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A Study of Interplay between Quantitative Ease by US
and other Trading Partners and Rupee Volatility

Manjinder Kaur! and Navpreet Kulaar?

In the aftermath of the global financial crisis of 2008-09, leading Central Banks (like the
Federal Reserve, Bank of England, European Central Bank and the Bank of Japan) have
introduced a multiplicity of untraditional monetary policy measures, so as to stimulate
the economies and curb the severity of inflation at the international level. Quantitative
easing may be defined as a policy measure that results in an expansion of the Central
Bank’s balance sheet, with an augmentation in the level of the bank’s money in the
economy (Bernanke and Reinhart, 2004).

Analysts claim that the strengthening of the dollar, which is being supported by the US
Fed Reserve’s constant rate hikes to counter rapidly rising inflation, is the principal
reason behind the depreciation of the Indian rupee. Moreover, other aspects including
the withdrawal of foreign institutional investors also affected the rupee strength
and macroeconomic dynamics. According to the IMF, the strength of the dollar causing
serious problems such as tightening financial conditions and raising the price of
imported goods and services in many emerging economies such as India. Furthermore,
an instant hike in oil prices driven by the war between Russia and Ukraine also
weakened the rupee and consequently India’s current account deficit reaching an
absolute record high in the third quarter of the year 2022.

No doubt, in comparison to US dollars, the value of the Indian Rupee has deteriorated
in international markets. But at the same time, there are other currencies where the rupee
still holds the top spot when evaluated against other currencies throughout the world.
Notwithstanding all the challenges, our union finance minister Nirmala Sitharaman
reportedly announced that the Indian rupee is considerably better positioned than other
international currencies against the greenback. Moreover, these days, India has
consistently been working toward making the Indian rupee an international currency and
Indian government has progressed significantly towards assigning this status to Indian
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rupee. In the opinion of certain economists, despite the split, our national currency is
still in a stronger position than other currencies when analysed against the US dollar.

Literature Review

An effort has been made to review the literature available in the sphere of influence of
guantitative easing on emerging economies. Some of these relevant studies are being
presented as follows:

Cho and Rhee (2013) claimed that Asian economies with greater transparency and
established capital markets witnessed more severe fluctuationsin capital inflow after the
global financial crisis of 2008. The study considered weekly data in regression models
to gain an insight into the effects of quantitative easing (QE) using 10 event dummy
variables with significant QE announcements. The findings revealed that after the global
financial crisis, QEL significantly contributed to the sudden upsurge in the inflow of
capital in the Asian region using lowering credit default swap premiums and domestic
interest rates. At the sametime, the impact of QE2 and QE3 seems less severe than QE1.
It also appears that economies with constant exchange rates witnessed rise in housing
prices after the quantitative easing. This implies that the ease in monetary policy of
developed nations has impacted either via a rise in currency values or hikes in housing
prices.

Venkataramanan (2014) investigates the impact of quantitative easing on the Indian
Economy by employing longitudinal data of monthly frequencies from October 2008 to
September 2013 i.e., the period during which the Federal Reserve Bank opted to
implement unconventional monetary policies to strengthen the economy. For the
purpose of empirical analysis, two models have been constructed using Vector Auto-
Regression (VAR) model. In the first model, Federthe al Funds Rate has been considered
an independent variable, whereas quantitative easing has been included as an
independent variable in the second model. The dependent macroeconomic variables
considered are the inflation rate, exchange rate and interest rate (Repo rate) of the Indian
economy. The findings of the VAR model show a significant relationship between
guantitative easing and macroeconomic variables. The study further demonstrated the
long-term and short-term causality among the variables between the exchange and
interest rates.

The study by Bahmaniand Toms (2015) specifically explored the effects of the Federal
Reserve Bank quantitative easing programme on the total volume of United States
foreign direct investment (FDI) in the Brazil using the Correlation coefficient matrix
and OLS regression approach. Additionally, as a measure of the Federal Reserve’s
guantitative easing (QE) monetary policy, Federal Reserve total monetary base
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(MBASE) has been considered into the model from 1982-2012. The results of the
analysis revealed that an increase in quantitative easing causes an increase in the inflow
of capital from the United States to Brazil. It has also been observed thatthe United
States monetary base system, GDP of Brazil and the exchange rate between the Brazilian
real and U.S. dollar all significantly affect the volume of foreign direct investment from
US to Brazil. Moreover, it has been determined that GDP and FDI have a significant
positive association.
Paul and Kalluru (2019) attempted to evaluate both the short and long-term
contagion effects of quantitative easing (QE) by the United States on the Indian money
market using monthly data from September 2008 to May 2019. The study focussed on
contagion impact of QE. As a proxy for size of the Indian money market, WACR
(India’s weighted average call rate) and T-Bill (India’s 3-month treasury bill rate) has
been considered in two different ARDL and Error correction models. Further, for both
the models, several control variables have been selected such as money supply, libor
rate, Indian trade balance, liquidity and global crude oil prices are the control variables
for WACR model. Similarly, for the second model, the control variables are the
interbank forward premia, the repo rate, money supply, foreign institutional flows,
India’s money supply, and international crude oil prices. The findings confirmed the
existence of cointegration among US QE and the two considered money market
indicators. The WACR declined by 25 bps and the T Bill yield increased by 2-5 bps in
response to a 10% increase in US QE.
According to Vinogradov (2019), the quantitative easing programme became more
widely recognised among the world’s leading economies following the economic crisis
of 2008-2009 to boost economic growth in the USA and the eurozone. The European
Central Bank (ECB) and the US Federal Reserve Bank (US FRED) executed its most
significant programmes of QE. This study analysed the impact of these QE programmes
launched by both the banks on the nominal euro per US dollar exchange rate by applying
the behavioural equilibrium exchange rates (BEER) model. Further, the basic linear
model and the error correction model (ECM) were the two BEER models applied on the
monthly data series from 1999 to 2018. The independent variables considered in both
models are 3-month interbank interest rates, M2 money supply, ten-year government
bond yields, brent crude oil prices and indices of industrial production for both the USA
and euro area. Further, the total amount of securities purchased (asset purchases) by US
FRED and ECB has been considered as target independent variable to measure the
quantitative easing policy precisely. The findings observed that the ECB’s quantitative
easing approach had a negligible impact on EUR/USD exchange rate. But for some
conditions, it has been demonstrated that the US Federal Reserve’s increased acquisition
of securities causes the depreciation of US dollar against the euro. Notably, no
exhaustive empirical study seems to be available on causal relationship between
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guantitative ease by US & othertrading partners and Indian rupee volatility. Therefore,
a need was felt to take up such an investigation, as presented in this study.
Objectives of the Study

Considering the above literature review, the current study will focus on examining the
existence of causal relationship between quantitative easing by US and other trading partners
and Rupee volatility of India.

Data Description and Methodology

The analysis was based on month-wise time series data spanning from January, 2001 to March,
2021 (with atotality of 243 observations). The countries considered were: United States (US),
China (CHN), European Nations (EURO), Japan (JPN) and the United Kingdom (UK). The
proxy measures for quantitative easing for these countries were Interest Rate (INTRT) and
Money Supply (MS, assessed through M2 or M3). More specifically, M2 has been considered
for United Statesand Chinaand M3 for Euro countries, Japan and United Kingdom.And, the
study variable on Indian rupee volatility was Real Effective Exchange Rate Volatility
(RLERYV). The data has been extracted from International Financial Statistics of International
Monetary Fund (IMF).

Augmented Dickey Fuller (ADF) and Phillips-Perron (PP) Unit Root Tests:

Examining the variables for stationarity is preliminary before performing the analysis of time
series data. Augmented Dickey Fuller unit root test (1979) has been employed to determine
the order ofintegration, which is based on the following regression equations:

n
AYt - alYt_l + z Bm AYt_m + ut s mEE s sEs mEE mmw (1)
m=1
n
AYt = a0+ 0(1Yt_1 + Z Bm AYt—m + IJ't ter wre e ees see wen (2)
m=1

where, Ais the first difference operator, ao is intercept or constant,Ytsa time series, nis
the optimum number of lag length of the dependent variables andiis error term which
is pure white noise. Similarly, the following regression models have been used to explain
the Phillips-Perron test (1988):

Yima+ BYeatpeeoooniiin 3)

Ye =a+ BYraty (t—Z)mt ................... (4)
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where, arepresents the constant term,Yrepresents the response variable, n denotes the
number of observations,y denotes the trend component coefficient and p: denotes the
white noise error term.Granger Causality Approach:
For studying the causal relationship between India’s RLERV (Y) and US’s INTRT (X),
the following pair of relationships were estimated through the OLS technique:

P P

AY; = a9+ 2 Bim AYe_m + Z Vim Xt—m T Hig e v eoe e e (B)
m=1 m=1
P
AY, = ayo + Z Bom Yicm F Map v cve v e veen e e o (6)
m=1
where AY, =Y, - Y AX, =X, - X35

O, By =1, ...,p), v, m=1, ..., p)are the unknowns of the first equation,

Oy, Bom (Mm=1, ..., p)are the unknowns of the second equation, and u,, & u,, are

the disturbance terms for the equations. The significance of difference between the
explanatory powers of the two equations was tested through Wald’s test (involving F-
ratio at certain number of d.f.; Gujarati, 2004). As per the test procedure, if equation (5)
happened to be significantly superior to equation (6), we would conclude that the series
{Xt} Granger causes the series {Yt} at the chosen level of significance, otherwise not.
The two series were then interchanged and the analysis was repeated so as to examine
the presence of backward causality, if any. The analysis was performed between
RLERYV of India and each of INTRT & MS for different trading partners separately, by
taking up to a maximum of 4 lagged terms (p) for each of the variables. For each of the
trading partners, the following set of null (Ho) and alternative (H1) hypotheses were
formulated:

Hoi: INTRT does not Granger cause RLERV; Hii: INTRT Granger causes RLERV;
Ho2: RLERYV does not Granger cause INTRT; Hi2: RLERV Granger causes INTRT;
Hos: MS does not Granger cause RLERV; His: MS Granger causes RLERV;
Hos: RLERV does not Granger cause MS; His: RLERV Granger causes MS.
Results and Discussion

The results obtained through the application of the two unit root tests i.e., ADF and PP tests
for India’s Real Effective Exchange Rate Volatility (RLERV), Interest Rate (INTRT) as well
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as Money Supply (MS) for each of United States, China, EURO Nations, Japan and United
Kingdom) both on normal and logarithmic scale have been presented in tables below:

184
Journal of Global Economy,
Volume 19 No 3, September 2023



ISSN (Print Version) 0975-3931
ISSN (On-Line Version) 2278-1277

Table 1. Results on the Testing of Unit Root in the Real Exchange Rate Volatility of India through ADFand PP Tests

Variable: Real Effective Exchange Rate Volatility (RLERV)

Normal Scale Logarithmic Scale
Test Order
* (d) Tgst_ Significance | Conclusion F-Value | p-Value TE.St. Significance | Conclusion F-Value | p-Value
Statistic Statistic
0 -0.2984 NS Non- 8.7518 | <0.0001 | -0.3666 NS Non- 1.3729 | 0.2517
Stationary Stationary
#
ADF 1 -9.4208 o Stationary | 55.3385 | <0.0001 | -9.1241 o Stationary | 69.704 | <0.0001
2 -15.8615 *x Stationary 188.4938 | <0.0001 -13.6233 *x Stationary 236.892 | <0.0001
Non- - .
0 -2.9532 NS Stationary 2378.4774 | <0.0001 -3.9902 Stationary | 1682.3903 | <0.0001
i
PP 1 -11.9537 el Stationary 6.7492 0.00141 -14.3340 faked Stationary 0.5974 0.55106
2 -25.7568 x Stationary 7.8389 0.00051 -32.9969 ol Stationary 23.4963 | <0.0001

# Critical values of the ADF test-statistic (t) = -2.583 at 1% level, -1.951 at 5% level, and -1.622 at 10% level; # Critical values of the PP test-statistic (t) =-3.999 at 1%
level, -3.430 at 5% level, and -3.138 at 10% level.
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Table 2. Results on the Testing of Unit Root in the Different Variables of Interest for United States (US) throughADF and PP Tests
Variable: Interest Rate (INTRT)

Order Normal Scale Logarithmic Scale
Test Ep—r P ;
Test Significan - . p- Test Significan | Conclusio s p-
Statistic ce Conclusion | F-Value Value Statistic ce n F-Value Value
i - - < i Non- 0.0033
2.0398 Stationary 11.689 0.0001 1.2008 NS Stationary 4.6961 5
# - *%k : < _ e . <
ADF 7.3240 Stationary | 40.8416 0.0001 7.5280 Stationary | 53.1871 0.0001
) o : 208.833 < ) % : 252.858 <
15.1937 Stationary 6 0.0001 149121 Stationary 5 0.0001
Non- 6088.53 < Non- 5591.80 <
-2.1394 NS Stationary 1 0.0001 | 14888 NS Stationary 97 | 0.0001
Pp# -11.0224 *x Stationary | 15.3708 0 0301 -12.7618 *x Stationary 4.8945 0'0282
- *k i < _ *k . <
29.1323 Stationary | 17.3164 0.0001 34.0753 Stationary | 31.1323 0.0001
Variable: Money Supply (M2)
Normal Scale Logarithmic Scale
Test Order (d)
Test Statistic Significance Conclusion F-Value p-Value Test Statistic | Significance Conclusion F-Value p-Value
0 6.0456 NS Non-Stationary | 74.1769 | <0.0001 7.1344 NS Non- 53.497 <0.0001
ADF* Stationary
1 -4.0948 wx Stationary 26.1877 <0.0001 -4.4298 wx Stationary 40.0381 <0.0001
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2 -12.8508 *x Stationary 143.4969 <0.0001 -14.2134 *x Stationary 210.7302 <0.0001
. Non-
0 3.2602 NS Non-Stationary | 157691.563 | <0.0001 0.1844 NS Stationary 248606.4374 | <0.0001
Pp# 1 -8.9639 o Stationary 51.6452 <0.0001 -11.6712 o Stationary 11.0656 <0.0001
2 -20.3372 *x Stationary 2.5537 0.07993 -26.1461 *x Stationary 10.1669 <0.0001

# Critical values of the ADF test-statistic (t) = -2.583 at 1% level, -1.951 at 5% level, and -1.622 at 10% level; # Critical values of the PP
test-statistic (t) = -3.999 at 1% level, -3.430 at 5% level, and -3.138 at 10% level.

Variable: Interest Rate (INTRT)

Table 3. Results on the Testing of Unit Root in the Different Variables of Interest for China throughADF and PP Tests

Normal Scale Logarithmic Scale
Test Order (d)

Test Statistic Significance Conclusion F-Value p-Value Test Statistic Significance Conclusion F-Value p-Value
0 -0.9028 NS Non-Stationary 0.9613 0.4117 -0.8122 NS N'on— 0.8891 0.44741

Stationary
ADF# 1 -9.646 *x Stationary 93.0843 <0.001 -8.7707 ** Stationary 92.4233 <0.001
2 -14.9395 *x Stationary 312.3297 <0.001 -14.9196 ** Stationary 342.3984 <0.001
0 -3.442 * Stationary 632.2379 <0.001 -3.3914 NS N_on— 772.2984 <0.001

Stationary
pp# 1 -16.8608 ol Stationary 0.8113 0.4455 -16.6578 ** Stationary 0.7375 0.4794
2 -40.8736 *x Stationary 43.8998 <0.001 -41.3853 ** Stationary 54.4358 <0.001
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Variable: Money Supply (M2)

Normal Scale Logarithmic Scale
Test Order (d)

Test Statistic Significance Conclusion F-Value p-Value Test Statistic | Significance Conclusion F-Value p-Value
0 8.3915 NS Non-Stationary 62.7197 <0.001 49114 NS N_on- 58.2219 <0.001

Stationary
ADF* 1 -3.3380 el Stationary 88.2186 <0.001 -2.7539 ol Stationary 92.9832 <0.001
2 -13.5397 ** Stationary 424.4719 <0.001 -13.3658 *x Stationary 439.4632 <0.001
0 -2.9866 NS Non-Stationary | 579239.0789 <0.001 1.8295 NS N_on— 789853.06 | <0.001

Stationary
pp# 1 -19.2721 ** Stationary 215703 <0.001 -18.6092 *x Stationary 13.5286 <0.001
2 -49.4768 ** Stationary 64.5519 <0.001 -45.0471 *x Stationary 54.6132 <0.001

# Critical values of the ADF test-statistic (t) = -2.583 at 1% level, -1.951 at 5% level, and -1.622 at 10% level; * Critical values of the PP test-statistic (t) = -3.999 at 1% level, -3.430 at 5%
level, and -3.138 at 10% level.

Table 4. Results on the Testing of Unit Root in the Different Variables of Interest for European Union throughADF and
PP Tests ariable: Interest Rate (INTRT)

Normal Scale Logarithmic Scale
Test Order (d)
Test Statistic Significance Conclusion F-Value p-Value Test Statistic | Significance Conclusion F-Value p-Value
0 -2.1156 * Stationary 85.5536 <0.001 NC* - - - -
ADF* 1 -5.1937 kel Stationary 15.3612 <0.001 NC - - - -
2 -10.9993 xx Stationary 101.7436 <0.001 NC - - - --
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PP#

0 -2.0625 NS Non-Stationary | 18882.3365 | <0.001 NC - - - -
1 -6.4822 x* Stationary 117.5065 <0.001 NC - - - -
2 -17.1379 ** Stationary 0.5791 0.56119 NC - - - -

*NC: Non-computable due to the presence of certain —ve values in the available data set

Variable: Money Supply (M3)

Test Order (d) Normal Scale Logarithmic Scale
Test Statistic | Significance Conclusion F-Value p-Value | Test Statistic | Significance Conclusion F-Value p-Value
0 0.8142 NS Non-Stationary 56.8925 <0.001 7.0228 NS Non-Stationary 56.3078 <0.001
ADF# 1 -3.9530 kel Stationary 41.0215 <0.001 -4.0225 ** Stationary 45.7932 <0.001
2 -15.1751 kel Stationary 2436779 <0.001 -15.2298 ** Stationary 260.7661 <0.001
0 0.6293 NS Non-Stationary | 264912.9094 | < 0.001 -1.7140 NS Non-Stationary | 311321.7872 | <0.001
PP# 1 -12.2022 o Stationary 10.5942 <0.001 -12.8897 x* Stationary 5.8863 0.0032
2 -31.6990 o Stationary 19.2016 <0.001 -34.268 xx Stationary 22.2313 <0.001

#Critical values of the ADF test-statistic (t) = -2.583 at 1% level, -1.951 at 5% level, and -1.622 at 10% level; * Critical values of the PP test-statistic (t) = -3.999 at 1% level, -3.430 at 5%
level, and -3.138 at 10% level.

Table 5. Results on the Testing of Unit Root in the Different Variables of Interest for Japan throughADF and PP Tests
Variable: Interest Rate (INTRT)

Normal Scale Logarithmic Scale
Test Order (d) Test
Test Statistic Significance Conclusion F-Value p-Value Statistic Significance Conclusion F-Value p-Value
0 -0.8613 NS Non-Stationary 13.6311 <0.0001 NC - - - -
ADF* 1 -6.0244 x* Stationary 41.5651 < 0.0001 NC - - - -
2 -14.8662 i Stationary 237.6221 <0.0001 NC - - - -
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0 -1.1471 NS Non-Stationary | 14300.1658 <0.0001 NC - - - -
pp# 1 -11.1960 ok Stationary 18.3523 <0.0001 NC - - - -
2 -31.6337 *x Stationary 25.7278 <0.0001 NC - - -- -

*NC: Non-computable due to the presence of certain —ve values in the available data set

Variable: Money Supply (M3)

Order Normal Scale Logarithmic Scale
Test (d St;\rgz:ic Significance Conclusion F-Value p-Value Stlgziic Significance Conclusion F-Value Vrfl-ue
0 6.3717 NS s " 21.9555 00001 6.5417 NS s " 19.9415 00001
ADF# - < - <
1 -5.0275 *x Stationary 95.9026 0.0001 -5.3641 *x Stationary 107.397 0.0001
2 -16.0761 *x Stationary 458.1169 0_0301 -16.4333 *x Stationary 491.8879 0_0301
0 1.8828 NS Sta':'ig?];ry 106483.9931 0'0301 1.0511 NS Sta':'ig?];ry 105618.5024 0'0301
Pp# 1 -18.9307 *x Stationary 16.9393 0'0201 -20.3159 *x Stationary 17.1765 0'0301
2 52.1719 *x Stationary 72.6220 0_0;01 -55.1341 *x Stationary 75.6025 0_0301

#Critical values of the ADF test-statistic (t) = -2.583 at 1% level, -1.951 at 5% level, and -1.622 at 10% level; * Critical values of the PP test-statistic (t) = -3.999 at 1% level, -3.430 at 5%
level, and -3.138 at 10% level.
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Table 6. Results on the Testing of Unit Root in the Different Variables of Interest for United Kingdom (UK) throughADF and PP Tests, Variable: Interest Rate (INTRT)

Order Normal Scale Logarithmic Scale
Test Test Significanc . Test Significanc .

(d) Statistic e Conclusion F-Value p-Value Statistic e Conclusion F-Value p-Value

Non- < . <
0 -1.7467 NS Stationary 30.4306 0.0001 -1.9865 * Stationary 48.0379 0.0001

ADF | *x H < _ *x H <
M 1 6.1103 Stationary 27.7098 0.0001 5.518 Stationary 19.0911 0.0001

. < . <
2 -13.1887 ** Stationary 148.1793 0.0001 -11.874 ** Stationary 161.6877 0.0001

Non- 16266.927 < Non- 12902.614 <
0 17041 NS Stationary 1 0.0001 -2.0272 NS Stationary 7 0.0001

" . . < R . <
PP 1 8.8124 ** Stationary 41.8467 0.0001 7.0928 ** Stationary 63.0229 0.0001
2 -21.8576 falad Stationary 5.4307 0.00494 -22.2626 ol Stationary 12.2153 0 0;01

Variable: Money Supply (M3)
Order Normal Scale Logarithmic Scale
Test Test Significanc - Test Significanc -

(d) Statistic R Conclusion F-Value p-Value Statistic e Conclusion F-Value p-Value

Non- < Non- <
0 4.4497 NS Stationary 15.6183 0.0001 5.0976 NS Stationary 20.5927 0.0001

ADF . . . < i o . <
M 1 6.1459 Stationary 48.6552 0.0001 5.6557 Stationary 53.8687 0.0001

. < . <
2 -15.051 *x Stationary 256.9921 0.0001 -15.0401 ** Stationary 290.5267 0.0001

Non- 97581.675 < Non- 140837.881 <
0 -1.2885 NS Stationary 7 0.0001 -1.1506 NS Stationary 3 0.0001
pp# 1 -13.3515 el Stationary 2.9061 0.05663 -14.3419 ol Stationary 3.3222 0.03775

= ** H < _ ok . <
2 32.9277 Stationary 28.9766 0.0001 36.641 Stationary 38.9911 0.0001

# Critical values of the ADF test-statistic (1) = -2.583 at 1% level, -1.951 at 5% level, and -1.622 at 10% level; * Critical values of the PP test-statistic (t) = -3.999 at 1% level, -3.430 at 5%
level, and -3.138 at 10% level.
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On the basis of the results of ADF and PP unit root tests, it can be said that the first
differenced series on all the study variables for the different countries (viz., Real
Effective Exchange Rate Volatility for India, and Interest Rate as well as Money Supply
for each of United States, China, EURO Nations, Japan and United Kingdom) happened
to be stationary, both on normal and logarithmic scale (wherever possible). This concept
of stationarity (at the first difference) will be duly used in the causality analysis, to be
taken up subsequently.

Granger’s Causality Analysis

The Granger Causality analysis was performed between Real Effective Exchange Rate
Volatility for India (RLERV) and each of Interest Rate (INTRT) &Money Supply (MS)
for different trading partners separately.Results on Granger’s causality analysis have been
discussed in brief in respect of each of the trading partners of India, as follows:

Table 7. Causality Analysis between India’s RLERYV and Proxy Measures of
Quantitative Easing for US

No. of Caused Causal Normal Scale Log Scale
Lagged Variable Variable Conclusion
Terms (Y) X) F-Value p-Value F-Value p-Value
RLERV | INTRT | 0.166™ | 06841 | 0.004ns | 09a7g | Hoicould notbe
1 rejected
Hg, could not be
NS NS 02
INTRT RLERV | 2.130 0.1457 | 3.743 0.0542 rejected
RLERV INTRT | 0309%s | 07342 | 02828 | 0.7545 | Hoicould notbe
9 rejected
INTRT | RLERV | 1.468Ns | 02326 | 1.993Ns | 01386 | HozcOUld notbe
rejected
RLERV INTRT | 0371 | 07737 | 0817% | 04858 | Moicould notbe
3 rejected
INTRT | RLERV | 1.404ns | 02424 | 1.524ns | 02091 | Hoecouldnotbe
rejected
RLERV INTRT 0.388Ns | 08174 | 0.474ns | 07548 | HowcCould notbe
4 rejected
H,, could not be
NS NS 02
INTRT RLERV | 1.609 0.1729 | 1.319 0.2637 rejected
RLERV MS 0.417% | 05191 | 00778 | 07820 | Hoscould notbe
1 rejected
MS RLERV | 1.645N | 02010 | 0.731ns | 03935 | HosCould notbe
rejected
Hys could not be
NS NS 03
2 RLERV MS 0.026 0.9740 | 0.092 0.9118 rejected
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MS RLERV 0.736Ns 0.4802 0.894 NS 0.4103 Ho could not be

rejected
RLERV MS 0.988 NS 0.3991 1.056 NS 0.3688 Hos cquld not be

3 rejected
MS RLERV 1.487 NS 0.2188 0.791 NS 0.4999 H04 CO-UId not be

rejected
RLERV MS 3.151" | 00151 | 0.687M | 06019 | HosStood rejected

4 on NRM scale
Hg, could not be
NS NS 04
MS RLERV 1.957 0.1019 1.604 0.1740 rejected

** denotes Significant at 5% probability level, NS: Non-significant

A perusal of Table 7 reveals that with one lagged term (i.e., m =1) at the normal scale,
when INTRT of US was taken as the causal variable and RLERV of India was taken as
the caused variable, the F-value for the Wald test turned out to merely 0.166. This value
was associated with a sufficiently high p-value of 0.6841, which was much higher than
the critical value of 0.05. We could thus say that at the normal scale, the null hypothesis
of forward causality (Ho1) that ‘INTRT does not Granger cause RLERV’ could not be
rejected. At the logarithmic scale, as well, the F-ratio (= 0.004) was statistically non-
significant (p = 0.9478), thus implying that Hox could not be rejected at the logarithmic
scale either. On interchanging the two series (viz., on RLERV & INTRT), the F-ratios at
both normal (= 2.130; p = 0.1457) and logarithmic (= 3.743; p = 0.0542) continued to
remain non-significant, thereby implying that the null hypothesis of backward causality
(Ho2) that ‘RLERV does not Granger cause INTRT’ could also not be rejected.
Accordingly, with one lagged term, no causal relationship (forward or backward) could
be detected between India’s RLERV and US’s INTRT. Quite a similar picture has
emerged at each of the other lagged terms tried.

Broadly, the picture in respect of India’s RLERV and US’s MS, too, was comparable.
The only exceptional case was at m = 4 on normal scale with MS as the causal variable
and RLERYV as the caused variable, where the null hypothesis Hos could be rejected (F =
3.151; p = 0.0151). We may thus conclude that there was an indication of unidirectional
Granger’s causality (with a sufficiently long lagged effect of 4 years at normal scale)
from US’s money supply to India’s RLERV; whereas there has been no indication of the
presence of Granger’s causality (at any of the lags and scale tried) between Interest Rate
of US and RLERV of India.
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Table 8. Causality Analysis Between India’s RLERYV and Proxy Measures of

Quantitative Easing for China
No. of | Caused Causal Normal Scale Log Scale
Lagged | Variable Variable Conclusion
Terms | (Y) (X) F-Value | p-Value | F-Value p-Value
RLERV | INTRT | 04218 | 05170 | 0.416%s | 0.5196 | Hoicould notbe
1 rejected
H,, could not be
NS NS 02
INTRT RLERV | 0.211 0.6465 | 2.272 01330 | 22704
Hg; stood rejected on
*k NS 01
, RLERV | INTRT | 4.335 0.0142 | 0.165 0.8479 | N3 scale
INTRT | RLERV | 0.390% | 06777 | 1.306%s | 0.2728 | Hoe cOUld notbe
rejected
. Ho; stood rejected on
; RLERV | INTRT | 3.008 00310 | 0726 | 05434 | (2o ]
H,, could not be
NS NS 02
INTRT RLERV | 0.345 0.7931 | 0.865 04598 | % 0
RLERV | INTRT | 2.293% | 0.0603 | 0.757Ns | 0.5544 | Hoicould notbe
rejected
4 Ho, could not be
INTRT RLERV | 0.309Ns | 0.8719 | 0.814Ns | 0.5175 | rejected
RLERV | Ms 0.4428 | 0.5068 | 0.487Ns | 0.4862 | oo could notbe
1 rejected
MS RLERV | 0.649% | 0.4213 | 4324~ | 0.0387 | HoaStood rejected on
LOG scale
RLERV | Ms 0.223% | 0.8006 | 0.883Ns | 0.4151 | Mos Could notbe
2 rejected
MS RLERV | 0.361% | 0.6976 | 2.180ns | 0.1153 | Hos Could notbe
rejected
RLERV | MS 01507 | 0.9296 | 0.818%s | 0.4g51 | Hos could notbe
3 rejected
Hy, could not be
NS NS 04
MS RLERV | 1.798 0.1482 | 1.380 02497 | o
RLERV | Ms 0.370% | 0.8296 | 07558 | 0.5555 | Moz Couldnotbe
4 rejected
MS RLERV | 1.976Ns | 0.0990 | 1.681Ns | 0.1552 | Hos Could notbe
rejected

** denotes Significant at 5% probability level; NS: Non-significant

Proceeding on similar lines, it can be seen that in the context of China (Table 8), its
Interest rate has Granger caused India’s Real Exchange Rate Volatility (on the normal
scale, with 2 & 3 lagged terms). And, in turn, India’s Real Exchange Rate Volatility has
Granger caused China’s money supply (on log scale; with one lagged term). However,
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there was no indication about the prevalence of Granger’s causality in respect of rest of

the cases of China.

Table 9. Causality Analysis Between India’s RLERYV and Proxy Measures of
Quantitative Easing for Euro Countries

No. of Caused | Causal Normal Scale Log Scale _
Lagged Variable | Variable Conclusion
Terms (Y) (X) F-Value p-Value F-Value p-Value
RLERV | INTRT 0.111N | 07391 | —# - Ho, could not be
1 rejected
Hg, could not be
NS _ _ 02
INTRT | RLERV | 0.849 0.3579 ferbted
RLERV | INTRT 0.113% | 0.8933 | — - Ho, could not be
2 rejected
INTRT RLERV 0.574Ns | 0.5643 - — Ho, could not be
rejected
Hg; could not be
NS _ _ 01
; RLERV | INTRT 0.078 0.9717 ferncted
INTRT | RLERV | 0.653Ns | 05820 | — - Hg, could not be
rejected
RLERV | INTRT 0.085Ns | 0.9869 | — - Ho, could not be
4 rejected
INTRT | RLERV 0.539Ns | 0.7074 | — - Ho, could not be
) ) rejected
1 rejected
MS RLERV | 2.335Ns | 01278 | 0.003Ns | 0.9562 | Ho« Could notbe
rejected
RLERV | MS 0.056Ns | 0.9458 | 2.642Ns | 0.0733 Hg, could not be
2 rejected
MS RLERV | 1.509N | 02233 | 1.078Ns | 0.3418 | Mos could notbe
rejected
RLERV | MS 0.858N | 04638 | 1740 | 01596 | Hoscould notbe
3 rejected
Hg, could not be
NS NS 04
MS RLERV 1.586 0.1936 | 0.626 05986 | % g
RLERV | MS 0.732Ns | 05711 1.703Ns | 0.1501 Hgy could not be
4 rejected
MS RLERV | 2.403Ns | 0.0506 | 1.229%s | 0.2992 | Hos Could notbe
rejected

# Analysis on log-scale was not possible owing to the presence of -ve observations in

INTRT
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Table 10. Causality Analysis between India’s RLERV and Proxy Measures of
Quantitative Easing for Japan

No. of Caused Causal Normal Scale Log Scale
Lagged Variable | Variable = Conclusion
Terms ) (X) F-Value | p-Value Value p-Value
RLERV INTRT 20118 | 0.1575 | —# _ Ho: could not be
rejected
' Hg, could not be
NS _ _ 02
INTRT RLERV 0.172 0.6786 rejected
RLERV INTRT 1.523Ns | 0.2203 | — B Hf_,l could not be
2 rejected
INTRT RLERV 0.105Ns | 0.9002 | — _ Ho, could not be
rejected
Hg: could not be
NS _ _ 01
5 RLERV INTRT 1.386 0.2478 rejected
INTRT RLERV 0.105Ns | 0.9570 | — _ H(_,z could not be
rejected
RLERV | INTRT 1.070Ns | 0.3719 | - _ Ho, could not be
rejected
* Hg, could not be
NS _ _ 02
INTRT RLERV 0.656 0.6234 rejected
RLERV MS 0.141N | 0.7072 0.055 0.8150 Hos could not be
1 NS rejected
MS RLERV | 1.056%s | 03052 | %:082 | g g5g7 | Hos Could notbe
NS rejected
RLERV MS 0.410Ns | 0.6645 ’(\1)5019 0.9816 Hoz could not be
2 rejected
MS RLERV 12198 | 02974 | 0135 | gg74o | Hoscould notbe
NS rejected
RLERV MS 19538 | 01217 | 9304 | ggoo7 | Hos could not be
3 NS rejected
0.342 Ho4 could not be
NS 04
MS RLERV | 1.436 0.2329 | \s 0.7947 | |8 cted
RLERV MS 1.884Ns | 0.1141 ’(\1)5289 0.8852 Hos could not be
4 rejected
Ms RLERV | 1.319ns | 0.2638 | 9310 | g.g713 | Hos cOUld nOtbe
NS rejected

# Analysis on log-scale was not possible owing to the presence of -ve observations in
INTRT
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Table 11. Causality Analysis Between India’s RLERYV and Proxy Measures of
Quantitative Easing for UK

No. of Normal Scale Log Scale
Lagged | Caused Variable (Y) | Causal Variable (X) p- Conclusion
Terms F-Value | p-Value | F-Value | |, alue
Ho; could not
NS NS 01
. RLERV INTRT 0128% | 07214 | 0.060" | 0.8060 | . ceoro
H,, could not
NS NS 02
INTRT RLERV 0708 | 0.4008 | 0.991% | 0.3205 | | oo
RLERV INTRT 0.148Ns | 0.8624 | 0.2341s | 0.7919 | HoxcCOUld ot
5 be rejected
H,, could not
NS NS 02
INTRT RLERV 04117 | 0.6633 | 0.601% | 05493 | |2 Lo
RLERV INTRT 0.341%s | 0.7957 | 0733 | 05335 | Horcould not
3 be rejected
H,, could not
NS NS 02
INTRT RLERV 0.729N | 05357 | 0.464" | 0.7080 | 7 o
RLERV INTRT 0.263% | 0.9016 | 0.888 % | 0.4716 | Hos could ot
4 be rejected
INTRT RLERV 0.757%s | 05543 | 0.524ns | 0.7181 | HoecOUId ot
be rejected
H,s could not
NS NS 03
. RLERV MS 04421 | 0.5068 | 0.020" | 0.8871 | |2* o,
Ms RLERV 0.184%s | 0.6683 | 0.116Ms | 0,733 | Hos could not
be rejected
RLERV MS 0.261%s | 0.7705 | 0012 | 0.98g2 | Hoscould not
5 be rejected
Ho, could not
NS NS 04
MS RLERV 011N | 08950 | 2.161% | 0.1175 | | X oo
RLERV Ms 0.638"s | 0.5912 | 0.106 s | 0.9567 | Hos could not
3 be rejected
MS RLERV 0.089Ns | 0.9661 | 1.421Ns | 0.2374 | HoscOuld not
be rejected
Hgs could not
NS NS 03
. RLERV MS 0809 | 05205 | 0.462" | 0.7636 | . eoro
MS RLERV 0.9811s | 0.4188 | 1.083Ns | 03657 | Hos could not
be rejected

Next, as can be seen respectively from Table 9, Table 10 and Table 11 that there was no
indication of the presence of Granger’s causality (at any of the lags and scale considered)
between RLERV of India on one hand, and Interest Rate/ Money Supply, on the other in
respect of each of Euro Countries, Japan and UK.
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Thus, on the whole (barring a few exceptions), causality linkage could not be detected between
India’s Real Exchange Rate Volatility of India and the measures of Quantitative Easing of US
and other trading partners. As exceptional cases, there was an indication of unidirectional
Granger’s causality (on normal scale) from US’s money supply to India’s RLERV. Similarly,
China’s Interest rate has Granger caused India’s RLERV (on the normal scale), while India’s
RLERYV has Granger caused China’s money supply (on log scale).

Conclusion

An attempt has been made in the present study to examine causal relationship between
Quantitative Ease by US & other trading partners and Indian Rupee volatility. However,
before that, an examination of stationarity in each of the time series (for different countries)
has been made. The analysis was based on month-wise time series data spanning from January,
2001 to March, 2021. The countries considered were: United States (US), China (CHN),
European Nations (EURO), Japan (JPN) and the United Kingdom (UK).The proxy measures
for quantitative easing for these countries were Interest Rate (INTRT) and Money Supply
(MS, assessed through M2 or M3). And the study variable on Indian Rupee volatility was Real
Effective Exchange Rate Volatility (RLERV). Stationarity was examined through the
application of Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests andcausality
through Granger’s approach.

As per the main findings, it was observed that the first differenced series on all the study
variables for the different countries were stationary, both on normal and logarithmic scale
(wherever possible). Barring a few exceptions, causality linkage could not be detected
between Real Exchange Rate Volatility of India and the measures of Quantitative Easing of
US and other trading partners. As exceptional cases, there was an indication of unidirectional
Granger’s causality (on normal scale) from US’s money supply to India’s RLERV. Similarly,
China’s Interest rate has Granger caused India’s RLERV (on the normal scale), while India’s
RLERYV has Granger caused China’s money supply (on log scale).

Based upon the empirical analysis, it is concluded that the quantitative easing in USand China
boost up the volatility of Indian rupee exchange rate. These findings are in line with the
findings of Coudert et al. (2011) and Keefe and Saha (2022) which also confirm that the
volatility of exchange rates in emerging countries including India tends to increase with the
expansion of quantitative easing policies of advanced nations.

The study implies that the quantitative easing policies implemented in US and other advanced
trading partner countries have the tendency to enhance or reduce the volatility of Indian rupee
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exchange rate. Thus, the higher authorities and policy regulators of India should take such
measures that can lead to reduce this uncertainty or volatility of Indian rupee exchange rate
which in turn lead to financial stability and boosts international trade between India and the
considered trading partners and thus contributes towards global integration of Indian
economy.
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