  

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    (Ft) 

(Ft) has unit root 

Exogenous: 

Constant 

 

0 

 

-1.385 

 

0.583 

 

-3.548 

 

-2.912 

 

-2.594 

(Ft) has unit root 

Exogenous: 

Constant, Linear 

Trend  

 

 

0 

 

 

-2.362 

 

 

0.394 

 

 

-4.124 

 

 

-3.489 

 

 

-3.173 

(Ft) has unit root 

Exogenous: 

None 

 

0 

 

1.699 

 

0.977 

 

-2.605 

 

-1.946 

 

-1.613 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

Table 4.6 

Results of ADF Unit Root Test on First Differenced Monthly Forward Exchange 

Rate (𝐝𝐅𝐭) 

[Period: 3rd January, 2011 through 2nd November, 2015]  

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

   (dFt)  

(dFt) has unit 

root Exogenous: 

Constant 

 

0 

 

-7.447 

 

0.000 

 

-3.550 

 

-2.913 

 

-2.594 

(dFt) has unit 

root Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-7.403 

 

0.000 

 

-4.127 

 

-3.490 

 

-3.173 

(dFt) has unit 

root Exogenous: 

None 

 

0 

 

-7.182 

 

0.000 

 

-2.606 

 

-1.946 

 

-1.613 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 
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4.4.3   Findings from Tables 4.5 and 4.6 

It is observed from the ADF Unit Root Test results given by Tables 4.5 and 4.6 that 

(i) the null hypothesis of ‘unit root’ with exogenous constant in the maintained 

regression equation for the series (Ft)cannot be rejected even at 10% level. 

(ii) the null hypothesis of ‘unit root’ with intercept and a linear trend in the 

maintained regression equation for (Ft) cannot be rejected even at 10% level. 

(iii) the null hypothesis of unit root with linear trend without intercept in the 

maintained regression equation for (Ft) cannot be rejected even at 5% level. 

These observations indicate that one-month forward exchange rate (Ft) series entails a 

stochastic trend and therefore, non-stationary. The nature of its integrability can be 

assessed through the examination of ADF test results for(dFt), the first order differenced 

series for (Ft) as given by the table 4.6. 

It is further observed from table 4.6 that 

(i) the null hypothesis of unit root for (dFt)with no constant in the maintained 

regression equation gets rejected even at 1% level 

(ii) the null-hypothesis of unit root with intercept and linear trend in the 

maintained regression equation for (dFt)gets rejected even at 1% level 

(iii) the null-hypothesis of unit root with linear trend in the absence of intercept in 

the maintained regression equation for (Ft) also gets rejected at 1% level. 

All these observations indicate that (dFt)is stationary and it entails no stochastic trend. 

Thus it is observed that (Ft) is non-stationary at level but it becomes stationary upon first 

differencing such that (dFt) is stationary. Consequently, one-month forward rate (Ft) 

exhibits integrability of order one i.e.(Ft)  ∼ I(1). 

            4.4.4   Correlogram Study on Stationary and Integrability of One Month Forward  

           Exchange Rate (𝐅𝐭). 

Correlogram of one-month forward exchange rate (Ft) at level is being presented through 

the Figure 4.11. Figure 4.12 presents the correlogram for (dFt), the first differenced 

series for (Ft). 
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Figure: 4.11 

Correlogram of One-Month Forward Exchange Rate (𝐅𝐭) at level 

[Period: 3rd January, 2011 through 2nd November, 2015] 

 
 

Figure: 4.12 

Correlogram of First Differenced One-Month Forward Rate Series (𝐝𝐅𝐭) 

[Period: 3rd January, 2011 through 2nd November, 2015] 

 
 

4.4.5   Findings from Figures 4.11 and 4.12 

 

Figure 4.11 shows that  

(i) ACF of (Ft) contains a number of significant spikes which decline as lag 

length rises. 

(ii) PACF of (Ft) contains only one significant spike in it. 

These observations hint at ‘non-stationarity’ of one-month forward rate (Ft) at level. 
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Again Figure 4.12 shows that 

(i) ACF of (dFt) is free from any array significant spikes, and  

(ii) PACF is also marked by the absence of any significant spike at lag one. 

These observations testify for ‘stationarity’ of (dFt), the first differenced one-month 

Forward Rate Series i.e, (dFt)  ∼ I(0). Consequently, Figures 4.10 and 4.11 together 

indicate that non-stationary one-month forward rate series attains stationarity upon first 

differencing. This implies integrability of order one for (Ft)   i.e.(Ft) ∼ I(1). 

4.5   STATIONARY AND INTEGRABILITY OF SERIES ON PERCENTAGE           

        CHANGE IN DAILY DOMESTIC INTEREST RATE (𝐈𝐭). 

4.5.1   Graphical Analysis 

The time plot of domestic interest rate (% change) has been given below by Figure-4.13  

Figure: 4.13 

Time plot of the Interest Rate (𝐈𝐭) series (% change) 

(22nd September 2011 to 7th August 2012) 

               

 It is observed from the Figure 4.13 that  

(i) the interest rate series clearly displays a rising trend over time with occasional 

breaks in it. 

(ii) the series does not display any reverting trend towards the initial mean level. 

Further the rising trend displays a feature of changing mean over time. 

All these observations indicate that the interest rate series (It) entails non-stationarity 

over time. 

Figure-4.14 presents the time plot of the first differenced interest rate (dIt)series.  
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Figure: 4.14 

Time plot of the First Differenced Interest Rate (𝐝𝐈𝐭) series (% change) 

(22nd September 2011 to 7th August 2012)  

               
 

Figure-4.14 clearly indicates that the (dIt) series displays no stochastic trend while it 

entails a mean reverting trend over time. Thus (dIt) series is stationary. Thus Figures 4.13 

and 4.14 indicate that interest rate series (It) is non-stationary and it attains stationarity 

upon first differencing. Thus the interest rate series possesses ‘integrability’ of order one 

such that  It ∼ I(1). 

4.5.2   Stationarity and Integrability of (𝐈𝐭): ADF Unit Root Test 

Interest Rate data series (It) and its first differenced (dIt) series have been subject to ADF 

unit root tests. Results of such tests have been presented through Tables 4.7 and 4.8 

below. 

Table: 4.7 

ADF Unit Root Test on Domestic Interest Rate Series (It) (% change) 

(22nd September 2011 to 7th August 2012)  

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    It 

It has unit root 

Exogenous: 

Constant 

 

0 

 

-1.231 

 

0.660 

 

-3.471 

 

-2.879 

 

-2.576 

It has unit root 

Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-2.145 

 

0.516 

 

-4.016 

 

-3.437 

 

-3.143 

It has unit root 

Exogenous: 

None 

 

0 

 

1.002 

 

0.916 

 

-2.579 

 

-1.942 

 

-1.615 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 
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Table: 4.8 

ADF Unit Root Test on First Difference Domestic Interest Rate Series (dIt)             

(% change) 

(22nd September 2011 to 7th August 2012) 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    dIt 

dIt has unit root 

Exogenous: 

Constant 

 

0 

 

-12.713 

 

0.000 

 

-3.471 

 

-2.879 

 

-2.576 

dIt has unit root 

Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-12.688 

 

0.000 

 

-4.016 

 

-3.438 

 

-3.143 

dIt has unit root 

Exogenous: 

None 

 

0 

 

-12.609 

 

0.000 

 

-2.579 

 

-1.942 

 

-1.615 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

4.5.3   Findings from the Tables 4.7 and 4.8 

 Tables 4.7 and 4.8 show that 

(i) the null hypothesis of unit root with exogenous constant in the maintained 

regression equation for (It) cannot be rejected even at 10% level. 

(ii) null hypothesis of unit root for (It) with intercept and linear trend in the 

maintained regression for (It) cannot be rejected even at 10% level 

(iii) the null hypothesis of unit root for (It) with linear trend in the absence of any 

intercept term in the maintained regression cannot be rejected even at 10% 

level 

(iv) the null hypothesis of unit root for (dIt) with exogenous constant in the 

maintained regression equation gets rejected even at 1% level. 

(v) the null hypothesis of unit root for (dIt) with intercept and linear trend in the 

maintained regression equation gets rejected even at 1% level 

(vi) the null hypothesis of unit root for (dIt) with linear trend in the absence of any 

intercept in the maintained regression equation gets rejected even at 1% level. 

These observations indicate that  
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(i) (It) is ‘non-stationary’ at level and it entails a linear stochastic trend. 

(ii) (dIt) is ‘stationary’ over time and devoid of any linear stochastic trend. 

(iii) ‘non-stationary’ (It) attains stationarity upon first differencing. 

All these observations imply that percentage change in interest rate series entails 

‘integrability’ of order one such that  It ∼ I(1). 

4.5.4   Correlogram Study on Stationarity and Integrability of Interest Rate (𝐈𝐭)  

            Series. 

Correlograms for (It) and (dIt) have been presented through Figures 4.15 and 4.16 

respectively.  

Figure: 4.15 

Correlogram of Interest Rate Series (It) (% change) 

 
 

Figure: 4.16 

Correlogram of First Differenced Interest Rate Series (dIt) (% change)  
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4.5.5   Findings from the Correlograms in Figures 4.15 and 4.16. 

Figures 4.15 and 4.16 clearly indicate that 

(i) It is highly non-stationary as given by the ladder like gradual declining spikes 

in the ACF in Figure 4.15 along with a singular significant spike in the 

corresponding PACF. 

(ii) dIt is stationary in view of the fact that the ACF and PACF in figure 4.16 are 

free from any significant spike. 

These findings confirm the unit-root test finding that It is non-stationary at level but it 

attains stationarity upon first difference implying that  It ∼ I(1). 

4.6   STATIONARITY AND INTEGRABILITY OF ONE MONTH FORWARD  

        RATE SERIES (𝐅𝐰𝐭) CORRESPONDING TO WEEKLY EXCHANGE  

        RATES.  

          

Time plot of the forward rate (Fwt)series are being presented through the Figures 4.17 

and 4.18 for the period (11th November, 2011- 27th February, 2015) 

Figure: 4.17 

Time Plot of Forward Exchange Rate (𝐅𝐰𝐭) 

[Period: 11th November, 2011- 27th February, 2015] 
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Figure: 4.18 

Time Plot of First Differenced Weekly Forward Exchange Rate (𝐝𝐅𝐰𝐭) 

[Period: 11th November, 2011- 27th February, 2015] 

            
 

4.6.1   Trend Analysis: 

It is observed from the Figure 4.17 that 

(i) forward exchange rate (Fwt) displays a rising trend over the period with some 

few insignificant ups and downs. 

(ii) the rising trend in (Fwt) is almost steady over time. 

The rising trend of the forward exchange rate (Fwt) over time implies that (Fwt) drifts 

away from the mean value of the series. As the series displays a rising trend the mean 

value of the series changes over time. Consequently, variances and higher order moments 

also change over time. This indicates that the series for (Fwt) is non-stationary.  

4.6.2   Test of Stationarity: Augmented Dicky-Fullar (ADF) Unit Root Tests on  

          (𝐅𝐰𝐭)  

Stationarity of weekly exchange rate has been studied through the Augmented Dickey-

Fullar (ADF) tests. Results of tests are being produced through the Table 4.9 belows. 
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Table: 4.9 

Results of ADF Tests on Forward Exchange Rate (𝐅𝐰𝐭) Series 

[Period: 11th November, 2011- 27th February, 2015] 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    (Fwt) 

(Fwt) has unit 

root Exogenous: 

Constant 

 

1 

 

-1.571 

 

0.494 

 

-3.468 

 

-2.878 

 

-2.575 

(Fwt) has unit 

root Exogenous: 

Constant, Linear 

Trend  

 

1 

 

-2.555 

 

0.301 

 

-4.012 

 

-3.436 

 

-3.142 

(Fwt) has unit 

root Exogenous: 

None 

 

1 

 

0.836 

 

0.890 

 

-2.578 

 

-1.942 

 

-1.615 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

4.6.3   Findings from the ADF Tests (Table 4.9) 

It is observed from the Table 4.9 that  

(i) the hypothesis of ‘unit root’ in (Fwt) cannot be rejected even at 10% level in the 

presence of ‘intercept term’ and ‘time variable’ in the estimated equation. 

(ii) the hypothesis of ‘unit root’ stands accepted even at 10% level in the presence of 

‘intercept’ term without linear trend and even in the absence of both ‘intercept’ 

term and ‘linear trend’ in the estimated ADF equation. 

These findings indicate that the forward exchange rate(Fwt) series is ‘non 

stationary’ at level. 

4.6.4   Integrability of First Differenced Forward Exchange Rate (𝐝𝐅𝐰𝐭) Series  

           Studied through the ADF Unit Root Tests.  

The first differenced series of forward rate (dFwt) series has been subject to ADF Unit 

Root Tests. Results of such tests are being presented through the Table 4.10 below. 

 

 

 

 

 



104 
 

Table: 4.10 

Results of ADF Unit Root Tests on First Differenced Forward Exchange Rate Series 

(𝐝𝐅𝐰𝐭) 

[Period: 11th November, 2011- 27th February, 2015]  

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

  (dFwt) 

(dFwt) has unit 

root Exogenous: 

Constant 

 

0 

 

-9.691 

 

0.000 

 

-3.468 

 

-2.878 

 

-2.575 

(dFwt) has unit 

root Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-9.669 

 

0.000 

 

-4.012 

 

-3.436 

 

-3.142 

(dFwt) has unit 

root Exogenous: 

None 

 

0 

 

-9.661 

 

0.000 

 

-2.578 

 

-1.942 

 

-1.615 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

4.6.5   Findings from the Table 4.10 

The table 4.10 indicates that for the first differenced weekly forward rate series (dFwt) 

(i) the hypothesis of unit root gets rejected even at 1% level with and without 

‘intercept term’ in the maintained ADF Test Equation. 

(ii) the hypothesis of unit root gets rejected even at 1% level with ‘intercept’ term 

and linear trend in the maintained ADF Test equation. 

These findings indicate ‘stationarity’ of the first differenced Forward exchange rate 

series (dFwt). Consequently, it is found that 

(i) the weekly forward exchange rates  (dFwt)series at level is ‘non-stationary’, 

and 

(ii) the series  (dFwt) becomes ‘stationary’ upon first order differencing such that 

(iii) (dFwt) is an I(1) variable i.e. the weekly forward exchange rate  (dFwt) is 

integrated at order one. 
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4.6.6   Correlogram Study on ‘Stationarity’ and ‘Integrability’ of (𝐅𝐰𝐭)   
 

The correlogram of forward exchange rate (Fwt) and first differenced series(dFwt) 

series are being given in Figures 4.19 and 4.20 below.  

Figure: 4.19 

Correlogram of Forward Exchange Rate (𝐅𝐰𝐭) Series 

 
 

Figure: 4.20 

Correlogram of First Difference Forward Exchange Rate  (𝐅𝐰𝐭)  Series 

 

4.6.7   Findings From Figures 4.19 and 4.20  

(A)    It is observed from the Figure 4.19 that 

(i) the ACF of (Fwt)  displays a long ladder-like gradually diminishing pattern 

of spikes. Corresponding Q-statistics found to be significant even at 1% level. 

(ii) the PACF entains only one significant spike at the first lag. 

All these features confirm ‘non-stationarity’ of the (Fwt) series at level. 
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(B)   It is observed from the figure 4.20 that for the first differenced filtered series (Fwt) 

(i) the ACF is devoid of any dying out pattern of spikes and 

(ii) the PACF is free from array of singularly significant spikes across different 

lags. 

These features of the correlograms presented in Figures 4.19 and 4.20 confirm that series 

 (Fwt)  is ‘non-stationary’ at level but ‘stationary’ upon first differencing. Consequently, 

(Fwt) series is I (1). 

4.7   STATIONARITY AND INTEGRABILITY OF (Et) DAILY SPOT   

        EXCHANGE RATE (% CHANGE) SERIES. 

Time plot of Percentage change of daily spot exchange rate (Et) series are being 

presented through the Figures 4.21 and 4.22 for the period (22nd September 2011 to 7th 

August 2012) 

 

 

Figure: 4.21 

Time Plot of Percentage Change of Daily Spot Exchange Rate (𝐄𝐭)  

[Period: 22nd September 2011 to 7th August 2012] 
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Figure: 4.22 

Time Plot of First Differenced Percentage Change of Daily Exchange Rate (𝐝𝐄𝐭)  
[Period: 22nd September 2011 to 7th August 2012] 

                 

4.7.1 Trend Analysis: 

It is observed from Figures 4.21 and 4.22 that 

(i) percentage change of daily exchange rate (Et) displays a rising trend over the 

period with some few insignificant ups and downs. 

(ii) the rising trend in (Et) is almost steady over time. 

(iii) First different series of (Et) i.e. (dEt) displays mean reverting trend over time. 

Consequently,  (dEt), series appears to be stationary implying Et ~ I (1) 

The rising trend of percentage change of daily exchange rate (Et) over time implies that 

(Et) drifts away from the mean value of the series. However, as the series displays a 

rising trend, the mean value of the series changes over time. Consequently, variances and 

higher order moments also change over time. This indicates that the series for (Et) is 

non-stationary. 

4.7.2   Correlogram Study: 

The correlogram of the daily exchange rate series (Et) is presented through the Figure 

4.23. Figure 4.24 presents the correlogram of the first differenced series of daily 

exchange rate (dEt). 
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Figure: 4.23 

Correlogram of Daily Spot Exchange Rate (𝐄𝐭) Series (% change) 

 
 

Figure: 4.24 

Correlogram of the Daily Spot Exchange Rate Differenced (𝐝𝐄𝐭) Series 

 

Figure 4.23 shows that (Et) series is highly non-stationary while Figure 4.24 shows that 

the Auto-Correlation Function (ACF) of (dEt) is completely free of any significant spike. 

The correlogram study indicates that  

(a) (Et) series at level is highly non-stationary and 

(b) (Et) series attains stationarity upon first differencing. Thus 

(c) (Et) series is I (1) by nature. 
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4.7.3   Augmented Dicky Fullar (ADF) Unit Root Tests on (𝐄𝐭). 
 

Series of Percentage change of daily exchange (Et) has have been subject to ADF unit 

root tests in order to ascertain the status of stationarity and integrability. The results of 

such tests are being reported below.    

Results of ADF Unit Root test on(Et) at level are being presented through the Table 4.11 

below. Table 4.12 presents the results of ADF unit root test on (dEt), the first differenced 

exchange rate series. 

Table: 4.11 

Results of ADF Unit Root Tests on 𝐄𝐭 Series at level 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    (Et) 

(Et) has unit root 

Exogenous: 

Constant 

 

0 

 

-1.481 

 

0.540 

 

-3.471 

 

-2.879 

 

-2.576 

(Et) has unit root 

Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-2.403 

 

0.376 

 

-4.016 

 

-3.437 

 

-3.143 

(Et) has unit root 

Exogenous: 

None 

 

0 

 

0.901 

 

0.901 

 

-2.579 

 

-1.942 

 

-1.615 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 

 

Table: 4.12 

Results of ADF Unit Root Test on 𝐝𝐄𝐭 Series 

 

Variable 

 

Null Hypothesis 

 

Lag 

Length* 

ADF 

Test 

Statistics 

 

 

Prob. 

Mac-Kinnon Critical 

Value** 

1% 5% 10% 

 

 

 

 

    (dEt) 

 (dEt) has unit 

root Exogenous: 

Constant 

 

0 

 

-12.483 

 

0.000 

 

-3.471 

 

-2.879 

 

-2.576 

 (dEt) has unit 

root Exogenous: 

Constant, Linear 

Trend  

 

0 

 

-12.416 

 

0.000 

 

-4.016 

 

-3.438 

 

-3.143 

 (dEt) has unit 

root Exogenous: 

None 

 

0 

 

-12.416 

 

0.000 

 

-2.579 

 

-1.942 

 

-1.615 

                  **MacKinnon (1996) one-side p-values.    *Based on SIC,   Max Lag = 1 
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The ADF test results indicate non-stationary of exchange rate  (Et) even at 10% level. 

Again ADF test result in the Table 4.12 at implies stationarity of the first differenced 

exchange rate series (dEt). Thus the ADF Unit Root Tests confirm the correlogram 

findings that 

(i) (Et)  at level is non-stationary. 

(ii)  the first differenced series of exchange rate  (dEt) is stationary, and therefore 

(iii) (Et) is integrable of degree one i.e,  Et ∼ I(1). 

4.8   Sumary of the Chapter 4 

Stationarity and integrability of several macroeconomic variables like weekly and 

monthly exchange rates, monthly forward rates corresponding to weekly exchange 

rate (Fwt), one-month forward rate corresponding to monthly exchange rate i.e.  (Ft), 

series on percent change in daily exchange rate  (Et) and percent change in daily interest 

rates (It) have been studied in this chapter through graphical trend analysis, ADF Unit 

Root Tests and Correlogram morphological studies.  

It is observed from the study that all the variables concerned are  

(i) ‘non-stationary’ at level 

(ii) ‘stationary’ upon first order differencing 

Therefore, all the variables are ‘integrable’ of order one i.e, these are I(1) variables.  

 

_______________________________ 

 

  

 

 

 

 

 


