
CHAPTER-9 

INTERVENTION ANALYSIS THROUGH THE STUDY OF IMPULSE 

RESPONSE FUNCTIONS 

9.1 Introduction: 
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The VAR model estimated in Chapter 8 consists of two endogenous variables, namely, 

exchange rate (Et) and relative price level (Pt). Consequently, the model considers two 

types of shocks (uit and u2t). Some shocks (uit) are transmitted through exchange rate 

channel while others (u2t) are transmitted through relative price level channel. Both the 

endogenous variables are subject to such shocks, and these variables exhibit their 

responses to such shocks. 

An Impulse Response Function traces the effects of a one-time shock to one of the 

innovations on current and future values of the endogenous variables concerned. Thus an 

Impulse Response Function traces the responses of a variable over time to an 

'anticipated' change in 'itself' or other interrelated variables. Consequently, an 'Impulse 

Response Function' may be used in any V AR system in order to explain the dynamic 

behaviour of the whole system with respect to shocks in the residuals of the time series 

involved. 

The study in this Chapter is devoted to examining the response of exchange rate and 

relative price level to different types of shocks. This will enable us to examine the 

relative importance of these shocks in explaining variations in Rupee/Nepalese Rupee 

exchange rate and relative price level over the sub-period 1993:2-2006:1. 
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9.2 Methodological Issues Concerning Impulse Response Functions 

Let Yt be any stationary variable with zero mean and finite variance. Then by the Wold 

Representation Theorem Yt must have an MA(oo) representation such that 

Y, = bo&t + b1&1-1 + b2&1-2 + .......... . (9.1) 
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1
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Now let m =a 
Then from (9.2) we have 

1 1 1 
y, = (boa")(-&,)+ (hi a")(- &t-I) + Ch2 o-)(- &t-2) + ........... . (9.4) 

0" 0" 0" 
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I G( ' Ct-j . 
Bt =- and £,_
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= --(J = 1,2, ....... ) 

0" m 

and c; - GWN(O,l) 

Therefore, m = a converts shocks to 'Standard Deviation Unit' because a unit shock to Et 

corresponds to a 'One-Standard Deviation Shock' to Et. 



9.2.1 UNIVARIATE CASE: 

Let us consider the univariate AR(l) process such that 

Yt = tPYt-1 + C( 

&1 ~ GWN(O, a 2
) 

The moving average form dictated by the 'Wold Representation Theorem' is 

The equivalent representation in standard deviation unit is 

&~ ~ GWN(O,l) 

d. ' &t 
where b='l'a and &r =­

(J' 

The 'Impulse Response Function' is 

{bJ,bJ,hJ., ............. } 
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(9.6) 

(9.7) 

(9.8) 

The parameter bois the contemporaneous effect any of a unit shock &~,or equivalently, a 

one-standard- deviation shock to Et. In such case b0=cr. Here b0 gives the immediate effect 

any of the shock at time t when it hits. 

Again, the parameter b1, which multiplies &~-1 , gives the effect of the shock one period 

later and so on. The full set of Impulse Response Coefficients, {b>,ht,fu, ......... } tracks 

the complete dynamic response ofy to the shock. 



9.2.2 MULTIVARIATE CASE: 

Let us consider the V AR(2, 1) system such that 

Yzt = r/Jz1 Ytt-1 + ¢zz Yzt-1 + &zt 

where Glt ~ GWN(O,a2
1
) 

G2/ ~ GWN(O, (J'22) 

cov~I, sz) = O"I2 

The standard moving average representation are 

Yit = &11 +r/J1t&It-1 +rfltz&2t-1 + · ·· · · · · · •·· 

Y21 = &2t + ¢zt &It-t + ¢zz&2t-t + · · · · · · · · •• · 

where G)t ~ GWN(O, a2
1
) 

G2/ ~ GWN(O, (J'22) 
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(9.9) 

(9.10) 

(9.11) 

(9.12) 

The multivariate analog of the 'Univariate Normalization' by <J is called the 

'Normalization by the Cholesky Factor'. 

The resulting V AR moving average representation has a number of useful properties that 

parallel the univariate case precisely. 

First, the innovations ofthe transformed system are in standard deviation units. 

Second, the current innovations in the normalized representation have non-unit 

coefficients. 

Third, in the first equation there is one current innovation, Eit. But the second equation 

contains both the current innovations. Thus the ordering of the variable can matter a lot. 

Consequently, in higher-dimensional VARs, the equation that appears first in the 
I 

ordering contains only one current innovation, &tt . The second equation contains two 
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I 

current innovations namely, &'It and &21 . The third equation has three current 
I 

innovations like &'It , &21, and &3t and so on. 

Ify1 is ordered first, the normalization representation is 

where c;,- GWN(O,l) 

c~, - GWN(O,l) 

Alternatively, ify2 is ordered first, then the normalization representation is 

where &;r ~ GWN(O,l) 

c~r ~ GWN(O,l) 

(9.13) 

(9.14) 

(9.15) 

(9.16) 

After normalizing the system, four sets of 'Impulse Response Functions' are computed 

for the bivariate model. These are 

i. response ofy1 to a unit normalized innovation to Yl given by Yl, 

[b 0 22 ' b~2 ' b~2 ' ..... ] .. 

ii. response ofy1 to a unit normalized innovation to Y2 given by y2, 

iii. response ofy2 to a unit normalized innovation to y2, given by 
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iv. response ofy2, to a unit normalized innovation to Y1. given by 

[b 0 21' b~t 'b~t , ..... ] . 

9.3 Impulse Response Functions for Exchange Rate (Et) 

The relevant Impulse Response Functions of E1 in response to impulses, transmitted 

through the channels of exchange rate (E1) and relative price level (P1), are being 

presented through the Figures (9.1) and (9.2). The numerical values of these responses 

across different forthcoming periods are given by the Table 9.1. 

Table: 9.1 

Impulse Responses of Exchange Rate {Et) to 

Cholesky (d.f. Adjusted) One S.D. Et and Pt Innovations (±2S.E) 
Re.;z:p~-e ·a<f' Et• 
Pe.1r.i... Et. 

J1 0.00.41853 
·(0. ().0053.) 

:::: ~0.003ZOJl. 

(0.000841) 
3 0. O·OOl.·O:::: 
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4 O.OOJ!..504 
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5 -·0.000•767 
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6 -0.-()00:::!:4:!1. 

(0.001.:2:•0·) 
•7 0<.0003·54 

-(O.OOJU.B:) 
s ~O.OOOJ!.54 

(O.OOJ!.0.9) 
9 -O.·GOOZ41 

-(O.OOJ!.GS)< 
10· ·0·.000.3.9-7 

(:0.001·0<7) 
11 ~0.000].:90 

(Q.00·0-98() 
:!.Z -O.OOO<Zli.6 

·(0.0•009ll.) 
].,3 O..O<OOZZl. 

(0.0.00.99) 
].41 ·7 .. ·0GE.-05 

(O.OO·OS9') 
]..5 ~o •. ooo:B. 78 

(0.0009-l.) 
1.6 -::t .. 2S.E-·06 

(0.00091) 
].7 .9 .• 841E.-05 

-(0.00086) 
l.S -:!1..6-0E.-05 

(0.000:90) 
1.9 -3.5ll.E-OS 

(0.00088.} 
zo -6.SZE-05 

(0. OQ.O.S6) 

·G.GOGO•O·O· 
(0.0000·0')· 
S: .. 5.5E-c05 

(O.OOOISS) 
~O.·O·OOS8:.9· 

·(0. OOGSG)< 
0.<0007·0:::. 
(O.Q.0·0-89) 

·-•O • .Q>Oli.-40:::::9 
(0.00086) 
0 • .000'·35<0 
(-().00·0741)< 
0 .• •0'0·0:351 
(0.000-7:::!:)< 

-0.000.374 
(0 .• 00065')• 

-•0 .• 0004157 
(0..00064) 
O.O·Q.0303 
(·Q.-()•00.56)< 
Q..OOOli.86 
(0.00055) 
~0.00·0::::50 

(0. 00041.3') 
-9.4:9E.-05 
(0.00047) 
7.Jl.5E-OS: 

·(;0.0004:2:)• 
:9.73-E.-05 
(G. 00·04:2:-) 

·-.3.0l.E-05 
(0.. 0().038.) 
-9.·6ZE.-0..5 
(0.00'0':3:3)· 

-·6. l.SE.-06 
(-G.OOQ-410)< 
9·.78E-Q.S 
(O.UQ.0.34') 
·7 .:9<S<E--OG 
(U.0004Q.)· 



Figure 9.1 

Impulse Response of Et to Cholesky One S.D. Et Innovation (±2S.E) 
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Figure 9.2 

Impulse Response of Et to Cholesky One S.D. Pt Innovation (±2S.E) 
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9.4 Explanation of Exchange Rate (Et) Dynamics Through Impulse 

Response Functions 

9.4.1 Observations From the Figure 9.1 and Table 9.1 

It is observed from the Figure 9.I and Table 9.1 that, following a positive impulse 

transmitted through the exchange rate channel, exchange rate (E1) 

1. responds immediately by rising above the long run base at t=O. 

n. declines subsequently for the next two periods. 
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iii. responds with a rise at t=3 period followed by almost a steady decline to collapse 

on the equilibrium base line. 

9.4.2 Observations From the Figure 9.2 and Table 9.1 

The figure 9.2 and Table 9.1 show that, following a positive impulse transmitted through 

the relative price level channel, exchange rate 

i. exhibits very delayed response. Until t=I 0 there was no appreciable variations 

in exchange rate above its equilibrium base. 

ii. exhibits minimal variations since t =II period until it collapses on its 

equilibrium base at t =14. 

9.5 Economic Interpretations of the Findings in Section 9.4 

It, therefore, appears from the findings in Section 9.4 that 

(a) response of exchange rate (E1) to any positive impulse transmitted through 

the exchange rate channel. 

1. is immediate and marked by a rise above its long run equilibrium base. 

ii. is significant for the next five periods (quarters). Henceforth, it collapses on the 

equilibrium base. 

Thus any variations in E1 above its long run equilibrium base are mainly due to those 

in previous period exchange rate. 
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(b) response of E1 to any pos iti ve impulse, transmitted through the relative price level 

channel 

1. is not immediate indicating Jagged adjustments of exchange rate to relative price 

variations. 

11. becomes perceptible as an upward adjustment of exchange rate if such impulses 

could sustain for 10 periods. In that event exchange rate exhibits a rise over its long 

run va lue though it ul timately co llapses on the long-run equilibrium base within 

next fou r periods (quarters). 

These fea tures of exchange rate responses to re lative pnce innovations testify for 

' Granger Causality ' running from relative pri ce level to exchange rate. 

9.6 Impulse Response Functions For Relative Price Level (Pt) 

The relevant Impulse Response Functions of P1 in response to impulses transmitted 

through the channels of exchange rate (E1) and re lative price level (P1) are being presented 

through the Figures (9.3) and (9.4). The numerical val ues of these responses across 

di ffe rent forthcoming periods are given by the Table 9.2 . 
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Figure 9.3 

Impulse Response of P1 to 

Cholesky One S.D. E1 Innovation (±2S.E) 
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Figure 9.4 

Impulse Response of Pt to 
Cholesky One S.D. Pt Innovation (±2S.E) 
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Table: 9.2 

Impulse Response of Price Level (Pt) to 
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Cholesky (d. f. Adjusted) One S.D. Et and Pt Innovations (±2S.E) 
R.e~-po~ ..... e of" P t. : 
P e r i. . . . :E~ p~ 

l. - 0 . 00 1. 9 47 0 . 00 786~ 
( 0. 0 0 l.l.3 ) ( 0.00069) 

2 - 0.0002:5 7 0 . 00 1.1. 06 
( 0 . 00 1. 29) (0 . 00 1. ~::) 

.3 0.0008-85 ~0 . 00 1. 6 1..3 
( 0.00 1. 2 7) ( 0 . 00 1.1.6) 

"· 0.0009.30 - 0 . 000 1 02 
(0 . 00 1. ~6) ( 0.00 1.1 5 ) 

:5 0 . 00031.9· 0 . 003 7~~ 

( 0.00 1. 22) ( 0. 0 0 l. :: 6) 
6 - 0 . 00 1..3 7.3 0 . 0008c24 

( 0 . 001..34 ) ( 0 . 00 1 :: 1. ) 
7 0 . 000-4 8 - - 0 . 00 176-4 
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8 0.00 1 ::0-4 - 0 . 000.31 9 

( 0 . 00 1.1.4) (0.00 1~2) 

9 - 0 . 00020..3 0 . 00 1. 5 ..30 
( 0 . 00 1. 00) ( 0 . 0 0 1.3.3) 

l. O - 0 . 000898 0 . 00074 8 -
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( 0 . 0009.3) ( 0.001.3-4) 
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1. 8 -0.000~77 0 . 0004 9 0 
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::o 0 . 0002~7 ~0. 000-4 09 
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9.7 Explanation of Relative Price Level (P1) Dynamics Through Impulse 

Response Functions 

9.7.1 Observations From the Figure 9.3 and Table 9.2 

Figure 9.3 and Table 9.2 show that, following a positive impulse transmitted through 

exchange rate (E1) channel , relative price level (Pt) 

1. exhibits a delayed response. 
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11. exhibits insignificant damped osci llat ions around the long-run equilibrium level 

and it collapses on its long-run equilibrium base before-long. 

9.7.2 Observations From the Figure 9.4 and Table 9.2 

Figure 9.4 and Table 9.2 show that, following a positive impul se transmitted through 

relative price levei(P1) channel, relative price level (P1) 

1. responds immediately (at t = 0) by rising above its long-run equilibrium base. 

11. exhibits pronounced but damped oscillations for successive periods (until t = 20 

periods) . 

9.8 Economic Interpretations of the Findings in Section 9.7 

It appears from the findings in Section 9.7 that 

(a) response of relative price level (P1) to any positive impulse transmitted through 

exchange rate channel 

1. is delayed and insignificant. 

11. is short-lived by nature since relative price leve l does not exhibit any adjustment 

above its long-run equilibrium base at all. 

These features of the responses of relative price level to exchange rate impulses testify 

for the ' absence of Granger Causality' running from exchange rate (E1) to relative price 

level (P1). 



(b) responses of relative price level (P1) to any pos itive impulse transmitted through 

relative price level (P1) channel 
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1. are immediate marked by a rise in its value above the long-run equilibrium base. 

11. indicate that such upward adjustments were short-lived since it quickly collapsed 

on the long-run equilibrium base. 

All these features testify for the fact that short-run variations in relative price level above 

its long-run equilibrium base are mainly due to variations in the price levels prevailing in 

the countries concerned. Such short-run variations are not linked to those in exchange 

rates. 

9.9 Overview of the Findings From the Study with Impulse Response Functions 

These findings give forth some important features of responses of exchange rate (E1) and 

relative price level (P1) to different types of shocks. These are as follows: 

(a) Shocks, transmitted through the relative price level channels, induce significant 

responses from exchange rate. This testifies for the 'Granger Causality' running.from 

relative price level to exchange rate. 

(b) Relative price level (pJ exhibits meagre and scanty response to shocks, transmitted 

through exchange rate channel. This confirms the 'absence of Granger Causality ' 

running from exchange rate (EJ to relative price level (P J . 

(c) Relative price level(PJ exhibits appreciable responses to shocks, transmitted through 

relative price level channel. Such responses are marked by temporary upward 

adjustment of relative price level (PJ above its long-run equilibrium base. 

Consequently, these shocks appear to be 'short-lived'. 


