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Abstract: The research is having an objective to analyse the monthly data of Foreign Exchange Reserve of India and 
merchandise export from India since 1990-91. The analysis was aimed at finding an autocorrelation of the said variables. Both 
the variables are considerably significant in the broader domain of macroeconomic framework. Foreign exchange reserve 
classifies the strength of government reserve in other currencies to mitigate unforeseen circumstances whereas higher export 
value signifies better current account and trade position.  
These parameters have strong correlation with the exchange rate of home currency and on the balance of payment. The degree 
of autocorrelation exemplifies the dependence of these variables on their past outcome.  
This study tested the autocorrelation of the variables successfully and through the detailed statistical methodology of unit root 
testing, ARMA modelling and GARCH modelling, it established a statistical model that emanates the possibility to forecast the 
variables.  
This outcome may have significant impact in policy making and predicting future trade trend. 
Keywords: Foreign Exchange Reserve in India, Export from India, Autocorrelation, Unit Root Test, ARMA model, 
GARCH model, EGARCH model 
 

I.   INTRODUCTION 
The data on foreign exchange reserve position of a country keeps updating us on multiple facets of macroeconomy- the strength of 
home currency, the macroeconomic risk-taking ability, capability to fund import, trade contingency position and so on. This is even 
more significant for import-dependent country like India.  
The data on merchandise export of any country emphasises its global trade position, trade surplus / deficit tendency, current account 
position, exchange rate position etc. When trade deficit exists in a country, it subsequently impacts current account deficit which is 
extremely relevant in modern market economy.  
The composition of foreign exchange reserve (Table 1) depicts that the maximum weightage is for the foreign currency asset held 
by government. When the current account deficit cannot be compensated by FDI or FPI inflows, the foreign exchange reserves play 
a key role for macroeconomic balance.  
The foreign exchange reserve also indicates the availability of contingency funds with the government to provide import support in 
case ofexpected economic stress.  
The FDI and FPI can’t always compensate the gap of current account deficit resulting in requirement of external borrowing or 
funding from own reserves. The 93%-95% contribution of foreign currency assets in total foreign exchange reserve explains the 
ongoing valuation of foreign currency in comparison with home currency and its changes reflect the situational improvement / 
degradation of home currency.  
This has some correlation with the export amount from the country due to its capability to strengthen home currency. Table 1 also 
depicts an approximate 200% increase in foreign currency reserve of India in April 2019 in comparison with April 2005. 
Furthermore, the two variables, namely export value and foreign exchange reserve, have been considered for review and analysis to 
invigorate the meta-data analysis for finding out inner traits of the datasets for forecasting. 
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Year Month 

Foreign Currency 
Assets 

Gold Reserve Tranche 
Position 

SDRs Total 

(USD 
Million) 

% of 
Reserve 

(USD 
Million) 

% of 
Reserve 

(USD 
Million) 

% of 
Reserve 

(USD 
Million) 

% of 
Reserve 

(USD 
Million) 

2019 Apr 390966 93.4% 23022 5.5% 3351 0.8% 1454 0.3% 418793 
2018 Apr 395277 94.0% 21662 5.2% 2056 0.5% 1523 0.4% 420517 
2017 Apr 349056 93.5% 20439 5.5% 2347 0.6% 1460 0.4% 373302 
2016 Apr 339025 93.4% 20043 5.5% 2471 0.7% 1511 0.4% 363049 
2015 Apr 327153 93.0% 19336 5.5% 1317 0.4% 4063 1.2% 351869 
2014 Apr 283707 91.2% 20966 6.7% 1838 0.6% 4475 1.4% 310986 
2013 Apr 263322 89.6% 23974 8.2% 2240 0.8% 4356 1.5% 293892 
2012 Apr 260839 88.5% 26618 9.0% 2915 1.0% 4474 1.5% 294846 
2011 Apr 282037 90.0% 23790 7.6% 3013 1.0% 4671 1.5% 313511 
2010 Apr 254773 91.1% 18537 6.6% 1341 0.5% 4982 1.8% 279633 
2009 Apr 241487 95.9% 9231 3.7% 983 0.4% 1 0.0% 251702 
2008 Apr 304225 96.8% 9427 3.0% 485 0.2% 18 0.0% 314155 
2007 Apr 196899 96.3% 7036 3.4% 463 0.2% 11 0.0% 204409 
2006 Apr 153598 95.6% 6301 3.9% 772 0.5% 6 0.0% 160677 
2005 Apr 135950 95.8% 4443 3.1% 1443 1.0% 5 0.0% 141841 

Table 1 
 

II. PREVIOUS RESEARCH 
Various research work has been undertaken and accomplished earlier on the foreign exchange reserve and export value of multiple 
countries, but the autocorrelation study and modeling of the variables are hardly available in research domain. Bhattacharya B, 
Mookherjee J, in 2001 and Doong, S.-Ch., Yang, Sh.-Y., Wang, A., in 2005, in their research papers elaborated the aspects of the 
importance of foreign exchange reserve and its impact on trade deficit, exchange rate and even in stock market for emerging 
countries. Mohammad, S. D., Hussain, A., & Ali, A., in 2009 and Aizenman, J. and Marion, N., in 2002, assessed the impact of 
foreign exchange reserve on domestic economy in case of middle-east countries. 
Disyatat, P., in 2001 and Greenspan, A, in 1991 stated the importance of foreign exchange reserve in macroeconomic stability. They 
also highlighted the examples of some emerging countries who were capable of maintaining strong reserve position and converted 
themselves to trade power house. They suggested to incorporate the provision of purchasing foreign currency by government to 
make the reserve position stronger and also advised that well-informed calculatedpurchase of the foreign currency is an excellent 
mode of investment and hedging. 
Kenen, P. and Yudin, E., in 1965, and Ford, J.L. and Huang, G., in 1994 worked out the evolution of the concept of higher forex 
reserve by global superpowers. This got reclarified and more specific with the advent of globalization and liberalization. All these 
studies covered the aspects of forex reserve and its gradual change for many countries. These papers also justified the changing 
trend in the field of merchandise export and investment in foreign currency. This paper mostly covers the quantitative aspects of the 
meta-data to analyze the possibility of finding an autocorrelation of the variables. 

III. INITIAL THEORETICAL FRAMEWORK AND METHODOLOGY 
This research work, as stated earlier, aimed at establishing relationship of foreign exchange reserve (FX) of India and export from 
India (EX) with their past values.  In other words autocorrelation of the said parameters was tested in this paper. As the theoretical 
framework goes, the data points were collected from relevant sources and the analysis has been performed based on monthly data 
from FY 1990-1991 to the last available data (June / July 2019). The log returns for both the variables have been calculated for all 
analytical purposes due to higher chance of normalization. The log returns of Foreign Exchange Reserve (RFX) and Export from 
India (REX) data were initially placed in histograms to have an overview of normalization effect. Subsequently, the data series 
statistical exercises were performed that started with correlogram to analyze the existence of autocorrelation. This was revalidated 
by Breusch-Godfrey Serial Correlation LM test. The Unit Root Testing was performed next with Augmented Dicky Fuller test to 
verify the stationarity of the variables barring which the unit roots take the future prediction and data model equation away from the 
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expected trajectory. Once the stationarity was established, both RFX and REX was modeled in terms of Autoregressive Moving 
Average (ARMA) models and the variables were both tested on ARMA(1,1) and ARMA(2,2) models. Once the acceptability of the 
models was decided on the probability factors and t-statistics at 5% significance level, it is concluded that the modeling of the 
variable with that specific autocorrelated model is possible. These models were further tested for their respective variances with 
General Autoregressive Conditional Heteroskedasticity (GARCH) and Exponential GARCH (EGARCH) models. 
 

IV. PRESENTATION OF DATA AND EXPLANATION 
The initial representation of the data vide histograms (Figure 1) confirms that the normalization trend in the data set is present. The 
export data set is less skewed than foreign exchange data which is reconfirmed with higher value of Kurtosis and very high value of 
Jarque-Bera. Once the initial representation of the variables is performed, the autocorrelation tendency is tested with correlogram 
with 18 lags and the same was revalidated by Breusch-Godfrey Serial Correlation LM test. In both the tests, the hypothesis Null 
Hypothesis H0: There is no autocorrelation in the Indian forex reserve and export data and Alternate Hypothesis H1: There is 
autocorrelation in the Indian forex reserve and export data. The correlogram (Figure 2) for export data clearly indicates 
autocorrelation from first lag  

 
Figure 1 

And the same is present from third lag in case of foreign exchange. This was established due to very low p-value and significant Q-
statistics. Very low Chi-square value and significant F-statistic in Breusch-Godfrey Serial Correlation LM test (Figure 3) confirm 
the presence of autocorrelation in both the variables. This helps the analysis to be conducted further to derive the model for 
representing the variables for future prediction. The presence of Unit root in the data sets was checked with Augmented Dicky 
Fuller test. Unit roots disrupt stationarity of any variable and hinder the process of modelling the  

 
Figure 2 
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Variable for forecasting. The tests were performed for both the variables with only constant and constant with linear trend. The 
results (Figure 4) highlight that t-statistic (calculated t-value) or tstat<tcritical obtained from the ADF table. This rejects the null 
hypothesis and confirms the alternate hypothesis of no unit root for both the variables. As the stationarity of the variables are 
established due to absence of unit roots, the variables were experimented to be modelled with ARMA model. Both the 

 
Figure 3 

Variables were tested with ARMA(1,1) (Figure 5) and ARMA(2,2) (Figure 6) models and the results, with the help of probability 
and t-statistics, depicted that export data can be modelled with ARMA(1,1) whereas foreign exchange reserves data can be 
represented as ARMA(2,2) model. The derived co-efficient in both the cases resulted in the representation of the variables with its 
past values due to the 

 
Figure 4 

Presence of autocorrelation. The export data and the foreign exchange reserve data can be representedas: REXt= 0.008328+ 
εt+0.390452REXt-1-0.860746εt-1in case of export data set at any time period t and RFXt= 0.013451+ εt+1.271108RNEt-1-
0.787041RNEt-2-1.312159εt-1+0.949649 εt-2in case of 

 
Figure 5 
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Foreign exchange reserve data set. These equations may also be used as forecasting tool for the said variables. Due to the 
acceptability of ARMA-fit models in case of both the variables, the variances can  

 
Figure 6 

 
Figure 7 

Also be modelled. We have tested the variance modelling for both the variables with GARCH and EGARCH models. For export 
dataset, the EGARCH model complies to the significance of the model at 5% level (Figure 7) for all coefficients except c (7) but the 
GARCH model fails to do so for all coefficients. With the feasibility of the EGARCH model the variance for export data points can 
be expressed as: 

log (σt
2) = -4.360645 + 0.144561log (σ 2

t-1) – 0.502787 εt-1/ (√ σ 2t-1) + 0.811706 [ (Iεt-1I/ σ 2t-1)- ට
ଶ
గ
 ]   
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Figure 8 

This equation is useful to evaluate future variances as well. While assessing similar data points for foreign exchange reserve in 
India, the variances can be well-expressed by GARCH and EGARCH models. However, GARCH model fits it with all coefficients 
but EGARCH has restriction with c (7). Hence the variances have been considered to be modelled with GARCH model and can be 
represented as: σt

2= 4.71݁ିହ+ 0.148530 ε2
t-1+ 0.598530 σ 2t-1 

 
A.  Source of Data 
The above analysis was based on data available at Reserve Bank of India official data portal (dbie.rbi.org.in). The selected data set 
contains forex reserve data and export data since 1990-1991 and has more than 350 data points each. The subsequent analysis has 
been performed with EViews software. 

B.  Scope and Limitations of Research 
The research work covers two key aspects of macroeconomic indicators and trade balance health of any country. In case of India, 
the study has been performed to assess the dependency of present data on its past. The same analysis could have been performed for 
few other countries to ascertain a comparative positioning. Few other parameters related with the present research work namely 
import, current account deficit etc. have not been included to maintain the objective orientation. More data points could have been 
useful to derive the coefficients more precisely, but could not be done due to unavailability of the data beyond 1990-91.  

V. CONCLUSION 
This research work is a combination of identification of macroeconomic indicators, analysis of its relevance with its past data 
through statistical tools and modelling its forecasting equation with econometrics application. The study established that foreign 
exchange reserve and merchandise export values for India are autocorrelated parameters. Hence, for both the parameters, past value 
means a lot to predict future values resulting in an authentic and statistically modelled guideline for forecasting. This autocorrelation 
for forex reserve emanated that the present reserve position would impact the future reserve position by reducing the probability of 
volatility impact to a great extent. Similarly, the export data analysis and the autocorrelation established from that proves the 
importance of improving the present position to have a reasonably balanced future. The models and equations established are 
extremely helpful for future projection that may be used as a guiding tool. This assessment may also help the policy makers to 
change their focus on policy intervention and initiatives resulting in lesser dependence on market volatility and more focussed 
approach in predictive model-dependent policy measures to have an improved trade balance. 
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