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Abstract:

The study is devoted to examining the ‘efficiency’ of Indian foreign exchange (rupee/dollar) market and the relevance of
Covered Interest Rate Arbitrage Parity (CIRAP) doctrine therein over the period 11" November, 2011- 27" February, 2015.
ARIMA (4, 1, 0) stochastic structure of monthly spot rate (S,) has been used to generate one — period ahead forecast (S¢,1)
series. These forecasts are MMSE forecasts and ‘Rational’ by nature. Forward rates (tFy,,) served as the ‘Unbiased
predictor’ of the spot rate (S;4) implying that CIRAP did hold well in the market. Again absence of ‘risk premium’ testifies
for the ‘efficiency’ of the Indian foreign exchange (rupee / dollar) market over the period of study.
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1. Introduction

The decade of 1970s brought in a turning point in the realm of international economics and finance. The Britton Woods System broke
down and flexible exchange rate system replaced the fixed exchange rate system in 1970s. Determination of exchange rates became
the centre-price of deliberations in international economics while the management of balance of payments became almost a non-entity.
Consequently, over the last three decades a large number of theories on exchange rate grew up. On the other hand, the issues of
dynamic adjustment of balance of payments were relegated to the background.

The most exciting feature of this period is the growth of renewed interest of economists in the ‘Interest Arbitrage Parity Doctrine ‘and
thus the ‘Interest Rate Arbitrage Parity Theory’ has emerged as an influential theory of the determination of the exchange rate since
1970s.

The ‘Interest Rate Arbitrage Parity Theory’ is theoretically attractive but the empirical support for the theory is mixed. Yet the
research on this subject is extensive. Which indicates that these exists a reluctance for rejecting the theory, at least in the short run.
The present study is an attempt in this direction with an objective of examining how far the Rupee/Dollar exchange rates conformed to
the ‘Interest Rate Arbitrage Parity Doctrine’ over the period (11 " November, 2011 to 27" February, 2015).

2. Review of Literature

Fama, Eugene F. Journal (1984), reported empirical evidence in favor of Covered Interest Parity and the existence of risk premium in
the forward market. Frankel, Jeffrey A, Froot, Kenneth (1990), found some role of UIRP in the dynamics of the foreign exchange
market. Guy Meredith, Menzie D. Chinn, (1991) rejected role of UIRP in exchange rate determination, although there is little
consensus on why it fails. David Gruen, Gordon Menzies (1991) stressed upon failure of UIRP in the foreign exchange market even
when the investor makes unsystematic mistakes while forming expectation of exchange rate changes. Bhatti, Razzaque H, Moosa,
Imad, a (1995) have shown the supportive evidences of UIRP hypothesis through a cointegration analysis. The authors compare the
Treasury bill rate denominated in eleven currencies to the US dollar and find a long-run relationship in all cases. Malliaropulos, D
(1997) employs a multivariate GACRCH model of Risk Premium and reproduces the existence of time-varying risk-premium in
deviations from UIRP. Burton Hollifield, R Uppal (1997) examine the effect of segmented commodity markets on the relation
between forward and future spot exchange rates in a dynamic economy and find the presence of risk premium. McCallum, J. Monet
(2000) extends the dataset used by McCallum to include the recent eight years. In most cases UIRP gets supported by the data as well
as it passes all the conventional econometric tests. Jose Olmo, K. Pilbeam (2009) proposes two new profitability based tests for CIAP
doctrine. UIPRP conditions are found to hold good to three of the four currencies studied.
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2.1. Objective of Study
The present research study is an attempt to enquire into the tenets of the UIRP Doctrine and the theoretical resolutions which follow
from the UIRP doctrine. More specifically, we seek to examine in the context of Indian foreign exchange market if
i. the expected future spot rate is in parity with the corresponding future spot rate
ii.  the officially quoted forward exchange rate is the unbiased predictor of the future spot rate.
iii. the ARIMA (p, d, q) forecast for future exchange rates is in conformity with the actual future spot rate.
iv.  CIRP holds for rupee-dollar exchange rates over the period of study.

2.2. Data: Nature, Period of Dataset, Transformation and Sources

The study is based on time series datasets on Rupee-dollar exchange rates and Forward Rate for Dollar quoted by RBI. The study
involves monthly dataset on rupee-dollar exchange rates over the period (11" November, 2011 - 27" February, 2015) and the
corresponding one month forward rates. Forward Rates were derived on the basis of the forward premium (in annualized percent)
quoted by the RBI. RBI Bulletins constitute the main source of these time-series datasets. The study uses the logarithmic
transformation of the level datasets on the spot rate and the corresponding quoted one-month forward rate.

2.3. Theoretical Issues

In ‘Interest Rate Parity Arbitrage’ analysis we deal with four macroeconomic variables like  S;= spot exchange rate (rupee/dollar) at
time t.

S¢+n = Spot exchange rate which prevails at period (t + n)

tE(Siin) = tSE., = Expected spot exchange rate to prevail at period (t + n), when expectation is formed at time t by the market
agents like speculative & hedgers.

tF;,,, = Forward exchange for the period (t + n) quoted at time t i.e., the official expected spot rate for the period (t + n) quoted at time
t.

2.3.1. Relation between F,,, and tS¢, .:
Covered interest rate parity arbitrage doctrine holds that

tFrin = tE(Stan)=tStin (1.1)
i.e, Forward Exchange Rate is the Unbiased Predictor of Future Spot Exchange Rate.

2.3.2. Relation between tS¢,,, and S,.,,:
In this analysis

tE(Se+n) = tStn = E[St4n/02] (1.2)
where 2 = [S;_;; i =123 .....]
tS¢,, is the minimum mean square error (MMSE) forecast for S, ,, by the market agent such that
St+n = tSfin +€tins Epin ~ 1id N (0,02) (1.2a)
ThustSZ,,,, an ARIMA (p, d, q) forecast for S;,,, virtually emerges as a ‘Rational Expectation Forecasts forS; ,,,.

2.3.3. Risk Premium & Forward Market Efficiency:

If economic agents are risk average, they need some return for the risk which they bear while holding the risky foreign exchange. This
additional return is the ‘risk premium’. In the event of the presence of risk premium, the equation (1.1) is modified to yield S¢,,, = E
(St 4+n) =tF 4, + RP; where, RP, = risk premium on foreign currency. Thus the forward rates may systematically over — or under
predict the future actual exchange rate not because of exchange market efficiency but because of the presence of risk — premium.

2.3.4. Forward Rate and ARIMA (p, d. q) Forecasting:
The MMSE forecasts for s;can be obtained through ARIMA (p, d, q) forecast. In many cases, forecasts obtained by this method are
more reliable than those obtained from the traditional econometric modeling, particularly for short term forecast.

2.4. Methodological Issues

2.4.1. Forecast Model Estimation: Further Elaboration:
Let the ARIMA (p, d, q) model be for the time series y;

¢ (B) A y= o(B) 0 =0(B) o (13)
with (B)=1-¢1 B— @3 P* - -, B
andO (B)=1-0, B—0, B -......... -, 0, B
Eqn.(1.3) can be expressed in terms of error term series g, such that
&= 0"(B) o(B) o (14)
where = A Vi

The objective in estimation is to find a set of auto-regressive parameters (¢; ¢, @,) and a set of moving average parameters (6, 6,
0, ) which minimize the sum of squared errors
S (P1cucs Pps O, 0g ) =T, (1.5)

285 Vol 4 Issue 5 May, 2016



The International Journal Of Business & Management (ISSN 2321-8916) www.theijbm.com

Now let us assume that the error terms (g ,....., &) are all normally distributed and independent with mean 0 and variance 02(; ‘Then the
conditional log-likelihood function associated with parameter values (@1, @>._. ¢p 0, 0, 04, O¢ ) is given by

L=-Tlogoc—S@i,.. ¢p01 ... 04 )/2 6% (1.6)
Here L is the conditional logarithmic likelihood function. Consequently,

£1 =W — P10 — PrW.g -eoe. — PpW_pi1 + 0180+ + 0gE gy (1.7)
Equation (1.7) shows that the maximum-likelihood estimate of the model’s parameters is given by the minimization of the sum of
squared residuals. Thus, under the assumption of normally distributed errors, the maximum-likelihood estimate is the same as least-
square-estimate.

2.4.2. Minimum Mean-Square-Error Forecasts:
Optimum forecasts are forecasts with ‘minimum mean-square forecast error’. Thus the forecast y(1) will be so chosen that E[ez(l)] =

E [{yrse — }7T(1)}2] is minimized. This forecast is the conditional expectation of yr,; such that

Y11= E [yra/ym Yoty ] (1.8)
Eqn. (1.8) gives the minimum mean-square-error forecast.
Eqn. (1.8) can be written as

¢ (B) (1- B)'yi= 0(B) & (1.9)
since A =1- . Therefore,
ye=¢" (B)(1- B 0(B) e="¥ (B) & = Xj=0 Wies; (1.10)
Eqn. (1.10) expresses the ARIMA model as a purely moving average process of infinite order. Then
Y1 = Woerst + Wi€Tirg Feereeeeeninnns +Wier + WisE14 +-o.n
= ‘PO'STH + ‘PlgTH—l T + \Pl—l ET+1 +Zj=0 Y1+ jst—j (11 1)

In eqn. (1.11) the infinite sum has been divided into two parts. The second part begins with the term ¥j.r and thus describing
information up to and including time period T.
However, the forecast ¥t (1) can be based only on information available up to time T. Now forecast can be written as a weighted sum
of those error terms, €r, €r.;,.....Then the desired forecast is

Ir(D) =T ¥ 1€ (1.12)
where the weights are chosen optimally to minimize the mean square forecast error. Then using Eqn. (1.11) and (1.12) we get
er (1) = yri - Pr(1)

=Woera + Vigrirg+eeeenieenen. + Wi e +Zj=0 (lP1+j - LP*Hj) €T (1.13)
Since by assumption E (g;, €;) = 0 for i#j, the mean-square forecast is
E [’ ()] = (W0 + PP 4. + P21 67 +510 (P - ¥ 14 0% (1.14)
Then this expression is minimized by setting the “optimum” weights ¥ 1+ equal to true weights W1, , for j = 0,1,.......In that case
optimal forecast Pr(1) just becomes the conditional expectation of yr,;. Consequently,
(1) = Y(¥i4ery) =E [yrei/yeeonyil (1.15)

Eqn. (1.15) provides the basic principle for estimations of forecast from ARIMA models.

2.4.3. Computation of a Forecast:
Let the ARIMA (p, d, q) model be
W= QW) Feeeennnn + QpWep +E— 0181 - OgE g+ O (1.16)

where y, =Zdoot
The one period forecast of w, is@, (1) . Now from eqn. (1.16) we get
WT4] = QWT +.ooael + PpWT-p+1 +E1— 618'1'- ..... - quT-q+ o (117)
Taking conditional expected value of wr, in equation (1.17) we get
(;J\T(l) =E [(IJT_H/ (A)T’....]
=@ Wt +..onennl + Pp WT-p+1 —616)\’1*- ...... - Oqé\T_q+1+8 (118)
where @r,dt.; etc. are the observed residuals and the expected value of 1, is O.
Now using the one-period forecast @ (1), one can obtain two-period forecast,@r (2) such that
&)\T (2) =E [O)T+2/ (A)T’....]
:(pl(;)\'r(l)'F(pz wTt..... + PDp wT_p+2—61&)\T- ...... - Gqu_q+2+8 (119)
The two-period forecast is then used to produce the three period forecast, and so on until the h-period forecast &t (h) is reached:
&)\T(h):(pl(;)\’r(h-l)'F ...... + @ wr+......
+ Qp Wrpr1 — 01D -...m 04 1.q11 + 0 (1.20)
If 1>p and 1>q, this forecast will be
&)\T (h) = (pI&)\T (h-1) +............ + (pp&)\(l_p)
Once the differenced series wt has been forecasted, a forecast can be obtained for the original series y, simply by summing w, ‘d’
times.
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2.4.3.1. Section I

»  Stationarity and Integrability of Spot Rate and Forward Rate Series
Spot rate (S;) and forward rate (tF.,,) series have been subject to ADF unit root test for ascertaining the state of stationarity and
integrability of the series concerned. Table 1 presents the results of the unit root tests on the series concerned.

Series ADF Test Result Inference
S; (Level) Non-Stationary 1(1)
tF..1 (Level) Non-Stationary 1(1)
dS, = S, (First Difference) d; Fius Stationary 1(0)
= tF,,4 (First Difference) Stationary 1(0)

Table 1: Result of ADF Unit Root Tests on S; and tF,,; Series

The series S, and tF,,; are I (1) and offer a scope for examining their cointegrability over the period of study.
» ARIMA Forecast for one — period ahead Future Exchange Rate:
Univariate stochastic structure for S, has been identified as ARIMA (1, 1, 0) such that
Si=[(1-L) (1-pL)]"e; € ~ iid N (0, 6%
The estimated equation is
(1-L) S;=0.000311 + 0.293937(1-L) L S, (1
SE  (0.000367) (0.072957)
t [0.845395] [4.028890]
Prob 0.3991 0.0001
Residuals (g,) of the estimated equation are white noise as evidenced from its correlogram presented through Figure -1

Sample: 1173
Included observations: 171

Autocorrelation Partial Correlation AC FPAC Q-Stat Prob

0.011 0.011 00202 0.887
-0.0583 -0.053 0.503% 0777
0.043 0.044 08305 0.842
-0.124 -0128 3.5390 0472
-0.048 -0.040 3.9513 0.556
-0.028 -0.044 40905 0.664
-0.049 -0.043 45235 0.718
0.049 0.035 49608 0.762
-0.017 -0.033 5.0159 0.833
10 0101 0103 6.8977 0.735
11 0.068 0.045 7.7517 0.735
12 -0.018 0.001 7.8129 0.800
13 -0.008 -0.015 7.8248 0.855

WO = @MWk =

Figure 1: Correlogram of residuals from Equation (1)

The estimated ARIMA (1, 1, 0) structure for S, as given by the equation (1) may be used for generating one — period ahead forecast for
Si:1- The forecast series is S¢,;. Time plots of S, series along with SZ, ; series are being given by Figure 2 below.
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1.80
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1.74 4
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1.68 4—rr—rT—r7 7
25 50 75 100 125 150

Figure 2: Time Plots of (S,,;----) and (S£,1----) series
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It appears from the Figure (2) that one — period ahead forecast for S, i.e, S£,; almost coincide with the corresponding actual S, ;.
Basic statistics of the forecast error (e,; = Siy1 - S&y1) are given in the Table 1.

20

Series; RESD3SPDSPE
Sample 3173

164 Observations 171
Mean 1.04E-16
124 Median -0.000153

Maximum 0.017944
Minimum -0.013663
Std. Dev. 0.004761
Skewness 0.299384
Kurtosis 3916917

Jarque-Bera 8553270
Probability ~ 0.013889

-0.01 0.00 0.01

Figure 3: Statistics of the Forecast Errors (e, , 1)

Mean value of e, almost collapses on zero and the very small standard deviation of e, indicates that S£,; series represents the
Minimum Mean Square Error (MMSE) forecast for S, .

The estimated equation (1) may use to generate 4 — period ahead forecast for S, . The forecast series represent the series for tE (Sy4)
=S5f,4. Time plots of S,,4 series along with the corresponding 4 — period ahead forecast S¢,, series are being presented through the
Figure 3.

1.84
1.82
1.80
1.78
1.76
1.74
1.72 {4

1.70 1

168 b7 T
25 50 75 100 125 150

Figure 4: Time Plots of (S,,4----) Series and 4 — Period Ahead forecast (S£,4----) series.

Figure 4 shows that dynamic features of both the series are almost alike. Basic statistics of the corresponding forecast error (€4 = Si4
- §£,4) are being given by the Table 2.
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Series: SER01
Sample 3 173
Observations 171

Mean 71BE-17
Median -3.75E-05
Maximum 0.018522
Kinimum -0.012534
Std. Dev. 0.004726
Skewness 0.299323
Kurtozis 4072535

Jargue-Bera 10.75115
Probakbility 0.0045828

-0.01 0.00 0.01

Figure 5: Basic Statistics of the Forecast Error (e,.4) Series

Figure 5 shows that the mean and standard deviation of the e, series almost coincide with zero. Jarque — Bera Test establishes
normality of the series. Thus the e,,4 series is virtually normal with zero mean and standard deviation equal to 0.004726.

2.4.3.2. Section II
» Cointegration Between S,,4and S§, , Series
Sua ~ I(1) and S¢,, ~ I(1) series are found to be cointegrated. The estimated cointegration equation is
Sua=0.03116 +0.982323 S¢,, 2)
SE (0.019722) (0.011203)
t  [1.577704] [87.68693]
Prob  0.1165 0.0000
Correlogram of the residuals (u;,,) of the equation (2) is given by the Figure 6.

Sample: 1173
Included observations: 171

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0.020 0.020 00714 0.789
-0.043 -0.044 04016 0818
0.053 0.055 09012 0.825
-0.112 -0.117  3.1095 0.540
-0.038 -0.027 3.3639 0.644
-0.017 -0.029 34150 0.755
-0.039 -0.02% 36922 0314
0.056 0.047 42654 0832
-0.011 -0.023 4.2884 0891
10 0105 0111 6.3059 0.789
11 0.070 0.043 7.2100 0.782
12 -0 015 0004 7 2503 0 841

Figure 6: Correlogram of Residuals(u;,4) of the Equation (2)

W00 = 00 imf L) R =

Figure (6) testifies for the fact that residuals (u.4) of the cointegrating equation [equation (2)] are ‘white noise’. Thus Si4 and S¢,,
series are cointegrated.
The estimated equation (2) shows that

(i) the constant term is not statistically different from zero (even at 10%) level.

(ii) the regression coefficient, i.e, the coefficient of S¢,, is statistically significant even at 1% levels and

(iii) the absolute value of the coefficient is not statistically different from unity.

It, therefore, follows that
Siea = Sfig + Uy 3)
where u,,4 is white noise
Consequently, equation (3) indicates that 4 — period ahead forecast Sf,, emerges as the ‘Rational Expectations’ forecast for
St+4~
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2.4.3.3. Section IIT
» Relation between Forward Rate (tF,,) and the Expected Spot Rate (S¢,4)
SE,4 = tE(Sy4) series represents the 4 — period ahead forecasts at period t for the future exchange rates (S,4) by the market agents like
speculators and hedgers. However, Reserve Bank of India also makes forecasts at period t for Si,4 by quoting 1 — month forward rate
through weekly statements of forward premium (annualized percentage). These official forecasts i.e, forward exchange rates (t F4)
series may be different from Sg,, series. In such case scope of profit arbitrage emerges out of the forecast differentials. If S¢,,
exceeds the corresponding (t F,,4) rate, then market agents take a ‘Long position’ in the foreign exchange market at time t and hope for
reaping profit by forward buying of dollar and selling dollar spot at the higher expected exchange rate at period (t+4). If, on the other
hand, Sf<tE(S;,,), market agent take a ‘short position’ in the foreign exchange market. Market agents hope for reaping profit by
selling dollar forward and buying spot at (t+4) period. This calls for examining the relationship between Sf,, series and tF,,4 series in
the Indian Foreign Exchange Market over the period of study.
Time plots of S¢,, series and tF,,, series are being presented through the figure 7.

1.84

1.82 1

1.80 |

168 +——r————7—
25 a0 75 100 125 150

Figure 7: Time plots of (S¢,4----) series and (t F,,4 ----- ) series

Figure 7 shows that both the series possess almost the same dynamic texture and these series appear to share ‘common trends’ S¢, 4
~I(1) series and tF,4 ~ I(1) series, therefore, may be ‘cointegrated’. The estimated ‘cointegrating equation’ is
tF,,,=0.010170 + 0.992541 S¢,, 4)
SE  (0.019901) (0.11285)
t [0.511028] [87.94951]
Prob 0.6100 0.0000
The residuals of the cointegration equation (eqn. 4) constitute w,series. Correlogram of wq,4series is presented in Figure 8.

Sample: 1 173
Included observations: 171

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0.011 0.011 0.0223 0.881
-0.052 -0.052 04910 0782
0.043 0.045 0.8227 0.844
-0.119 0123 3.3121 0.507
-0. . 3.7236 0.530
-0.026 -0.041 3.8440 0.698
-0.054 -0.049 43711 0.736
0.051 0.03% 48418 0.774
-0.013 -0.029 4.8726 0.845
10 0108 0.111 7.0039 0.725
11 0.080 0.057 8.1768 0.697
12 -0.004 0.015 B.1800 0.771
1 13 0.002 -0.002 §.1807 0.832

Figure 8: Correlogram of Residuals w4 from the Equation (4)

WO =Wk o
=1
[=}
E
@
1
=}
o
E
=}

The residuals appear to be ‘white — noise’ such that w4 ~ iid N (0, 0% Weya). Consequently, tF,,,andSf, , series are cointegrated.
It is further observed from the estimated equation (4) that

(i) the constant term in the regression equation is not statistically different from zero (even at 10% level).

(i) the regression coefficient is significant event at 1% level.

(iii) the regression coefficient is not statistically different from unity.
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All these observations indicate that
() tFi1a = Sfia + Otyg o)
where w4 ~ iid N (0, 6% 0¢44)
and tF 4 = S5s
or, tFyq = tE(St44)
Therefore, there exists no scope for profit arbitrage in the Indian rupee / dollar foreign exchange market over the period (11"
November, 2011 - 27" February, 2015).

(ii) the absence of making profit through arbitrage testifies for the fact that foreign exchange market in India over the period
of study was ‘efficient’.
(iii) tFi 4 = S;,4 Indicates that ‘forward rate emerged as the unbiased predictor of future exchange rate’ in the Indian

foreign exchange market over the period of study.

2.4.3.4. Section IV

» Relation between Forward Rate (tF;,,) Series and Spot Rate (S;,,) Series.
Figure 9 presents the time plots of Forward Rate tF;,, series and spot rate (S;,4) series. Both the series exhibit the same type of
dynamic texture over the period of study.

1.84

1.82
1.80
1.78
1.76
1.74 4
1.72 4

1.70 4

166 b—7+—7 7T T 7T
25 50 75 100 125 150

Figure 9: Time plots of (tF;4----) Series and (S¢4----) Series

These series appear also to share the ‘common trend’ and, therefore cointegrated. The estimated cointegrated equation is
tF.4=0.012111 +0.991146 S, (6)
SE  (0.020714) (0.011748)
t [0.584675]  [84.36468]
prob 0.5595 0.0000
Correlogram of the residuals u,, of the equation (6) is given by the figure (10)

Sample: 1173
Included cbservations: 172

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0292 0292 14.872 0.000
0.028 -0.062 15.012 0.001
0.0317 0.044 15184 0.002
-0.109 -0142 17.289 0.002
-0. -0. 18.666 0.002
-0.058 -0.038 19264 0.004
-0.072 -0.040 20192 0.005
0.006 0.031 20198 0.010
0.008 -0.017 20.20% 0.017
10 0109 0122 22422 0.013
11 0.094 0.008 24056 0.012
12 0.028 0004 24205 0.019
13 -0.021 -0.047 24290 0.029

[T I e A R OO SO Y
[=]
=]
@
@
=1
o
=
[

Figure 10: Correlogram of Residuals u;, of the Equation (6)

Uy, Series has been subject to ADF Unit Root Test with exogenous constant. The ADF test statistics = - 9.689490 exceeds the
corresponding 1% critical value (- 3.468740). Therefore, there exists no ‘unit root’ in the series uy,, series and the series is
‘stationary’ indicating U4, ~ I (0). Consequently, tF,andS¢,, series are cointegrated.
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The estimated equation (6) shows that

i. the regression constant is not statistically different from zero (even at 10% level)

ii. the estimated coefficient of S, 4significant at1% level.
iii. The absolute value of coefficient of S¢,, is not statistically different from one.

These findings indicate that the equation (6) can be modified as
tFria = Sfia @)

Equation (7) shows that forward rate quoted at t for the period (t+4) virtually becomes equal to the actual spot rate at period (t+4) i.e.,
S¢+4 - Since the regression constant is not different from zero, there exists no risk premium in the forward exchange market. This
further supports the findings that the forward exchange market in India was ‘efficient’ over the period (11™ November, 2011 — 27"
February, 2015).

2.4.3.5. Section V

»  Further Test of Efficient Market Hypothesis for Indian Foreign Exchange Market:
It may however be noted that residuals (uy,,) from the regression equation (6) are not ‘white noise’ and there are exhibit first order
auto — correlation: This indicates that there exists the scope of predicting future errors on the basis of past errors. This would be a sign
of foreign exchange market ‘inefficiency’ with the implication that there exist ‘unexploited profit’ opportunities’.
Cumby and Obstfeld argue that the equation (6) needs to be estimated as follows:

St+4 — St+3 = a1 + a2 (tF4s — Stys) + Upys (8)

Given REH as in equation (7)
Stz = thry3 )
Then equation (8) can be written as
Stra = Stez = a3 + a2 (tFiyq — tFryz) + Uiy
dSps = a3 + a2dtFpiy + Upyy (10
Since, Siyq ~ 1 (1) and tFy, ~ I (1), we have dS¢yy ~ I (0) and dtF;,4 ~I(0) consequently, dS¢,, and dtF,, series are
‘Cointegrated’ and the residuals from the ‘cointegrating equation’ are ‘white noise’.
Cumby and Obstfeld hold that in the estimated equation @; = 0 would imply absence of ‘risk premium’ and ‘efficiency’ of the foreign
exchange market.
Again a; = 1 would imply ‘rational expectation hypotheses’. Thus Cumby and Obstfeld hold that the estimation of equation (10)
allows joint tests of ‘Market Efficiency’ and ‘rational expectation hypotheses’.
The estimated equation is
dS.s=-7.62E-06 + 1.003520 d t F,, 4 (11)
SE (1.65E-05) (0.003305)
T [-0.460854] [303.6811]
Prob  0.6455 0.0000
In the estimated equation (11)
i. @, is not statistically different from zero even at 1% level. This testifies for the absence of ‘risk premium’ in the market and,
therefore the ‘efficiency’ of Indian foreign exchange market.
ii. @, is significant at 1% level and absolute value of @, is not statistically different from unity. This testifies that official forward
forecasts are ‘Rational Expectations Forecast’ by nature.
The time plots of dS;,,= S, 4and dtF,,, series are being presented through the figure 11.
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Figure 11: Time plots of (S, , 4 ----- ) series and dtF;, 4-----) series
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Figure (11) shows that one series appears to be almost superimposed on another which implying dtF,,, = S, , ssuch that differences
between those two series over time are not statistically significant. These further testify for the ‘absence of risk premium’ and for the
‘efficiency’ of Indian Foreign exchange market over the period of study.

2.4.3.6. Section VI

3. Summary and Conclusion
Univariate stochastic structure for the spot exchange rate (S,) has been identified as ARIMA (I, I, D). Estimated ARIMA (1, 1, 0)
equation for S, has been used to generate one — period ahead forecast ( Sf, ;) series and four — period ahead forecast (S¢,,) series.
(1) Sfq~1I(1)and S;yq~ I (1) series are cointegrated. Similarly, S£,;~ I (1) and S;,4~ I(1) series are cointegrated. Forecast error
(St11- Sfpq) series and (Syy4- Sfys) series are ‘white — noise’ which imply that these forecasts are Minimum Mean — Squared
Error (MMSE) forecasts by nature.

(i) Again forecast errors, being ‘white — noise’, further imply that the forecasts are ‘Rational’ such as
— e
St+1= Sti1+ €r41
_ e
and Siyq = Stiat €rva
where €,,4 and €., are ‘white noise’.

(iii) S£y4 ~ I(1) and tFyy, ~ I (1) are ‘cointegrated’ while residuals of the corresponding equation are ‘white — noise’. This implies
that forward rates ( tF,,) are the unbiased predictor of the corresponding spot rate (S;,4) such that

tFris = Siha
Thus the ‘Covered Interest Rate Arbitrage Parity (CIRAP) Doctrine’ appears to hold good in the Indian foreign exchange market
over the period of study (11" November, 2011 - 27" February, 2015)

(iv) d t F,, 4series and dS;,4 = S, 4 series are found to be almost identical. Thus rate of change of exchange rate (Sisa) equals the
forward premium (t d F,, ) in the Indian foreign exchange market over the period of study.

(v) (a) In the equation of regression of S, 4 on dtF,,, the regression constant is not different from zero. This implies the absence of
risk premium in the foreign exchange market and, therefore the ‘efficiency’ of the market concerned over the period of study.
(b) Again the coefficient of dtF;,,is not different from unity implying the holding of ‘Rational Expectation Hypothesis® in
case of official forward rate forecast for spot rate at period (t+4).
The study, therefore, shows that in the Indian foreign exchange market over the period (11" November, 2011 - 27" February, 2015)
i. ARIMA forecasts like S, ; and Sf,, are MMSE forecasts and these forecasts are ‘Rational’ by nature.
ii. CIRAP holds such that forward exchange rate (tF.,,) served as the unbiased predictor of the spot rate (Sf,,).
iii. there did exist no ‘risk premium’ in the rupee — dollar foreign exchange market. There was no scope for spending arbitrage
profit arising out of the differential forward rate and corresponding spot rate. This testifies for the ‘efficiency’ of Indian
foreign exchange market over the period of study.
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