
CHAPTER-IV 

STATIONARITY AND INTEGRABILITY OF BUDGET DEFICITS 

AND TRADE DEFICITS 

4.1 Introduction 

Stationarity of time-series dataset is indispensable for developing the time series 

models. The series, invariant with respect to time, are called 'stationary.' If the 

characteristics of the time series data vary over time, the series are non-stationary. 

Stationary and non-stationary data series would pursue different patterns in graphical 

presentation. 'Unit Root Test' is an exercise for looking into the time invariant 

properties of a series concerned. The properties are stated below: 

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

E [Y J is independent oft. 

or, 

E [Y J = E !Yt-sl = J.1 

(ii) It has a finite variance. 

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

(iii) Cov [Y~> Ys] is a finite function of t-s, but not oft or s. 
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where, J1, a/ and all Ys are constants. 

That is, the mean, variance and co-variance of the underlying process are invariant with 

time. 

Stationarity can be performed examined through unit root test and/or correlogram. 

4.2 Unit Root Test 

Let {Y J be generated by an AR (1) process, such that, 

Yt =a+ PYr-1 + ~~ (4.4) 

where IPI < 1 and~~ is a white noise error term. We can estimate the parameters 

in (4.4) by OLS. Our estimator is efficient and the series is stationary since IPI < 1. If 

the value of p = 1, the series {Y J is non-stationary. That is, if the coefficient of Y,_1 is 

equal to one, we face with unit root problem. Hence, the unit root null hypothesis is: 

H0 : p =1 against H1: p < 1 

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

(4.5) 

where, y = p -1, L1Y, is the First difference of the series Y,. The null hypothesis 

of unit root is, 

Ho: y=O. 

If 'y' is in fact 0, we can write eq" (4.4) as, L1Y1 = Y1 - Y1_1 = ~~ 

Time series data, which are frequently used in practice for economic 

modeling, normally have a unit root at level and such senes are known as 

non-stationary time series. They are often called 'random walk' time series if they 
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entail higher frequencies. If the series have the characteristics of non-stationarity or 

random walk at level, its successive differences to test the stationarity of the series. The 

Table 4.1 briefly presents different patterns that might be tested along with the formats 

of the tests: 

Table-4.1 

Stationary and Non-Stationary Expressions 

Stationary Non-Stationary 

Situation Expression Situation Expression 

White Noise Yt=p+ Eit Random Walk Yt=Y1_J+ st 

Autoregressive Yt = J-l + y Yt_J+Eit (lyl<l) Random Walk with Drift Y1 = J-l + y Y,_l+s, 

Trend Stationary Yt = J-l + {31+st (t=1,2, .. -) 

4.2.1 Study of Stationarity of Budget Deficits (BD) and Trade Deficits (TD) 

We seek to test the stationarity of time series of Budget and Trade Deficit in 

Nepal. The time plots of the BD and TD are given in Figure 1.2 and 1.3. These plots 

indicate rising trend in the series concerned. These trends reflect the possibility of 

non-stationarity of the series BD and TO. 

It, therefore, becomes pertinent for us to ascertain the nature of 'Stationarity' 

through 'definitive tests'. These are being done through ADF Tests and other tests. 

4.2.2 Augmented Dickey-Fuller (ADF) Unit Root Test: Results of Estimation 

Augmented Dickey-Fuller (ADF) test is based upon estimating the equations 

(3.4), (3.5) and (3.6) in this study. 

k 

~yt= Y +UYt-1 + L 0 j ~ Yt-j+I +et 
j=2 

k 

~yt= Y +&t +UYt-1 +I 0 j~Yt-j+I +et 
j=2 
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~yt= UYt-1 + f e j~Yt-j+I +et (3.6) 
;~2 

We have taken Budget Deficit (BD) and Trade Deficit (TD) both in real and 

nominal terms for 1964 - 2004 to fit in the above equations. The data are tested at 

level, first difference and second difference to find out the stationarity. 

The estimations of the parameters based on the equation (3 .4) have been 

presented in the following Table 4.2. 

Table- 4.2 

Results of ADF Unit Root Tests 

Dependent Variable Explanatory Variable Coefficient t-statistic probability 

!t.TD1 TD1_1 -0.017912 -0.368688 0.7144 

constant -547.4056 -1.145492 0.2592 

!t.2TDt !t.TD1_1 -1.083699 -6.567820 0.0000 

constant -472.6542 -1.420399 0.1639 

!t.BD1 BDt.1 -0.096393 -1.505199 0.1405 

constant -307.5771 -1.663292 0.1045 

!t.2BDt !t.BD1_1 -1.270458 -7.906743 0.0000 

constant -113.9916 -0.969875 0.3384 

!t.NTD, NTD1_1 0.039849 0.967443 0.3394 

constant -1307.192 -1.030631 0.3092 
1-----· 

!\2NTD, !<.NTD1.1 0.903131 -1.872707 0.0739 

constant -1701.347 -1.280173 0.2132 

!t.NBD1 NBDI-1 0.046115 0.856955 0.3975 

constant -554.8916 -1.476707 0.1490 

!t.2NBD1 !<.NBDt.1 -1.919419 -7.373906 0.0000 

constant -759.7011 -2.629998 0.0126 

*, **, ***indicates the 10%, 5% and 1% level of significance. 

The 't-statistics' of the coefficients of the explanatory variables in the table 

present the Augmented Dickey Fuller test statistic. Again findings of the estimations 

based on equations (3.5) and (3.6) have been presented in the first part (exogenous: 
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constant), second part (exogenous: constant & linear trend) and third part (exogenous: 

none) respectively of the following table (Table 4.3). 

Table- 4.3 

Results Augmented Dickey Fuller Unit Root Tests 

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

Lag length: (Automatic based on SIC, MAXLAG=9) [Sample: 1964- 2004] 

Test critical values 

Variable ADF test statistic Prob' Vatue Lag Length" 1% 5% 100k 

TD, -0.368688 0.9049 0 -3.605593 -2.936942 -2.606857 

tJ.TD, -6.567820 0.0000 0 -3.610453 -2.938987 -2.607932 

tJ. 2TD, -6.027795 0.0000 4 -3.639407 -2.951125 -2.614300 

BD, -1.505199 0.5208 0 -3.605593 2.936942 -2.606857 

tJ.BD, -7.906743 0.0000 0 -3.610453 -2.938987 -2.607932 

tJ.2BD, -7.904260 0.0000 I -3.621023 -2.943427 -2.610263 

NTD, 0.967443 0.9954 0 -3.605593 -2.936942 -2.606857 

tJ.NTD, -1.872707 0.3403 7 -3.653730 -2.957110 -2.617434 

t12NTD, -4.735739 0.0006 5 -3.646342 -2.954021 -2.615817 

NBD, 0.856955 0.9938 2 -3.615588 -2.941145 -2.609066 

tJ.NBD, -7.373906 0.0000 I -3.615588 -2.941145 -2.609066 

tJ. 2NBD, -1.491005 0.5239 9 -3.679322 -2.967767 -2.622989 

Exogenous: Constant and Linear Trend 

TD, -2.813337 0.2011 0 -4.205004 -3.526609 -3.194611 

tJ.TD, -6.567892 0.0000 0 -4.211868 -3.529758 -3.196411 

tJ. 2TD1 -4.607459 0.0043 5 -4.262735 -3.552973 -3.209642 

BD, -2.417415 0.3655 0 -4.205004 -3.526609 -3.1946ll 

tJ.BD1 -7.870555 0.0000 0 -4.211868 -3.529758 -3.196411 

tJ.2BD, -7.781406 0.0000 1 -4.226815 -3.536601 -3.200320 

NTD, -1.209836 0.8949 0 -4.205004 -3.526609 -3.194611 

tJ.NTD, -6.120168 0.0001 4 -4.243644 -3.544284 -3.204699 

tJ. 2NTD, -4.597986 0.0044 5 -4.262735 3.552973 -3.209642 

NBD, -3.040370 0.1345 0 -4.205004 -3.526609 -3.194611 

tJ.NBD, -7.734761 0.0000 I -4.219126 -3.533083 -3.198312 

t12NBD, -1.366736 0.8494 9 -4.309824 -3.574244 -3.221728 
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Exogenous: None 

TD1 0.734105 0.8693 0 -2.624057 -1.949319 -1.611711 

1'1TD1 -6.328605 0.0000 0 -2.625606 -1.949609 -1.611593 

1'1 2 TD1 -6.130527 0.0000 4 -2.634731 -1.951000 -1.610907 

BD1 -0.319064 0.5642 0 -2.624057 -1.949319 -1.611711 

l'iBD, -7.856254 0.0000 0 -2.625606 -1.949609 -1.611593 

1'12BD1 -8.020852 0.0000 I -2.628961 -1.950117 -1.611339 

NTD1 1.970831 0.9869 0 -2.624057 -1.949319 -1.611711 

1'1NTD1 -1.353289 0.1596 7 -2.639210 -1.951687 -1.610579 

1'12NTD1 -4.807611 0.0000 5 -2.636901 -1.951332 -1.610747 

NBD1 2.289387 0.9937 2 -2.627238 -1.949856 -1.611469 

1'1NBD1 -7.644428 0.0000 0 -2.625606 -1.949609 -1.611593 

1'12NBD1 -1.179029 0.2121 9 -2.647120 -1.952910 -1.610011 

*MacKinnon (1996) One-sided P-values **Automatic based on SIC. MAXLAG=9 

4.2.3 The Findings of the ADF Unit Root Tests: 

It is observed from the Table 4.3 that: 

(i) the ADF Test statistics for real Budget Deficit (BD) and real Trade Deficit 

(TD) series indicate 'non-stationary' at 1% level. 

(ii) the ADF Test Statistics for nominal Budget Deficit (NBD) and nominal 

Trade Deficit (NTD) series also testify for 'non-stationarity' at 1% level. 

(iii) the ADF Test Statistics for ~BD and ~TD indicate that ~BD and ~TD series 

are 'stationary' at 1% level. 

(iv) the ADF Test Statistics series testify for 'non-stationarity' of ~NBD and 

~NTD series. 

(v) ~NBD and ~NTD are 'stationary' only if 'linear trend' is considered in 

estimation. 
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(vi) Second Differenced Series fir NDB and NTD are, however, found 'non-

stationary. 

(vii) Second Difference Series for TD and BD are 'stationary' but these testify 

for 'over-differencing.' 

4.2.4 Further Discussion on the Findings 

It is observed from the Table 4.2 that: 

(i) in the estimated equations for ~BDt and ~ TDt the absolute values of the 

coefficients of BDt-t and TDt-l are 0.017912 and 0.096393 respectively. 

These values are significantly different from (lower than) 1. These indicate 

that the first differenced series for BD an TD are stationary. 

(ii) In the estimated equation for ~2BD1 and ~2TD1, the absolute values of the 

coefficients of BDL1 and TDt-l are 1.270458 and 1.083699 respectively. 

These values significantly exceed 1. These confirm that the second 

differenced series for ~BDt and ~ TDt are over differenced. 

The findings obtained through the ADF Unit Root test on variables concerned 

have been verified through battery of other Unit-Root tests and the results are being 

presented through Tables 4.4- 4.9. 

Tables 4.3 and 4.4 are related to DF-GLS Unit Root test, Table 4.5 explains 

Phillips-Perron test results, Tables 4.6, 4.7 and 4.8 are related to Kwiatkowski-Phillips-

Schmidt-Shin test, ERS-Point Optimal test and Ng-Perron Modified tests respectively. 

4.2.5 Dickey-Fuller-GLS Unit Root Test 

The findings from the DF -GLS Unit Rroot tests, which are based on equations 

(3.8) and (3.9) are being presented through following Tables 4.3 and 4.4: 
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Table- 4.4 

Results ofDickey-Fuller-GLS Unit Root Tests 

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

Variable ERSDF-GI.S Lag 
... 

Test critical values 
. 

test stamtic length 
1o/o 5% 10% 

TD, -0.133972 0 -2.624057 -1.949319 -1.611711 

ATD, -6.371896 0 -2.625606 -1.949609 -1.611593 

t/TD, -10.31676 0 -2.627238 -1.949856 -1.611469 

BD, -1.076626 0 2.624057 -1.949319 -1.611711 

ABD, -7.998055 0 -2.625606 -1.949609 -1.611593 

A2BD, -10.26246 0 -2.627238 -1.949856 -1.611469 

NTD -1.372664 7 -2.636901 -1.951332 -1.610747 

ANT De -1.761267 7 -2.639210 -1.951687 -1.610579 

A2NTD1 -0.960872 6 -2.639210 -1.951687 -1.610579 

NBD -0.090483 0 -2.624057 -1.949319 -1.611711 

ANBD1 -7.382957 1 -2.627238 -1.949856 -1.611469 

t/NBD1 -0.558966 9 -2.647120 -1.952910 -1.610011 

Table-4.5 

Results of Dickey-Fuller-GLS Unit Root Tests 

Exogenous: Constant, Linear trend Null Hypothesis: The variable has a unit root 

Variable ERSDF-GI.S Lag ... length Test critical values 
. 

test stamtic 
1% 5% 10% 

TD, -2.441329 0 -3.770000 -3.190000 -2.890000 

ATD, -6.702676 0 -3.770000 -3.190000 -2.890000 

A2TD1 -10.79951 0 -3.770000 -3.190000 -2.890000 

BD, -2.522327 0 -3.770000 -3.190000 -2.890000 

ABD, -7.821034 0 -3.770000 -3.190000 -2.890000 

A2BD, -11.09408 0 -3.770000 -3.190000 -2.890000 

NTD -1.167228 0 -3.770000 -3.190000 -2.890000 

ANTD, -2.691850 7 -3.770000 -3.190000 -2.890000 

A2NTD1 -0.569652 6 -3.770000 -3.190000 -2.890000 

NBD -2.770778 0 -3.770000 -3.190000 -2.890000 

ANBD1 -7.166851 1 -3.770000 -3.190000 -2.890000 

A2NBD1 1.858605 9 -3.770000 -3.190000 -2.890000 

*Mackinnon (1996) ** £1/iott-Rothenberg-Stock (1996, Table 1) ***Automatic based on SIC. MAXLAG=9 
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4.2.6 Findings of the Dickey-Fuller-GLS Unit Root Tests 

The results of the DF-FLS Unit Root tests have been summarized below: 

(i) All the data series included in the models are non-stationary at level for the 

exogenous constant and exogenous constant linear tend. 

(ii) For exogenous case, all the data series are stationary at their first difference 

at 1% significance level except nominal trade deficit. It is found to be 

stationary only at 10 percent level of significance at its first difference. 

(iii) For exogenous constant linear tend, all the variables have been found 

stationary at their first difference except nominal trade deficit. 

(iv) First difference data series are found to be stationary for the case of 

'exogenous constant'. However, 'exogenous constant liner trend' case 

doesn't explain the existence of unit root consistently since nominal trade 

deficit has been found non-stationary even at its second difference. 

4.2.7 Phillips-Perron (P-P) Unit Root Test: Results of Estimation 

Phillips-Perron (P-P) Unit Root Test is also one of the very important tests for 

examining stationarity of the variables concerned. For that purpose we have tested with 

the following formulae as presented in Chapter III as: 

Yt =!-! +<p1 Yt-1+ Et, [t =1, ---------, T] (3.10) 

Zp~ = T(<p1-l)- CF (3.11) 

T 

CF = 0.5(s2
TJ- Ss

2
)/ ( L (Yt- 1-Y -1)2/T2

) (3.12) 
t~2 
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and, (3.13) 

I T 

S
2

TI = Sr;
2 

+2l:Ws/ l:t:tt:t-s /T (3.14) 
s=l l=s+l 

Wsl = 1- s/ (1+1) and 

T 

Y -I = ( 2: ~ )!(T -1) (3.15) 
1=2 

Based on the formulae, we have calculated the test-statistics and critical values 

presented in the Table 4.6. 

Table- 4.6 

Results ofPhillips-Perron Unit Root Tests 

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

Variable P-P test Prob· value Band- Test critical values 
statistic width** 

1% 5% 10% 

TDI -0.368688 0.9049 0 -3.605593 -2.936942 -2.606857 

!'!TD, -6.567820 0.0000 0 -3.610453 -2.938987 -2.607932 

l'i 2TD1 -11.08193 0.0000 0 -3.615588 -2.941145 -2.609066 

BDI -1.392070 0.5766 1 -3.605593 -2.936942 -2.606857 

!'!BDt -8.018897 0.0000 3 -3.610453 -2.938987 -2.607932 

1"1 2BDt -25.77930 0.0001 9 -3.615588 -2.941145 -2.609066 

NTD 0.967443 0.9954 0 -3.605593 -2.936942 -2.606857 

!'!NTD1 -6.308111 0.0000 2 -3.610453 -2.938987 -2.607932 

!'!2NTD1 -12.46528 0.0000 1 -3.615588 -2.941145 -2.609066 

NBD -0.051470 0.9478 1 -3.605593 -2.936942 -2.606857 

!'!NBD1 -8.145870 0.0000 1 -3.610453 -2.938987 -2.607932 

!'! 2NBD1 -14.47988 0.0000 4 -3.615588 -2.941145 -2.609066 
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Exogenous: Constant and Linear Trend 

Variable P-P test Prob* Band- Test critical values 
statistic value width** 

1% 5% 10% 

TD, -2,819749 OJ990 I -4.205004 -3.526609 -3.194611 

t!.TD1 -6,567844 0,0000 I -4.211868 -3.529758 -3.196411 

t/TD1 -10.92145 0.0000 0 -4.219126 -3533083 -3.198312 

BDI -2373083 0.3873 2 -4.205004 -3.526609 -3.194611 

t.BD, -8.001475 0.0000 3 -4.211868 -3529758 -3.196411 

6.2BD1 -25.38008 0.0000 9 -4.219126 -3.533083 -3.198312 

NTD -1209836 0.8949 0 -4.205004 -3.526609 -3.194611 

WTD1 -6.887759 0.0000 I -4.211868 -3.529758 -3.196411 

112NTD1 -12.26809 0.0000 l -4.219126 -3.533083 -3.198312 

NBD -2.866853 0.1836 3 -4.205004 -3.526609 -3.194611 

t.NBDt -9.286505 0,0000 4 -4.211868 -3.529758 -3.196411 

112NBD1 -14.01612 0.0000 4 -4.219126 -3.533083 -3.198312 

Exogenous: None 

Variable P-P test Prob* value Band- Test critical values 
statistic width** 

1% 5% 10% 

TDI 0.734105 0.8693 0 -2.624057 -1.949319 -1.611711 

!1TD1 -6.329376 0.0000 2 -2.625606 -1.949609 -1.611593 

t;.2TDt -11.23464 0.0000 0 -2.627238 -1.949856 -1.611469 

BD, -0.101243 0.6427 2 -2.624057 -1.949319 -1.611711 

ABDI -7.860769 0.0000 1 -2.625606 -1.949609 -1.611593 

A2BD1 -26.20234 0.0000 9 -2.627238 -1.949856 -1.611469 

NTD 1.970831 0.9869 0 -2.624057 -1.949319 -1.611711 

11NTD1 -5.855196 0.0000 3 -2.625606 -1.949609 -1.611593 

6.2NTD, -12.63056 0.0000 1 -2.627238 -1.949856 -1.611469 

NBD 1.022035 0.9165 1 -2.624057 -1.949319 -1.611711 

t!.NBD1 -7.754645 0.0000 3 -2.625606 -1.949609 -1.611593 

!!. 2NBD1 -14.80964 0.0000 4 -2.627238 -1.949856 -1.611469 

*MacKinnon (1996) One-sided P-values **Newey-West using Bartlett kernel 
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4.2.8 PP Unit Root Test Findings 

The results of the P-P Unit Root tests have been presented below: 

(i) The P-P test statistic, as presented in the table above, support the presence 

of a unit root (non-stationary) in variables when they are at level since all 

the relevant estimated coefficients are found to be significant at 1% level. 

(ii) The hypothesis of 'non-stationarity' is rejected when all the variables (BD 

and TD) are at first differences, all the relevant coefficients are found to 

be insignificant at 1% level. 

Hence, it can be concluded that the variables are stationary when they are in 

first differences and non-stationary at level in all the above-mentioned cases. 

4.2.9 Kwiatkowski-Phillips-Schmidt-Shin (KPSS) Unit Root Test 

As an alternative, we have also performed the KPSS Unit Root Test to examine 

if the variables were stationary. For that purpose, we have used the formulae, 

presented in Chapter III as following: 

<p(L )Yt = <lt +~t + Et (3.16) 

at= <lt-1 +t'lt ao =a (t = 1,2,----------T) 

where 

Et ~ liD (0, cr/), llt ~ liD (0, crl] 2) 

The results of the (KPSS) Unit Root tests are being presented below: 
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Table- 4.7 
Results of KPSS Unit Root Tests 

Exogenous: Constant Null Hypothesis: The variable is stationary 

Variable KPSS test statistic Band- Residual variance HAC Corrected Variance 
(LM-stat.) width•• (no correction) (Bartlett kernel) 

TD1 0.724566 5 44540035 2.23E+08 

ATD1 O.I05950 0 3829489. 3829489. 

A2TD, 0.03700I I 8417395. 3852707. 

BD1 0.669250 5 3I90870. 15948577 

MDI O.I19I58 4 532858.2 280454.7 

A2BD1 0.3683I9 28 1362309. 5I995.49 

NTD 0.665739 5 6.92E+08 3.34E+09 

ANTD, 0.38567I 2 40323530 422I0897 

A2NTD1 0.1I6677 5 854I9399 10901007 

NBD 0.724792 5 31399361 1.58E+08 

MVBD1 0.096394 0 3330500. 3330500. 

A2NBD1 0.086624 2 8411369. 2338641. 

Asymptotic critical Values 
. 

JO/o 5% 10% 

0.739000 0.463000 0.347000 

Exogenous: Constant and Linear Trend Null Hypothesis: The variable is stationary 

Variable KPSS test statistic Band- Residual variance HAC Corrected Variance 
(LM-stat.) width•• (No Correction) (Bartlett kernel) 

TDt 0.154603 4 7054328. 19689616 

ATDI 0.049041 1 3771736. 3386067. 

A2 TD1 0.027824 I 8405811. 3847058. 

BD, 0.143250 4 847436.0 2518108. 

ABDI 0.109009 5 530999.6 221881.4 

A2BD1 0.338327 27 1361632. 53794.19 

NTD 0.199725 5 1.80E+08 7.49E+08 

ANTD1 0.040851 1 36753139 31331781 

A2NTD1 0.054423 4 85363214 21234421 

NBD, 0.190723 5 4721077. 16069592 

ANBD, 0.064542 4 3270790. 962168.2 

A2NBD1 0.059248 2 8384196. 2380723. 

Asymptotic critical Values • 1% 5% 10% 

0.216000 0.146000 O.ll9000 

*Kwiatkowski-Phillips-Schmidt-Shin (1992, Tab/e-1) **Newey-West using Bartlett kernel 
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4.2.10 Findings from KPSS Unit Root Tests 

It is observed from the Table 5.6 that, 

(i) LM statistics for TDb BDt. NTDt. and NBDt exceed the Asymptotic 

Critical Values at 5% level. Consequently, the null hypothesis of 

'stationarities of variables have been rejected at 5% level for these 

variables and these variables are found to be 'non-stationary.' 

(ii) LM statistics for ~ TDt. L1BDt. ~NTDt. and ~NBDt are lower than the 

Asymptotic Critical Values at 5% level. This implies that the null 

hypothesis of 'stationarity' of variables has been accepted at 5% level and 

the first differenced series have become stationary. 

(iii) ~2TDt. ~2BDt. ~2NTDt and ~2NBDt series are stationary. However, 

stationarity of the series is marked by rise in 'bandwidth' and 'Residual 

Variance' upon second differences. These observations testifY for 'over 

differencing' for the variables concerned. 

4.2.11 ERS Point-Optimal Unit Root Test: Results of Estimation 

We have also performed the ERS Point-Optimal Unit Root Tests to further 

examine the stationarity nature of the data of BD and TD through the use of following 

formulae stated in Chapter III: 

d(ytla) = d(xtla)'8(a)+ llt 

TJt(a) = d(ytla)- d(xtla)'8(a) 

Pr =SSR (a) -a SSR (1) /fo 

(3.17) 

(3.18) 

(3.19) 

The results of the ERS Point-Optimal unit root tests are being presented through 

the following Table 4.8. 
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Table- 4.8 

Results ERS Point-Optimal Unit Roots Test 

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

Variable Elliott-Rothenberg-Stock Lag HAC Corrected Variance 

test statistic (P-statistic) length •• (Spectral OLS auto regression) 

TDI 24.12515 0 3815839. 

11TD1 1.337115 0 3886425. 

111TD1 68.16738 4 193077.6 

BDI 13.95892 0 502875.9 

11BD1 1.538089 0 506502.7 

111BD1 1.020895 1 2346512. 

NTD 42.25208 0 39354229 

MVTDI 0.211135 7 2.47E+08 

111NTD1 603.8285 5 249323.8 

NBD 115.0430 2 627343.3 

MVBDI 0.617835 1 10619342 

111NBD1 2911.978 9 7844.518 

Test critical 1% 5% 10% 

values 1.870000 2.97000 3.91000 

Exogenous: Constant and Linear Trend Null Hypothesis: The variable has a unit root 

Variable Elliott-Rothenberg-Stock Lag HAC Corrected Variance 

test statistic (P-statistic) length •• (Spectral OLS auto regression) 

TDI 13.31884 0 3107083. 

11TD1 4.733044 0 3823855. 

111TD1 1241.982 5 34961.11 

BDI 8.967412 0 458571.4 

11BD1 5.178270 0 500469.1 

111BD1 3.144584 1 2380113. 

NTD 30.82244 0 35354530 

11NTD1 68.83617 4 2551903. 

111NTD1 1974.484 5 233559.2 

NBD 10.55700 0 2616980. 

11NBD1 1.320076 1 13294392 

111NBD1 5389.229 9 10473.34 

Test critical 1% 5% 10% 

values 4.220000 5.720000 6.770000 

*Elliott-Rothenberg-Stock (1996. Table 1) **Spectral OLS AR based on SIC, MAXLAG = 9 
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4.2.12 Findings From the ERS Point Optimal Unit Root Test 

It is observed from the Table- 4.7 that, 

(i) the series of TDto BDto NTDto and NBDt at level are non-stationary since 

estimated P-statistics in each case exceed the corresponding critical values 

even at 5% level. 

(ii) the first ·differenced series for these variables (i.e. 1'1 TD1, 1'1BDto 1'1NTDt, and 

1'1NBD1) are stationary since the estimated corresponding P-statistics are 

lower than the corresponding critical values even at 1% level. 

(iii) in case of estimation with 'constant' and 'linear trend' as exogenous 

register, 1'1 TDt, 1'1BDt are found to be stationary at 5% level of significance 

while 1'1NBD1 attains stationarity at 1% level. However, 1'1NTDt displays 

non-stationarity even upon second differencing. 

4.2.13 Ng-Perron Modified Unit Root Test: Results of Estimation 

Ng-Perron Modified Unit Root Tests have been performed on the basis of the 

following formulae as presented in Chapter III. 

(3.20) 

The modified statistics can be represented as: 

MSBd = (k/fo)l/2 (3.21) 
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The results of estimation of Ng-Perron modified unit root tests are being 

presented through the following Table 4.9: 

Table- 4.9 

Results ofNg-Perron Modified Unit Root Tests 

Exogenous: Consturt Null Hypothesis: The variable hasa unit root 

Variable Lag Ng-Perron test statistics HAC 
length* corrected 

MZa MZt MSB MPT variance 

TDt 0 -0.05927 -0.03103 0.52358 20.0402 4000309. 

!J.TDt 0 -21.1284 -3.23565 0.15314 1.21040 4415845. 

!J.2TD, 0 -13.2786 -2.49529 0.18792 2.15445 6361900. 

BDt 0 -2.18999 -0.93081 0.42503 10.2775 525283.3 

!J.BDt 0 -19.2644 -3.05409 0.15854 1.44745 541015.4 

!J.2BDt 0 -11.4300 -2.25342 0.19715 2.66487 930983.2 

NTD 7 0.97453 0.43426 0.44561 19.2020 77289962 

!!.NTDt 7 -1402.42 -26.4799 0.01888 0.01773 3.04E+09 

J.. 2NTDt 6 1.58643 3.86240 2.43464 425.540 364070.2 

NBD 0 0.05259 0.02451 0.46609 17.6300 3486288. 

J..NBD, 1 -65.9899 -5.63608 0.08541 0.61177 10652758 

IJ. 2NBD1 9 5.57526 55.2328 9.90677 12280.0 1869.808 

Asymptotic 1% -13.8000 -2.58000 0.17400 1.78000 

Critical 
Values 

.. 5% -8.10000 -1.98000 0.23300 3.17000 

10% -5.70000 -1.62000 0.27500 4.45000 
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Exogenous: Constant and Trend Null Hypothesis: The variable has a unit root 

Variable Lag Ng-Perron test statistics HAC corrected 
length. 

MZa MZt MSB MPT 
variance 

TDt 0 -8.24286 -2.01699 0.24470 11.0949 3323482. 

~TDt 0 -19.8400 -3.11789 0.15715 4.78424 3960482. 

~2TDt 0 -14.3047 -2.60156 0.18187 6.78706 6665932. 

BDt 0 -10.0462 -2.17609 0.21661 9.36134 458828.5 

~BDt 0 -18.3607 -2.99556 0.16315 5.16987 523244.8 

~2BDt 0 -13.8456 -2.50716 0.18108 7.27588 1066783. 

NTD 0 -2.81639 -0.96575 0.34291 26.2066 39018672 

~NTDt 7 -0.07161 -0.07770 1.08513 226.356 814497.3 

~2NTD1 6 1.22105 3.25708 2.66744 1556.37 310182.1 

NBD 0 -10.3823 -2.22895 0.21469 9.00756 2782738. 

~NBDt 1 -71.5625 -5.92211 0.08275 1.52858 12008510 

~2NBD1 9 3.95469 24.3571 6.15905 11166.5 5251.213 

Asymptotic 1% -23.8000 -3.42000 0.14300 4.03000 

Critical 5% -17.3000 -2.91000 0.16800 5.48000 
Values 

.. 
10% -14.2000 -2.62000 0.18500 6.67000 

** Ng-Perron (2001. Table I) *Spectral GLS-detrended AR based on SIC. MAXLAG = 9 

4.2.14 Findings From the Ng-Perron Modified Unit Root Tests 

It is observed from the Table 4.8 that, 

(i) TDto BDto NTDt, and NBDt series at levels are non-stationary since in each 

case the null hypothesis (that the variable has a unit root) has been accepted 

at 5% level of significance. This occurs because in each case Ng-Perron 

Test Statistics like MSB and MPT exceed while IMZal and IMZtl values fall 

short of the corresponding asymptotic critical values at 5% level. 

(ii) The first difference series for TDto BDt. NTDt. and NBDt (i.e. ~ TDt. ~BDt. 

~NTDt. and ~NBDt) are stationary series in each case. Ng-Perron test 
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statistics like MSB and MPB fall short of and jMZal and jMZd exceed the 

corresponding asymptotic Critical Values at 5% level. 

(iii) the stationarity of first difference series is justified since for each series 

(~TD1, ~BDt. ~NTD~. and ~NBD1), the HAC Corrected Variances 

registered a rise after first differencing. 

4.2.15 The Overview of the Findings 

The level along with the first and second differenced datasets for TD~, BDt. 

NTD~, and NBD1 have been subject to battery of relevant tests for stationarity. The test 

results and findings, as presented in section 4.21. - Section 4.2.14, show that, 

(i) the level data for all the variables (TDt. BD~, NTDt. and NBD1) are non-

stationary. 

(ii) all the variables, barring NTDt, attain stationary at 5% level upon first 

differencing. 

(iii) second differencing of the variables, barring NTDt, imply 'over-

differencing' resulting in serious loss of information. 

(iv) time series datasets for real variables would be more 'appropriate' for 

econometric analysis in this study in view of the asymmetric nature of 

stationarity ofNTD1• 

4.3: Graphical Representation of the Series 

The following figures 4.1 through 4.4 exhibit the nature of stationarity of the 

variables of trade deficit and budget deficit (real and nominal term) with the help of 
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line graphs of the series. The Figures (1.2 and 1.3) show the line graph of the variables 

at level, which are seemed non-stationary. The figures (4.1 - 4.4) represent the line 

graphs of the variables at first difference that are seemed stationary. The nature of 

stationarity or non-stationarity can be compared with the help of line graphs and the 

fundamental difference between such series can easily be observed by looking at their 

plots. The line graph of non-stationary series of trade deficit and budget deficit starts 

from the left comer of the box and moves downward (since the series values are in 

negative sign) towards right comer of the box while the line graph of stationary series 

normally begins from the middle part of left vertical axis of the box and moves 

rightward with fluctuations towards the middle part of right vertical axis of the box. 

This behavior hints for non-stationarity (of second case) since it has no continual 

increasing or decreasing trend in the data. In contrast, level data show such continual 

ascending or descending behavior as the time passes by. 

4.3.1 Time Plots of the Budget Deficit and Trade Deficit Series (Real) 

The time plots of the Real Trade Deficit (TD) and Real Budget Deficit (BD) at 

level are presented trough Fig 1.2. Again the time plots of the first differenced series 

for BDt and TDt are given in Fig 4.1 and 4.2 respectively. 

It is observed from the figures that, 

(i) the time plots of the TDt. as given in Fig 1.2 displays trend of decline with a 

few marginal breaks since 1964 to 1997. Then it registers a rise in 1998, 

which continues until 2002. A spectacular decline occurs at 2003. Thus the 

series consists of a declining trend followed by a rising one. Consequently, 

the existences of trends signify non-stationarity of the series 
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(ii) the time plots of the differenced series for Trade Deficit , as given in 4.1, 

does not display any visible trend in it. The plots are marked by several ups 

and down .. The pattern of upswings and downswings are indicative of 

'stationarity' of the series concerned and this stationarity was upheld by the 

test-results in sections 4.2.1 - 4.2.1 0. 

(iii) the time plots of the BOt real, as given in Fig 1.2 displays trend of decline 

and rise with a few marginal breaks since 1964 to 1970 and continues 

moderate decline until the beginning of 1980. Then it registers a stable trend 

until 1987 and then it displays continuous significant rise and fall within the 

gap of 3-4 years. As a result, the existences of trends in BD real data at level 

signify non-stationarity of the series. 

(iv) the time plots of the ditierenced series for real Budget Deficit displayed at 

Fig 4.2 does not display any visible trend in it. The plots are marked by 

several ups and down. The pattern of upswings and downswings are 

indicative of 'stationarity' of the series concerned and this stationarity was 

supported by the test-results in sections 5.2.1 - 5.2.1 0 

4.3.2 Time Plots of the Budget Deficit & Trade Deficit Series (Nominal) 

The time plots of the TO (Nominal) and BD (Nominal) series are given by the 

Fig 1.3. Again Fig 4.3 and Fig 4.4 present the time plots of the first differenced series 

for TD (Nominal) and BD (Nominal) respectively. 
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It is observed from the Figs 1.3 that 

(i) the TD (Nominal) series at level displays almost exponential decline until 

1997 with marginal rise at 1998. However, the series again displays a 

decline since 2002. The exponential type of declining trend in TD 

(Nominal) series testifies for the existence of non-stationarity in it. 

(ii) BD (Nominal) series also displays almost a secular declining trend with a 

few marginal ups and downs until 2002. This declining pattern is indicative 

of the presence of non-stationarity in the dataset. 

The non-stationarity in these two series were indicated by the test results also as 

presented in sections 4.2.1 0 

(iii) the first differenced data set for Nominal BD (as given in the Fig 4.3) 

displays almost a secular constancy until 1990 followed by regular upswings 

and downswings. This pattern does not confirm the presence of stationarity 

in the series concerned. 

(iv) the first differenced data for Nominal TD (as shown by the Fig 4.4) displays 

almost a constant trend until 1993 followed up marginal ups and downs. 

This pattern of the plot does not indicate stationarity in the dataset. 
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Figure- 4.1 

Time Plot of Trade Deficit (Real) at First Difference (Stationary Series) 
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Figure- 4.2 

Time Plot of Budget Deficit (Real) at First Difference (Stationary Series) 
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Figure- 4.3 

Time Plot of Trade Deficit (Nominal) at First Difference (Stationary Series) 
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Figure- 4.4 

Time Plot of Budget Deficit (Nominal) at First Difference (Stationary Series) 
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4.4 Study of the Stationarity through Correlogram 

Correlogram is a graphical representation of Autocorrelation Function (ACF) 

and Partial Autocorrelation Function (P ACF) at different orders (lags) for any variable. 

The ACF and P ACF of the Trade Deficit (Real) and Budget Deficit (Real) datasets at 

level are being presented through Fig 4.5 and Fig 4.7 respectively. Again, Fig 4.6 and 

Fig 4.8 present the correlograms for the first differenced datasets for TD and BD 

respectively. Again the correlograms for TD (nominal) and BD (nominal) series at level 

and first difference are being presented through Figures 4.9- 4.12. 

It is observed from the Figures 4.5 and 4.12 that, 

(i) the ACF for TD (Real) displays a staircase like structure before it subsides at 

the 12th lag. The first spike at lag 1 (in the partial autocorrelation function), is 

highly significant with the value 0.914. This is indicative of non-stationarity of 

the TD series at level. 

(ii) the ACF for BD (Real) also subsides at lag 13 while the spike (the partial 

autocorrelation) at the first lag is the most significant one with the value 0.891. 

This testifies for the existence of non-stationarity in the dataset. 

(iii) the first differenced real datasets for BD and TD display no significant spike in 

the ACF at the first lg. Moreover, the PACF is free from any significant spike at 

the first lag for both the differenced datasets. This confirms stationarity of BD 

and TD datasets upon first differencing. 

(iv) the ACF for TD (Nominal) displays a staircase like structure before it subsides 

at the 12th lag. The first spike at lag 1 (in the partial autocorrelation function), is 

highly significant with the value 0.894. This is indicative of non-stationarity of 

the Nominal TD series at level. 
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(v) the spikes in the ACF for BD (Nominal) also subside at lag 14 while the spike 

(the partial autocorrelation) at the first lag is the most significant one with the 

value 0.891. This testifies for the existence of non-stationarity in the dataset for 

Nominal BD. 

(vi) the first differenced datasets for BD (Nominal) and TD (Nominal) display no 

significant spike in the ACF at the first lag. Moreover, the PACFs are free from 

any significant spike at the first lag for both the differenced datasets. This 

confirms stationarity ofNominal BD and TD datasets upon first differencing. 

Figure- 4.5 

Correlogram of Trade Deficit (Real) at Level (Non-Stationary) 

Autocorrelation Partial Correlation 
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AC PAC Q-Stat Prob 

1 0.914 0.914 36.847 0.000 
2 0.823 -0.079 67.469 0.000 
3 0.741 0.006 92.925 0.000 
4 0.670 O.D18 114.29 0.000 
5 0.621 0.091 133.15 0.000 
6 0.588 0.065 150.55 0.000 
7 0.532 -0.158 165.21 0.000 
8 0.427 -0.315 174.95 0.000 
9 0.329 -0.006 180.90 0.000 

10 0.219 -0.157 183.64 0.000 
11 0.136 0.044 184.73 0.000 
12 0.083 0.037 185.15 0.000 
13 0.041 -0.014 185.25 0.000 
14 -0.009 -0.018 185.26 0.000 
15 -0.057 0.053 185.48 0.0::0 
16 -0.105 -0.003 186.26 0.000 
17 -0.151 0.030 187.93 0.000 
18 -0.204 -0.222 191.12 0.000 
19 -0.236 0.020 195.59 0.000 
20 -0.262 -0.050 201.34 0.())] 



Figure- 4.6 

Correlogram of Trade Deficit (Real) at First Difference (Stationary) 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

1 -0.082 -0.082 0.2898 0.590 
2 0.043 0.036 0.3700 0.831 
3 -0.016 -0.010 0.3815 0.944 
4 -0.333 -0.340 5.5696 0.234 
5 -0.286 -0.387 9.5051 0.091 
6 0.253 0.250 12.670 0.049 
7 -0.064 0.037 12.877 0.075 
8 0.135 -0.068 13.837 0.086 
9 0.149 -0.072 15.037 0.090 

10 -0.121 -0.050 15.862 0.104 
11 -0.049 0.093 15.998 0.141 
12 0.000 -0.028 15.998 0.191 
13 -0.049 0.025 16.150 0.241 
14 0.087 0.063 16.634 0.276 
15 0.021 -0.060 16.664 0.339 
16 -0.042 -0.046 16.789 0.399 
17 0.113 0.161 17.720 0.407 
18 -0.134 -0.051 19.084 0.387 
19 -0.007 -0.061 19.088 0.451 
20 0.007 -0.068 19.092 0.516 

Figure- 4.7 

Correlogram Budget Deficit (Real) at Level (Non-Stationary) 

Date: 12!01!07 Time: 14:14 
Sample: 1964 2004 
Included observations: 41 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

1 0.891 0.891 34.985 0.000 
2 0.829 0.172 66.067 0.000 
3 0.754 -0.056 92.424 0.000 
4 0.673 -0.088 113.98 0.000 
5 0.617 0.065 132.60 0.000 
6 0.569 0.059 148.94 0.000 
7 0.495 -0.154 161.63 0.000 
8 0.422 -0.108 171.14 0.000 
9 0.351 -0.027 177.90 0.000 

10 0.269 -0.072 182.02 0.000 
11 0.185 -0.126 184.02 0.000 
12 0.115 -0.030 184.82 0.000 
13 0.042 -0.030 184.93 0.000 
14 -0.057 -0.211 185.14 0.000 
15 -0.107 0.083 185.91 0.000 
16 -0.189 -0.119 188.44 0.000 
17 -0.259 -0.074 193.36 0.000 
18 -0.315 -0.049 200.99 0.000 
19 -0.366 0.005 211.74 0.000 
20 -0.407 0.017 225.64 0.000 
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Figure- 4.8 

Correlogram of Budget (Real) Deficit at First Difference (Stationary) 

Autocorrelation Partial Correlation AC PAC Q.Stat Prob 

1 -0.263 -0.263 2.9704 0.085 
2 0.007 -0.067 2.9725 0.226 
3 -0.023 -0.041 2.9959 0.392 
4 -0.109 -0.136 3.5512 0.470 
5 -0.110 -0.196 4.1300 0.531 
6 0.135 0.042 5.0273 0.540 
7 0.041 0.080 5.1127 0.646 
8 -0.020 -0.010 5.1342 0. 7 43 
9 0.133 0.115 6.0859 0.731 

10 -0.006 0.095 6.0879 0.808 
11 -0.213 -0.158 8.7224 0.647 
12 0.006 -0.101 8.7249 0.726 
13 0.114 0.120 9.5281 0.732 
14 -0.245 -0.207 13.396 0.496 
15 0.098 -0.130 14.035 0.523 
16 0.058 -0.004 14.274 0.578 
17 -0.100 -0.068 15.000 0.595 
18 0.051 -0.030 15.201 0.648 
19 0.067 0.036 15.565 0.686 
20 -0.153 -0.049 17.525 0.619 

Figure- 4.9 

Correlogram of Trade Deficit (Nominal) at Level (Non-Stationary) 

Autocorrelation Partial Correlation 
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AC PAC Q-Stat Prob 

1 0.894 0.894 35.227 0.000 
2 0.782 -0.088 62.846 0.000 
3 0.692 0.054 85.092 0.000 
4 0.623 0.039 103.60 0.000 
5 0.564 0.010 119.16 0.000 
6 0.510 0.003 132.24 0.000 
7 0.448 -0.060 142.66 0.000 
8 0.326 -0.332 148.34 0.000 
9 0.227 0.056 151.18 0.000 

10 0.127 -0.156 152.10 0.000 
11 0.050 0.017 152.25 0.000 
12 0.004 0.071 152.25 0.000 
13 -0.031 0.002 152.31 0.000 
14 -0.067 0.000 152.60 0.000 
15 -0.098 0.113 153.25 0.000 
16 -0.126 -0.093 154.37 0.000 
17 -0.155 0.032 156.14 0.000 
18 -0.182 -0.106 158.67 0.000 
19 -0.202 -0.071 161.93 0.000 
20 -0.218 -0.046 165.94 0.000 



Figure- 4.10 

Correlogram of Trade Deficit (Nominal) at First Difference (Stationary) 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

1 -0.037 -0.037 0.0592 0.808 
2 0.144 0.143 0.9804 0.612 
3 0.004 0.014 0.9810 0.806 
4 -0.230 -0.255 3.4417 0.487 
5 -0.231 -0.272 6.0021 0.306 
6 0.259 0.361 9.3145 0.157 
7 0.038 0.215 9.3862 0.226 
8 0.161 -0.024 10.7 47 0.216 
9 0.159 -0.068 12.109 0.207 

10 -0.007 0.075 12.112 0.278 
11 -0.031 0.206 12.169 0.351 
12 0.014 0.014 12.181 0.431 
13 -0.026 -0.085 12.222 0.510 
14 0.006 -0.042 12.224 0.5 
15 -0.007 -0.020 12.227 0. 
16 -0.023 -0.023 12.263 0. 
17 -0.004 -0.040 12.264 0.784 
18 -0.064 -0.124 12.580 0.816 
19 -0.036 -0.115 12.684 0.854 
20 -0.030 -0.047 12.759 0.888 

Figure4.11 

Correlogram Budget Deficit (Nominal) at Level (Non-Stationary) 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

1 0.891 0.891 35.015 0000 
2 0.846 0.252 67.382 0.000 
3 0. 782 -0.034 95.772 0.000 
4 0.667 -0.329 116.98 0.000 
5 0.609 0.084 135.14 0.000 
6 0.542 0.089 149.94 0.000 
7 0.458 -0.089 160.81 0.000 
8 0.409 -0.031 169.73 0.000 
9 0.345 -0.019 176.27 0.000 

10 0.284 -0.004 180.86 0.000 
11 0.224 -0.114 183.79 0.000 
12 0.151 -0.109 185.18 0.000 
13 0.075 -0.099 185.53 0.000 
14 -0.015 -0.145 185.54 0.000 
15 -0.064 0.144 185.82 0.000 
16 -0.137 -0.069 187.14 0.000 
17 -0.182 0.004 189.59 0.000 
18 -0.223 -0.088 193.40 0.000 
19 -0.263 0.037 198.94 0.000 
20 -0.299 -0.083 206.46 0.000 
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Figure- 4.12 

Correlogram of Budget Deficit (Nominal) at First Difference (Stationary) 

Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

1 -0.295 -0.295 3.7513 0.053 
2 -0.277 -0.399 7 1369 0.028 
3 0.277 0.059 10.615 0.014 
4-0.118-0.126 11.261 0.024 
5 -0.027 0.014 11.296 0.046 
6 0.077 -0.021 11.590 0.072 
7 -0.135 -0.112 12.518 0.085 
8 0.095 0.030 12.996 0.112 
9 0.186 0.204 14.866 0.095 

10 -0.001 0.291 14.866 0.137 
11 -0.158 0.025 16.313 0.130 
12 0.027 -0.017 16.358 0.175 
13 0.098 0.034 16.957 0.201 
14 -0.190 -0.158 19.292 0.154 
15 0.111 0.056 20.115 0.168 
16 0.007 -0.065 20.118 0.215 
17 -0.046 0.011 20.273 0.261 
18 0.023 -0.206 20.315 0.315 
19 0.013 -0.085 20.328 0.375 
20 -0.083 -0.126 20.914 0.402 

4.5 Summary 

This chapter is devoted to examining stationarity of the time series datasets for 

trade deficits (TD) and budget deficits (BD). The stationarity of the variables 

concerned has been studied through: 

(i) examination of time plots of the variables at level and upon first degree 

differencing. 

(ii) battery of Unit Root Tests which include Dickey-Fuller Test, ADF Test, P-P 

Test, KPSS Test, Ng-Perron Test, ERS Point Optimal Test and DG-GLS 

Unit Root Test. 

(iii) the study ofCorrelograms of the variables concerned at level and upon first 

differencing. 
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The time plots, battery of tests and Correlograms study of the variables confirm 

that: 

(i) Real times series for BD and TD datasets at level are non-stationary, and 

(ii) these variables attain stationarity upon first order differencing i.e. 

and, 

BD (Real)~ I (1) 

TB (Real)~ I (1) 

(iii) first order differencing ensures stationarity for BD (Nominal) dataset, i.e. 

BD (nominal)~ I (1) 

(iv) TD (Nominal) dataset fails to attain stationarity even upon second 

differencing (as given by the Unit Root Tests). 
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Correlogram 

Appendix to the Chapter IV 

Notes on Correlogram and Q statistic 

The 95% confidence interval fur sample autocorrelation coefficients is 

(Pk) = ± 1.96 (1/-v'41) = ± 0.3061. Hence, the autocorrelation coefficient should lie 

between -0.3061 to+ 0.3061 for the data when they are at level for stationarity. For the 

first difference of the series the confidence interval is (pk) = ± 1.96 (1/-v'40) =0.3099 on 

either side of zero. The coefficient of ACF should lie between -0.3099 to +0.3099. If 

an estimated Pk falls inside the interval, the hypothesis that the true Pk is zero is not 

rejected. But if it lies outside this confidence interval, then the hypothesis that the true 

Pk is zero can be rejected. The 95% confidence interval has been shown as two dashed 

lines in the correlogram of different series on the figures (Figures 4.5 - 4.12) 

For example, the Figure 4.5 shows the sample correlogram of the real trade 

deficit up to 20 lags. One notable and important feature of this sample correlogram is 

that it starts at a very high value (0.914 at lag 1) and tapers off very gradually. Even at 

lag 9 the autocorrelation coefficient is still a sizable value of 0.329. From this figure, 

two facts come out: First, the ACF declines very slowly; ACF up to 9 lags are 

individually statistically significantly different from zero, for they all are outside the 

95% confidence bounds. Second, after the first lag, the PACF drops dramatically, and 

all P ACFs after lag 1 are statistically insignificant. This type of pattern is generally an 

indication that the time series is non-stationary. Again for all the first differenced 

series, ACF and P ACF are free from any significant spike at any lag. Again the spikes 

cross the base at the fourth and fifth lag. 
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Q statistic 

In order to verify the joint hypothesis that all the autocorrelation coefficients 

(Pk) are simultaneously equal to zero, the 'Q statistic' developed by Box and Pierce can 

be used for this purpose. This has been defined as, 

where, n = sample size m= lag length 

The Q statistic is approximately distributed as a chi-square variate with m df. If 

the computed Q exceeds the critical Q value from the chi-square table at the selected 

level of significance, the null hypothesis that all Pk are zero can be rejected; at least 

some of them must be nonzero. 

Omission of Nominal Data in the Study 

Nominal time series datasets in use are normally influenced by the same price 

index/deflator affecting their movements. In our case, NTD dataset could not achieve 

stationarity even upon second differencing. Here, influence of respective year's price 

on TD might have caused to happen so. In real practice too, nominal data are seldom 

modeled for deriving conclusions. Moreover, if the nominal data are not transformed 

into 'real' data, probably we might be studying simply the relationship of price 

movements rather than analyzing 'actual relationship' between variables. For these 

reasons, we also dropped the Nominal Data of budget deficit (BD) and trade deficit 

(TD) from our study in the forthcoming chapters. 
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