
CHAPTER-V 

STATIONARITY AND INTEGRABILITY OF BUDGET DEFICIT AND TRADE 

DEFICIT 

5.1 Introduction 

Macroeconomic variables like 'budget deficit' and 'trade deficit' which are used in 

econometric studies are usually of time series in nature. These are no longer to be considered 

as deterministic variable. On the contrary, these are considered to be generated by some 

underlying stochastic process. In any time series Y" each value Y~,Y2 ••••••••••• Y1 is assumed 

to be drawn randomly from a probability distribution .To be completely general the observed 

series Y~,Y2 ••••••••••• Y1 is assumed to be drawn from a set of jointly distributed random 

variables. Thus if the underlying probability distribution function of the series could be 

specified, then one can determine the probability of one or another future outcome. But the 

complete specification of the probability distribution function for any time series is usually 

impossible. However, it is possible to construct a simplified model of the time series, which 

explains its nature of randomness in a manner useful for econometric studies. The simple 

model may be a reasonable approximation· of the actual and more complicated underlying 

stochastic process. 

Specification of the underlying stochastic process is preceded by the identification of the 

nature of the stochastic process. More specifically, if the stochastic process that generates the 

time series data is invariant with respect to time, and then it is 'stationary'. If the process is 

'non-stationary', it will be difficult to represent time series over past and future intervals of 

time by an algebraic model. By contrast, if the stochastic process is fixed in time, i.e. if it is 

'stationary', then one can model the process through an equation with fixed coefficients that 

can be estimated from the past data. This is possible because, for a stationary process, both 

the joint probability distribution and conditional probability distribution are 'invariant' with 

respect to time. 

It, therefore, becomes pertinent for enquiring into the nature of the stochastic processes for the 

macroeconomic variables, like 'budget deficit' and 'trade deficit' used in this study. We seek 

to examine if these macroeconomic variables are really 'Deterministic Trend-Reverting Non

Stationary' series or 'Random Walk' processes. If these processes were 'Random Walks ' by 

nature, then econometric studies would require appropriate technical and theoretical 

adjustments. We seek to address this issue in this chapter. 
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5.2 Time Plots of Budget Deficit (BD1) and Trade Deficit (TD1) 

The Figure 5.1 below shows the time plots of Budget Deficit and Trade Deficit (at levels). 

Figure 5.1 

. Time Plots of Trade Deficit (TD1) and Budget Deficit(BD1) AT Levels 
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Figure 5.1· 

Time Plots of Budget Deficit and Trade Deficit (At First Difference) 
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It is observed from the figure 5.4 that both the series exhibit stochastic trend along their time 

paths with minimal ups and downs over the period concerned. This feature of the series is a 

pointer to their non-stationarity. This leads us to examine the nature of 'stationarity' of BDt and 

TDt series at levels. 

5.3 Test of Stationarity: Augmented Dickey-Fuller (ADF) Test 

Stationarity of Budget Deficit (BD,) and Trade Deficit (TD,) has been studied through the 

'Augmented Dickey Fuller' tests .The relevant ADF Test equations are 
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Ill 

MD, =a)+ f3l + yiBD,_I + oli IMD,_; +&II (5.1} 
i=l 

Ill 

11TD, = a2 + /32, + r 2TDt-l + 02i I 11TD,_; + &2/ (5.2) 
i=l 

where & 1, , &21 are white noise error terms·, m is the optimum lag length and 

MD, = (BD1- BD1_1) 

11TD, = (TD1 - TD1_1) etc. 

The optimum lag (m) length may be determined by Akaike Information Criterion, Schwartz 

Information Criterion etc. Again the estimable ADF Test equation for the differenced series 

for BD1 and TD1 are 

m 

112 BDt = a 3 + y3MD, + 83; I112 BD,_; + &3, (5.3) 
i=l 
m 

112TDt = a4 + r 411TD, + 04i LI12TDH + &41 (5.4) 
i=l 

where s31 and s41 are white noise error terms and 

5.4 Results of ADF Tests 

A 2 BD1-1 = (ABD,- ABD,_I ) 

A2 TD1_1 = (ATD,- ATD,_1 ) etc. 

The results of ADF test for the presence of unit root in the series concerned are being 

summarized through the Table 5.1 

Table 5.1 

Results of Estimation of ADF Unit Root Test on BD1and TD1 

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

Lag length: (Automatic based on SIC, Max lag =8) [Sample 1979-2003] 

Variable ADF test Prob* Lag Test Critical Values 

statistic Value Length** I% 5% 10% 

BD1 -1.590165 0.4720 0 -3.737853 -2.991878 -2.635542 

ABD, -5.280867 0.0003 0 -3.752946 -2.998064 -2.638752 

TD1 0.764362 0.9907 3 -3.788030 -3.012363 -2.646119 

ATD1 -4.564264 0.0018 2 -3.788030 -3.012363 -2.646119 
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Exogenous : Constant and Linear Trend 

Variable ADF test Prob* Lag Test Critical Values 

statistic Value Length** 1% 5% 10% 

BDt -2.805966 0.2097 2 -4.440739 -3.632896 -3.254671 

L\BDt -3.603090 0.0644 8 -4.728363 -3.759743 -3.324976 

TD1 -2.980220 0.1593 2 -4.440739 -3.632896 -3.254671 

L\TDt -4.777211 0.0054 2 -4.467895 -3.644963 -3.261452 

Exogenous: None 

Variable ADF test Prob* Lag Test Critical Values 

statistic Value Length** 1% 5% 10% 

BD1 -0.499872 0.4890 0 -2.664853 -1.955681 -1.608793 

L\BDt -5.337854 0.0000 0 -2.669359 -1.956406 -1.608495 

TDt 2.560891 0.9960 -2.669359 -1.956406 -1.608495 

L!TD1 -1.018342 0.2666 3 -2.685718 -1.959071 -1.607456 

* Mac Kinnon (1 996) one sided P-values **Automatic based on SIC, Max Lag=8 

5.5 Findings From ADF Tests (Table 5.1): 

The table 5.1 shows that 

(i) the 'null hypothesis of' Unit Roots' has been accepted even at 10% level for 

BD1 series (at levels) in the presence of a constant (intercept term) and of an 

intercept term along with 'linear trend' in the maintained equations [since the 

relevant ADF test statistics (absolute) exceed the corresponding absolute 

critical values at 10% level.] 

(ii) for the TD1 series at level, the null hypothesis of 'unit roots' with exogenous 

'intercept' term and with intercept term along with 'linear time trend' is 

accepted even at 10% level [since the relevant ADF Test statistics (absolute 

value) exceed the corresponding critical values at 10% level.] 

(iii) the null hypotheses of unit root have been rejected at I 0% level for the first 

differenced series of BD1 and TD1 given the exogenous 'intercept' term and 

with an intercept term along with 'linear time trend' in the maintained 

regression equations. This is so because the relevant ADF test statistics 

(absolute values) exceed the corresponding critical values at 1% level. 
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All these findings confirm that 

(i) BDt and TD1 series are 'non-stationary' even (at 10% level). 

(ii) BDt and TD1 series follow 'random walks' without a 'drift'. 

(iii) 11 BD1 and 11 TD1 series are 'Stationary. 

(iv) BDt and TD1 series are 'Differenced Stationary' (DS) and not 'Trend Stationary' 

(TS). 

(v) BD1 and TD1 are I(l) series. 

These findings, therefore, lead us to examine if the exhibited 'non-stationarity' in the 

series concerned (BD1 and TD1) is due to 'structural shift'. With this end in view, the 

'Phillips-Perron Unit Root Test' has been performed. 

5.6 Results of the Phillips-Perron Unit Root Tests 

Results of the Phillips -Perron Unit Root Tests are being presented through the Table 5.2. 

Table -5.2 

Results of Phillips -Perron Unit Root Test on BDt and TDt 

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

Variable P-P test- Probability* Band Test critical values 

statistic value width** 1% 5% 10% 

BD1 -1.695230 0.4208 2 -3.737853 -2.991878 -2.635542 

11BD1 -5.274298 0.0003 1 -3.752946 -2.998064 -2.638752 

TDt 0.640772 0.9879 2 -3.737853 -2.991878 -2.635542 

11TD1 -6.601869 00000 3 -3.752946 -2.998064 -2.638752 

Exogenous : Constant and Linear Trend 

Variable P-P test- Probability* Bandwidth** Test critical values 

statistic value 1% 5% 10% 

BD1 -2.494004 0.3277 2 -4.394309 -3.612199 -3.243079 

11BD1 -5.223766 0.0018 -4.416345 -3.622033 -3.248592 

TD1 -3.345005 0.0831 0 -4.394309 -3.612199 -3.243079 

11TDt -7.078441 0.0000 4 -4.416345 -3.622033 -3.248592 
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Exogenous: None 

Variable P~P test- Probability* Bandwidth** Test critical values 

statistic value 1% 5% 10% 

BD1 -0.414781 0.5231 I -2.664853 -1.955681 -1.608793 

ilBD1 -5.330200 0.0000 I -2.664853 -1.955681 -1.608793 

TDt 2.529467 . 0.9958 -2.664853 -1.955681 -1.608793 

ilTD1 -4.961327 0.0000 2 -2.669359 -1.956406 -1.608495 

* MacKinnon(1996)0ne sided P -values **Newey- West Using Bartlett Kernel 

5.7 Findings from the Phillips- Perron Tests: 

It is observed from the Table 5.2 that, 

(i) for BD1 and TD1 series the null hypothesis of Unit root are being accepted even at 

I 0% kvel, given the intercept term in the maintained regression equation. This 

occurs because the (absolute) values of the P P statistics falls short of corresponding 

critical values (absolute) at 10% level of significance. 

(ii) the null hypothesis of unit roots in BD1 and TD1 have been accepted even at I 0% 

level when the maintained equation contains the 'intercept' term along with a 

'linear trend term, given that the absolute values of the PP statistics are lower than 

the corresponding critical values (absolute) at 10% level of significance. 

(iii) the null hypotheses of 'unit roots' have been rejected for ilBD1 and ilTD1 series 

even at 1% level when the maintained regression equations contain 'intercept term' 

where the absolute values of the PP statistics exceed the corresponding critical 

values (absolute) at 1% level of significance. 

(iv) the null hypotheses of 'unit roots' have been rejected in ilBD1 and ilTD1 series even 

at 1% level when an intercept term and a 'linear trend' term appear in the 

maintained regression equations such that the absolute values of the PP statistics 

exceed the corresponding absolute critical values at 1% level of significance. 

These observations indicate that 

(i) BD1 and TD1 series are non stationary at levels. 

(ii) Non-stationarity of the series at levels is not due to the 'structural shifts' in the 

stochastic structures. 

(iii) BD1 and TD1 series attain stationarity upon first differencing. 

(iv) BD1 and TD1 series are 1(1) 

Thus the Phillips-Perron Test results corroleorate the findings from the ADF unit root tests. 
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5.8 Correlogram Analysis for Stationarity. 

Correlogram is a graphical representation of Autocorrelation Function (ACF)- and Partial 

Auto correlation Function (PACF) for any variable. The ACFs and PACFs of the Budget 

Deficit (BD1) at level and at first difference are being presented through figures 5.2 and 5.3. 

Similarly, the correlogram for TD1 at level and at first difference are being presented through 

the Figures 5.4 and 5.5. 

Figtu·e 5.2 
Correlogrmn ofHmlget Deficit :at level 

Autocorrelation Partial Correlation 

Figtn:e 5.3 

AC PAC Q-Stat Prob 

1 0.683 0.683 13.123 0.000 
2 0.463 -0.007 19.412 0.000 
3 0.168 -0.273 20.278 0.000 
4 -0.088 -0.204 20.528 0.000 
5 -0.168 0.111 21 .476 0.001 
6 -0.084 0.264 21.728 0.001 
7 0.014 0.028 21.736 0.003 
8 0.097 -0.125 22.113 0.005 
9 0.152 -0.010 23.085 0.006 

10 D. 129 0.061 23.830 0.008 
11 -0.007 -0.149 23.833 0.013 
12 -0.130 -0.144 24.711 0.016 
13 -0.226 -0.023 27.592 0.010 
14 -0.270 0.036 32.060 0.004 
15 -0.247 -0.055 36. 177 0.002 
16 -0.193 -0.142 38.980 0.001 
17 -0.096 0.052 39.756 0.001 
18 -0.152 -0.227 41.973 0.001 
19 -0.125 0.006 43.738 0.001 
20 -0.114 0.120 45.484 0.001 

Correlogrm.n of Btulget Deficit :at (f"1rst difference) 

Autocorrelatton 1-'arttal L:orrelatton 1-'AL: U-:::itat 1-'rob 

1 -0.140 -0.140 0.5331 0.465 
2 0.123 0.105 0.9616 0.618 
3 -0.084 -0.056 1.1731 0.759 
4 -0.242 -0.281 2.9947 0.559 
5 -0.252 -0.340 5.0789 0.406 
6 -0.113 -0.202 5.5215 0.479 
7 0.118 0.094 6.0319 0.536 
8 -0.186 -0.299 7.3816 0.496 
9 0.195 -0.177 8.9661 0.440 

1 0 0.068 -0.067 9.1720 0.516 
11 0.033 -0.065 9.2249 0.601 
12 0.040 -0.112 9.3100 0.676 
13 -0.018 -0.200 9.3286 0.748 
14 0.055 -0.016 9.5193 0.796 
15 -0.023 0.104 9.5562 0.847 
16 -0.052 -0.174 9.7644 0.879 
17 0.059 -0.014 10.075 0.900 
18 -0.065 0.031 10.520 0.914 
19 -0.022 0.019 10.579 0.937 
20 0.020 0.032 10.641 0.955 
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Figtu·e 5.4 
Correlogrmn of Trade Deficit at level 

Autocorrelation Partial Correlation 

Figm·e 5.5 

AC PAC Q-Stat Prob 

1 0.859 0.859 20.742 0.000 
2 0.789 0.195 38.997 0.000 
3 0.667 -0.181 52.643 0.000 
4 0.584 0.011 63.615 0.000 
5 0.446 -0.208 70.343 0.000 
6 0.329 -0.114 7 4.192 0.000 
7 0.183 -0.150 75.454 0.000 
8 0.072 -0.047 75.659 0.000 
9 -0.024 0.050 75.683 0.000 

10 -0.097 0.011 76.111 0.000 
11 -0.205 -0. 186 78.143 0.000 
12 -0.303 -0.175 82.924 0.000 
13 -0.366 0.018 90.463 0.000 
14 -0.396 0.051 100.09 0.000 
15 -0.401 0.087 110.92 0.000 
16 -0.420 -0.077 124.13 0.000 
17 -0.438 -0.138 140.33 0.000 
18 -0.416 0.051 157.04 0.000 
19 -0.364 0.074 171.96 0.000 
20 -0.315 -0.024 185.36 0.000 

Correlogrmn of Trade Deficit at (tu·st difference) 

Autocorrelation Partial Correlation 

5.9 Findings from the Figures 5.2 and 5.3 

AC PAC Q-Stat Prob 

1 -0.334 -0.334 3.0201 0.082 
2 0.108 -0.003 3.3524 0.187 
3 -0.390 -0.399 7.8620 0.049 
4 0.304 0.074 10.751 0.030 
5 -0.051 0.078 10.836 0.055 
6 0.135 0.030 11 .465 0.075 
7 -0.169 0.021 12.515 0.085 
8 0.123 0.096 13.109 0.108 
9 -0.071 0.015 13.320 0.149 

10 -0.094 -0.237 13.715 0.186 
11 0.008 -0.023 13.718 0.249 
12 0.043 -0.018 13.815 0.313 
13 0.040 -0.068 13.906 0.380 
14 -0.029 0.050 13.959 0.453 
15 -0.152 -0.143 15.558 0.412 
16 0.140 0.108 17.076 0.381 
17 0.027 0.086 17.141 0.445 
18 -0.036 -0.110 17.277 0.504 
19 -0.078 0.000 18.045 0.519 
20 0.036 -0.023 18.247 0.571 

(A) The corresponding Correlogram of the BD1 series at level shows that 

(i) the ACF contains a short dying out pattern of spikes and 

(ii) the PACF contain a singular significant spike at lag I. 
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These observations are pointers to 'non-stationarity' of BD1 series at level. Consequently, 

the correlogram for .1.BD1 is being considered for the confirmation of 'stationarity' of the 

series concerned. 

(B) It is observed from the figure 5.3 that in the correlogram for .1.BD1 senes 

(i) the ACF is free from any dying out pattern of spikes and spikes in all the lags are 

completely insignificant. 

(ii) the PACF is marked by the presence of insignificant spikes at lag 1 through lag 20. 

These observations further confirm that ilBD, series is 'stationary' and BD!' attains 

stationarity upon first differencing. Consequently BDt series is 1(1). 

5.10 Findings From the Figures 5.4 and 5.5 

(A) The Figure 5.4 shows that 

(i) the corresponding A CF of the TD1 series (at level) display a dying out pattern of the 

significant spikes, and 

(ii) The corresponding PACF contains only one significant spike at lag one while all 

other lags contain very insignificant spikes. 

All these observations confirm that TD, series at level are non-stationary. Consequently, 

the correlogram ofTD1 series upon first differencing as given by the Figure 5.5, is being 

examined. 

(B) It is observed further Figure 5.5 that in the .1.TD1 series 

(i) The ACF is marked by the absence of any dying out pattern of spikes 

(ii) No singularly significant spike appears at lag 1 either in the ACF or in the PACF. 

These observations testifY for the stationarity ofTD1 upon first differencing. 

5.11 Time plots ofDBDtand DTDt series 

Time plots ofDBD1 and DTD1 series are given by the Figures 5.6 and 5.7 below. 

Figtu·e 5.6 
Tune plots o£Budget <lefidt at (first difference) 
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Figure 5. 7 
T:iJ.ne plots of Tr~ule deficit at ( f"n·st difference) 
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These figure show that 

(i) time plots of both ilBD1 and ilTD1 series do not exhibit any trend, 

( ii) time plots of both ilBD1 and Ll TD1 contain several ups and downs along their time 

paths. 

Consequently, the time plots testify for the stationarity of the first differenced series for 

EDtandTDt. 

5.12 Summary of Findings on Stationarity: 

The findings in Sections (5.2)- (5.11) indicate that 

(i) both EDt and TDt are 'non-stationary' at levels. 

(ii) 'non-stationarity' in EDt and TDt series at level is not due to any structural shifts 

in their stochastic structures. 

(iii) both EDt and TDt attain stationarity upon first differencing. 

(iv) both EDt and TDt are 'Difference Stationary' (DS) and not 'Trend Stationary' (TS) 

(v) both EDt and TDtseries at level are 1(1) i.e. EDt- 1(1) and TDt- 1(1) 

(vi) both ilBD1 and ilTD1 are 1(0) i.e. ilBD1 - 1(0) and ilTD1- 1(0). 
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