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ABSTRACT

ESSAYS ON MONETARY AND EXCHANGE RATE EFFECTS IN INDIA
Venkataramana Yanamandra, Ph.D.
George Mason University, 2014
Dissertation Director: Dr. Ramkishen S. Rajan

Since the liberalization of the Indian economy in 1991, the country has
experienced sustained current account deficits as domestic savings rates, while rising,
were still exceeded by domestic investment rates. However, these deficits were serviced
by a massive influx of capital inflows, made possible by the removal or reduction of
restrictions on foreign investments. These inflows also generated significant net demand
for the Indian rupee, which in turn increased the pressures for an exchange rate
appreciation. A natural consequence of such currency appreciation would have been a
loss of export competitiveness and a widening of the country’s trade deficit but for the
active foreign exchange intervention of India’s central bank, the Reserve Bank of India
(RBI). This in turn led to a substantial build-up of India’s foreign exchange reserves,
which also created excess liquidity in the system. The resulting excess liquidity was
absorbed by the RBI (so-called monetary sterilization) in order to prevent the rise of
inflationary pressures. This absorption of excess liquidity went on until the Global
Financial Crisis (GFC) of 2008-09 when there was a sudden reversal of capital flow.
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Even though India recovered quickly from the GFC, net capital flows did not
reach the pre-crisis levels, which had peaked at $107.9 billion in 2007-08 (Sen Gupta &
Sengupta, 2013). Pressures due to adverse global developments, along with domestic
structural constraints, have also contributed to the declining capital inflows. The reduced
flows, along with the widening current account deficit, worked in tandem to lead to
downward pressures on the Indian rupee, which in turn contributed to inflationary
pressures.
This dissertation addresses the impact of interest rate and exchange rate changes
on the Indian economy. Chapter 2 examines the effectiveness of the monetary policy by
estimating the impact of policy interest rate changes on the retail lending rates in the
economy. Using ordinary least square (OLS) regressions for the period 2001m4 to
2010m11, data analysis finds a more than complete pass-through from the policy to
money market rates but incomplete pass-through, both directly and indirectly into the
retail lending rates. The analysis also identifies inflation, bank concentration, costs of the
banks, credit-deposit ratio, and bank ownership as factors affecting the transmission of
policy changes to lending rates in India.
Chapter 3 analyzes the inflationary impact of exchange rate changes by estimating
the impact of changes in the Indian rupee on import prices in the economy. Using a VEC
model on data from 2003m1 to 2013m3, Chapter 3 finds a more than complete exchange
rate pass-through into Indian import prices in the short run and even higher pass-through
in the long run, indicating the inertial effect of rising prices. There is also evidence of
non-linearities in exchange rate pass-through in terms of slight differences in the impact

xiii

of an appreciation, versus a depreciation as well as small-versus-large changes in the
rupee value.
Chapter 4 investigates the effectiveness of exchange rate changes on trade
competitiveness by estimating the impact of changes in the Indian rupee on the country's
trade balance. The impact of these exchange rate changes on the trade balance is
conventionally captured through the “J-curve effect,” which states that the trade balance
initially deteriorates following a currency depreciation before it improves. Using Pesaran
et al.’s bounds testing approach on data over the period 2001m4 to 2013m3, the chapter
finds that a real exchange rate depreciation leads to a positive impact on the trade balance
in the long run - both at the aggregate as well as disaggregated bilateral and sectoral
levels.
The analysis presented in this dissertation sheds light on the effectiveness of
monetary policy in India as well as the impact that exchange rate changes have on
imported inflation and the trade balance. These results and the proposed policy solutions
might be relevant to the country as it deals with ongoing issues such as trade and current
account deficits while trying to restore growth to its pre-crisis levels and keeping
inflation under control.
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CHAPTER 1. INTRODUCTION: OVERVIEW OF INDIA’S
MACROECONOMIC ENVIRONMENT AND POLICIES

Having originated in the advanced economies, the Global Financial Crisis
(hereafter GFC) of 2008-09 spread to the rest of the world, including emerging markets
and developing countries. The impact on the emerging markets, especially of Asia,
though not as severe as that in the advanced countries, was still quite significant. Despite
being affected by the GFC, India was also able to bounce back relatively quickly from the
crisis, mainly because the country was driven by domestic demand and was less reliant
on the export sector for its growth compared to some of the other East Asian economies
(Bosworth et al., 2006). The country withstood the crisis initially, but could not remain
unaffected for long (especially after the collapse of Lehman Brothers), given that it had a
high level of integration with the rest of the world. India was affected by the GFC
through the financial, real and the confidence channels (Patnaik & Shah; 2010a; Sinha,
2012). The Indian financial markets (equity, foreign exchange and credit) were the first to
be hit by the crisis, which later spread to the real sector, as reflected in the moderation of
growth from a high of around 9 percent before the crisis to 6.8 percent during 2008-09
(MoF, 2012; Subbarao, 2009).
India’s central bank, the Reserve Bank of India (RBI), resorted to conventional
and unconventional monetary policy measures to deal with the crisis. It tried to augment
domestic and foreign exchange liquidity through a sharp reduction in the policy rates as
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well as the liquidity adjustment facility (LAF), open market operations (OMO), cash
reserve ratio (CRR) (Mohanty, 2011a). The aggressive intervention by the RBI helped the
financial markets and the banking sector return to normalcy; real GDP growth quickly
bounced back to 8 percent and 8.5 percent in 2009-10 and 2010-11 respectively,
confirming the V-shape growth hypothesis for India (Figure 1.1) (Mohanty, 2011a;
Sinha, 2012; Virmani, 2012). Even though it was felt by many economists that Indian
business cycles exhibited co-movement with the business cycles in the industrial
countries prior to the GFC, India continued to grow despite a slump in the industrial
countries (Ghate et al., 2011; Jayaram et al., 2009; Patnaik, 2013a).
However, this bounce-back after the GFC was short-lived as growth slowed down
to a little above 5 percent during 2012-13, with India’s inflation and fiscal deficit
becoming among the highest for emerging markets (IMF, 2013). Apart from cyclical and
global factors, India’s structural constraints and uncertain policy environment contributed
to negative growth-inflation dynamics. One of the main constraints on growth has been
“infrastructural bottlenecks,” particularly in the power and mining sectors, which has led
to a slowdown in industrial growth, in turn leading to pressure on the economy as a
whole. The policy uncertainty on the tax front, coupled with a loose fiscal policy, reduced
foreign investor interest in India.1 This policy uncertainty, along with uncertainty about
infrastructure and large scale investment projects due to regulatory issues, contributed to

1

The tax measures presented in the Budget of 2012-13 increased the tax net to bring in previously excluded
elements which were considered offshore. These measures reduced the investor confidence in India. (IMF,
2013)
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the slower growth along with growing macroeconomic imbalances (Goyal, 2013a; IMF,
2013; Patnaik, 2013a; RBI, 2013a).
The post-GFC growth slowdown notwithstanding, the turnaround of the country
from being a low-income country to a high-growth emerging market since its
liberalization in 1991 warrants discussion of India’s broader macroeconomic
environment and policies. Section 1.1 will focus on the macro growth story of India.
Section 1.2 discusses India’s balance of payment dynamics. Section 1.3 focuses on the
evolution of monetary policy and the monetary framework and operating procedure of the
RBI. Exchange rate policies and their impact, as well as the exchange rate regime, are
discussed in Section 1.4. The final section provides some concluding remarks.

1.1 Background--Indian Macro Growth Story in Brief
1.1.1

Growth
Indian growth took off after its economic liberalization in 1991 (Figure 1.1).2

India started the decade of the 1990s with a balance of payments (BoP) crisis. The crisis
was caused by weak fundamentals in the economy since mid-1980s, particularly large
fiscal and current account deficits (CAD). The CAD widened in this period due to a
policy change of moving away from autarky and import substitution, which had been
India’s growth strategy since its independence, towards export-led growth. Exports

2

The turnaround in Indian growth has been a matter of contention, with extensive debate on when Indian
growth took off. Ghate and Wright (2008), Rodrik and Subramanian (2005), Balakrishnan and
Parameswaran (2007) estimate the turnaround point to be around 1980; Virmani (2012), Panagariya (2004)
argue that Indian growth was more sustainable and stable only after 1992-93.
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started to grow robustly, but imports rose even faster, especially given the rising demand
for petroleum products.
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Figure 1.1 Gross Domestic Product (% growth)

From a savings and investment perspective, while gross domestic savings rose
(from 18.5 percent in 1985 to 23 percent in 1990), gross domestic capital formation rose
more sharply (20.6 percent in 1985 to 26 percent in 1990), leading to growing CAD. The
rising CAD could not be met by the concessional finance available to the country, and
therefore India resorted to external commercial borrowing (ECB). India’s external debt
rose to around 38 percent of its gross national income (GNI) by 1990, from around 11.5
percent in 1980. These developments made India vulnerable to shocks due to the rising
CAD and increasing reliance on external commercial debt (Cerra & Saxena, 2002;
Mohan, 2008; Saraogi, 2006; Sen Gupta & Sengupta, 2013).
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Against the background of growing vulnerability, the trigger for the BoP crisis of
the early 1990s was the rise in oil prices caused by unrest in the Middle East (the Iraqi–
Kuwait war), which was compounded by the fragile political situation in India.
Remittances declined as a result of the war in the Middle East, and so did exports due to a
slower growth in the U.S., which was India’s most important trading partner after the
European Union (EU) (constituting around 15 percent of India’s total exports in 199091). These factors led to a decline in investor confidence, resulting in a downgrade of
India by the credit rating agencies, which added to the capital account problems. This
downgrade in turn contributed to the already weakening BoP position by encouraging
outflows and discouraging inflows into the country. The country was on the verge of a
default, with reserves sufficient for only three weeks of imports. (Cerra & Saxena, 2002).
However, swift action was taken to resolve the crisis, and within two fiscal years
(1991-92 and 1992-93), the country managed to emerge from the crisis. India undertook a
combination of devaluation, deflation, and borrowing from the IMF to deal with the
crisis. The rupee was devalued twice in July 1991 to deal with the withdrawal of reserves
so as to instill confidence in the investors and improve domestic competitiveness (Ghosh,
2006). The Indian government initiated a process of economic reforms along with
macroeconomic stabilization. With regard specifically to external liberalization, the
Rangarajan Committee of 1991, set up to recommend reforms after the crisis, suggested
the following: encouraging current account convertibility by liberalizing current account
transactions, selectively liberalizing the capital account, focusing on encouraging longterm flows, and discouraging short-term debt and volatile flows. As part of these reforms,

5

Foreign Direct Investment (FDI) was opened up for domestic and foreign firms, while
portfolio flows were opened up only for foreigners, ECBs were regulated, volatile
elements of flows from non-resident Indians (NRIs) were discouraged, and there was a
gradual liberalization of outflows and disintermediation of the government in the flow of
external assistance (Shah & Patnaik, 2007).
The reforms undertaken after the crisis led to a change in the structure of the
Indian economy. Unlike in the other emerging markets, where the manufacturing sector
led the change, in India the services sector became a major driver of growth, particularly
due to the opening of the current and capital account and the rising importance of
international trade. This sector contributed to more than 55 percent of the GDP and
thereby to the overall growth of the economy by 2000.3 Even within the services sector,
the tradables have grown faster in comparison to non-tradables. Despite the move
towards services from agriculture, the share of employment in the agriculture sector has
not declined commensurate with the decline in the share of this sector, implying declining
productivity in the agricultural sector. To sustain the growth that India has achieved so
far, it is essential to ensure that labor moves out of agriculture into both the services and
manufacturing sectors (Eichengreen & Gupta, 2011; Kotwal et al., 2011; Bosworth et al.,
2006). Greater trade and financial openness is found to have been responsible for the
strong economic performance of the country since the reforms of early 1990s (Pradhan,
2010).
3

One reason for this increased contribution of the services sector is the fact that productivity in this sector
has also experienced substantial growth as compared to the agriculture and manufacturing sector. It has
also been established that productivity in manufacturing follows a J-curve pattern and India had just started
to enter the rising portion of the curve when the GFC struck (Bosworth et al., 2006; Virmani and Hashim,
2011).
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The period since 1991 can be divided into three phases of growth: (1) 1992-2003,
when the country was recovering from the BoP crisis with an average GDP growth of
little less than 6 percent; (2) 2003-2008, a period of high growth for India with average
growth rates near 8.5 percent; and (3) a slowdown triggered by the GFC, when growth
slowed to around 6.5 percent (Mohanty, 2012a; WDI, 2013). Total trade for India as a
percentage of GDP tripled from around 14 percent in 1991 to 42 percent by 2012. This
period also witnessed an increase in the capital flows, with net capital inflows more than
doubling from around 2 percent in 1990s to above 4 percent of GDP during the high
growth period of 2004-08. The openness of the Indian economy has been accompanied
by an improvement in India’s external position, as the foreign debt to GDP ratio fell from
about 29 percent in the 1990s to around 18.5 percent by 2010; the debt service ratio also
dropped from 26 to 5 percent during the same period. Prices remained stable till the
beginning of the GFC, with both the wholesale price index (WPI) and consumer price
index (CPI) inflation reducing from an average of around 8 percent in the 1990s to
around 5.5 percent in the 2000s. However, India has experienced double-digit CPI
inflation since the beginning of the GFC and the WPI also increased to over 7 percent
(Mohanty, 2012a; WDI, 2013).
Even though the reforms enacted in the 1990s led to an improvement in
efficiency, the growth impacts occurred with a long and variable lag and did not bear fruit
until the early 2000s. Several reasons have been identified for this pattern. Most of the
reforms enacted during this period, such as the tax reforms, related to efficiency
improving with lagged effects on growth. Second, along with these reforms, the ensuing
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market reforms, which would have led to an increase in the access to the means required
to improve growth, were not implemented. Third, total factor productivity (TFP)
followed a J-curve pattern, with an initial deterioration followed by an improvement over
the long term. This pattern was due to the adjustment of the distorted prices based on
protection to the industries until the 1990s, reduction in capacity utilization of
unprofitable product lines, and gestation lags in investment in the newly profitable
product lines (Virmani, 2012). This dissertation examines the effects of the monetary and
exchange rate changes from the early 2000s, a period that corresponds with India’s high
growth.
As noted, it was initially assumed that the impact of GFC on India would not be
too severe, as Indian growth was mainly driven by domestic demand and also because of
the lack of U.S. toxic assets in Indian balance sheets. However, things changed with the
collapse of the Lehman Brothers in September 2008. This change was because the crisis,
which initially began as a localized sub-prime crisis, soon spread to the different sectors
of the economy and countries of the world given the high level of trade and financial
integration. For the same reason, India, which was not as severely impacted during the
Asian Financial Crisis (AFC), was hit more during the GFC as its integration with
international markets increased. This increased openness is well captured by the ratio of
total external transactions (gross current account plus capital account flows) to GDP–an
indicator of both trade and financial integration–which went up almost by a factor of
three from 44 percent in 1998-99 to around 112 per cent in 2008-09 (Patnaik & Shah,
2010a).
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India was mainly impacted by the GFC due to the freezing of the global credit
markets, which hurt Indian corporations that had come to rely on the cheap credit
available in the international markets to fund their expansions. These firms turned to
domestic bank and non-bank sectors to bail them out, which ultimately led to a massive
squeezing of credit in the domestic markets leading to a rise in the call money rate and a
fall in the Indian equity market. The financial sector’s troubles spilled over into the trade
sector, and with the curtailed demand and supply of goods and the sharp decline in asset
prices, along with increased cost of credit, this had an impact on industrial production and
exports from India and finally brought about a slowdown in the GDP (Patnaik & Shah,
2010a; Sinha, 2012).
1.1.2 Inflation
Another feature of this period, particularly since 2007, has been the high level of
inflation in the country in comparison to the other emerging markets as well as developed
countries, which had deflationary pressures. Inflation in India has been rising since 2007,
with frequent episodes of double-digit inflation since 2010. Inflationary pressures have
remained elevated since then, with a slight moderation in 2012. The inflationary problem
in India has been due to pressures that have built up over the years related to the gap
between demand and supply, with supply not catching up to the rising demand. India has
been a severely supply-constrained economy, in the sense that an almost horizontal
supply curve (rather than the traditional vertical supply) is subject to frequent cost
shocks; in such an economy, price pressures are more exaggerated (Goyal, 2012a;
Kocchar, 2011). Though some amount of inflation is necessary for growth, the current
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levels in India are above the comfort level of the RBI, which is estimated at between 55.5 percent (Patel, 2012). The inflationary problem became particularly acute during
2010, when inflation was around 11 percent during the first half of that year. Since 2010,
episodes of double-digit inflation (mainly driven by food and fuel inflation) have become
common, with only a slight moderation for a few months in 2012 to around 7.5 percent.4
A further cause of rising inflation is rooted in the high dependence on rains for
agriculture as well as supply chain rigidities in terms of lack of adequate warehousing
and storage facilities. Rising global commodity prices, especially of food, primary
commodities, and metals due to quantitative easing in many of the advanced countries to
deal with the GFC were passed through to the Indian prices during 2010. As can be seen
in figure 1.2, total food prices have had the maximum contribution to overall inflation
during this period. The RBI was successful in easing inflationary pressures by 2012.
However, supply shocks, particularly from oil and food prices since May 2013, reversed
these efforts, causing a rise in inflation and inflationary expectations even as there was an
easing of pressure due to non-food manufactured products (Goyal, 2013a). Oil and food
prices contributed to around 87 percent of the rise in the WPI index in the first quarter of
2013-14 (RBI, 2012; RBI, 2013a). The problem of inflation has been compounded by
exchange rate depreciation, leading to higher pass-through into the domestic prices
(discussed in chapter 3).

4

After moderating for a few months after the GFC, inflation began to rise again in the second half of 2013,
particularly on food and fuel inflation, and was 11.24 percent as of November 2013. Within the primary
articles, it is the food prices that led the rise in inflation, accounting for almost 60 percent of the WPI
increase (OEA, various issues).
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Figure 1.2 Contribution of Various Components in WPI (year-on-year percent
change)

1.1.2.1 Inflation Targeting
The RBI has the twin objectives of output growth and price stability. With respect
to economic growth, the aim is to provide adequate credit to the productive sectors of the
economy so as to support aggregate demand and promote growth (Rangarajan, 1996).
With regard to inflation, the objective is to preserve the purchasing power of the rupee
and contain inflation in the range of 4-6 percent, which has been considered to be the
threshold level of inflation for the country with a target level of five percent (Mohanty,
2011a, 2011c).
Though India has price stability as an objective, it did not choose inflation
targeting as a monetary policy framework, unlike some of the developing countries.
Mohan (2006) summarizes the reasons for this: the RBI had not considered the inflation
targeting framework so far as India was considered to be a moderate inflation country for
the most part since its independence in 1947, with only nine episodes of double-digit
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inflation lasting more than five months since 1952. Adoption of inflation targeting
requires efficient monetary transmission mechanisms through the operation of efficient
financial markets and absence of interest rate distortions. In India, even though the
money market, government debt market, and the foreign exchange markets have
developed in the last couple of decades, they can still not be considered as completely
efficient. Interest rate deregulation has been accomplished, but administered rates still
persist. In addition, the choice of a universally acceptable measure of inflation becomes
difficult for a diverse country like India, which has various regional differences as well as
differences in the factor and product markets between regions. Measurement of inflation
has been identified as a major problem by the RBI for monetary policy making. While the
CPI is a better gauge of household inflation, the WPI is preferred over the CPI in India
due to its higher frequency of availability—on a weekly basis, its coverage as well as its
availability at a disaggregate level. On the other hand, the problem with WPI is that it
does not include services. It follows fixed weights for the various categories of products,
even as there are structural changes taking place in the Indian economy and a majority of
the products included in WPI are tradable goods, the prices of which are determined in
the international markets. Even though the CPI is available less frequently, it accurately
reflects the consumption bundle of households, includes price of services, and is a better
measure in the sense that it includes a large share of non-tradables, prices of which are
determined in the domestic markets (Patnaik et al., 2011).
However, given the rising inflationary pressures since 2010, there is renewed
focus on adopting an inflation targeting regime as a policy framework. It has been
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emphasized by proponents of inflation targeting framework that countries which adopt an
inflation targeting regime have performed better on macroeconomic variables like output
and inflation (Patnaik, 2013a). It has been argued that adopting an inflation targeting
framework might not be too different from the current monetary policy framework, as the
RBI already has a medium term inflation target of around 5 percent (Rajan & Cavoli,
2009). 5

1.2

Balance of Payments

1.2.1

Current Account
Moving beyond the general growth-inflation concerns, with the opening up since

1991, India has been exposed to greater potential vulnerabilities on account of its external
sector. The impact of the opening up of the Indian economy led to a manifold increase in
exports and imports starting in the early 1990s. On average, imports increased from 8.5 to
27 percent of GDP between 1990-91 and 2012-13, while exports rose from around 6 to
16 percent during the same period. India’s merchandise trade balance has been in deficit
since 1950; however the deficit has been particularly high since 2003-04, corresponding
to the country’s high growth phase (Figure 1.3). The main reason for the trade deficit and
overall current account deficit (CAD) has been the rising global prices of oil and food
and more recently gold. India relies heavily on imports of oil and gold to meet its
consumption needs.6 Oil imports doubled from 4 to 8 percent of GDP between 2004-05
5

For a more elaborate discussion on inflation targeting in India, see Jha (2008), Singh (2006), Kannan
(1999)
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and 2011-12, while gold imports increased from 1.5 to 2.5 percent of GDP (Mishra and
Rangarajan, 2013). Inelastic demand for oil imports, especially given the industrial
growth along with “absence of local pass-through,” is one of the most important reasons
for the deficit on the trade account along with gold, the demand for which was high in the
“absence of inflation hedges” (Goyal, 2013b)7. Excluding oil and gold, India’s trade
account has shown a surplus since 2000. In 2013, several restrictions were imposed on
imports of gold, which helped reduce its imports and improve the trade and current
account balance.8 Total gold imports for Q2 2013 fell, leading to an improvement in the
current account deficit to 1.2 percent of GDP from 5 percent of GDP in 2013 (Acharya,
2013; Kalra, 2013; PTI, 2013a).

6

India imports around 80 percent of its total oil consumption (Reuters, 2012).

7

The reason for holding gold as an inflation hedge is the lack of financial instruments and savings schemes
(customized to provide hedges against inflation) that provide flexible liquidity options along with providing
a real rate of return to investors above the inflation rate. (RBI, 2013b) The common inflation hedges are
inflation indexed bonds and foreign investments. However, India did not have inflation indexed bonds until
December 2013, and individuals are not allowed to freely invest in foreign investments due to the lack of
complete capital account convertibility, though corporations are allowed to a certain extent, which in turn
ties in to the underdevelopment of financial markets (Razafimahefa, 2012).
8

Restrictions imposed on gold were as follows, raising import tax from 2 percent in January to 15 percent
in September 2013, requiring banks to ensure that at least 20 percent of the gold imports are made available
for exports and a similar amount held with the customs bonded warehouses, restricting loans against gold
jewelry and coins, restricting imports of gold in the form of coins and medallion without a license.
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Figure 1.3 Merchandise Trade Balance9

Though merchandise trade contributed to the deficit on the current account,
invisible inflows kept the current account from worsening to the same extent as the trade
account, at least until 2011-1210. The fact that the current account was not affected to the
same extent as the trade account is reflected in India’s CAD, which was more or less in
balance for most part of the period since 1980 and registered a surplus between 2000 and
2004 before experiencing a sustained worsening until 2011-12 to 3.6 percent of the GDP
(RBI, 2013). Within invisible inflows, remittances have been relatively stable throughout
the period since the 1990s. The counter-cyclical nature of remittances helps retain their
stability even when other forms of capital flows experience sharp reversals, which makes
them important macroeconomic stabilizers during a slowdown11 (Mishra & Rangarajan,

9

Merchandise trade balance inclusive of oil and gold.

10

Invisible inflows include net service receipts, income from financial assets, labor and property and
remittances. (RBI, 2006)
11

Some of the advantages of encouraging remittances are that they ease the pressure on the BoP,
particularly when foreign investors exit the domestic markets, which has been the case since 2008. Another
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2013). Remittance inflows increased from 0.7 percent of GDP in 1990 to 3.6 percent in
2012 (see Ratha et al., 2013).
From a macroeconomic perspective, the current account is a reflection of the
savings and investment in the economy. For India, savings (measured as the gross
domestic savings or GDS) increased at a rapid pace, particularly since the early 2000s–
from an average of 13.5 percent during 1950-80 to 31 percent of GDP since 2000. All
three components of savings—household, private corporate, and public savings—
witnessed an increase during this period. Within these, household savings has been the
most stable component, particularly since 1990, when they averaged around 20 percent of
GDP. Private corporate savings witnessed an increase from 3 to 7 percent of GDP
between 1990 and 2012. Public sector savings have been the most volatile component of
savings, fluctuating to a negative percent of GDP from 1998-2003, before steadily
increasing to 5 percent of GDP until the onset of the GFC. The volatility in the public
savings is a result of reforms in the taxation system, when indirect taxes were reduced
substantially, which lowered government revenues affecting public savings during 199702 (Mohan, 2008). The GFC led to a drop in the savings rate from 37 percent in 2007-08
to 32 percent of GDP the next year. Despite an improvement over the next couple of
years, the GDS fell sharply to 31 percent of GDP in 2011-12. The fall in total savings
was primarily due to a huge drop in public savings (from 5 percent of GDP in 2007-08 to
1.3 percent by 2011-12) due to the rising fiscal deficit of the government (Figure 1.4).

advantage with remittances is that they do not create any future liabilities such as debt servicing (ET, 2011;
World Bank, 2011).
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The rise in the gross savings rate was matched by a similar rise in gross
investment rate (measured by the gross domestic capital formation, GDCF), with an
acceleration in investment in the post-AFC period. In fact, GDCF has been greater than
GDS for most of the period. GDCF increased from an average of 15 from 1950-80 to 23
percent until 2000, before jumping to 32 percent between 2000 and 2011. The higher
growth in the investment rate prior to the GFC was largely due to the capital inflows
driven by foreign direct investment (FDI) flows (Seth, 2011). GDCF witnessed a decline
in 2011-12 as an aftermath of the crisis, but the decline was aggravated by domestic
constraints such as infrastructural bottlenecks, delays in project implementation,
regulatory uncertainty, etc. (IMF, 2013). The GDS and GDCF have displayed a high
degree of correlation for the whole period (around 0.99). The results of a cointegration
analysis suggest that savings and investment are cointegrated and that in the short run a
one unit change in savings leads to more than a unit change in investment, while a oneunit change in investment leads to a 0.75 change in the savings. (Annex 1.1 presents the
cointegration analysis of savings and investment.)12.

12

For a discussion of the saving, investment, and growth nexus in India, see Verma (2007), Mohan (2008),
and Jangili (2011)
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Figure 1.4 Gross Savings and Investment in India

1.2.2

Capital Account
From 1992 until the GFC, India was able to finance its CAD relatively easily due

to fairly large capital inflows. In fact, capital account surpluses in India far exceeded
CADs, resulting in massive accumulations of foreign exchange reserves, with a general
upward pressure on the INR until the GFC (Joshi & Sanyal, 2004).13 The net capital
inflows were facilitated by a policy of gradual and calibrated opening of the capital
account. Non-residents have been granted a considerable degree of convertibility, while
residents do not have the same degree of freedom. Even within residents, the corporates

13

Discussed further in Section 1.3 below.
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have the most freedom to invest abroad, followed by financial intermediaries and resident
individuals (Mohanty, 2012a).
While encouraging capital flows from abroad, emphasis was placed on changing
the composition of the flows from debt to non-debt, creating flows and within-the-debt
flows, to longer-term flows in comparison to the short-term flows. This emphasis led to a
change in the composition of inflows from the dominance of external financing in the
1990s to foreign investment in the late 2000s (Mohanty, 2012a). Within foreign
investment, FDI is considered to be more stable, while foreign portfolio investment (FPI)
is generally more unstable and volatile and can be withdrawn at the slightest hint of
trouble, destabilizing the economy (Hattari & Rajan, 2011). Since the reforms of 1991,
FDI flows have been encouraged, and the norms governing these flows were liberalized
gradually. Currently, except for a few sectors such as real estate, atomic energy,
agricultural business, FDI is allowed in almost all the sectors14 (DIPP, 2013; Sen Gupta
& Sengupta, 2013). FPI was allowed into both the equity and debt markets, and limits to
equity investment were raised periodically after 1993.15 Despite the global conditions and
the Indian macroeconomic situation, FPI flows increased 31 percent year on year, taking
their investment in India’s biggest 500 companies to the highest level ever at 21 percent
(Hutchison et al., 2010; IBEF, 2013). In addition to allowing FDI and FPI flows into the
14

100 percent FDI is allowed in airports (Greenfield projects), atomic minerals, information technology
services, manufacturing, drug, pharmaceuticals and chemicals, non-bank financial companies, power,
wholesale cash and carry trading, special economic zones (SEZs), and more recently telecom; FDI is
limited to 74 percent in private banks, 49 percent in single brand retailing through the automatic route, 49
percent in insurance and petroleum refining, over 26 percent in defense on a case by case basis and 20
percent in radio.
15

FPI of up to 24 percent of the paid up capital of the Indian company and 10 percent for non-resident
Indians (NRI) and persons of Indian origin (PIO) are allowed.
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country, ECBs--especially short term debt—were regulated, because of the problems
caused prior to 1991.16
As can be seen in Table 1.1, capital flows to and from the country mimic the
growth story of the Indian economy. Capital flows were the highest during the highgrowth periods at around six percent of GDP, with foreign portfolio investment (FPI)
flows at around 1.5 percent of GDP and foreign direct investment (FDI) and other capital
flows17 at 0.7 and 0.4 percent, respectively. During the period from 1992-2003, total
flows were lower, with both FDI and FPI flows around the 0.5 percent mark, while other
capital flows were almost negligible. Total flows were lower in the period after the GFC
due to the outflows of other capital from the country, even as FDI and FPI flows
remained stable at around one percent of GDP.

16

ECBs faced a minimum average maturity of 3 years (up to U.S. $20 million) in 2000 which was raised to
5 years (U.S.$20-500 million) by 2004. The norms were relaxed further so that Indian companies could
avail ECBs of an additional amount of U.S. $250 million with an average maturity of more than 10 years.
This limit is to be over and above the existing limit of USD 500 million during a financial year (Hutchison
et al., 2012; Mohan & Kapur, 2009).
17

Other capital flows includes external commercial borrowing (ECB), rupee debt service and non-resident
Indian deposits
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Table 1.1 Current and Capital Account during 1992-2012
Period

GDP growth
(percent change)
Current Account Deficit
(percent of GDP)
Capital Flows
(percent of GDP)
1.
FDI
2.
FPI
3.
Other capital flows
Foreign Exchange Reserves
(percent of GDP)
NEER18
(percent change)

(% of GDP)
2008-2012
(GFC and post
GFC)
6.5

1992-2003
(Recovery)

2004-08
(High Growth)

5.8

8.7

0.6

0.5

3.4

2.2

5.7

3.2

0.6
0.6
0.1
1.6

0.7
1.4
0.4
4.6

1.1
1.1
-1.1
0.1

-1.22

1.30

-5.51

Sources: RBI Handbook of Statistics on Indian Economy; Mohanty, (2011a)

As shown in Figure 1.5, total foreign investment inflows increased from around
USD 6 billion in 2001-02 (1% of GDP) to USD 47 billion by 2009-10 (5% of GDP)
(RBI, 2013b). FDI inflows have remained stable over the years, while portfolio and other
flows exhibited high volatility, particularly as a result of the GFC, when both these
components reversed sharply. FPI flows revived in 2009-10 contributing to the rising
capital flows. Total inflows into the country, which had declined following the GFC,
revived to around 4 percent of GDP and remained buoyant in 2010-11 (Subbarao, 2010).

18

The Nominal effective exchange rate (NEER) is the 36-country trade based index of the nominal
exchange rate and is defined such that an increase indicates appreciation of the INR. Similar to the NEER,
the real effective exchange rate (REER) is constructed as an index of the real exchange rate. Over the
period from 1992-2003, the INR depreciated, whereas over the high growth period, there was an
appreciation of the INR. The INR depreciated the most after the GFC.
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While India continued to run a capital account surplus post GFC, the magnitude
was lower than in the high-growth period.19 At the same time, the CAD witnessed
opposite trends, improving during the high growth period and worsening after 2008
(Goyal, 2012b). Thus, post-GFC, the overall BoP was in balance with some periods of
deficit leading to INR depreciation and/or drain in international reserves (Mohanty,
2012a; RBI Handbook of Statistics on Indian Economy).

19

The decline in the capital account surplus immediately after the GFC was due to the FPI flows (down
from 2.2 percent of GDP in 2007-08 to -1.15 percent in 2008-09) as well as other capital flows (declined
from 1.7 percent in 2007-08 to -2.75 percent in 2008-09). Even though FPI flows revived the following
year, other capital flows did not regain their pre-crisis levels. Apart from decline in the gross inflows, net
inflows slowed further because of gross outflows from India. Outward FDI increased from USD 0.2 billion
in 1990 to USD 22 billion by 2008-09, making India the third largest source of foreign investment in the
period from 2000-08. The GFC brought about a slight moderation in outflows, which currently stand at
USD 19.8 billion (Chowdhury, 2011).

22

Percent of GDP

10.00

Total Capital Flows

5.00

0.00

-5.00

Foreign Direct Investment
Other capital
Total Capital Flows

Foreign Portfolio Investment
Debt Flows

Source: RBI Handbook of Statistics on Indian Economy

Figure 1.5 Total Capital Flows

1.3.

Monetary Policy in India
The high growth and greater openness of the Indian economy and the ensuing

volatility in its external sector, along with inflationary pressures, have increased the
pressures on the RBI to proactively manage monetary and exchange rate policies to
stabilize the economy. Monetary policy has thus become the de facto tool of choice to
deal with the various pressures in the economy, especially given the persistent and
growing fiscal deficits.20 Indeed, monetary policy in India underwent a drastic change
from being subdued to the fiscal policy to being the dominant policy contributing to the
growth after the BoP crisis in 1991. This policy movement has mirrored developments in
theory that suggest rising relevance of the New Keynesian view that interest rates were
20

The fiscal deficit for India has been high since the GFC, with a deficit of 5.2% of GDP for 2012-13,
which was well above the stipulated target of 3% by the Fiscal Responsibility and Budget Management Act
(FRBM) enacted in 2004 (Planning Commission, 2013; Dasgupta, 2012).
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more important in achieving output stability, as opposed to the original Keynesian
position of fiscal dominance over monetary policy. The New Keynesian theory suggests
that aggregate demand influences output and inflation, and demand itself depends on the
interest rates in the economy set by the monetary policy (Goyal, 2011; Patra & Kapur,
2010).
Until the BoP crisis, the RBI was considered as being under the control of the
politicians, with the RBI being viewed as a financier of the government. Despite having a
central bank, the state controlled lending and fixed as many as 200 interest rates in the
country. The shift in policy came in 1991, with the structural reforms and financial
liberalization that India undertook following the BoP crisis and which marked the
beginning of a change in the financing paradigm with market determined interest and
exchange rates. Two agreements in 1997 and 2006 transformed the role of the RBI from
being a passive organization in the country to being one of the best institutions not only
in the country, but also in the world. These agreements prevented the government from
exploiting the RBI to services its deficits (Mohanty, 2011b)21.
The focus of monetary policy in India at the time of the formation of the RBI
(from around 1934-50) was to be a regulator of the supply and demand for credit in the
economy using the bank rate, reserve requirements, and open market operations (OMOs)
as instruments (see Annex 1.2 for definitions of macroeconomic variables). The conduct
of monetary policy from 1951-70 was influenced by the need to support the five-yearplan finances of the government by accommodating their deficit financing. Several
21

Of course, independence of the RBI is qualified as the government appoints the governor of the RBI, and
there are channels through which the RBI can be pressurized to submit to the government agenda.
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quantitative control measures were introduced, such as the selective credit control, credit
authorization scheme (CAS), and ‘social control’ measures for these purposes. From this
period till 1991, the focus of monetary policy was on credit planning and helping raise
resources for the government from the banks by adjusting the statutory liquidity ratio
(SLR) and the cash reserve ratio (CRR). CRR was predominantly used to reduce the
impact of government borrowing on the money supply. Credit to the private sector was
crowded out as a result of the government borrowing. It was then that the Chakravarthy
committee suggested the move towards a monetary targeting regime to reduce the
dominance of the fiscal policy over monetary policy. Under this regime, the RBI adopted
a monetary targeting framework with reserve money as the operating target and broad
money as an intermediate target. This period also saw the introduction of several money
market instruments, such as certificates of deposits and commercial paper (Mohan &
Kapur, 2009; Mohanty, 2011b).
1.3.1

Monetary Framework and Operating Procedure
With the deregulation and liberalization of the Indian economy as well as the

development of financial markets, monetary targeting was rendered ineffective, which led
the RBI by 1998 to adopt a multiple indicator approach guided by multiple instruments
and objectives. The RBI started focusing on financial and economic variables while still
using the broad money as an information variable to formulate policy. Of these, shortterm interest rates have emerged as the key indicators of monetary policy stance all over
the world, and India is no exception. The rising importance of interest rates as a
transmission mechanism meant that the speed and size of the pass-through from policy

25

rates to market rates became an important issue, moreso because the rigidities in the
market rates of interest negatively impact the effectiveness of monetary policy (RBI,
2003). The multiple indicator approach has also undergone a change since it was
introduced and is now augmented by forward-looking indicators, drawn from the RBIs
industrial outlook survey, capacity utilization survey, professional forecasters’ survey,
and inflation expectations survey. These indicators are then used in the projection of
growth and inflation (Inoue, 2010; Inoue & Shigeyuki, 2009; Mohanty, 2011b).
The tools that the RBI uses to conduct policy have also evolved from tools such
as CRR and open market operations (OMOs) to the liquidity adjustment facility in 2004,
under which the repo rate has been made the only “independently varying policy rate,”
with the reverse repo 100 basis points below the repo and the marginal standing facility
(MSF) fixed at 100 basis point above the repo rate (Mohanty, 2012a).22 The RBI has
actively used these tools at its disposal to deal with problems of domestic liquidity,
particularly during the GFC as well as to combat inflationary pressures in the economy
since 2010. There was a period of moderation that began in 2012, but by the second half
of 2013 the RBI had to start increasing the rates again to bring down the inflationary
pressures in the country. However, the effectiveness of these actions of the RBI depends
on the transmission of these policy rate changes to the economy. The monetary
transmission mechanism is the process through which changes in the policy rate get
translated into the ultimate objectives of inflation and growth. The transmission
22

The marginal standing facility (MSF) was introduced by the RBI in its Monetary Policy for 2011-12.
Under this facility, commercial banks could borrow overnight up to one percent of their net demand and
time liabilities from the RBI at 100 bp above the repo rate. “There was a subsequent revision which
allowed them to borrow up to 2 percent of the demand and time liabilities and the banks were also allowed
to borrow against their Statutory Liquidity Ratio (SLR) holdings” (Mohanty, 2012b).
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mechanism adopted by a country depends on the monetary policy framework, structure
and depth of the financial system, and the stage of development of the economy
(Gigineishvili, 2011; Mohan, 2006).
Four key channels of the transmission mechanism are the interest rate channel,
asset price channel, exchange rate channel, and the monetary aggregates channel. The
transmission mechanism adopted by a country depends on the monetary policy
framework, structure and depth of the financial system, and the stage of development of
the economy (Mohan, 2006). The exchange rate channel works through the impact of
policy rate changes on the net foreign inflows into the country, which in turn affects the
real exchange rate and thereby demand and output. The asset price channel works
through the impact on prices of assets and thereby the wealth effects.
Of the various channels, the interest rate channel has emerged as the dominant
channel of transmission of monetary policy. This channel works through the impact of a
change in the policy rate on the deposit and lending rates of the financial institutions and
affects the spending and investment decisions of the households and firms in the
economy. In other words, the interest rate channel impacts the cost of funds in the
economy. When the central bank wants to increase liquidity in the economy, it lowers the
policy rates which are reflected as lower interest rates for the businesses and individuals,
thus lowering the costs of loanable funds. By lowering the cost of funds, the
expansionary monetary policy raises investment and consumption demand and eventually
gets reflected in aggregate demand, output and prices. The policy rate also works through
its impact on the flow of funds to other assets, such as equities, which causes a rise in the
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price of the assets and stimulates consumption in the economy through the wealth effect
and through the impact on investment demand. A lower policy rate also causes the
currency to depreciate and thereby stimulates net exports (Islam & Rajan, 2011).
In a large open economy, the interest rate channel is the most important channel
of transmission and the exchange rate channel works through the interest rate channel.
For an emerging market like India, the exchange rate channel has other effects on
monetary transmission. The impact of exchange rate on inflation through the import
prices occurs with a shorter lag than the demand channel. In addition, using the exchange
rate channel as part of the medium term inflation zone targeting can help in price
stabilization, stimulating exports as well as in preventing a crisis (Goyal, 2002). The
impact of the interest rate and exchange rate changes on inflation and trade balance in
India are examined in the chapters of this dissertation.
The first step in the monetary policy transmission mechanism is the pass-through
of these policy rate changes to the retail rates, formally known as the interest rate passthrough (IRPT). The estimation of the IRPT coefficients as well as factors affecting passthrough forms the first part of this dissertation (Chapter 2). Using OLS regressions on
the repo rate, call money rate and the lending rates, results for the period 2001m4 to
2010m11 suggest a complete pass-through to the money market rates but incomplete
pass-through, both directly and indirectly into the retail rates. The chapter also identifies
inflation, bank concentration, costs of the banks, credit-deposit ratio, and bank ownership
as factors that affect the transmission of policy changes to the lending rates in India.
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The policy rate changes also affects the exchange rate as well as its volatility
(Goyal & Arora, 2010). A lower policy rate encourages capital outflows, causing a
reduction in the demand for INR, in turn leading to a depreciation of the currency (Islam
& Rajan, 2011). Exchange rate and related issues are discussed in the next section.

1.4.

India’s Exchange Rate Policy

1.4.1

Exchange Rate Regime
India’s exchange rate policy has evolved over time with developments in the

domestic and global economy, particularly since 1991 when wide-ranging reforms were
introduced in the domestic and external sectors. The RBI undertook a two-step downward
exchange rate adjustment on July 1 and 3, 1991, to deal with the BoP crisis and to
stabilize the exchange rate market, ending the era of a fixed exchange rate regime. The
downward adjustment was required to counter the massive withdrawal of reserves, to
deal with the crisis, to instill confidence in the investors, and to improve domestic
competitiveness. A dual exchange rate system was put in place in March 1992 under the
Liberalized exchange rate management system (LERMS)23 (Seshan, 2005). Finally a
unified system of market determined exchange rate was introduced in 1993, which was a
major change in the exchange rate policy of the country.
Under the de jure exchange rate regime classification of the IMF over the period
1975-1998, based on “self-reporting national policies of governments,” India was

23

The LERMS replaced the system of a single official rate to enable the transition to the market determined
exchange rate. The system consisted of an official rate for some government and private transactions and a
market determined rate for the others.
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classified as having an “exchange rate policy guided by the broad principles of careful
monitoring and management of exchange rates with flexibility, without a fixed target or a
preannounced target or a band, coupled with the ability to intervene if and when necessary.”

However, after realizing that there was a disconnect between the de jure and de facto
regimes, the IMF started publishing the de facto regimes since 1998, with a slight
revision of a few categories to take care of some of the problems associated with the
earlier classification since 2009.24 While the IMF categorizes India as ‘floating,’ it is
important to appreciate exactly what this term means. In particular, the IMF’s description
of such as regime is as follows:
A floating exchange rate is largely market determined, without an
ascertainable or predictable path for the rate. In particular, an exchange
rate that satisfies the statistical criteria for a peg-like or a crawl-like
arrangement will be classified as such unless it is clear that the stability of
the exchange rate is not the result of official actions. Foreign exchange
market intervention may be either direct or indirect, and serves to
moderate the rate of change and prevent undue fluctuations in the
exchange rate, but policies targeting a specific level of the exchange rate
are incompatible with floating. Indicators for managing the rate are
broadly judgmental (e.g., balance of payments position, international
reserves, parallel market developments). Floating arrangements may
exhibit more or less exchange rate volatility, depending on the size of the
shocks affecting the economy.” (Habermeier, 2009, p. 14)

Table 1.2 presents the exchange rate regime of India under the three
classifications (de jure, de facto regime as of 2008 and de facto regime as of 2012).

24

Managed floating became heterogeneous over time and the intervention of the monetary authorities in
their exchange rate market had become increasingly complex while the data on these interventions was
sometimes not available. In other words, the distinction between independent and managed floats was not
clear (Habermeier et al., 2009).
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Table 1.2 IMF Classifications of India before and after the reclassification of 2009 –
April 30, 2008 and April 30, 2012
Country
India

De jure
The exchange rate policy was guided
by the broad principles of careful
monitoring and management of
exchange rates with flexibility,
without a fixed target or a
preannounced target or a band,
coupled with the ability to intervene
if and when necessary.

De facto – 2008
Managed floating
with no predetermined path for
the exchange rate 25

De facto – 2012
Floating

Source: De Facto Classification of Exchange Rate Arrangements and Monetary Policy Frameworks, IMF,
April 30, 2012.

Thus, a floating regime is not a pure float. Empirical studies also confirm that
despite being classified as a floating regime, the Indian exchange rate has not been
completely flexible. Using Frankel and Wei regressions, Shah and Patnaik (2011) find the
INR to fluctuate between a tight and a flexible USD peg as well as a peg to a basket of
currencies over the period 1993-2004, while it exhibited greater flexibility during the
period 2004-09. Using a similar methodology, Zeileis et al. (2007) and Patnaik (2007)
had earlier also find that during the period 1993-2006, the INR was a tight or flexible
USD peg. For the period 1999-2011, Cavoli and Rajan (2013) find India to be a managed
floater with slightly greater flexibility as compared to the other South Asian countries
(Sri Lanka, Bangladesh and Pakistan), though India places a lower weight on the USD
than these countries. Therefore, with greater capital account openness and monetary
autonomy, there is more but not complete exchange rate flexibility in India.

25

IMF description of the regime: “The monetary authority attempts to influence the exchange rate without
having a specific exchange rate path or target. Indicators for managing the rate are broadly judgmental
(e.g., balance of payments position, international reserves, parallel market developments), and adjustments
may not be automatic. Intervention may be direct or indirect.”
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Thus India has generally followed a middle path to deal with the problem of the
‘impossible trinity,’ which postulates that a country cannot simultaneously have an open
capital account, a fixed exchange rate, and monetary policy autonomy. Along with
monetary autonomy, the country has a market determined exchange rate but intervenes
and sterilizes its intervention to smooth out excess volatility and preserve macroeconomic
stability. The capital account is not fully open, and non-residents can access the equity
markets, while their access to the debt markets is subject to caps, and there are limits on
the amount residents can take out of the country (Joshi & Sanyal, 2004; Leeladhar, 2008;
Mohan & Kapur, 2009; Patnaik, 2004; Shah & Patnaik, 2007).26
1.4.2

Trends in INR
Since the move towards a “market determined unified exchange rate,” the RBI

has intervened actively in the foreign exchange market to reduce the volatility.
Specifically, management of the exchange rate involved trying to maintain the value of
the rupee against the USD. However, the Indian rupee has generally depreciated against
the USD since 1993 except during 2003-2005, 2007-08, and 2010-11 when there was an
appreciation of the rupee due to the dollar’s weakness (Figure 1.6). With respect to the
NEER as well, the INR has generally depreciated since 1993-94 with a few episodes of
26

This finding is not inconsistent with theory. In Frankel’s (1999) words, “There is nothing in existing
theory, for example, that prevents a country from pursuing a managed float in which half of every
fluctuation in demand for its currency is accommodated by intervention and half is allowed to be reflected
in the exchange rate” (p. 7). The exchange rate regime of a managed float has been identified as the best for
India under the current conditions as compared to a full float (Goyal, 2006). She emphasized that India is
not yet ready to allow complete flexibility in the exchange rate, as excessive volatility in the exchange rate
hurts the real sector: depreciation adds to the already high inflation levels in the country and appreciation
affects the export competitiveness, which could worsen the trade deficit. She also suggests a band of
around 10 percent for the volatility in the managed float beyond which excessive flows can hurt the real
sector.
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an appreciation (1997-98, 1998-99 to 2000-01, 2005-06, 2007-08, 2010-11). Figure 1.7
shows the movements in the NEER and the international reserves since 1993. The figure
clearly shows that the RBI has tried to maintain the stability of the exchange rate by
accumulating reserves.27,28 The RBI has been able to retain monetary autonomy while
maintaining an open capital account and managing its exchange rate by sterilizing its
interventions in the foreign exchange markets.29
While the pressures on the rupee were initially abated, since the beginning of
2013, the rupee has depreciated by as much as 20 percent against the dollar and reached a
new low of Rs 68.5 to the USD in August 2013 before stabilizing at around Rs 62 to the
USD. In terms of the NEER and REER, the currency depreciated around 11 and 10
percent respectively between March and October 2013. The depreciating rupee is not
only a cause of concern, due to the burden it places on the Indian corporate environment,
which have borrowed abroad, but also because of the inflationary pressures it creates

27

Of course, accumulation of reserves depends on the capital flows into the country, which are sometimes
driven by global factors and not Indian risk factors. As a result, there have been periods when the RBI lost
reserves, as happened in mid-2013. Part of the reason for changes in the reserves could also be due to
valuation effects caused by changes in the exchange rate of the rupee.
28

It has been shown empirically that monetary authorities intervene asymmetrically to allow depreciation,
but not an appreciation as it can have a detrimental impact on the competitiveness of the economy. This
phenomenon is also reflected in the sustained increases in reserves in the emerging markets since 2000,
especially in the Asian emerging economies (Levy-Yeyati & Sturzenegger, 2007; Pontines & Rajan, 2011;
Ramachandran & Srinivasan, 2007; Srinivasan et al., 2009).
29

For details on monetary sterilization policies and impacts in India, see Goyal (2006), Patnaik (2003),
Patnaik (2004), and Dua and Ranjan (2010). As of April 2004, the RBI launched Market Stabilization
Bonds (MSBs) which are “new government securities issued by the central bank with the specific aim of
absorbing the liquidity created in the financial system due to forex intervention” (Ouyang & Rajan, 2008;
p. 6) The advantage of these bonds is that they do not add to the fiscal deficit of the government but are
kept in a separate account, Market Stabilization Scheme (MSS) maintained and operated by the RBI. The
government cannot avail this money except to redeem or buy back MSS securities (Ouyang & Rajan,
2008).

33

(Subbarao, 2012). Some depreciation might be welcome to correct for the high inflation,
but when the real exchange rate depreciates beyond competitive rates, it aggravates the
problem of inflation in the country (Goyal, 2012b).
Real and Nominal Exchange Rate Indices
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Figure 1.6 Real and Nominal Exchange Rate Indices
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Figure 1.7 Reserves and NEER
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1.4.3

Exchange Rate Impacts
Exchange rate changes impact domestic inflation via import prices. This impact is

captured through the exchange rate pass-through (ERPT), which is defined as the
percentage change in import prices due to a percentage change in exchange rate in the
importing nation’s currency (Ghosh & Rajan, 2009; p. 377). When the exchange rate
changes, an exporter can either pass on the entire change in the exchange rate to the
importing nation or absorb some of the changes by adjusting his mark-up so as not to
affect his market shares in the destination markets. The study of ERPT into import prices
is particularly relevant to current circumstances in India , when there is immense pressure
on the currency to depreciate. This depreciation of the Indian rupee is expected to add to
the inflationary pressures through the pass-through effect in its imports prices (Shah,
2012).
ERPT is also important for its impact on the effective conduct of monetary policy.
The issue of ERPT is related to the interest rate pass-through (IRPT) because both these
factors have an important role to play in the choice of the optimal monetary policy
strategy. In the case of an incomplete ERPT, the burden of adjustment falls on the interest
rate channel, as the exchange rate channel becomes less effective. On the other hand,
when the interest rate channel becomes weak, the burden of adjustment has to be borne
by the exchange rate channel (Bhattacharya et al., 2011).
The study of the ERPT is the second part of the dissertation (Chapter 3). This
chapter contributes to the existing literature by capturing the impact of asymmetry and
non-linearity in the impact of exchange rate changes on the import prices. The following
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research questions are addressed: Do the Indian import prices react less to smaller
changes in the exchange rate than larger changes? Is there asymmetry in the adjustment
of import prices with respect to appreciations and depreciations? Using a vector error
correction (VEC) model, results for the period 2003m1 to 2013m3 suggest there is more
than complete exchange rate pass-through into Indian import prices in the short run and
even higher pass-through in the long run, indicating the inertial effect of rising prices.
There is also evidence of non-linearity in exchange rate pass-through in terms of slight
differences in the impact of an appreciation versus a depreciation, as well as smallversus-large changes in the rupee value.
The percentage of changes in the exchange rate that are passed through to the
import prices also determines the trade balance of the country. The impact on trade
balance of exchange rate depreciation is captured through the J-curve effect. The J-curve
effect refers to the phenomenon where a depreciation initially leads to a worsening of the
trade balance as the immediate impact of a depreciation is felt on the import pricesdxx ,
before causing an improvement as prices and quantities of exports adjust. When the
exporters do not pass-through the changes in the exchange rate, the import prices are
unaffected and may not affect the trade balance. Thus, the trade balance may not show
the presence of a J-curve effect, or there might be a delayed J-curve effect. However, if
the exporters pass on the changes, the trade balance will show the J-curve effect. The
third part of the dissertation looks at the issue of the exchange rate effects on India’s
trade balance in more detail (Chapter 4). In particular, the chapter and addresses the
following research questions: Does the J-curve phenomenon hold for India at the
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aggregated and disaggregated industry level? Does it vary with the trade partner? Using
Pesaran et al.’s bounds testing approach, results for the period 2001m4 to 2013m3
suggest that there is no evidence regarding the existence of a J-curve at the aggregate or
disaggregate level. The analysis suggests that there is a positive impact of a real exchange
rate depreciation on the trade balance of India in the long run.

1.5

Conclusion and Policy Recommendations
India has been able to register high growth rates while running persistent current

account deficits, which it has been able to finance through the large capital inflows into
the country since its liberalization in 1991. The resulting pressures for the appreciation of
the currency due to the inflows were countered by intervention in the foreign exchange
market by the RBI. These interventions led to significant reserve accumulations, not to
the magnitude of some of the other East Asian countries, but enough to position the
country among the top ten reserve accumulators of the world. The excess liquidity that
these reserves created was absorbed through sterilization operations by the RBI. Despite
RBI’s attempts to contain the inflationary pressures, India went through a phase of
double-digit inflation at the beginning of the GFC, which led it to resort to policy rate
changes in order to rein in such pressures.
Monetary policy has become the dominant policy in India contributing to growth
since the BoP crisis of 1991. In order to understand the effectiveness of monetary policy
actions of the RBI, it becomes important to understand the impact of these policy changes
on key variables, such as inflation and growth, in the economy. Two important channels
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through which the RBI conducts monetary policy are the interest rate and the exchange
rate channel. Given the importance of these channels, it becomes important to understand
the affects changes in these rates have on the economy. To this end, this dissertation aims
to estimate the impact interest rate changes have on the lending rates in the economy, as
these lending rates ultimately influence demand and output in the economy. It is also
important to understand the impact of exchange rate changes on the import prices, which
feed into inflation in the economy. This is particularly relevant for India given the
inflationary pressures the economy is experiencing along with the pressures on the
currency to depreciate. This impact of exchange rate changes on import prices are
captured through the exchange rate pass-through in the second part of the dissertation.
Finally, impact of exchange rate changes on the trade balance are estimated in the third
part of the dissertation. It is important to understand the impact of exchange rate changes
on the trade balance for the consequences it has on the current account balance and
through it, the balance of payments.
The results of the analysis suggest that there is more than complete pass-through
from the policy rate to the money market rates but incomplete pass-through to the retail
rates. The pass-through to retail rates is influenced by inflation, bank concentration, costs
of the banks, credit-deposit ratio, and bank ownership. Given the incomplete passthrough, there is a need for India to focus on improving the transmission mechanism.
This improvement can be achieved by developing the yield curve further, through which
short-term rates influence the longer term rates in the economy. With respect to the
exchange rate pass-through, the analysis suggests that there is more than complete pass-
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through to the import prices in the short run and an even higher pass-through in the long
run indicating the inertial nature of prices in India. A move to inflation targeting might
help the country deal with these inflationary pressures arising due to domestic as well as
external factors. The results also suggest that there is evidence of non-linearity in
exchange rate pass-through in terms of slight differences in the impact of an appreciation
versus a depreciation as well as small versus large changes in the rupee value. With
regard to the impact of the exchange rate changes on the trade balance, the results suggest
that there is a positive impact of a real exchange rate depreciation on the trade balance in
the long run, suggesting that the RBI could use this tool to improve the trade and current
account balance in the long run for India.
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CHAPTER 2. MONETARY POLICY EFFECTIVENESS IN INDIA: WHAT IS
THE EXTENT OF INTEREST RATE PASS-THROUGH?

Abstract
Given the need to focus on monetary policy to bring about changes in the aggregate
demand and prices under the current conditions in India where there is a lack of fiscal
space, there is also a need to understand the channels through which monetary
transmission takes place to improve its effectiveness in the country. This chapter
estimates the interest rate pass-through from the policy rates to the money market rates
and to the retail lending rates to understand the effectiveness of monetary policy in India.
Results for the period 2001m4 to 2010m11 suggest a complete pass-through to the money
market rates but incomplete pass-through, both directly and indirectly, into the retail
rates. The chapter also identifies inflation, bank concentration, cost of the banks, the
credit-deposit ratio, and bank ownership as factors that affect the pass-through
coefficients in India.

2.1

Introduction
Monetary transmission mechanism is the process through which monetary policy

actions affect the economy, particularly output and inflation. Proper implementation of
monetary policy requires an understanding of the instruments and channels through
which policy operates. There are four main channels through which monetary policy
operates: viz. interest rate channel, exchange rate channel, asset price channel and credit
channel.30 Although these channels may not be mutually exclusive, the channel a country
chooses varies based on differing structural characteristics (Mohan, 2006).

30

The exchange rate channel is particularly relevant during the initial stages of financial development, as it
is thought to be liquid and resistant to inflationary pressures. For efficient functioning of this channel,
policy rate changes are immediately transmitted to the exchange rate and ultimately influence demand and
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Of the various channels, the interest rate channel has emerged as the dominant
channel of transmission of monetary policy. This channel impacts the cost of funds in the
economy. When the central bank wants to increase liquidity in the economy, it lowers the
policy rates which are reflected as lower interest rates for the businesses and individuals,
thus lowering the costs of loanable funds. By lowering the cost of funds, expansionary
monetary policy raises investment and consumption demand, and this eventually gets
reflected in aggregate demand, output, and prices. The policy rate also works through its
impact on the flow of funds to other assets, such as equities, which causes a rise in the
price of the assets, which in turn stimulates consumption in the economy through the
wealth effect and through the impact on investment demand (Islam & Rajan, 2011). The
study of the interest rate pass through (IRPT) mechanism is important for understanding
the effectiveness of the monetary policy for any country.
Studies on the subject to date have mostly focused on developed countries, with
attention now shifting to developing countries and emerging markets. Many developing
countries and emerging markets started moving towards more flexible regimes beginning
in the 1990s31 (Monetary and Financial Systems Dept., 2004). The greater exchange rate
flexibility has, along with an open capital account, allowed greater flexibility to use the
interest rate as policy instrument. In developing countries where the financial markets are
less developed, the bank lending channel is an important channel of monetary
output. The asset price channel works through changes in the price of assets such as bonds, stocks, and real
estate. The credit channel works by influencing credit supply in the economy. The interest rate channel
works by affecting the investment and saving decisions in the economy by transmitting changes in the
policy rate to the retail lending and deposit rates.
31

According to IMF estimates, between 1990 and 2002, there were 139 transitions to flexible regimes.
(Monetary and Financial Systems Dept., 2004)
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transmission (Mishra, 2012). An understanding of the factors driving the bank and market
responses to the actions of the monetary authority would help strengthen the effectiveness
of monetary policy.
The overall transmission of policy actions to output and prices is depicted in
Figure 2.1. Changes in the policy rate affect money market rates, which in turn affect
retail rates. These changes are then transmitted to the aggregate demand through the
savings, investment, and consumption channels. For the purpose of this chapter, the focus
is narrowly on the transmission of the policy rates into the retail rates; it does not focus
on the impact of interest rate changes on final demand and prices.
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Figure 2.1 Transmission from Policy Rates to Aggregate Demand

The following equation by Illes and Lombardi (2013) summarizes the different
stages of the pass-through:

rl-rp = (rl-rg) + (rg-rm) + (rm-rp)

where rl is the bank lending rate, rp is the policy rate, rg is the government bond yield,
and rm is money market/interbank rate. The equation above summarizes the pass-through:
the spread between the policy and lending rate depends on spread between the policy rate
and money market rate, between the money market and government bond rate, and
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finally the government bond rate and the lending rate. In the first stage of IRPT,
movements in the policy rate influence the interbank rate, which then affects the shortend of the yield curve. Since the money market provides the mechanism through which
the central bank can affect the quantity and cost of liquidity in the system, it assumes
importance in the transmission mechanism by being the link between policy operations
and through the financial markets to the real economy. Incomplete pass-through between
these rates would signal strains in the money market (Illes & Lombardi, 2013).
The second stage of IRPT occurs when changes in the money market rate alter the
government bond yield, which in turn impacts the bank lending and deposit rate. For this
second stage of IRPT to work, not only must the first stage work well, but there also
needs to be a fairly well-developed liquid and stable yield curve that acts as an
intermediate step in the transmission to the bank’s retail lending and deposit rates. This
two-stage IRPT is referred to as the “cost of funds approach” to monetary policy (de
Bondt, 2005). These changes in the bank rates are then passed through to the aggregate
demand and prices through the consumption, savings, and investment channels.
The structure of the financial markets is extremely important for smooth and
efficient transmission of policy actions (Mishra et al., 2010). For some countries,
particularly developing ones with underdeveloped financial systems and banking
structures that are less competitive and where the yield curve is not developed, it is
plausible that the first stage of IRPT would work, but not the second stage. This,
however, does not necessarily imply that the IRPT via the bank lending channel does not
work. It is possible that there is a direct impact of policy rates on bank retail rates. This
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direct effect is called the “monetary policy approach” (Sander & Kleimer, 2004). This
direct effect is especially true, for instance, for predominantly bank-based systems and in
cases where the banking system is rather non-internationalized and its market structure is
oligopolistic and susceptible to moral suasion from the central bank; all of which are
prevalent where the banking sector is state-dominated (Gigineishvili, 2011).
The monetary policy framework as well as the operating procedure in India have
evolved over the years towards the use of interest rates as a policy tool, which was made
possible in part by a gradual movement towards greater flexibility in the exchange rate
regime (Mohanty, 2011c).32 Consistent with this trend, the Reserve Bank of India (RBI)
started to gain greater autonomy over time even though it is not fully independent given
the pressures of a democratic society (Goyal, 2011). The RBI neither has goal nor
instrument independence, as aptly summarized by Chandravarkar (2005):
The goals of a central bank in a democracy are necessarily determined by
the legislature while instrument independence appertains to the central
bank, except in regard to the exchange rate where government authority is
necessarily supreme even though the management of reserves is vested in
the central bank. The RBI enjoys instrument independence only by
inference. (p. 3841)
How effective is monetary policy in India? More to the point, how effective is the
bank lending channel in India? This paper answers these questions by estimating the
32

Though during the recent financial crisis, when interest rates had reached the zero lower bound, countries
such as the U.S. had to resort quantitative easing, in which they work through the asset price and credit
channel to stimulate growth in the country.
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IRPT to bank lending rates and by examining the determinants of the IRPT in India. The
rest of the chapter is organized as follows: Section 2.2 provides an overview of monetary
policy and the banking sector in India. Section 2.3 discusses the empirical literature on
IRPT in general as well as for India specifically. Section 2.4 offers an overview of the
empirical methodology to be followed, data sources, and definitions as well as the results
for interest rate pass-through. Section 2.5 focuses on factors impacting the evolution of
IRPT in India over time. The final section provides conclusions and recommendations.

2.2

Overview of Monetary Policy and Banking Sector in India
During the 1980s and early 1990s, India followed a monetary targeting

framework under which broad money was used as the target for the monetary policy.
This framework was possible due to the fact that India had a closed capital account.
However, the financial development following the reforms introduced after the balance of
payment (BoP) crisis of 1991 made money demand unstable, which made the control of
monetary aggregates difficult. Therefore, the RBI moved to a multiple indicator approach
in 1998-99, whereby a number of macroeconomic variables such as interest rate,
exchange rate, inflation, fiscal position, currency, credit by banks and financial
institutions, trade, capital flows, etc., were considered along with broad money and
output to formulate policy along with forward-looking indicators (Mohanty, 2012b).
Traditionally, the cash reserve ratio (CRR) (see Annex 1.2 for definitions of the
macroeconomic variables) and the open market operations (OMO) were used as
instruments of monetary policy. With the introduction of the liquidity adjustment facility
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(LAF) in 2004, overnight management of liquidity emerged as one of the most important
instruments of monetary policy, with the RBI operating through the repo rate and reverse
repo rate. Along with this move, the weighted average call money rate was made the
operating target of the monetary policy (Mohanty, 2011a). The repo rate is defined by the
RBI as a “money market instrument, which enables collateralized short term borrowing
and lending through the sale/purchase operations in debt instruments.” In other words, the
repo rate is the “annualized interest rate for the funds transferred by the lender to the
borrower.” And the reverse repo is said to be the “mirror image” of the repo rate, in that
the reverse repo is the rate at which the borrower transfers funds to the lender (RBI,
1999). Since the 2000s, the RBI has been using monetary policy tools more aggressively
to maintain price stability and growth, as can be seen in Figure 2.2, which shows the
movement in the key policy rates of the country since 2004, when the LAF was
introduced. Since there was a lack of a single policy rate, a new operating procedure was
introduced in 2011, with the repo rate being the only “independently varying policy rate”
and the reverse repo was fixed at 100 basis points below the repo rate, while the marginal
standing facility (MSF)33 was fixed at 100 basis points above the repo rate (Mohanty,
2012b).
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The marginal standing facility (MSF) was introduced by the RBI in its Monetary Policy for 2011-12.
Under this facility, commercial banks could borrow overnight up to one percent of their net demand and
time liabilities from the RBI at 100 bp above the repo rate. There was a subsequent revision which allowed
them to borrow up to 2 percent of the demand and time liabilities and the banks were also allowed to
borrow against their Statutory liquidity ratio (SLR) holdings (Mohanty, 2012b).
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Figure 2.2 Key Policy Rates
The Indian banking system was dominated by private and foreign banks till the
mid-1950s, when the government took over control of the then-largest bank in the
country–the Imperial Bank, which was renamed the State Bank of India. The Indian
government nationalized all the larger banks in 1969; by 1982, the share of private and
foreign banks had declined to less than 10 percent of the total bank assets (Banerjee et al.,
2004; Eichengreen & Gupta, 2012). During this period, there were barriers to entry,
limits on asset allocation, as well as interest rate barriers. It was not until the reforms of
1991 that the Indian banking sector started shedding some of these regulatory barriers.
The reforms made it easier for the private sector and foreign banks to enter the market as
well as allowed for market-based credit allocation. The reforms also led to the creation of
an interbank money market, auction-based repo and reverse repo agreements, and
reductions in the CRR and Statutory Liquidity Ratio (SLR) requirements.
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This opening up of the banking sector to private and foreign players increased
their share in the banking assets from less than 3.5 percent in 1991 to around 21 percent
in 2007. Despite the increase in the share of the private and foreign banks, the Indian
banking sector is still dominated by state-owned banks that hold more than 3/4 of the
deposits of the scheduled commercial banks. The share of public-sector banks in banking
assets further increased during the Global Financial Crisis (GFC) for precautionary
reasons when depositors moved to these banks for stability.
India has historically followed a system of administrated interest rates, with the
central government guiding the setting of interest rates in the country rather than the
central bank. However, since the 1990s, efforts have been underway to liberalize the
interest rates, which resulted in the almost complete deregulation of lending rates by
October 1994. The prime lending rate system was introduced in 1994, and certain lending
rates of the commercial banks were freed for loans greater than Rs 200,000. The RBI
introduced the benchmark prime lending rate (BPLR) in 2003 to help banks price loans
on the actual cost of funds. This was the rate that the banks charged their premier
customers. The intent behind the introduction of the prime lending rate was to ensure that
lending rates followed the changes in the policy rate to ensure a smooth monetary policy
transmission. However, this system of the BPLR was not transparent and lending,
particularly to the corporate customers, was often at rates below the BPLR as the banks
often subsidized lending to corporates by charging the retail and small and medium
enterprises a higher rate.
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On July 1, 2010, the RBI introduced the base rate system to deal with the
problems associated with the BPLR system. The base rate is the minimum rate that banks
must charge on their lending. The rate can be set by each bank on its own, but must be
consistent and has to be approved by the RBI. The banks have to make this rate public34
(Singhal, 2010). In contrast, savings rates in India remained repressed and controlled
until 2011. It was only in October 2011 that the RBI deregulated interest rates on the
savings deposits accounts of commercial banks, which meant that banks were allowed to
set their own interest rates according to their needs and market liquidity conditions
instead of the central bank setting the rates for them (Ray & Virmani, 2012; RBI, 2011).
Since this chapter focuses on the period prior to the savings rate deregulation, it estimated
the IRPT to bank lending rates rather than deposit rates.
While the bank rates react to the policy rates in general, there is a noted
asymmetry in the reaction of these rates. Figure 2.3 shows the movement in the money
market rate (i.e., the call money rate and the 91-day Treasury Bill rate (TB)) and the bank
lending35 and deposit rates.36 Table 2.1 provides the simple correlation between the
changes in these variables for the period 2001m4 to 2010m11. It is evident from the
figure that, on average, the rates have moved in tandem, but there seems to be asymmetry
in the movement and also a lag between movement in the market rate and the retail rates.
34

At the time of the introduction of the rate, most of the public banks kept their base rates at 8 percent,
while some of the private sector banks, foreign banks, as well as some state owned banks fixed rates at 7.5
percent and a few private sector banks kept the rate at seven percent. The lending rate charged by the banks
is usually a premium over the base rate. The premium might include a tenor premium, a risk premium, and
a product premium, and these premiums have been allowed by the RBI (RBI, 2010; Singhal, 2010).
35

The 1-3 year rate has been used for the deposit rate.

36

The key Lending Rates as Prescribed by RBI (All Commercial Banks including SBI) - Minimum Rate
General has been used for the lending rate.
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The lending and deposit rates appear to be downwardly inflexible, one reason being that
the administered interest rates on several government small savings schemes and
provident funds are generally higher than instruments available in the market (Guimarães
& Ruiz-Arranz, 2009). To compete with these schemes for funds, banks set a floor for the
lending rates which is above the market determined rates. The greater rigidity on the
downside in the lending and deposit rates is also depicted in the low correlation between
these variables.
Table 2.1 Correlation between changes in call money rate, 91-day TB rate, and
retail rates
∆ Call Money
∆ 91-day
∆ Lending ∆ Deposit
Rate
TB
Rate
Rate
∆ Call Money Rate 1.000
∆ 91 day TB
0.33
1.000
∆ Lending Rate
0.04
0.10
1.000
∆ Deposit Rate
0.13
0.28
0.25
1.000
Source: RBI Database on Indian Economy

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

CMRwa

91 day TB

Deposit Rate

Lending Rate

Source: RBI Database on Indian Economy

Figure 2.3 Money Market and Bank Retail Rates
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2.3

Empirical Review of Literature

2.3.1

General Studies
There is a vast literature on the subject of IRPT to bank retail rates, but most of

these studies focus on advanced economies (e.g., DeBondt, 2002; Hansen & Welz, 2011;
Mojon, 2000; Roelands, 2012; Sorenson & Werner, 2006). Studies on emerging and
developing countries are somewhat fewer in number, though more attention is now being
paid to these country studies (e.g., Aydin, 2007; Cas et al., 2011; Durán-Víquez &
Esquivel-Monge, 2008; Jamilov & Egert, 2013). Even within these studies, most
comprise multi-country studies, with very few individual country studies.
A well-cited paper on the subject of IPRT is by Cottarelli and Kourelis (1994),
who estimate the short- and long-run pass-through for 31 developed and emerging market
countries. They also identify factors that determine the pass-through to the retail bank
rates. The authors study interest rate stickiness as a barrier to smoother monetary policy
transmission in their paper. They find that the impact multiplier of changes in the money
market rate on lending rates varies from one in certain countries to zero in others. They
also find differences in the impact on the lending rate 3 to 6 months after the change in
the money market rate. However, the long run pass-through for most countries is
complete—i.e., the IRPT coefficient is one. Using OLS regression on monthly data for 31
countries over the period 1980-93, they find that a higher inflationary environment,
competition in the banking sector, capital mobility, development of the money market
lead to an improvement in IRPT, while money market volatility reduces the pass-through.
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Gigineishvili (2011) expands the coverage of Cottarelli and Kourelis’ (1994)
paper to include a wide cross-section of countries from all regions to reflect a
heterogeneous sample. He studied 70 countries over the period from 2006-09. A shorter
time period was chosen to minimize the structural changes in these countries. Using panel
regressions, he supports the findings of previous studies in that per capita GDP and
inflation lead to an increase in IRPT, and market volatility has a negative impact on it.
The paper also finds that, among the financial market variables, overhead costs, banking
competition, and credit quality improve the transmission mechanism, while excess
banking liquidity weakens it. Gigineishvili groups the 70 countries by region, size, level
of development, and exchange rate regime to compute the pass-through coefficients. He
finds that among the regions, countries in Middle East and Central Asia have lower IRPT
coefficients, as do countries of a smaller size (mainly small island nations). He also finds
that countries with fixed exchange rate regimes have a weaker pass-through as compared
to those with more flexible regimes, suggesting that they are able to use their control over
the interest rates in the economy to influence the monetary transmission.
In a comparative study of the Euro-zone and the U.S. in the recent crisis period,
Karagiannis et al. (2010) find that IRPT was complete in the long run. In particular, the
money market rate for the Euro was completely transmitted to the deposit rates in the
long run, whereas for the U.S., the central bank rate worked more effectively in
transmitting to the deposit rate in the long run. While banks tend to pass through only
decreases in the money market rate to the deposit rates in both the Euro-zone and the
U.S., they tend to pass on increases rather than decreases of money market rate to
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borrowers in Euro-zone as compared to more of decreases in the central bank rate in the
U.S. This difference highlights the asymmetry in the IRPT mechanism in these countries.
A paper on the subject for Central American countries by Cas et al. (2011)
identifies factors that are weakening the IRPT in Central American countries as compared
to Latin American countries. In terms of the factors mentioned above, IRPT can be
greatly improved by increasing exchange rate flexibility and by reducing financial
dollarization, financial sector development, and bank concentration. The authors use
annual data from a sample of 40 countries for the period 2004-10. They use a systemgeneralized method of moments (GMM) estimator to find a pass-through coefficient of
0.55 for all the countries studied. They also find that IRPT is higher for the Latin
American countries as compared to the Central American countries. 37
Tai et al. (2012) examine the effectiveness of second-stage IRPT for some of the
countries affected by the Asian Financial Crisis (AFC), viz. Hong Kong, Indonesia,
Korea, Malaysia, Thailand, the Philippines, and Singapore, to observe the impact of the
crisis on the pass-through to deposit and lending rates across countries. Using a
seemingly unrelated regression (SUR) over the period 1988-2010, they find a slow passthrough to the retail rates, with the deposit rate pass-through being slightly higher than
the lending rate pass-through. They also find that there has been a slowdown in the
adjustment after the AFC for all countries studied except for Malaysia. These findings
suggest a lower effectiveness of the monetary policy, imperfect financial markets, and
lower degree of financial integration of these economies.
37

Latin American Countries: Brazil, Chile, Colombia, Mexico, Peru and Uruguay. Central American
Countries: Costa Rica, Dominican Republic, Guatemala, Honduras and Nicaragua.
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2.3.2

India-Specific Studies
For India, there have been relatively more studies on the impact of the policy rate

on the volume of bank credit growth rather than interest rates (e.g., see Bhaumik et al,
2010; Khundrakpam, 2011; Pandit & Vashisht, 2011; and Pandit et al., 2006). In the
handful of studies on the IRPT from the policy rates to the retail rates, India has been
studied as a part of a panel. There is no consensus among these studies on whether IRPT
is complete in the long run, as results vary with the methodology and the time periods
considered. Annex 2.1 summarizes some of the studies on IRPT for India.
Using a disaggregated GETS (general-to-specific) model tested by a non-linear
least squares regression for the BRIC (Brazil, Russia, India, and China) countries for the
time period of 1998 and 2007,38 Karagiannis et al. (2009) find that, though there are
variations across these countries, the transmission is not smooth and IRPT is generally
incomplete. In particular, they find that policy rate decreases are transmitted to the loan
rates and that there is considerable asymmetry in upward and downward adjustment in
the retail markets. For India, the authors find that there is complete IRPT in the long run.
The authors focus on the second stage pass-through from the money market rate to the
retail rates.
Contrasting results were obtained by Patnaik and Ramanathan (2007) and
Guimarães and Ruiz-Arranz (2009), who find a low degree of IRPT in the long run for
India. Patnaik and Ramanathan (2007) use quarterly data for the period from 1997-2005
to obtain their results. They suggest that partial transmission takes place in the short run,

38

For their study, they do not use the exact time period for all the countries. They use monthly data for
Brazil, Russia, and India ranging between 1998m1 to 2007m9, and for China they use quarterly data.
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but the “policy impulses” are weakened in the long run. Guimarães and Ruiz-Arranz
(2009) find a pass-through coefficient of 0.3 for India in the long run and suggest that the
existence of small saving schemes might be responsible for the lower adjustment in the
lending rates. They also find that it takes around 1.2 months to transmit changes in the
policy rate to the lending/deposit rates. They use an autoregressive distributed lag model
(ARDL) for the study of monthly data over the period 2001-09 for nine countries
(Australia, Indonesia, India, Japan, Korea, Malaysia, New Zealand, the Philippines, and
Thailand).
Hattari et al. (2011) also estimate the IRPT coefficients for four South Asian
countries (India, Bangladesh, Pakistan, and Sri Lanka) utilizing an ARDL model on
monthly data for the period January 2001-October 2009. They only focus on the response
of the lending rates to the interbank interest rates. They find pass-through coefficients to
be low for all the countries and that lending rates do not adjust immediately because of
rigidities such as inherent inefficiencies in the banking system and regulatory
requirements on setting deposit and lending rates, along with the less-developed shortterm public debt market and structural rigidities. They find the short-run IRPT coefficient
for India to be negligible, while that in the long run to be 0.3.
There are also a handful of studies that look at the impact of policy rate changes
on the aggregate demand and prices. Using a Structural Vector Auto Regression (SVAR)
model, Khundrakpam and Jain (2012) examine the importance of the various channels of
monetary transmission to study their impact on GDP growth and inflation. They find that
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during the period between 1996-97Q1 and 2011-12Q1, the interest rate, credit channel,
and asset price channel of transmission were important.
However, the exchange rate channel was found to be a weak channel of
transmission mechanism, contrary to what was found by Bhattacharya et al. (2011), who
found that monetary policy changes had the most effective impact on inflation through
the exchange rate channel, particularly in emerging markets where the financial systems
are not well developed. Bhattacharya et al. (2011) use a VEC model on monthly data
from 1997-2009 for India to establish this result. They suggest that in countries where
trade liberalization precedes financial liberalization, the exchange rate channel might be a
more important channel of monetary transmission than the traditional monetary
transmission channels, which may be ineffective as they work through the domestic
financial system. However the assumptions underlying some of these studies using the
SVAR are questionable, given that they exclude a policy reaction function and also the
non-linear effects of the policy rates.
Kapur and Behara (2012), in their study of quarterly data over the period AprilJune 2006 to January-March 2011, find that for a 100 basis point (bp) increase in the
policy rate, non-agricultural growth increases by 40 bp, with a two-quarter lag, while the
non-food manufactured inflation increases by 25 bp with a five-quarter lag. They also
suggest that these results are consistent with that of the advanced economies.
Dhal (2011) goes a step further to examine the impact of monetary transmission
on use-based industries and concludes that the capital goods and consumer durables are

57

more affected than basic, intermediate and non-durable goods. He uses a VAR model to
reach his conclusion for the period of April 1993 to October 2011.
Ray and Prabhu (2013) examine the transmission mechanism to the various
segments of the financial markets (government securities, corporate bond, foreign
exchange and stock markets) in India. Using an SVAR model for the period of January
2005 to November 2012 and using daily market data, they find that transmission is fast
and efficient to the government securities and bond market and modest to the foreign
exchange markets. However, they find pass-through to be limited to the stock markets.
They also examine the transmission mechanism under the surplus and deficit liquidity
phases over the period of study to find that transmission is more effective under a deficit
liquidity period than a surplus liquidity period.
None of the foregoing studies on India has systematically examined the two-stage
IRPT, nor have they examined the factors affecting the IRPT, all of which are the focus
of this research. This study uses monthly data for the time period of 2001m4 to
2010m11.39

39

In a recent paper, Ansari (2013) conducts an analysis of the impact of regulatory requirements on IRPT.
Since the regulatory requirements affect a bank’s balance sheet and therefore the lending rates, he suggests
that for monetary transmission to be effective changes in the policy rate need to be accompanied by
changes in the regulatory parameters to bring about the desired effect. He also estimates that there is a
tradeoff between the regulatory requirements and effectiveness of monetary transmission and
competitiveness in the loan markets. He further suggests that the capital markets could be linked to the
IRPT if banks were subjected to a required return on their capital base.
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2.4.

Extent of Interest Rate Pass-Through in India

2.4.1

Empirical Model
This study first computes the interest rate pass-through using the policy variables

before introducing the macroeconomic and financial determinants which influence passthrough in section 2.5.It looks at the effect of both the monetary policy approach as well
as the cost of funds approach to estimate the IRPT coefficients. Two sets of broad
estimating equations are used to estimate the pass-through coefficients.
For the first stage IRPT, i.e., from the policy rate to the call money rate, the
following model is estimated:

∆cmrt = α + β1 ∆repot + γ ∆ crrt +  ∆repot*∆crrt +.

(1)

where cmrt is the money market rate (call money rate), repot is the repo rate, and crrt –
cash reserve ratio. β1 is IRPT coefficient from the repo rate to the call money rate. The
CRR and its interaction term with the repo rate are included in the analysis to take into
account the liquidity in the system, because monetary policy transmission depends on
liquidity and both CRR and the repo rate directly impact liquidity in the system.40
Therefore, this study includes CRR and its interaction term with the repo rate in the
analysis.

40

The use of CRR as a monetary policy tool is conditioned on the fact that there are large exogenous
shocks to liquidity in India due to the government cash balance and foreign investment flows. However,
CRR is generally used when there are longer-term or structural changes in liquidity.
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For the second stage IRPT, i.e., from the call money rate to the lending rate, the
following model has been used:

∆ rt = β2 ∆cmrt-1 +  ∆diffrrt-1 + .

(2)

where rt is the retail lending rate, cmrt-1 is weighted average call money rate, and diffrrt-1
is difference between the repo and reverse repo rate in the system. β2 is the IRPT
coefficient from the call money rate to the lending rate. When the RBI increases both the
repo and reverse repo, it is following a contractual monetary policy to reduce the money
supply available in the system. Similarly, when the RBI decreases both the repo and
reverse repo rates, it becomes cheaper for banks to borrow from the RBI and there is an
expansion in the money supply. The reduction in the reverse repo also makes it less
attractive for banks to lend to the RBI, further contributing to the effectiveness of the
central bank actions. However, if the RBI decreases the repo rate to expand money
supply and simultaneously increases the reverse repo, banks will likely park their money
with the RBI and not lend it out, in which case and the central bank’s monetary policy
action will not have been effective. Therefore, the differential between the repo and
reverse repo is used.
In addition to estimating the two-stage IRPT above, the direct impact of the policy
rate on the lending rate is also estimated using the following model:

∆ rt = β3 ∆repo t-1+  ∆crrt+  ∆repot-1*∆crrt + .
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(3)

β3 is the IRPT from the repo rate to the lending rate. The repo rate is used with a lag, as
the lending rates respond to the policy rate with a lag, but CRR affects the banks’
liquidity directly and therefore is used as a contemporaneous variable. The βs will equal 1
if IRPT is complete, which is usually the case when there is perfect competition and full
information available to all the agents. However, in practice, IRPT is usually incomplete
with β < 1 and also depends on the country and markets under consideration. For the
purpose of this study, variations of the above-mentioned models have been used to
compute the IRPT coefficients.
2.4.2

Data
As noted, based on data availability, this study uses monthly data for the period of

2001m4 to 2010m11. The weighted average call money rate has been used as the
interbank market rate.41 The prime lending rate, which relates to the five major banks, is
used as the bank lending rate. The data on these variables as well as the policy rates are
obtained from the RBI Database on Indian economy.

2.4.3

Results
To determine the appropriate methodology for the computation of the IRPT, the

Augmented Dickey-Fuller tests and Zivot-Andrews test were conducted to determine
whether the series were stationary or not. While the former test is more commonly used,
the latter test allows for the possibility of structural breaks in the series. Results reveal
that the lending rate is non-stationary in levels and is stationary in the first difference,
41

The results are similar when the 91-day Treasury Bill is used as the market rate. See annex 2.2 for
details.
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suggesting that it is an I(1) process. Similarly, the weighted average of the call money
rate is stationary in levels using the ADF but is stationary in the first difference using the
Zivot-Andrews test (Table 2.2). The Johansen test of cointegration reveals that the
variables are not co-integrated. Since the variables are not co-integrated, simple
regressions have been used to estimate the IRPT coefficients (Durán-Víquez & EsquivelMonge, 2008).

Table 2.2 Unit Root Tests
Variable

(1)
Call Money
Rate
Lending Rate

ADF
Zivot-Andrews#
Levels
First
Levels
First Difference
Difference
(2)
(3)
(4)
(5)
-3.931* -12.205*
-4.856 (Nov 2008) -8.603* (Apr 2007)
-0.710

-9.924*

-1.681 (May 2006)

Repo Rate

-1.646

-7.161*

-3.593 (Oct 2008)

Critical Values
1 percent level
5 percent level

-3.505
-2.889

-10.742* (Nov
2008)
-5.339 **(Aug
2008)

-5.43
-4.80

Notes: *- Significance at the 1% level; ** - Significance at the 5% level.
#
- Months in parentheses indicate the point of structural break.

a)

First Stage IRPT
As mentioned earlier, the first-stage IRPT is from the policy rate to the call

money rate. When the RBI changes the repo rate it is expected to be completely passed
on to the call money rate immediately. The results of the regression analysis of equation
(1) are presented in Table 2.3. The short run / instantaneous pass-through coefficients are
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slightly greater than one, effectively implying complete pass-through. The overshooting
of the response of the call money rate to the policy rate could be to offset the risks
associated with asymmetric information between borrowers and lenders (DeBondt,
2005). These results confirm the hypothesis that pass-through from the policy rate to the
call money market is complete. This implies that the first stage IRPT is smooth in India
and is important for the effective transmission of monetary policy changes to the real
economy through the financial markets.42

Table 2.3 First Stage Pass-Through
(1)
Model

(2)
∆cmrt = α
∆repot + 

∆repot

1.31***
(0.450)

∆ crr t
∆repot *
∆crrt
Constant
N

0.022
(0.112)
115

(3)
∆cmrt = α
∆repot + γ ∆
crrt +  ∆repot *
∆crrt+ 
1.34***
(0.503)
0.584
(0.44)
0.789
(0.622)
0.003
(0.113)
115

(4)
∆cmrt = α ∆repot
+ γ ∆ crrt + 
∆repot * ∆crrt + 
if time< 04/2007
1.13*
(0.584)
0.661
(0.429)
16.50***
(5.80)
0.069
(.105)
71

(5)
∆cmrt = α ∆repot
+ γ ∆ crrt-1 + 
∆repot * ∆crrt + 
if time> 04/2007
1.57*
(0.862)
0.651
(1.14)
0.989
(1.26)
-0.202
(0.267)
44

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level
Standard errors in parentheses

The Zivot-Andrew test suggests a structural break in April 2007 for the dependent
variable, the call money rate (Table 2.2, col 5). The results are significant (though slightly
42

Approximately similar results were obtained when the 91-day Treasury Bill (TB) was used as the money
market rate. The pass-through coefficient was significant at around 72 percent. See Annex 2.2 for details.43
The same result holds when using the 91-day Treasury bill (β=0.04). See Annex 2.2
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less significant than for the overall period), and the coefficient remains around one both
before and after the structural break. Since the break is closer to the financial crisis, one
can suggest that the financial crisis has not had an adverse impact on the first-stage passthrough and that the transmission mechanism has remained robust i.e. there is complete
first-stage pass-through. With respect to asymmetry, there are only 14 cases of an
increase in the repo rate of the total 114 cases, which made it difficult to run the analysis.

b)

Second Stage IRPT
The second stage of IRPT, which is what is usually studied, is from the call

money rate to the lending rates (equation 2 above). This pass-through is usually not
complete and depends on the macroeconomic, financial, and regulatory environments of
the country being studied (Apostoaie, 2012). Regression analysis of equation (2) yields
the following results.

Table 2.4 Second-Stage Pass-through
Model
∆cmrt-1

∆rt = α
∆cmrt-1 + 
0.023
(0.030)

∆diffrr
Constant
N

-0.0304
(0.037)
114

∆ rt = α ∆cmrt-1 + β
∆diffrr+ 
0.023
(0.029)
0.463**
(0.190)
-0.025
(0.036)
114

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level
Standard errors in parentheses
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The short-run IRPT is negligible, at around two percent, and thus not
significant.43 However, the differential between the repo and reverse repo has a
significant impact on the lending rate, with pass-through at 47 percent. This means that
when the repo rate increases or the reverse repo rate decreases it has a larger impact on
IRPT. If this were not the case, and the reserve repo and repo moved in opposite
directions, then any action by the RBI would not have the desired effect. If the RBI
decreased the repo rate to expand money supply and on the other hand, increased the
reverse repo, the banks would park their money with the RBI and not lend it out, and the
central bank’s monetary policy action would not be effective. Because of the importance
of maintaining this differential, the RBI fixed the reverse repo to be 100 basis points
below the repo rate since May 2011. When the RBI increases both the repo and reverse
repo, it follows a contractual monetary policy to reduce the money supply available in the
system. Similarly, when the RBI decreases both the repo and reverse repo rates, it
becomes cheaper for banks to borrow from the RBI and there is an expansion in the
money supply. The reduction in the reverse repo also makes it less attractive for the
banks to lend to the RBI, contributing further to the effectiveness of the central bank
actions.
However, it is essential that the second-stage pass-through be effective for
monetary policy transmission, as the RBI wants to reduce the bank’s dependence on the
LAF and make the banks borrow from each other at the call money rate. For there to be
an impact of call rates on the lending rate, well-developed and stable yield curve is

43

The same result holds when using the 91-day Treasury bill (β=0.04). See Annex 2.2

65

required. As the former deputy RBI governor has noted, “the Government securities
market is important for the entire debt market as it serves as a benchmark for pricing
other debt market instruments, thereby aiding the monetary transmission process across
the yield curve” (Mohan, 2009, p. 2).
Lack of a Bond-Currency-Derivatives (BCD) nexus has been seen as a cause for
the negligible pass-through from the money market rates to the lending rates in the
economy. This nexus refers to the integration of the government and corporate bond
markets as well as the currency and derivatives markets. Currently, these markets are
illiquid and disconnected, which prevents information from this nexus from being
correctly used for monetary policy decisions (Shah, 2008). For a financial system to
function well, these markets need to be integrated and tightly linked through arbitrage.
Focusing on creating a well-functioning BCD nexus would aid in the effective
functioning of policy by increasing the pass-through from the policy rates to the economy
through the interest rate changes in the government bond and corporate bond market
(Rajan, 2009)44. This would require the development of deeper and liquid secondary
markets in government securities as well as the overnight call markets. The following
statement by former RBI governor Dr. Reddy summarizes the need for these reforms:
The repo market is growing in volume and the number of participants and
variety of instruments are increasing, except in the overnight call market.

44

The other benefits of improving this nexus range from financing the fiscal deficit at a lower cost and with
fewer distortions; improving financing of the debt-heavy infrastructure projects by providing information
about the interest rates at various maturities which in turn influence the investment decisions and improving
this nexus would reduce the interest rate differentials between India and the world by linking up the Indian
bond markets with the world markets through the currency spot and derivatives market. (Rajan, 2009)
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However, the short-term yield curve is yet to emerge…., there is a
continued orientation towards longer-term fixed rate products….
Developing deep and liquid secondary markets in government securities
has been the main objective of the RBI in the recent period. To that end,
the RBI has initiated legal, regulatory and taxation reform, infrastructure
and technology improvement, safe settlement systems, and market
dissemination of information on all trades in the wholesale market. It also
improved methods of issuance such as reopenings and price-based
auctions thereby improving fungibility, introduced derivatives such as
interest rate swaps and enlarged the repo markets. Liquidity support
facilities to the primary dealers and timely open market operations have
also been felt necessary to prevent the drying-up of liquidity in the
secondary markets. In all these areas, the dilemmas have been resolved
through a phased sequencing towards a clear ultimate objective” (Reddy,
2002 pp.122-3).

It is more than a decade since the above statement was made, yet India’s bond
market development lags the high level of equity market development.45 However,

45

While equity market development is under the purview of the Securities and Exchange Board of
India (SEBI), the RBI is in charge of bond market development. Shah (2000) has suggested that the
relatively slow pace of reform of bond market compared to equity markets have to do with regulators in
charge of the two markets. As he notes: “At first blush, it is glaringly obvious that RBI's vision for market
design has been proved inferior when compared with the innovations which have delivered results on the
equity market. Many observers are puzzled at RBI's unwillingness to learn from the success of the equity
market, and abandon the non-transparent, clubby nature of the bond market. In this article, I will argue that
the truth lies in between. There are some aspects where the equity market is clearly the role model for the
debt market, and RBI should not hesitate in abandoning its existing vision for market design. At the same
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India’s bond market has many restrictions in terms of limits on government debt that can
be held, which hinder the meeting the objectives of economic policy set by the
government. These restrictions also make the country less open to foreign debt
investment as compared to other emerging market nations (Patnaik et al., 2013;
Sundaresan, 2013).
c)

Monetary Policy Approach
As noted, while the second stage of the two-stage IRPT does not seem to work in

India, this does not mean that the IRPT transmission mechanism per se does not operate.
There could be a direct impact of the policy rates on the lending rates – known as the
monetary policy approach (Sander & Kleimer, 2004). This approach might be more
relevant in the Indian context than the two-stage pass-through, given the large size of
state-owned banks in the domestic financial system.
Using the lending rate as the dependent variable and the lag of the repo rate as the
independent variable (equation 3 above), the IRPT is significant at around 38 percent.
The result remains robust even when the changes in CRR are controlled for. While
lending rates adjust with a lag to the repo rates, the CRR affects a bank’s liquidity
directly, therefore for the regression the repo rate has been used with a lag and the CRR
as a contemporaneous variable.46 Introducing an interaction term of the repo rate and
CRR into the regression reduces the short run pass-through coefficient slightly, to 35

time, there are many aspects where RBI's concerns are well founded, where existing market practice on the
equity market is dubious, and should not feature in the future of the debt market.”
46

The difference is marginal when a lag of the CRR is used in the regression instead of contemporaneous
CRR.

68

percent. The interaction term is positive, indicating that CRR tends to increases passthrough but is not significant. The results are presented in the following table (Table 2.5).
The structural break for the dependent variable, the lending rate, seems to occur in
November 2008 as suggested by the Zivot Andrews test (Table 2.2. Col 4). The IRPT
coefficient is significant at around 35 percent prior to the break. It loses its significance
after the break, which roughly coincides with the GFC (though limited observations postGFC should be kept in mind). The decline in the IRPT after the crisis could be due to the
fact that the RBI resorted to conventional and unconventional measures of monetary
policy to mitigate the impact of the crisis, like the advanced countries of the west. These
measures included reducing the policy rates sharply along with increasing the domestic
and foreign exchange liquidity, a special refinance facility for the scheduled commercial
banks to help them face the liquidity stress brought about by the crisis, which might have
led to a breakdown of the transmission mechanism (Mohanty, 2011d). Overall, the IRPT
coefficient has been around 35 percent on average during the period under consideration.
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Table 2.5 Pass-through from the Policy Rate to the Lending Rate

Model

∆repot-1
∆crrt
∆repot
*∆crrt
Constant
N

(1)
(2)
(3)
(4)
(5)
∆ rt = α
∆ rt = α
∆rt = α
∆rt = α
∆ rt = α
∆repot-1 + ∆repot-1 + β ∆repot-1 + γ ∆ ∆repot-1 + γ ∆ ∆repot-1 +
∆crrt + 
crrt +  ∆repot crrt +  (prior
∆crrt-1 + 

to Nov 2008) (after Nov
* ∆crrt+ 
2008)
0.377**
0.361**
0.350**
0.347***
0.213
(0.146)
(0.149)
(0.150)
(0.084)
(0.513)
0.064
0.139
0.067
0.035
(0.100)
(0.159)
(0.044)
(0.180)
0.123
(0.202)
-0.021
-0.021
-0.025
0.023
-0.208
(0.036)
(0.036)
(0.037)
(0.017)
(0.171)
114
114
114
90
24

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level
Standard errors in parentheses

Given that the RBI required the banks to move to a base rate system in July 2010,
the pass-through coefficients are also estimated, excluding the period that the banks were
following a base rate system—i.e., until July 2010. The following tables present the
results of the analysis for the period of 2001m4 to 2010m6. The results are similar to the
results of the analysis for the entire period of study.
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Table 2.6 First-Stage Pass-Through until July 2010
(1)
Model
∆repo

(2)
∆cmrt = α
∆repot + 
1.33***
(0.474)

∆ crr t
∆repot * ∆crrt
constant
N
R2

0.021
(0.117)
110
0.0686

(3)
∆cmrt = α ∆repot + γ ∆
crrt +  ∆repot * ∆crrt+ 
1.37**
(0.532)
0.582
(0.485)
0.796
(0.634)
0.001
(0.118)
110
0.0838

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level
Standard errors in parentheses

Table 2.7 Second-Stage Pass-through until July 2010
(1)
Model
∆cmrt-1

(2)
∆rt = α ∆cmrt-1
+
0.053***
(0.013)

∆diffrr
Constant
N
R2

0.001
(0.016)
109
0.1263

(3)
∆ rt = α ∆cmrt-1 + β
∆diffrr+ 
0.052***
(0.013)
0.252***
(0.190)
0.003
(0.016)
109
0.1940

* Significant at the 10 %level; ** Significant at the 5% level; *** Significant at the 1% level
Standard errors in parentheses

71

Table 2.8 Pass-through from the Policy Rate to the Lending Rate – Until July 2010
(1)
Model

(2)
∆ rt = α
∆repot-1 +


∆repot-1

0.400***
(0.062)

∆crrt
∆repot *∆crrt
Constant
N
R2

0.012
(0.016)
109
0.2794

(3)
(4)
∆ rt = α
∆rt = α
∆repot-1 + β ∆repot-1 + γ ∆
∆crrt + 
crrt +  ∆repot
* ∆crrt+ 
0.384***
0.376***
(0.062)
(0.063)
0.065
0.119*
(0.041)
(0.065)
0.089
(0.082)
0.013
0.010
(0.015)
(0.015)
109
109
0.2960
0.3037

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level
Standard errors in parentheses

2.5.

Determinants of Interest Rate Pass-Through in India
Having estimated the extent of IRPT, the second part of the chapter deals with its

determinants.
2.5.1

Literature Review
The literature on the determinants of IRPT is limited.47 The factors affecting the

IRPT from the policy rate to the bank rate can be divided into macroeconomic factors,
financial factors, and regulatory environment factors.

a)

Macroeconomic Factors: During periods of faster growth it becomes easier for

banks to transmit changes in the policy rate to the lending and deposit rates. A higher
47

For instance, see Cas et al. (2011); Cottarelli and Kourelis (1994); Durán-Víquez and Esquivel-Monge
(2008); Égert et al. (2006); Gigineishvili (2011); and Saborowski and Weber (2013)
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inflation rate is also known to lead to a higher IRPT as banks adjust their lending rates
more frequently to protect their profit margins. This adjustment is because of the
uncertainty associated with a high inflation environment, which also leads banks to pass
on their risks to the consumers at a higher rate to maximize their risk-adjusted return and
reduce their losses. A lower degree of exchange rate flexibility could also lead to a
decline in IRPT. This results from letting the exchange rate become more flexible; the
monetary authorities can signal to the markets that the policy rate has been set with the
primary purpose of steering interest rates in the country. This action would ensure that
policy rate changes are perceived as credible signals of the policy stance of the central
bank.

b)

Financial Factors: In terms of the financial factors, bank competition has

emerged as an important indicator in the literature. Most of the studies in this area argue
that weak competition in the banking sector leads to a lowering of the pass-through. In
the presence of competition among banks, the spread between the market interest rate and
the retail rates decreases and therefore the latter responds more strongly and faster to
changes in the market interest rate. On the other hand, with lower competition, banks are
less worried about losing their customer base and thereby earnings through their lending
as opposed to losing their profit margins through the cost of funds. This could weaken the
effectiveness of the monetary transmission (Leuvensteijn et al., 2008). With limited
competition, lending rates might react more intensely to increases in the policy rate rather
than decreases, and the opposite holds true for the deposit rates (Horvath et.al., 2004;
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Mishra & Montiel, 2012). For India, Ansari (2013) estimates that bank competition
reduces IRPT unless efficiency in the system rises. He also suggests that a positive policy
shock increases cost of funds and reduces the bank spread. Conversely, there have also
been arguments suggesting that bank concentration, a measure of competition, can
increase IRPT through moral suasion. Barriers to entry, costs to entry or regulation,
which make it difficult for firms to enter the market, hinder competition in the market and
therefore contribute to lower IRPT.
Costs of the banks are another factor influencing IRPT. If banks set their retail
rates by adding a margin over their costs, then the IRPT to the retail rates would also take
into account the impact of policy rate changes on the total costs of banks. For example, if
the operating costs of the banks are high then even with a reduction in the policy rate, the
bank may not reduce its retail rates to cover for these costs, thereby adversely impacting
the IRPT mechanism (Mojon, 2000). The size and health of the financial sector are also
important determinants of IRPT. As the size of the financial sector increases, there is
more competition among financial institutions, leading to a higher IRPT. Weaker banks
do not pass through a lowering of the interest rates to the consumers by holding on to the
excess liquidity. Having a higher share of bad loans on the bank’s account could crowd
out new loans and adversely impact IRPT (Sander & Kleimeier, 2004).
The type of bank-ownership also matters. More often than not, state-owned banks
are “influenced” (moral suasion) to respond immediately to changes in the policy rate,
which the banks respond to within a few days of the rate change announcement by the
central bank. However, private banks will take their time to respond to changes in the
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policy rate. This distinction could be an important factor for influencing pass-through in
the country. The next section considers proxies for all these factors in the analysis.

c)

Regulatory Factors: In addition to the foregoing factors, the literature also

identifies some regulatory and institutional factors that could affect the degree of IRPT.
For instance, in a weak regulatory environment, it becomes difficult to access adequate
information and have certainty about enforcing contracts in addition to problems
associated with corruption and lack of rule of law. These factors lower the elasticity of
demand for loans and thereby affect the transmission mechanism (Gigineishvili, 2011).
Similarly, central bank independence--both instrument independence and target
independence–could impact IRPT. Such independence gives autonomy to the monetary
authority to undertake policy actions to influence the macroeconomic environment of the
country as well as enhance its signaling function to market participants.48 With respect to
the financial dependence, if the government depends directly on central banks for
financing its expenditures, then monetary policy may be subordinated to fiscal policy. On
the other hand, an indirect dependence implies that the central bank manages government
debt (Eijffinger & Haan, 1996). Countries where monetary policy is subordinated to
fiscal policy also have a lower pass-through. Direct lending by the central banks to the
government has also been found to constrain the transmission mechanism, as it impedes
the central bank’s ability to signal changes in the policy by raising interest rates and
48

Some of the characteristics that determine the independence of a central bank are the role of the
government in appointing or dismissing members of the governing board; the voting power of the
government on the board; the degree of budgetary control by the government; the extent to which the
government borrows from the central bank;’ and the existence of well-defined policy goals in the central
bank’s charter.
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performing open market operations. (Cas et al., 2011; Gigineishvili, 2011). However,
these factors are excluded due to unavailability of data/proxies.49
2.5.2

Data
The proxies used for the various determinants are as follows. Growth is captured

using the GDP growth rate while the rate of inflation in consumer prices has been used as
a measure of inflation in the country. Exchange rate flexibility is measured as a dummy
representing periods when the exchange rate was flexible or fixed, based on Shah and
Patnaik’s (2011) classification of the exchange rate regime. Competition in the banking
system has been captured through bank concentration. Size and development of the
financial system has been captured through the ratio of bank deposits to GDP, private
sector credit to GDP as well as the non-interest income to total income (portfolio
diversification). Health of the financial system has been captured using credit-deposit
ratio. Operating costs are used here as a proxy for the total costs and therefore, the higher
the share of the operating costs in the total costs, the smaller the expected pass-through
(Mojon, 2000). The share of non-performing assets in total assets has been used to
capture the asset quality (Saborowski & Weber, 2013). The share of state-owned and
nationalized banks in the total deposits has been used as a measure of the bank
ownership. Table 2.9 summarizes the determinants and their priors.

49

Other factors that affect pass-through are the perceived nature of the change, whether it is permanent or
temporary change in the policy rate as well as the size of the policy rate change.
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Table 2.9 Factors affecting pass-through
Factor
GDP growth
Inflation
Exchange Rate Flexibility
Bank concentration
Bank deposits to GDP (Size of the banking sector)
Cost structure (Cost to Income Ratio)
Credit-deposit rate (indicating health of banks)
Non-performing assets
Portfolio diversification
Private Credit to GDP
Bank ownership

Expected Sign
+
+
+
Ambiguous
+
+
+
+
+

The data for most of the factors affecting IRPT were available on an annual
basis.50 Annual data were converted to monthly data using cubic spline interpolations for
the period of 2001m4 to 2010m11.51 The data on the macro variables were mostly
obtained from the RBI, along with that of credit-deposit ratio, while the rate of inflation
was collected from the Ministry of Statistics & Program Implementation, Government of
India. Data on the financial factors were obtained from the Financial Development
50

Inflation rate and credit-deposit ratio were the two factors for which data was available on a monthly
basis.
51

A spline is defined as a polynomial between pairs of data points. Spline interpolations are used to
interpolate data between two points and these are preferred over other interpolations as they reduce the
interpolation error. Of these, cubic splines provide better interpolations over linear splines as they tend to
produce an interpolated function that is continuous through to the second derivative. The linear
interpolations do not capture the curvature of a function. An explanation of the process of converting data
at a lower frequency to a higher frequency is given by Columbia Economics LLC (2010): “Cubic splines
are commonly used to split data at a lower frequency into higher frequency. In the case of the present
exercise, we split annual data into monthly data. Say, we start with n annual data points. These n points
have n-1 spaces between them and the cubic (3rd degree) polynomial connects two points across each space.
By ensuring that the derivatives on each side of the connecting point are equal, the connecting line is
smooth. The resulting system can be solved for the coefficients of all n-1 cubic polynomials. Once the n-1
piecewise polynomials are determined, one can plug in x values for whatever time intervals we want
(monthly, weekly or daily). These polynomials will give us a pretty good interpolation between the annual
points.”
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Indicators of the World Bank. (FDI, 2013; MOSPI, 2013; RBI Handbook of Statistics on
Indian Economy, various issues;)
Figure 2.4 shows the trend of these factors since 2001. As the figure shows, bank
deposits to GDP and the cost-to-income ratio experienced the most change in the period
under study. Bank deposits increased from 45 percent to around 60 percent while the cost
to income ratio decreased from 62 percent to 45 percent. Bank concentration did not
change much (a decrease from 34 percent to 30 percent), and neither did the non-interest
income as a fraction of total income.

Key Financial Factors Affecting Pass-Through
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Source: World Bank – Financial Development Indicators; RBI Basic Statistical Returns of
Scheduled Commercial Banks in India, various issues

Figure 2.4 Key Financial Factors Affecting Pass-Through
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2.5.3

Methodology and Results
The estimation of IRPT is carried out in the same way as the estimation of pass-

through from policy to lending rate, along with the factors that influence the transmission
mechanism. The following equation (4), based on equation (3), is estimated by adding the
factors affecting pass-through and their interactions with the repo rate as follows:

(4)
where rt is the deposit/ lending rate, repo is the policy rate, β is the pass through
coefficient, and z captures the other factors that influence the impact of the policy rate on
the retail rates.
Regressions were run to determine factors affecting pass-through from the policy
rate to the lending rate. Since cubic spline interpolation was done to obtain monthly
estimates from the annual data, Newey-West regressions have been used to account for
any autocorrelation introduced by cubic splines.52 The Augmented Dickey-Fuller tests
and Zivot Andrew test were conducted to check for the stationarity of the series and the
Akaike Information Criteria (AIC) was used to check the appropriate lags for each of the
variables (Annex 2.3 a and b).

Regressions were carried out separately for the

macroeconomic and financial factors as well as for all the factors together.
Table 2.10 presents the results of the Newey-west regressions. Column (2) of the
table is the base model for this analysis on which the complete model would be built,
52

This is because data points interpolated by cubic splines are related to each other by a cubic polynomial
and would violate the standard OLS assumptions (Columbia Economics, 2010).
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taking into account the factors known to affect pass-through. The pass-through
coefficient is the same as in column (3) of Table 2.5. Adding the macroeconomic
variables of GDP growth, exchange rate flexibility and inflation rate reduces the passthrough coefficient slightly, to around 32 percent. However, the result is more significant
when the macroeconomic variables are controlled for. A similar result is obtained when
the financial variables are added to the base model (col 4): a highly significant passthrough coefficient of around 33 percent. The all-inclusive model is what would be used
for the purpose of this analysis. For the complete model, the IRPT coefficient is
significant at 0.28, which is consistent with the coefficients obtained in the base model,
suggesting that the results are robust to alternative specifications of the model.
Focusing on the interaction terms (since this study is interested in the impact these
variables have on the pass-through from the policy to retail rates), CRR, inflation, creditdeposit ratio, cost-to-income ratio, and bank ownership emerge as the significant factors
with the expected signs. Bank concentration is also significant, but with a positive sign.
GDP per capita is not significant in any of the models.
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Table 2.10 Policy Rate and Lending Rate53
(1)
Variable

(2)
Base Model

Repo rate

0.35**
(0.154)
0.139
(0.139)

CRR
GDP Growth
Inflation Rate
Exchange Rate
Flexibility54
Credit-deposit Ratio

(3)
Base Model
+ Macro
variables
0.317***
(0.103)
0.356**
(0.171)
0.388
(5.47)
-0.001
(0.046)
-0.053
(0.069)

-0.026
(0.057)
16.45
(18.62)
6.98
(10.48)
-0.085
(0.080)
3.11
(2.95)

Bank deposit to
GDP
Bank concentration
Cost-to-income
ratio
Non-interest
income to total
income
Non-performing
Assets
Private credit to
GDP
Bank Ownership
Policy Rate Interacting with
CRR
0.123
(0.202)
GDP growth

(4)
Base Model +
Financial
Variables
0.326***
(0.10)
0.163
(0.114)

0.030
(0.024)

0.348*
(0.192)

0.160
(0.132)

(5)
All Inclusive
model
0.283**
(0.115)
0.281
(0.181)
-3.367
(5.14)
-0.009
(0.025)
0.007
(0.091)
0.030
(0.021)
5.17
(9.48)
2.88
(10.35)
-0.095
(0.122)
0.473
(3.42)
-0.0009
(0.013)
-6.44
(16.6)
-0.015
(0.025)
1.30***
(0.361)
-0.228
(1.66)

53

A joint F-test on the interactions of the factors with the policy rate did not show them to be jointly
significant.
54

Defining fixed exchange rate as a deviation of the Indian rupee with respect to the USD of less than 1
percent, also did not yield good results.
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Inflation Rate

1.36***
(0.432)
-

Exchange Rate
Flexibility
Credit-deposit Ratio

0.814***
(0.276)
2.478
(5.42)
10.41*
(5.47)
-3.98*
(2.38)
-9.97
(6.93)

Bank deposit to
GDP
Bank concentration
Cost-to-income
ratio
Non-interest
income to total
income
Non-performing
Assets
Private credit to
GDP
Bank Ownership
Constant
Number of
Observations
F-Statistic

-0.025
(0.037)
114

0.000
(0.031)
108

5.21
(3.59)
109

-11.05
(7.57)
-3.09
(4.42)
7.96*
(4.50)
-0.208
(0.177)
108

2.44*

4.15***

3.00***

6.85***

*** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10% level
Standard errors in parentheses

Inflation emerges as a significant variable in terms of its impact on the lending
rate through its interaction with the policy rate. A one standard deviation increase in
inflation leads to an increase in the pass-through from 0.04 to 0.08.55 Inflation has been a
major cause of concern in India in recent years (see chapter 1). There might appear to be
a tradeoff between inflation and strength of pass-through, with higher inflation leading to
55

These calculations for the impact of each of the variables are based on the Cas et al. (2011) estimation of
the marginal effects. The marginal effects are computed as:
from equation 4.
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better pass-through, suggesting that by meeting its objective of reducing inflation, a
central bank weakens the effectiveness of the monetary transmission mechanism.
However, it is important to note that ensuring smooth transmission itself is not an
objective of the central bank but rather a means of achieving its objectives. And if
controlling inflation leads to a reduction in the pass-through, it can be compensated for
by focusing on other factors to ensure smoother transmission (Gigineishvili, 2011).
The credit-deposit ratio, used as a proxy for the health of the financial sector, also
emerges as an important factor affecting pass-through in the country. The interaction
term has the expected positive sign and is highly significant. A one standard deviation
increase in the credit-deposit ratio can lead to an increase in the pass-through from 0.45
to 0.52. Credit-deposit ratio is a key measure of the health of the banking system in India,
as it indicates the amount the banks have lent out of the deposits they have mobilized.
The ideal level of this ratio for India is at around 70 percent, given the need to maintain
CRR and SLR by the banks. The credit deposit ratio for most part of the period of study
was less than 70. A lower level of this ratio indicates that banks are not utilizing their
resources appropriately, and a higher ratio (>70%) indicates pressure on the resources,
i.e., capital adequacy issues as the banks are lending out more than their deposits,
indicating that they might be lending out of their capital. The ratio was consistently rising
over the years, reaching a peak of 75 percent in October 2008 before decreasing again.
The reason for the increase is the increasing reliance of the corporate sector on the
domestic banking system when funds dried up in the international markets during the
GFC. The ratio once again reached record highs during the second quarter of 2013, owing
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to the tighter liquidity conditions resulting from the RBI action to support the
depreciating rupee (Nayak, 2012; Shetty, 2013).
The cost-to-income ratio also has a moderately significant effect on IRPT, and the
interaction term indicates that as the cost-to-income ratio rises, the pass-through to the
lending rate decreases. The cost-to-income ratio reflects the operating efficiency of the
banks and could include costs related to day-to-day operations, legal obstacles in
obtaining and liquidating collateral, etc. When such costs are high, a reduction in the
pass-through may not be passed on to the lending rates, as the banks could use the extra
income earned from the higher interest rates to service these costs. Even though this ratio
has come down for India from around 85 percent in 1992 to 45 percent in 2010, it
remains very high to allow banks the flexibility to pass through any rate changes to the
public. The lower the ratio, the higher would be the efficiency of the banks and therefore
better the monetary transmission. A decrease in the cost-to-income ratio is associated
with an increase in the pass-through by 0.1 point (RBI, 2012).
Bank concentration also emerges as a significant variable influencing passthrough from the policy rate to the lending rates. An increase in the bank concentration
by one standard deviation is expected to increase pass-through by 0.15 points. In the case
of two-stage IRPT, one would expect high bank competition to lower concentration and
consequently ensure that banks are responsive to policy and interbank rates. However, in
the event that a few large banks dominate the market, a high level of bank concentration
may lead to greater IRPT as the central bank can use moral suasion to effect changes it
desires. Indeed, there is some evidence that during the GFC, monetary policy
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transmission was higher and more effective in countries like India and China that have a
high concentration of state-owned banks (Islam & Rajan, 2011). Consistent with this
argument, results in this chapter suggest that higher the share of the state-owned banks,
the higher the pass-through due to moral suasion. This factor emerges as moderately
significant in our analysis. A one standard deviation increase in the bank ownership
percentage can lead to a 0.14 point increase in IRPT. The coefficient of CRR is also
significant and has the expected positive sign because when the central bank raises the
CRR, banks have less cash to lend and the lending rate rises.

2.6.

Conclusion and Policy Recommendations
Study of the IRPT mechanism is the first step in understanding the effectiveness

of the monetary policy for any country. This is because monetary policy actions are
passed on to the rest of the economy through the financial markets via price and quantity
variables such as interest rates, exchange rates, asset prices, yields, money supply,
foreign denominated assets, etc. Of the various channels, the interest rate channel in
particular has risen in importance over the years along with the emergence of the interest
rates as a key monetary policy instrument of central banks across the world, including
India (Mohan, 2009). Unlike developed countries, where there are substitutes to bank
loans for financing, individuals and small and medium enterprises (SMEs) in developing
countries like India are heavily dependent on bank loans for their finance needs, thus
making interest rate pass-through via bank interest rates particularly important (Islam &
Rajan, 2011).
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Given the importance of this issue, this chapter estimated the pass-through to the
lending rates as well as determined the factors affecting pass-through in India. As in
many other countries, while the first stage IRPT from the policy rate to the interbank rate
is complete, the second stage IRPT to lending rates is negligible. This breakdown in the
second stage is possibly due to the lack of well-developed government bond markets and
yield curve. However, this does not imply that monetary policy via interest rates is
completely ineffective. Results suggest that lending rates vary directly with the policy
rate even though the pass-through is incomplete (at approximately 35 percent). However,
the weak pass-through suggests that to bring about any desired change in the demand and
prices, the RBI has to change policy rates by a large amount. Improving the transmission
mechanism ought to ensure that the central bank can control inflation and output through
smaller changes in the interest rate. The stronger the pass-through, the more efficient
would be the transmission mechanism and the easier it would be for the RBI to achieve
its objectives (Patnaik, 2008).
The analysis of factors influencing pass-through from the repo to the lending rate
indicate that inflation rate, cost-to-income ratio, credit-deposit ratio, CRR, bank
concentration, and bank ownership influence the pass-through. While inflation rates,
credit-deposit ratios, bank ownership and concentration, and CRR have a positive impact,
cost-to-income ratio has a negative impact on the pass-through. The RBI should focus on
these factors along with developing the yield curve further to improve the transmission
mechanism. The more stable the yield curve, the more proportionate would be the passthrough from the policy rates to the market rates.
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The yield curve in India is underdeveloped, with no arbitrage or separate liquid
markets for the short term and longer term interest rates. In addition, only securities of a
few maturities are traded more than the others along the yield curve. For example, the 10year bond is traded the most as compared to bonds of 5-year or lower maturities. Thus,
making the markets for the other securities (other than the 10-year bond) along the yield
curve deeper and more liquid would also ensure an efficient transmission from the policy
rates through the assets of various maturities to the other rates in the economy. Doing so
would imply that any shocks to either of the short-term or long-term maturities would
raise the risk for all borrowers and lenders in both the short-term and long-term markets
(Shah, 2009). The Indian bond markets do not, as of yet, have adequate liquidity and
depth across all maturities.56 In the absence of a well-developed yield curve, new
financial products cannot be introduced, which would further help improve the
transmission from shorter to longer term rates. In this regard, India can follow the
example of Thailand and Korea, which developed their government bond yield curves
after the 1997 crises in order to improve the transmission of policy rates as well as
develop their financial markets and bring about financial stability (OECD, ND; Rhee,
2013). (See Annex 2.4 for a discussion of the Korean and Thailand cases.)
Of concern is that as India continues to liberalize its banking sector, the direct
IRPT from the repo rate to the lending rate may decline. If monetary policy via interest
rates is to be effective in such a scenario, such liberalization needs to be accompanied by

56

One way of ensuring greater liquidity might be by opening up the domestic currency bond market to
foreign investment. For an exploration of this idea, see Patnaik et al. (2013).
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greater debt market development so as to ensure that second-stage IRPT becomes more
significant. Failure to address debt market development may render monetary policy
ineffective.57 This is particularly concerning for India given that its lack of fiscal space
limits the aggressive use of fiscal policy to moderate business cycles.

57

Of course, monetary policy could still be effective if the other monetary policy channels (via asset
market, exchange rates, etc.) work.
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CHAPTER 3. EXCHANGE RATE CHANGES AND INFLATION IN INDIA:
WHAT IS THE EXTENT OF EXCHANGE RATE PASS-THROUGH TO
IMPORTS?

Abstract
Absence of inflation hedges and lack of inflation indexation in India make the society
very sensitive to inflationary pressures. A potential source of such pressures that is often
mentioned is the depreciation of the Indian rupee which has occurred over the last few
years. This study computes the exchange rate pass-through into import prices of India at
the aggregate and disaggregated sectoral levels for the period 2003m1 to 2013m3 using
both trade-weighted and bilateral USD exchange rates. The study also examines the
asymmetry and non-linearity in the exchange rate pass-through at the aggregate level.
The results suggest that there is more than complete exchange rate pass-through into
Indian import prices in the short run and even higher pass-through in the long run,
indicating the inertial effect of rising prices. There is also evidence of non-linearity in
exchange rate pass-through, in terms of whether the rupee is appreciating or depreciating,
as well as in terms of whether there are small or large changes in the rupee value.

3.1

Introduction
The exchange rate channel of monetary policy is important for many developing

countries. When a central bank lowers the policy rates, this action often results in a
depreciation of that country’s currency, which in turn makes imports more expensive
while presumably enhancing the price competitiveness of that country’s exports.
However, for the exchange rate channel to operate effectively, the implicit assumption is
that exporters will adjust the home price of their goods or services in such a way as to
keep the price in the importing country more or less unchanged (by either adjusting costs
or mark-ups or some combination of the two). More generally, it is possible that
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exporters may pass through less than proportional change in the prices due to exchange
rate movements.
Formally, exchange rate pass-through (ERPT) refers to the transmission of
exchange rate changes into import prices in the destination market currency price of
goods. ERPT is said to be partial or incomplete if the import price rises by less than one
percent, as the exporters absorb a portion of the exchange rate change. ERPT can be
divided into two-stages: the first stage refers to the changes in import prices caused by a
change in the exchange rate; in the second stage, changes in the import prices are passed
on to the consumer and wholesale prices in the country. A closely related concept to
ERPT is pricing to market (PTM), which measures the change in the export prices in the
exporter’s currency due to a one percent change in the exchange rate. A higher PTM
elasticity by the exporting nation implies lower ERPT in the importing country.
As noted, the issue of ERPT is particularly important in view of its policy
implications for small and open economies. Specifically, if ERPT is low, use of any
exchange rate-based adjustments to improve the trade balance and overall economy may
be rendered less effective. On the other hand, low ERPT also implies that small and open
economies may be less concerned about the potential inflationary consequences of
exchange rate fluctuations (Rajan, 2011). Thus, understanding ERPT is important to
anticipate inflation developments and to ensure appropriate and effective monetary policy
response by the authorities. The study of ERPT is also important given the impact it has
on the price level in the country through its impact on import prices. The two largest
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items of import for India are oil and gold, and the demand for both is inelastic, the former
for lack of alternatives and the latter for lack of proper inflation hedges (Goyal, 2013c).
The concept of ERPT first emerged formally in the academic literature when it
was observed that the Japanese exporters did not pass on the increase in prices of their
exports to the United States (U.S.) after the appreciation of the yen following the PlazaAccord in 1985 (Ghosh & Rajan, 2009; Goldberg & Knetter, 1997; Knetter, 1993;
Marston, 1990). Initial studies on the subject focused at the aggregate level of imports
and exports but then it was realized that such aggregate studies hide important sectoral
differences. This motivated studies at the disaggregated level.
While much of the earlier ERPT literature focused on the U.S. and other
developed countries (see Bussière, 2007; Dornbusch, 1987; Goldberg and Knetter, 1997;
Krugman, 1987; Menon, 1995; and Przystupa and Wróbel, 2011), over the years greater
attention has been paid to developing economies in Asia and elsewhere (for instance, see
Ghosh and Rajan, 2007a). Within Asia, however, the literature on India is quite limited, a
gap this chapter aims to fill. Another feature of most of the studies on ERPT is the
assumption of a symmetric response, i.e., these studies assume that increases and
decreases in the exchange rate are transmitted in the same proportion. However, given
price rigidities--particularly the fact that prices are sticky downwards than upwards-assuming a symmetric response might be restrictive (Delatte & López-Villavicencio,
2012).
This chapter focuses on computing the ERPT in India using monthly data for the
period January 2003 to March 2013. In addition to computing aggregate ERPT
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coefficients, the chapter examines whether two kinds of asymmetries in ERPT exist, viz.
size of currency changes (small versus large) as well as their direction (appreciation
versus depreciation). Finally, it also examines ERPT at the disaggregate (product) level.
Following much of the recent literature, the focus will be on first stage ERPT (i.e., into
import prices) rather than second stage ERPT in overall inflation (given that a number of
other exogenous factors could impact the latter).
The remainder of the chapter is organized as follows. The next section provides
some stylized facts on India’s trade as well as exchange rates in brief. Section 3.3 reviews
some of the empirical literature on ERPT in general and the literature on the asymmetric
behavior as well as the ERPT literature on India to date. Section 3.4 outlines the research
questions. Section 3.5 provides a description of the methodology and the data. Section
3.6 summarizes the results. Section 3.7 offers some concluding remarks and policy
recommendations.

3.2

Stylized Facts on Indian Trade and Exchange Rate

3.2.1

Trade
India initiated trade liberalization efforts in the 1990s, with removal of

quantitative restrictions, reduction in tariffs, and reduction of protection to industries,
which had a favourable impact on the total trade of India (Srinivasan, 2001). Since then,
both imports and exports have been rising as a percentage of GDP, with growth of
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imports rising faster than that of exports for most part of the period from 1996.58 This
trend continued until 2004-05, when both imports and exports reached their peak growth
rates of 33 and 26 percent, respectively (Figure 3.1). Imports as a share of GDP were
more than 30 percent as of 2012, while exports slowed down and were less than 25
percent of GDP. India’s share in the world’s exports and imports rose from 0.7 and 0.8
percent respectively in 2000 to 1.7 and 2.5 percent in 2011 (Economic Survey, 2012-13).
35.00

35.00

30.00

30.00

25.00

25.00

20.00

20.00

10.00

15.00

Percent

15.00

5.00

10.00

0.00
-5.00
-10.00

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Imports of goods and services (annual % growth)

Exports of goods and services (annual % growth)

Imports of goods and services (% of GDP)

Exports of goods and services (% of GDP)

5.00
0.00

Source: World Development Indicators (WDI), World Bank (2013).

Figure 3.1 Indian Exports and Imports – Growth and Share of GDP
Along with the rapid growth in trade, there has been a change in the composition
and direction of India’s trade. With respect to exports, the share of primary products and
manufacturing has declined over this period, while that of petroleum (both crude and
refined) products has increased, though India regained some of the increase in primary

58

These data refer to merchandise trade only.
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product exports in 2011 (Annex 3.1). With respect to imports--which is the focus of this
paper--the share of manufactured goods in India’s imports declined, while that of
petroleum as well as gold, silver and precious stones has risen significantly since 2000
(Figure 3.2).
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Figure 3.2 Product Share in Indian Imports – 2011-12

There has also been a change in the direction of India’s trade in terms of source of
imports since the beginning of 2000. Europe’s share fell from 27.6 percent to 16.7
percent by 2012-13, while that of the Asian countries more than doubled from 27.7
percent to 61.1 percent during the same period. This rise in the Asian countries is mainly
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due to the increase in the petroleum imports from the Middle Eastern countries and gold,
silver, and precious stones, etc., from China and other East Asian countries (Table 3.1).

Table 3.1 Ranking of Countries in Indian Imports
Rank
1
2
3
4
5
6
7
8
9
10

2000-01
UK
Switzerland
USA
Belgium
Japan
Germany
China P RP
Singapore
Malaysia
Australia

2005-06
China P RP
USA
Switzerland
Germany
Australia

Belgium
Korea RP
UAE
France
Japan

2009-10
China P RP
UAE
Saudi Arabia
USA
Switzerland
Australia
Iran
Germany
Indonesia
Korea RP

2011-12
China P RP
UAE
Switzerland
Saudi Arabia
USA
Iraq
Kuwait
Germany
Australia
Indonesia

2012-13
China P RP
UAE
Saudi Arabia
Switzerland
USA
Iraq
Indonesia
Germany
Hong Kong
Singapore

Source: Directorate General of Foreign Trade (various issues)

3.2.2

Exchange Rate
India’s exchange rate policy has evolved over time, with developments in the

domestic and global economy, particularly since 1991 when wide-ranging reforms were
introduced in the domestic and external sectors. As mentioned in Chapter 1, the era of
fixed exchange rate regime for India ended in 1993 with a two-step downward exchange
rate adjustment in 1991. Since the mid-1990s, India has moved towards a “market
determined unified exchange rate” with the RBI intervening in the foreign exchange
market to reduce volatility (though it sometimes leans against the wind) (see chapter 1).
The Indian rupee (INR) has generally depreciated against the USD since 1993, except
during 2003-2005 and 2007-08 when there was an appreciation of the INR due to the
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dollar’s weakness and the large capital inflows into India. Since the beginning of 2013,
the INR depreciated by as much as 20 percent against the USD and reached a new low of
around Rs 68.8 to the USD in August 2013.
Figure 3.3 shows the percentage change in the nominal effective exchange rate
(NEER) for India as well as the consumer price index and the bilateral USD-INR
exchange rate. The Nominal Effective Exchange Rate (NEER) used in this chapter is the
RBI’s 36 country trade-based weights index, which provides the most comprehensive
coverage. The NEER is the weighted average of the bilateral exchange rates, where the
INR is defined in terms of the foreign currencies and is constructed by the RBI both as a
6-currency index and 36-currency index based on three-year moving averages of both
trade based and export based weights. An increase in the NEER represents an
appreciation of the Indian rupee relative to the partner currency, while a decrease
represents a depreciation. In addition to the country’s share in the total exports and total
trade and availability of data, the countries are chosen to represent the changing direction
of Indian trade towards more Asian countries. The 36 countries, including the 12
countries of Euro, in effect take the total number of countries to 47. These 36 currencies
together accounted for around 77 percent of the total trade and 89 percent of the total
exports during the period 2002-03 to 2004-05 (RBI, 2005).
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Figure 3.3 Exchange Rate and CPI59

As can be seen, the NEER and the INR-USD move in tandem, with both the
series representing an appreciation with an increase. The inflation rate based on CPI has
been constantly rising since 2003. Over the time period considered (January 2003 to
March 2013) there were 57 months when the currency appreciated and 64 months when it
depreciated. Similarly, with respect to the size of the change, if the large change is
considered as being above the mean NEER, then there were a total of 61 months when
the change was equal to or greater than the mean while for 62 months, the change in the
NEER was less than mean.60
Simple correlations between percent changes in the import unit value index and
the NEER, CPI and INR-USD suggest that these variables exhibit co-movement for the
59

NEER constructed as the 36 country trade based weights is used here.

60

When median NEER is considered: the total number of months when the change in the NEER was
greater than the median change were 62, whereas for 61 months, the size of the change was less than the
median change. When the USD-rupee index is considered, there were 66 episodes when there was an
appreciation of the currency and 57 months when there was a depreciation.

97

period 2003m1 to 2013m3 (Table 3.2). The high correlation between India’s NEER and
bilateral USD rate despite the U.S. having a relatively smaller share in imports to India
(5-6 percent as of 2012-13) may seem curious a priori. However, it is important to note
that India’s direction of trade is shifting more towards countries either heavily managed
or entirely pegged to the USD or using the USD as their currency and the share of
imports invoiced in USD has also increased from around 60 percent in 1990-91 to around
89 percent in 2005-06 (Arabi, 2008). In terms of the total trade, the top ten countries
India trades with are the UAE, China, USA, Saudi Arabia, Switzerland, Germany,
Singapore, Iraq, Indonesia, and Hong Kong. The high correlation between the NEER and
CPI with import prices indicates is indicative of the existence of some degree of ERPT
into domestic inflation.

Table 3.2 Correlation between Import unit value indices, exchange rate and CPI

Import Prices
NEER
CPI
INR/USD Index

Import Prices
1
-0.8676
0.9010
-0.6389

NEER

CPI

USD/INR

1
-0.8679
0.8698

1
-0.5869

1

Source: RBI Handbook of Statistics on Indian Economy, CSO Monthly Abstract, Pacific
Exchange Rate service

3.3

Empirical Literature on ERPT
This section briefly summarizes the literature for the developed countries before

discussing the literature on India in particular.
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3.3.1

General Review of Literature
Most of the empirical work on ERPT has dealt with advanced economies like the

U.S., Germany, and Japan. As mentioned, the PTM behaviour of the Japanese in the
1980s led to the interest in this subject. Marston (1990) was the first to investigate the
PTM behaviour of the Japanese firms. Since then there have been a host of studies that
have investigated the pass-through relationship empirically for the advanced economies.61
Menon (1995) and Goldberg and Knetter (1997) provide good surveys of the early
literature on the subject. Many other studies since then have focused on understanding the
determinants of ERPT. Gaulier et al. (2006) find that PTM varies with the types of goods
being exported and the destination market structures. They conduct this study using the
UN COMTRADE database for 70 countries on annual data over the period 1989-2003
using a panel fixed effects model. Final consumption goods tend to show a higher PTM
than other goods, and so do goods traded on referenced markets. They also observe that
PTM is smaller in small and concentrated markets and when the exporter has a larger
market share in the destination market.
In a particularly significant study on ERPT using quarterly data from 1975 to
2003 for 23 OECD countries, Campa and Goldberg (2005) test the importance of changes
in macroeconomic variables on ERPT to import prices. They find that the lower the
average rate of inflation and the less variable the exchange rate, the lower the extent of
ERPT. They also suggest that macro factors play a relatively minor role in affecting

61

For instance, see Burnstein et al. (2002); Campa and Goldberg (2005); Froot and Kemplerer (1989);
Goldberg and Knetter (1997); Goldfajn and Werlang (2000); Ito et al. (2005); Kamin and Klau, (2003);
Knetter (1993); Marazzi et al. (2005); Otani et al. (2003); Vigfusson et al. (2009).
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ERPT compared to the changing composition of a nation’s imports away from raw
materials and energy imports towards manufacturing imports. They use OLS estimations
on the variables in log differences.
While Campa and Goldberg do not find ERPT to be declining over the years for
the OECD countries, Takhtamanova (2008) claims that the ERPT coefficient has declined
during the 1990s for the OECD countries. He reaches this conclusion using Feasible
Generalized Least Squares (FGLS) regressions for the period 1980-2007 on data from 14
OECD countries. For the U.S. import prices, Marazzi et al. (2005) note that there has
been a sustained decline in the ERPT coefficient from around 0.5 in the 1980s to 0.2 in
the early 2000s. The authors attribute this decline to factors such as share of the industrial
imports as well as the rising share of Chinese products in U.S. imports. They reach this
conclusion using quarterly data over the period 1972Q4 to 2004Q4.
A declining ERPT was also observed for Japanese imports by Otani et al. (2003)
for annual data over the period 1980 to 2001 using Seemingly Unrelated Regression
(SUR). They observe a reduction in ERPT for each of the products and identify this to be
a reason for the overall decline rather than a shift in the trade shares towards
manufactured goods from primary products. This result was also supported by Shioji
(2012), who re-estimated ERPT into the import prices of Japan along with the impact on
the consumer prices as well as export prices for the period January 1980-January 2010
using a time-varying parameter VAR model. The author finds that ERPT to import prices
experienced a decline in the 1990s, while those to CPI experienced a sharp decline in the
1980s.

100

Overall, the existing literature broadly suggests that ERPT has been incomplete
and declining for the developed nations. In the case of developing countries, it might be
expected a priori that ERPT into import prices may be somewhat high given the less
competitive market structures and--at least for smaller developing economies--of less
importance as a market for foreign goods. However, some studies have disproved the
idea of complete ERPT for at least some of the developing nations. Webber (1999)
examines the ERPT into import prices for nine countries in the Asia-Pacific region, viz.
Korea, Pakistan, Thailand, the Philippines, Malaysia, Singapore, Japan, Australia, and
New Zealand. Using the Johansen cointegration methodology, the author finds a long-run
stable linear relationship between import prices and exchange rates for seven of the nine
countries using quarterly data from 1978-1994, though the ERPT estimates vary between
countries. ERPT is highest for the lowest income countries, Pakistan (109 percent) and
the Philippines (89.6 percent), while ERPT is partial for the other six nations, ranging
from 25 to 50 percent.62 Notwithstanding macro-level differences between countries, the
author surmises that the different ranges of ERPT for the countries are due to the
different varieties of goods imported by the countries. This result emphasizes the need for
studies using more disaggregated data (i.e., at industry or product levels).63

62

The estimates of ERPT for the other countries are as follows: Korea (40.3 percent), Australia (26.3
percent), Japan (44.8 percent) and New Zealand (35.9 percent). The estimated ERPT for Singapore was
77.1 percent, far higher than most other estimates for the city-state.
63

Our focus here is on studies on Asia examining ERPT into import prices not exports. For an example of
the latter, see Cui et al (2009) for China, Mallick and Marques (2008a, 2008b, 2010) for India, Athukorala
and Menon (1994) and Sasaki, (2002) for Japan and Parsley (2004) for Hong Kong .
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Using a VAR methodology, Kang and Wang (2003) analyze the effect of
exchange rate changes on both import prices and CPI for Japan, Singapore, Korea, and
Thailand for the period 1991 to 2001 using monthly data. The impulse response functions
show that for all the four countries, the response of import prices to changes in exchange
rate is higher than the corresponding response of CPI. Moreover, for the post-Asian
financial crisis period (1998-2001), both import as well as consumer prices in Korea and
Thailand appear to have responded more to exchange rate changes, while there was no
difference pre and post crisis for Japan and Singapore. This may be explained by the fact
that Japan and Singapore were not as impacted by the crisis in a structural sense (i.e.,
directly) as were Korea and Thailand. The authors contend that the adoption of a freefloating exchange rate regime--and consequent temporary exchange rate fluctuations--by
these two economies after the currency crisis may have been a further reason for the
amplified ERPT in the post-crisis period.64 Ghosh and Rajan (2007a) provide a good
overview of the existing literature on the subject for the Asian economies.
Some of the oft-cited studies at the disaggregated sectoral level are by Yang
(1997), Knetter (1993), and Mumtaz et al., (2006), all of whom find variation in the
ERPT across industries. Yang (1997) estimates the ERPT for 87 U.S. industries using
OLS regressions on quarterly data for the period 1980-1991.65 Broadly, he finds that
ERPT is incomplete and varies across industries, though the average ERPT is lower than

64

On the other hand, it has been suggested that the greater the degree of exchange rate flexibility, the lower
will be ERPT as firms may be less willing to pass on exchange rate changes to their customers when there
is a chance that they will be subsequently reversed. The role of exchange rate regimes on ERPT is clearly
an issue in need of further research (for instance, see Steel and King 2004).
65

The 87 industries include 51 3-digit and 36 4-digit SIC industry series
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0.5 for most of the sectors in absolute value. His results more specifically indicate that
ERPT varies positively with the extent of product differentiation (i.e., market power).
Machinery except electrical and instruments and related products have higher ERPT into
import prices, whereas wood and textiles show lower ERPT. Olivei (2002) estimates the
ERPT to import prices for 34 U.S. manufacturing industries at the 2, 3, and 4-digit
Standard Industrial Classification (SIC) using quarterly data over the period 1981-99. He
finds a decline in the ERPT over the period of his study and also suggests that there is
variation across industries.
Using quarterly data from 1984Q1 to 2004Q1 for a set of industries in the UK at
the 2-3 digit SITC level, Mumtaz et al. (2006) find heterogeneity across industry groups.
They group industries into food, manufacturing, energy, and raw materials and find
partial ERPT in the food and manufacturing sectors in the long run and
inconclusive/insignificant results for the other two sectors. They estimate that
aggregation across industries can lead to an upward bias in the economy-wide ERPT
estimates and attribute this to significant cross-sectional heterogeneity across industries.
They find the coefficient of short-run ERPT to be 0.44 when aggregate import price
index is used, which declines to 0.38 when disaggregated data is used. In his study, Shioji
(2012) also looks at the ERPT into import and export prices at the sectoral level for Japan
for the period 1980-2010. He also finds that there are differences across sectors, with
ERPT into import prices of capital goods high at around 50 percent, while that to
consumer non-durables is around 25 percent in the short run, reflecting the lower pricing
power of Japanese firms in the international markets for consumer non-durables.
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One of the few studies on micro-level ERPT is by Gopinath and Rigobon (2008),
who study monthly data on 20 harmonized code groups of goods for U.S. over the period
1994-2005 using Bureau of Labor Statistics (BLS) data. They use simple regressions on
import and export data to conclude that ERPT into U.S. prices is low at 22 percent, and
that the “import price rigidity has increased by 10 percentage points, with increasing
rigidity at differentiated goods prices” (p. 531). They also find that 90 percent of the
imports and 97 percent of exports are actually invoiced in the USD, suggesting producer
currency prices in exports and local currency pricing for imports. In another interesting
study, using the same data as in the above mentioned study, Gopinath et al. (2010) find
that the choice of currency invoicing matters to ERPT. They find that ERPT to import
prices is higher when the goods are priced in the producer currency than in local
currency, with pass-through coefficients of 95 and 25 percent respectively. Though they
conduct this study for U.S. imports, they suggest that this is applicable across countries
and disaggregated sectors as well. They use the same micro-level monthly data over the
period 1994-2005 for U.S. imports.
So overall, it appears that ERPT might vary across industries, and working with
aggregate data might mask important differences across industries (Bussière, 2007;
Campa et al., 2006). ERPT varies across industries depending on factors such as
competition in the industry, import substitutes for the products, share of imported
products used in an industry, and degree of product differentiation. Those industries with
a higher degree of product differentiation experience a higher ERPT. Similarly, industries
that face a higher degree of competition have a smaller markup over marginal cost and

104

therefore higher ERPT. With product differentiation, there is lesser substitutability
between imported and domestically produced goods and therefore higher the ERPT
would be. Products that are well traded in the international markets and have a wellestablished price also experience a higher ERPT. Crude oil, mineral fuels, manufactured
goods, and chemicals are some sectors where ERPT tends to be high, whereas sectors like
food and live animals, miscellaneous manufactured goods, animal and vegetable oils etc.,
experience smaller ERPT.

3.3.2

Non-linearity and Asymmetry in ERPT
Beyond the extent and causes of ERPT, other strands of the literature examine the

possibility of nonlinear relations and asymmetry between exchange rate changes and
import prices.
There may be thresholds below which exchange rate changes do not have an
impact on import prices. These thresholds depend on the adjustment costs such as menu
costs to changes in the exchange rate as well as the size and persistence of the exchange
rate changes. For example, for smaller or temporary changes in the exchange rate,
exporters may worry about menu costs and could decide to absorb changes into their
markups, in which case, ERPT to the import prices would be somewhat lessened. For
instance, see Baldwin (1988), Baldwin and Krugman (1989), Dixit (1989), Froot and
Klemperer (1989), and Pollard and Coughlin (2003).
Distinct from the issue of thresholds, most of the studies on ERPT assume that the
impact of the exchange rate changes on the import prices is symmetric. They do not take
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into account the fact that appreciations and depreciations might have a different impact
on prices. In particular, many of the studies on ERPT which assumed a symmetric
response have obtained a lower and a declining value of the ERPT. However, studies that
relax this assumption find ERPT to generally be higher, suggesting that the previous
studies based on the symmetric assumptions have underestimated the real impact of the
exchange rate variations. When the home country currency appreciates, the exporters
might maintain their producer currency pricing and let the price of the imports fall, or
they might maintain the local currency pricing and increase their profit margins if they
are not worried about their market share.
In terms of maintaining market share, exporters may have a higher ERPT for an
appreciation, as they can reduce the import prices while maintaining their mark-ups in the
case of an appreciation. With a depreciation in the importing nation currency, the
exporter might have to reduce ERPT if he wishes to protect his market share. With
capacity constraints and trade restrictions, the exporter may not be able to reduce the
import prices in the case of an appreciation and would be constrained to increase the
supply to match the demand that comes about with reduced prices. In such a case, the
exporter may absorb exchange rate changes into his mark-up to keep importing nation
prices constant. On the other hand, with a depreciation, these constraints may not be
binding and the exporter can still raise the import prices. Therefore, with capacity
constraints, ERPT may be higher in the case of a depreciation than an appreciation.
Mann (1986) suggests that ERPT was higher during periods of appreciation than
depreciation into U.S. import prices, although the differences were not significant. She
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compared the annual data over the period of depreciation of the USD from 1977 to 1980
to the period from 1981 to 1985 when the USD was appreciating. She also finds that at
the disaggregated level, import prices increased across the board for all the products
during periods of depreciation, while they fell for only a few products (such as steel and
construction machinery) during appreciation.66 In contrast, Delatte and LópezVillavicencio (2012) and Webber (1999) find that ERPT is higher when the importer’s
currency depreciates than when it appreciates. Delatte and López-Villavicencio use an
asymmetric co-integrating ARDL model over the period 1970: Q1 to 2009:Q3 for Japan,
U.S., Germany, and the UK, while Webber uses quarterly data over 1978-1994 for the
nine Asian countries mentioned above.
Campa et al. (2006) estimate the non-linear adjustment of the import prices in
countries in the European Union (EU) for the period 1989-2004 at the sectoral level.
They consider three different types of non-linearities: non-proportional adjustment,
asymmetric adjustment, and the threshold below which no adjustment takes place and use
a non-linear error correction model to estimate the ERPT. They reach the conclusion that
asymmetric adjustment is present in manufacturing industries and symmetric adjustment
in primary industries. Within manufacturing industries, appreciations of the domestic
currency lead to a faster adjustment in the import prices than depreciation as the foreign
firms try to maintain their market share.

66

The import products considered were men’s and boy’s suits and coats, paper mill products, weaving mill,
canned fruits and vegetables, leather footwear, rolling mill and electrometallurgical steels, and construction
machinery.
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A study by Wickremasinghe and Silvapulle (2004) over the period January 1975
to June 1997 for Japan also found evidence of asymmetric ERPT. with appreciations
having a larger impact on import prices than depreciations. They find that ERPT during
appreciations is almost 100 percent, while that during depreciation ERPT is 83 percent
using a VEC model.
Contrasting results were obtained by Yang (2007), who suggests that there are
differences even within an industry. Investigating the ERPT for 98 manufacturing
industries using the SIC classification, he finds that a number of industries did not
experience a change in the ERPT over periods of appreciation and depreciation in the
1980s and goes on to argue that a depreciation of the dollar led to increased ERPT for
some industries and decreased ERPT for the others. At the aggregate level too, he finds
contrasting results in that there is no evidence of a decline in ERPT over the years, unlike
some of the other studies mentioned above. He applied OLS regressions to quarterly data
over the period December 1980 to December 1991 to obtain his results.
Bussière (2007) also finds the presence of a non-linear adjustment (both size and
direction of exchange rate change) in ERPT using quarterly data for the period 19802006 for the G7 economies. He finds that non-linearities are present more on the export
than import side and that there are differences across countries in their response to these
non-linearities. He summarizes the reason for the difference between export and import
prices as follows:
First, total imports of the G7 economies include a much higher share of oil
and non-oil commodities than exports. As oil and non-oil commodities are
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generally characterized by higher ERPT, this could somewhat blur the
picture, even though oil prices have been added as an explanatory
variable. A second, more likely factor, is related to the fact that the signs
of the convexity varies across countries for export prices. This may result
in non-linearities cancelling each other when considering total imports. (p.
28)
Pollard and Coughlin (2003) analyze ERPT into the import prices for 30 U.S.
industries at the 2-digit and 3-digit ISIC (International Standard Industrial Classification)
classification for the period 1978q1 to 2000q4 using OLS and find that the size of the
exchange rate change matters more than the direction, even though taken separately both
the size and direction lead to an asymmetric response to exchange rate changes. They
attribute the reason for the significant impact of the size of the menu costs.

3.3.3

ERPT in India
The literature on ERPT involving India is highly limited, with no studies so far

considering the asymmetric affects of the exchange rate on the ERPT, both with respect
to the direction and size of the exchange rate change. (See Annex 3.2 for a summary of
studies on India). There are a few papers that examine second-stage ERPT to domestic
inflation. Ghosh and Rajan (2007b) find that between 1980Q1 and 2005Q3, the EPRT
into India’s CPI was between 40 and 45 percent using the U.S. producer price index (PPI)
as a measure of the cost conditions in the exporting nation and the bilateral Indo-U.S.
exchange rate. When the NEER is used, ERPT seems to have been insignificant, which
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suggests that movements in the bilateral USD/INR exchange rate have more of an
influence than changes in the NEER.
Applying a VAR framework on monthly data from September 1997 to October
2007, Bhattacharya et al. (2008) estimated that a 10 percent shock to the exchange rate
changes the CPI by around 1 percent in the short run and between 0.3-1.7 percent in the
long run. It also affects the WPI by 1.3-1.4 and 2.8-2.9 percent in the short and long run
respectively. They use monthly data from September 1997 to October 2007 for the
variables bilateral USD/INR exchange rate and the index of industrial production (IIP)
(as a proxy for monthly GDP) to estimate these coefficients.
Saha and Zhang (2012) estimate the impact of exchange rate changes on import
prices, CPI and WPI using monthly data over the period 1990:01 to 2011:03 for
Australia, China, and India. Using a VAR model, they find that ERPT to the CPI is
higher for Australia than the other two countries and that a depreciation of the INR and
Chinese renminbi reduces import prices and raises domestic inflation in these countries
through its impact on internal factors like industrial production.
For the first-stage ERPT, using panel data estimation on annual data for the period
1991-92 to 2005-06, Pyne and Roy (2008) find incomplete EPRT to import prices in
India at around 65 percent into import prices, with variations across commodity groups.
Specifically, they find significant results only for chemicals where they find an ERPT of
just over 40 percent.
Dash and Narsimhan (2011) use quarterly data over the period 1993:Q2-2004:Q3
and apply an error correction framework. They find pass-through into Indian imports to
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be more than complete, with an ERPT coefficient of 1.70 in the long run, and they also
find that the long run ERPT is higher than that in the short run.67
Dholakia and Raveendra (2000) also find complete ERPT into Indian import
prices but increased ERPT by Indian exporters after 1991 using a partial adjustment
model, a special case of the ARDL model on quarterly data from 1980 to 199668. They
conclude that India does not have a significant bargaining power both as a buyer and a
seller in international markets.
Mallick and Marques (2008c) find that the INR prices of imports increased with
depreciation. Using Feasible generalized least squares (FGLS) estimations for panel data
of 38 2-digit SITC sectors over the period 1990-2001, they find that there are significant
sectoral differences in ERPT. For 12 of the 38 sectors studied, there is a one-to-one or
higher ERPT into the import prices, whereas for the other sectors there is zero or
incomplete ERPT. The authors attribute the share of each sector in the total imports and
the protection offered to these sectors as a cause for these differences. These results
imply that exporters to India are absorbing the exchange rate changes into their mark-ups.
While ERPT to Indian imports is the primary interest of this chapter, for
completeness this study notes some of the more important research on the pricing to
market practiced by Indian exporters. Mallick and Marques have undertaken a few
studies on the behaviour of the Indian exporter. Mallick and Marques (2006) examine the
extent of PTM in Indian exports for 34 SITC 2-digit commodities over the period 198067

The authors also find incomplete ERPT on the part of Indian exporters.

68

The authors also estimate the ERPT to export prices and find that there was incomplete pass-through
prior to 1991 but complete pass-through after 1991.
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2001. Given that the Indian economy went through a significant liberalization program in
1991, the authors estimated ERPT coefficients for two sub-periods (1980-1990 and 19912001) to analyze the impact of reforms on ERPT to Indian export prices. The average
ERPT into foreign prices of India’s exports in the pre-liberalization period was 0.20,
while that for the post-liberalization period was 0.65. During the former sub-period, the
authors did not find any ERPT for most commodity categories with the exceptions of
clothing (47 percent) and footwear (40 percent). This suggests that during the preliberalization period India acted predominantly like a small, price-taking country in world
markets. For the post-liberalization period the study found significant ERPT for most
categories of products, ranging from 12 percent to 79 percent. The authors argue that
liberalization allowed India to gain some price-making power in some of these industries.
In their opinion, this is because of the increasing share of manufacturing in India’s
exports (which rose from 68 percent of merchandise exports in 1986-87 to 76 percent in
2001-02).
Mallick and Marques (2008a) reach a similar conclusion in another paper
examining ERPT to sectoral export prices during the pre- (1980-90) and post reform
period (1991-2000) using panel data estimations. Mallick and Marques (2008b) have
argued that there has been incomplete ERPT to export prices from India both for the G3
countries of U.S., Japan, and UK as well as emerging market economies of Brazil, China,
and South Africa. For the period 1992-2005, they find the response of INR export prices
to exchange rate changes to be 18 percent for all countries, 30 percent for developed
countries, and zero for emerging markets using a FGLS panel model.
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Mallick and Marques (2010) also study the impact of the frequency of the data
used on the ERPT by using both annual and monthly data of the pricing behaviour of
Indian exporters. In this paper they use data on 2-digit industry classification for 19912006 on annual data and from 1996-2001 on a monthly basis. They find that data at
higher frequencies reflect less ERPT than data at lower frequency. They also find that
with the increased manufacturing sector exports, the Indian exporters are gaining some
market power and therefore these sectors exhibit incomplete ERPT.

3.4

Research Questions
Not only is the ERPT literature on India somewhat sparse, it gives ambiguous

results and has not examined or estimated the possibility of non-linearities of ERPT in the
Indian context. The empirical part of this chapter will compute the non-linear and
asymmetric ERPT into import prices for India at the aggregate level as well as
disaggregate sectoral level. The analysis in this chapter is different from the initial VARbased ERPT studies in that the earlier studies estimated pass-through to the CPI/WPI
whereas for this section, the pass-through to the import unit value index is estimated. The
following research questions are addressed:
Research Questions: What is the extent of ERPT into Indian imports at the
aggregate and disaggregate sectoral level? Is there non-linearity and asymmetry in the
adjustment of import prices with respect to changes in the exchange rate?
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3.5

Theoretical Framework
The following section presents a simple framework of ERPT, based on Campa

and Goldberg (2005). Consider two countries trading a single good Y, with country A
being the importing nation and country B the exporting one. Let S be the bilateral
exchange rate defined as the number of units of A’s currency per unit of B’s. The import
prices in country A can be expressed as follows:

(1)

where PM is import prices in domestic currency and PX is export prices in foreign
currency. Taking logs, we get:
(2)
The export prices are usually a markup over the marginal costs for the exporter.
Therefore, the export prices can be expressed as follows:
(3)
where MC is the marginal cost of producing good Y and  is the markup over marginal
cost. As an approximation, taking logs on both sides we have:

69

69

By considering ln (1+)  ln ().
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(4)

Substituting this in equation (2) we derive:

(5)

Markups further depend on the sector and general macroeconomic conditions in
the economy, which can be proxied for by the exchange rate as well as the demand
conditions in the destination market.70 Therefore, markups can be expressed as:
(6)

where  is the sector specific effect, lnyA captures the demand conditions in the
destination market, and ln

is the extent of pricing to market by the exporter, i.e., the

extent to which foreign exporters adjust domestic currency price to exchange rate change.
Substituting (6) in (5):

(7)
where (1+) would be the ERPT coefficient of interest. Here, if  =0, the import prices in
the destination market rise one-for-one with the exchange rate, implying complete ERPT.
On the other hand, if  = -1, then the exporters are absorbing all the changes in the
exchange rate into their markup implying zero ERPT.

70

Of course, marginal cost could also be impacted by the exchange rate, depending on the extent of
imported intermediate inputs used in domestic production, which for India was around 20 percent as of
2005. (OECD, 2011)
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3.6

Empirical Model
Based on equation (7), the estimation model would be as follows:
(8)
-

+

?

where ln PMt is the import price index of the importing nation at time t, ln St is the
change in the log of the exchange rate for the importing country at time t, Pt* is the price
index of the exporting nation, used as a proxy for their costs of production, and Yt is the
home country demand for imports. The expected signs of the coefficients are shown
below the equation. As the costs of production (P*) in the exporting nation increase, the
prices of imports are also expected. The import unit value index is used as a proxy for the
import prices in India. Since data on monthly GDP are not available, we use Index of
Industrial Production (IIP) as a measure of the size/growth of the real economy. We also
include another measure that captures the financial side of the economy, viz. turnover in
the national stock exchange (NSE). This variable is expected to have a similar sign as the
IIP. With regard to the exchange rate, an increase in the exchange rate, indicating an
appreciation, ought to lower the import prices.
Stationarity tests performed on the variables indicate that the variables were
stationary in the first differences (Table 3.3). The Akaike Information Criteria (AIC)
were used to check for the appropriate lags for the model (Annex 3.3). The Engle and
Granger two-step cointegration test as well as the Johansen test for cointegration suggest
that the variables are cointegrated, which implies the existence of a long-run relationship
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between the import prices and the exchange rate, foreign prices, domestic demand for
imports, as well as the price of domestic imports (Table 3.4)

Table 3.3ADF tests for Stationarity
Level
-1.224
-0.103
-1.372
0.242
-2.367

PM (Unit value Index)
NEER (S)
IIP (Y)
World Cpi (P*)
NSE
Critical values
1%
5%

First difference
-10.144
-8.912
-20.835
-7.864
-12.148

-3.503
-2.889

Table 3.4 Johansen test of cointegration for the Base model (NEER, IIP, WorldCPI)
Maximum
rank
0
1
2
3

Trace
statistic
62.5630
27.2773*
8.4077
0.2567

Critical
value
47.21
29.68
15.41
3.76

The following error correction model based on equation (8) was estimated.

∑

∑

∑

∑
(9)

where:

is the deviation from the

long run relationship in the last period. μ describes the form of adjustment of the import
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prices to their long run equilibrium. The short-run ERPT is given by the coefficient of the
first lag of the exchange rate and the long-run coefficient is given by normalizing the
lagged coefficients of the exchange rate on the coefficient of the lagged dependent
variable. The long-run coefficient can be expressed as follows:

∑

(10)

∑

Once the ERPT coefficients are estimated, the next step ise to check if ERPT is
impacted differently depending on exchange rate by appreciations versus depreciations as
well as large versus small changes. As discussed previously, the impact of a depreciation
in the home country currency is usually to increase the price of imports, while that of an
appreciation is to decrease them. If the exporters wish to maintain or increase their
market share, then ERPT might be higher when the INR is appreciating than when it is
depreciating.
The asymmetry and the impact of the size of change in the exchange rate will be
estimated using equation (9) in an asymmetric error correction format as follows:

∑
∑

∑

∑

∑
(11)
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where S+ represents appreciations and S- represents depreciations as well as large
change and small change as follows:
For an appreciation

S+ =

ln S if ∆ ln S >0,
0 otherwise

For a depreciation:

S- =

lnS if ∆ ln S 0,
0 otherwise

Large changes and small changes are defined based on the mean or the median
() as well as based on the standard deviation from the mean. A change in the exchange
rate larger than the average (mean and median) is considered large and a changer smaller
than the average is treated as a small change.
For a large change

Slc =

ln S if ∆ ln S ≥ 
0 otherwise

For a small change

Ssc =

ln S if

∆ ln S < 

0 otherwise
With respect to the standard deviation, a large change is defined as one where the
change is greater than one standard deviation from the mean and any change within it is
considered a small change.

For a large change

Slc =

ln S if - > ∆ ln S & ∆ ln S ≥  +
0 otherwise
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For a small change

Ssc =

ln S if -  ∆ ln S < +
0 otherwise

The hypothesis of asymmetry can be tested if β1 and β2 are both statistically
different from zero and if the null of equality of the coefficients is rejected:

H0: β1 = β2
Ha: β1 ≠ β2

3.7

Data
The ERPT coefficients are first estimated for India as a whole, using the

aggregate import unit value index for the period 2003m1: 2013m3, followed by an
estimation at the sectoral level using sector specific import unit value indices. Unit value
index is measured as the ratio of total value of imports divided by the quantity. Since
import price data are not available for India, this proxy has to be used to measure the
import prices. These data are available on a monthly basis from the Monthly Abstract of
Statistics of the Central Statistical Organization (CSO)71. The Nominal Effective
Exchange Rate (NEER), based on the 36 currency bilateral trade weights, is used as the
exchange rate for the computation of the ERPT coefficient of the country. The NEER,
available from the RBI Handbook of Statistics on the Indian Economy, is constructed in
such a way that an increase shows appreciation of the INR while a fall in the index
71

Data for the period January 2003-March 2007 was available on a quarterly basis which was intrapolated
to monthly using cubic spline interpolations.
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indicates depreciation (as discussed in Section 3.2.2). Data on the national stock
exchange (NSE) were obtained from the RBI. The IIP data are obtained from the
Ministry of Statistics and Implementation. In the absence of a PPI measure for the world,
the world CPI has been used as a proxy for their costs. The data are obtained from the
International Financial Statistics of the IMF. Overall at the aggregate level we have 123
observations.

3.8

Results

3.8.1

ERPT at the Aggregate Level
We start with a model with just world CPI, IIP and NEER (baseline model). The

vector error correction model was run after taking into the account the optimal lags (4) as
specified by the Akaike Information Criteria. The estimated error correction model
suggests a short-run ERPT coefficient of -1.16 in the base model, i.e., a one percent
appreciation in the INR is expected to lead to a 1.16 percent decrease in the import prices
in the short run (Table 3.5). Results are statistically significant, though rather weakly at
the 10 percent level. ERPT into Indian aggregate imports is complete as also found by
Dash and Narsimham (2011), Dholakia and Saradhi (2000) and Mallick and Marques,
(2008c). The coefficient of the cointegrating equation reflects the movement in the
import prices towards their long-run equilibrium in each period, which in the case of this
analysis is 0.289. This means that prices move around 29 percent towards their long-run
equilibrium each period. The long-run coefficient is -2.29, which indicates that in the
long run import prices rise by much more than the change in the exchange rate. One
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reason for the rising import prices in the long run could be due to a “hysteresis induced
effect.” This effect suggests that once there is a change in the exchange rate and thereby
prices, this change could lead to changes in the market structure and thereby persistent
real effects in the long run. These changes could also alter the import prices and
quantities in the long run (Baldwin, 1998). The high and persistent inflation increases the
inflationary expectations, in turn leading to further rise in prices.
We next re-run the regression by replacing IIP with NSE (model 1) and then
include both simultaneously (model 2). The results for the ERPT are robust to alternative
specifications of the base model. Both short run and long run ERPR are complete in all
the models, with the former ranging between -1.1 and -1.3, while the long run ERPT are
slightly wider, ranging between -2.3 and -1.4. Thus, we can conclude that ERPT into
Indian imports in response to a change in the NEER is at least complete in the short run
and the ERPT in the long run is more than complete. In addition, since around 89 percent
of Indian imports are invoiced in USD, the model is re-estimated by replacing NEER
with the INR/USD (Arabi, 2008). The index is constructed using the bilateral exchange
rate and taking 2004-05 as the base year and an increase in the index reflects an
appreciation.
Once again, the results reveal complete ERPT in the short-run, though the longrun ERPT coefficient suggests complete rather than over-complete ERPT. With respect to
the controls, IIP, NSE and World CPI, none of them is significant in any of the regression
models, suggesting that the exchange rate change might be an important determinant in
the exporters decision to price to market or to pass-through the exchange rate change to
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the importing nation. This result is also in line with Campa and Goldberg (2005) who
find that the macro factors play a minor role in affecting ERPT. 72

Table 3.5 Short-run and Long-run ERPT coefficients - Aggregate
(1)

ERPT
coefficients
Short run
Long run
World CPI
IIP
NSE

(2)
Base Model
NEER,
World CPI,
IIP
-1.167*
-2.290
0.833
-0.093

(3)
Model 1
NEER,
World CPI,
NSE
-1.102*
-1.402
4.017
.0768

(4)
Model 2
NEER,
World
CPI,
NSE, IIP
-1.337*
-2.066
1.928
-.321
0.087

(5)
Model 3
USDperRe
index,
World CPI,
NSE, IIP
-1.192*
-1.059
0.783
-0.099
0.102

* Significant at 10% level

After having computed the ERPT coefficients, the next step is to examine the
impact of the direction and size of the exchange rate changes. The results of this exercise
can tell us if the ERPT is higher during a depreciation than an appreciation. Similarly,
results would show if there are thresholds below which exchange rate changes are not
passed on due to factors such as menu costs and currency invoicing. If products are
invoiced in the exporter currency, then for small changes in the exchange rate, exporters
might not change the prices in their currency due to menu costs. In such a case, there
would be complete ERPT. On the other hand, for large changes in the exchange rate, the

72

A simple error correction model of only the NEER and Import unit value index gives similar results with
a short run pass-through coefficient of -1.106 significant at 10% level. However, we include the controls
since they are based on the theoretical model in equation (7).
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exporter might find it in his interest to change the price in his currency and thereby
absorb changes in the exchange rate and reduce the change in the importing country
currency prices, ultimately reducing ERPT. However, the prior here is not unambiguous.
It is plausible that for small appreciations the exporter may be willing to absorb the loss
of price competitiveness via a reduction in markups implying no ERPT, though for larger
appreciations they may be less able to do so, implying incomplete ERPT.
Table 3.6 presents the results of the asymmetric analysis using Model 2. Column
1 shows the coefficients being measured in the model. S+ stands for an appreciation in
column 2, for a large change greater than the average in column 3 and a large change
greater than the median in column 4. S- stands for depreciation in column 2, small change
less than the average in column 3 and a change less than median in column 4. Column 5
captures a large and small change as one standard deviation above and below the mean
respectively. With respect to appreciation and depreciation, both the coefficients are
statistically different from zero and the null hypothesis of equality of the coefficients is
also rejected based on the chi-squared test in column 2. Even though the coefficients are
similar, they are statistically different based on the chi-squared test. This indicates that
there is a statistical difference in the ERPT during periods of appreciation and
depreciation, though the economic significance is marginal. For the size of exchange rate
change measured with respect to the mean and median the coefficients are quite similar
and the null hypothesis of equality of the coefficients is not rejected. This finding
suggests that large change and small changes in the exchange rate with respect to the
mean and median do not have any economic or statistically significant difference in terms
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of their impact on the ERPT. However, when a large change is measured as one standard
deviation from the mean on either side, we do get significant results. The coefficients of
the large and small change are significant, as is the coefficient of the chi-squared test,
which suggests that we reject the null hypothesis of equality of the coefficients. The
result implies that there is a statistical difference in the ERPT coefficients for a large and
small change based on this measure of large change. Thus, one can conclude that when
the threshold is one standard deviation from the mean of the exchange rate change, there
is a difference in the ERPT between a large and small change.

Table 3.6 Asymmetric ERPT
1

2

5
Large change
(+)
verus
Small change
(-)
-1.287*

Appreciation
versus
Depreciation

3
Large change
(≥mean)
versus
Small change
(<mean)

4
Large change
(≥median)
versus
Small change
(<median)

S+

-2.345**

-1.971*

-1.999**

STest Statistic
(Chi-squared)
Probability

-2.336**

-1.956*

-1.982**

-1.299*

66.08
0.000

10.72
0.5527

12.69
0.392

54.75
0.000

* Significant at 10% level ** Significant at 5% level

An argument might be made that large depreciations in the importing country
(INR) may be associated with lower ERPT than other types of exchange rate changes
(i.e., INR appreciations or small INR depreciations). The argument here is that for large
INR depreciations exporters may feel compelled to absorb some of the potential INR
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price change in their exports to India by PTM, implying lower extent of ERPT. Table 3.6
presents the results of the error correction model using a large depreciation, small
depreciation, and appreciations.
A large depreciation is considered as one where the change in the exchange rate is
larger than the mean (represented by S+ and the others, i.e., small depreciation and
appreciation, by S-). A second model is also run where a large change is one where the
exchange rate change is larger than the median (larger depreciation than median
represented by S+, small change and appreciations by S-). The results of the mean and
the median change are similar, with a large depreciation, short-run ERPT is around 1.956, and with the median it is around -1.983. Even though the coefficients are
significant, the null hypothesis of the equality of the coefficients cannot be rejected,
suggesting that the response to a large depreciation is similar to that of any other change.
A third model, based on the deviation from the mean, is also used as a threshold to see if
there is any impact on the ERPT. The results (in column 4; Table 3.7) suggest that both
large depreciations (S+) and other changes in the exchange rate (small depreciations and
appreciations, S-) are significantly different from zero, and the null hypothesis of the
equality of the coefficients is also rejected, once again suggesting that there is a
differential impact on ERPT of a large depreciation and other changes in the exchange
rate.
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Table 3.7 Asymmetric ERPT with a large depreciation
1

S+
STest Statistic
(Chi-squared)
Probability

2
Large depreciation
(> mean)
-1.956*
-1.971*

3
Large depreciation (>
median)
-1.982*
-1.999*

4
Large depreciation
(>  )
-1.393**
-1.402**

10.72
0.5527

12.69
0.392

50.78
0.000

* Significant at 10 % level ** Significant at 5 % level

Looking at ERPT over time, we find that pass-through has generally been
complete over the period under study between -1 and -1.5. These coefficients have been
estimated using rolling regressions over a 60-month window. The range of the ERPT
coefficients obtained is consistent with the point estimates obtained in Table 3.4. Results
are generally stable except for the period 2004-2008 when ERPT rises sharply (touching
2). This period coincides with the period of slightly higher growth for India, with an
average growth rate around 9 percent during 2004-07 as compared to 7.6 percent for the
whole period under study. The period from 2004-2008 was the period when the Indian
imports of power and electric machinery increased along with imports of consumer
goods, particularly from China, whose shares in total Indian imports doubled from 3.3
percent in 2001-02 to over 6.6 percent in 2004-05 and tripled to 9.4 percent by 2006-07.
(DGFT, India)
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Exchange rate pass-through coefficients
0
-0.5
-1
-1.5
-2
-2.5

Figure 3.4 ERPT Coefficients over Time

3.8.2

ERPT at the Disaggregated Level
Given that estimation at the aggregate level might mask important sectoral

differences, ERPT coefficients were also estimated at the disaggregated level. The sectors
considered are based on the SITC one-digit classification provided by CSO (definitions in
Annex 3.4).
It is usually expected that sectors which have product differentiation or which
face a high degree of competition have a higher ERPT. Also, products that are welltraded in the international markets and which have well-established markets and prices-such as petroleum products, gold and silver, machinery, and transportation equipment-would experience a higher ERPT with a depreciation (Campa et al., 2006; Mallick &
Marques, 2006).
An error correction model similar to equation (9) was applied to the sectors as
well after establishing cointegration (Unit root results for the sector unit values are
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presented in Annex 3.5). The results of the error correction model using both the model
including both IIP and NSE are shown in Table 3.8. The results indicate that the ERPT
coefficient is not significant for any of the sectors except for miscellaneous manufactured
goods, which experience a very high ERPT in the short and long run. The other sector
ERPT coefficients do not emerge to be significant in the short run and some are incorrect
signs.73 This lack of significance could be due to a number of factors:
First, the study does not consider sector specific mark-ups which might be
important in determining the sectoral ERPT coefficients. Applying aggregate costs to the
sectors might have been responsible for the insignificant results. However, for lack of
sector specific costs data, one has to rely on the aggregate cost data as a proxy. Second,
most of these commodities are invoiced in foreign currency, specifically the USD, which
is almost 90 percent, noted previously. Therefore, another way to check for the sectorspecific ERPT coefficients is to use the bilateral USD/INR exchange rate index instead of
the NEER. Using the bilateral exchange rate, the error correction model also gave similar
results like the NEER with a high and significant negative coefficient for miscellaneous
manufactured goods and a positive and significant coefficient for beverages (Table 3.9).
The overall lack of statistical significance at a disaggregated level is not inconsistent with
the results of Pyne and Roy (2008) whose panel data analysis finds only chemicals to be
statistically significant.

73

Similarly, tests for asymmetry, both direction and size of the exchange rate change, at the sectoral level
did not yield any significant results. The results for the sectoral pass-through as well as sectoral
asymmetries were similar for any of the models in Table 3.5.
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Table 3.8 Sectoral ERPT Coefficients74

Model
Food and Live Animals
Beverages and Tobacco
Mineral Fuel
Animal and Vegetable Oils
Chemicals
Manufactured Goods
Machinery & Transportation
Equipment
Miscellaneous Manufactured Goods

NEER, World CPI, IIP, NSE
Short run
Long run
-0.224
0.544
0.981
1.396
-0.039
0.825
-0.467
-0.126
-0.377
0.003
1.048
0.445
0.652
-3.970***

1.174
-2.248

*** Significant at 1% level

Table 3.9 Results of the ECM with Bilateral USD and INR exchange rate
Variables considered
NEER, World CPI, IIP, NSE
USDperRe index
Short run
Long run
Food and Live Animals
-0.254
0.096
Beverages and Tobacco
2.692**
9.321
Mineral Fuel
0.125
1.288
Animal and Vegetable Oils
-0.326
0.020
Chemicals
-0.569
0.490
Manufactured Goods
-0.614
-0.655
Machinery and Transportation
Equipment
0.730
1.163
Miscellaneous Manufactured
Goods
-3.74***
-1.903
** Significant at 5% level *** Significant at 1% level

74

Crude was not considered for the ECM as the variable is stationary in levels.
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3.9.

Conclusion and Policy Recommendations
This chapter examined the exchange rate pass-through (ERPT) into import prices

in India using monthly data for the period January 2003 to March 2013. Such a study is
important to understand the impact of exchange rate changes on import prices to
anticipate inflation developments and ensure appropriate monetary policy response by the
authorities.
The results obtained from the analysis indicate that, at the aggregate level, there is
complete ERPT to the import prices in the short run, with some evidence of even higher
ERPT in the long run. This finding is likely due to inertial effects of rising prices, and is
particularly true for India, where current inflation feeds into the inflationary expectations
at a very fast pace and leads to higher inflation in the future as well (Patnaik, 2013b).
These inflationary pressures since 2007 have been influenced by global developments
and changes in the production structures in India as well as the supply-demand dynamics
of important traded commodities. The effect of exchange rate changes on these dynamics
and on the import prices therefore has to be monitored on a continuous basis to influence
monetary policy in the country (Patra & Kapur, 2010). Even though growth has
moderated in India, contrary to expectations it has not led to a decline in imports and
thereby an improvement in the trade balance (Subramanian, 2013).
The analysis also found that there is asymmetric response with respect to the
direction of the exchange rate change, with an appreciation and depreciation. This implies
that exporters to India, who are worried about the market share, may pass-through more
during an appreciation than depreciation. However, the size of the exchange rate change
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did not seem to matter when the average or the median of exchange rate change was
considered.
For the disaggregated sectoral level, only miscellaneous manufactured goods has
a significant ERPT. The reason for insignificant ERPT at the sectoral level could be
because sector specific shocks and sector specific mark-ups have not been considered.
Even though this study does not compute the second-stage ERPT to overall CPI, it
is likely that the high ERPT at the first stage will inevitably have an impact on overall
inflation (especially given the high correlations between CPI and import prices in India as
shown in Table 3.2). As mentioned earlier, the Indian rupee has experienced a
depreciation over the years; particularly since the beginning of 2013, the rupee lost
around 20 percent of its value. The impact of this depreciation on import prices and
domestic price indices is being felt now as inflation numbers are once again rising for
India after a brief period when they fell. This currency devaluation is a cause of concern
for India, which has already been experiencing high levels of inflation since 2010. These
inflationary concerns, caused by domestic factors as well as imported inflation through
the exchange rate, suggest the need to look for appropriate policy response.
There has been an active discussion among policymakers whether to move to an
inflation targeting monetary policy strategy to combat the higher levels of inflation. It has
already been empirically established that inflation targeting leads to a decline in the
ERPT (Nogueira & Reginaldo, 2006; Coulibaly & Kempf, 2010) as well as to a low and
stable inflation. This step might be an option for India to consider, especially given the
high levels of inflation that the country has been witnessing since 2010. India could
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follow the example of other emerging market economies which experienced similar high
levels of inflation and used clearly articulated monetary policy strategies to combat it.
Brazil has been among the emerging market countries which adopted inflation targeting
and had favourable results. The recent announcement by the RBI governor, Dr.
Raghuram Rajan, of a 5 percent wholesale price index (WPI) target is a step in the right
direction. The target inflation rate will eventually have to be extended to the CPI as well
to clarify the intent of the central bank’s monetary policy strategy (Patnaik, 2013b; PTI,
2013b).
Inflation targeting entails using the policy interest rates to keep inflation within
the target range. Since the interest rate is used as a monetary policy instrument and with
an open capital account, it was conventionally believed that an inflation-targeting regime
would require a flexible exchange rate regime to deal with the issue of impossible trinity.
However, neglect of the exchange rate might be undesirable given the impact it has on
inflation and output through the exchange rate transmission channel. An increase in
interest rates to control inflation would also lead to capital inflows into the country and
cause an appreciation of the currency, in turn reducing the ERPT to the import prices. But
it would also have an adverse impact on the trade balance through the impact on exports
and thereby compromise growth of the tradable sector. However, if the exchange rate
affects output and inflation it will be incorporated in the monetary policy rule in the sense
that interest rate changes will take into account the impact they would have on the
exchange rate, which in turn affects output and inflation.75 Therefore, the exchange rate

75

This is aptly summarized in Goyal (2014) as follows:
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likely ought not to be included in the monetary policy rule directly. The interest rate can
still be used as the main monetary policy instrument, but the RBI could intervene directly
to manage volatility in general and especially in "exceptional" circumstances.

In the current Indian stage of capital account convertibility, where interest-sensitive inflows are still a small
share of total inflows, it is better if the exchange rate does not directly enter the policy reaction function.
The policy rate should respond to the indirect effect of the exchange rate on inflation. But the interest
defence, which requires raising the policy rate to appreciate the exchange rate, is likely to be
counterproductive. Instead intervention, smoothing net demand, signalling can all be used, to reverse
deviations of the exchange rate from equilibrium or prevent excessive depreciation thus reducing the
pressure to raise interest rates in response to inflation. To the extent nominal exchange rate movements
reduce inflation, the policy rate can respond less to inflation and focus more on deviations from potential
output.
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CHAPTER 4. IMPACT OF EXCHANGE RATE CHANGES ON INDIA’S TRADE
BALANCE: DOES A J-CURVE EXIST?

Abstract
The conventional J-curve effect suggests that a depreciation of a country’s currency leads
to a worsening of the trade balance in the short run and to an improvement in the long
run. This chapter examines the J-curve effect for India at the aggregate and disaggregate
levels for bilateral and sectoral trade, using monthly data for the period 2001m4 to
2013m3. Overall, there is no evidence regarding the existence of a J-curve at the
aggregate or disaggregate levels. The analysis suggests that there is a long-run
relationship between the real exchange rate and trade balance for India, with a positive
impact of a depreciation at the aggregate level, in India’s trade with Germany as well as
in the crude materials sector. Using the USD-INR exchange rate, there is a deterioration
in the trade balance of mineral fuels, which include petroleum and related products.

4.1

Introduction
According to conventional wisdom, depreciation of a currency should lead to a

reduction in imports and give a boost to exports, thereby improving the country’s trade
balance. However, the improvement in trade balance may not be immediate. There has
been considerable evidence to suggest that there is a lag between the devaluation of a
currency

76

and its impact on the trade balance, with an initial worsening of the trade

deficit before an improvement. This scenario occurs when imports are priced in foreign
currency and exports are priced in domestic currency; prices are sluggish and there are
76

For the purpose of this study, depreciation and devaluation are used interchangeably. There are studies
that suggest the impact of a depreciation on the trade balance might be different from a devaluation due to
the fact that a devaluation in anticipated while a depreciation is usually unanticipated. When the exchange
rate change is anticipated, there may be a rise in the imports prior to the devaluation leading to a worsening
of the trade balance (Himarios, 2008).
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contracts still in place that have been finalized at the earlier exchange rates which prevent
quantities from adjusting.77 In this case, the only effect of a currency depreciation is to
raise the domestic price of imports, hence worsening the trade balance. Over time, as
contracts are renegotiated, quantities can start adjusting in response to the exchange rate
change. Assuming prices still remain sluggish, currency depreciation should give the
country a price competitiveness boost and vice versa, making foreign goods relatively
more expensive compared to import substitutes, hence improving the trade balance
following the initial deterioration. Assuming the elasticity of exports and imports (in
absolute terms) is “sufficiently large,” the trade balance should improve compared to its
starting point prior to the initial valuation effect-induced deterioration.78
This pattern of adjustment resembles the letter J and hence was coined the J-curve
effect. Magee (1973) brought this issue to light in his seminal paper on the deterioration
of the U.S. merchandise trade balance of 1971.79 As he summarizes,
The implications frequently drawn from the events following the 1971
devaluation of the dollar are that (1) improvement in the trade balance
depends on whether the devaluation affects the real volume of trade, and
(2) a trade balance must get worse after a devaluation before it can get

77

See Rose and Yellen (1989). Another reason for the delay in the response to revised prices is because
production could take time to adjust (Bahmani-Oskooee & Ratha, 2004; Halicioglu, 2007).
78

In the textbook case starting with a trade balance and no other complications (such as foreign currency
invoicing, pricing to market, etc.), “sufficiently large” (so-called “Marshall-Lerner” condition) implies that
the sum of the export and import elasticities (in absolute terms) is greater than one.
79

For relatively more recent discussions, see Arora et al. (2003); Petrović and Gligorić (2010); Rose and
Yellen (1989); and Shirvani and Wilbratte (1997).
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better. While some ex post support can be found for these propositions,
they are by no means inevitable theoretically. Proposition (2) implies the
widely discussed "J-curve" of a country's trade balance after devaluation.
The idea of the J-curve has been developed in light of the adverse shortrun movements of the trade balance after both the 1967 British and the
1971 U.S. devaluation (p. 308).
The size and timing of the adjustment of the trade balance to the exchange rate
change depending on the size of the change in the exchange rate, the kind of trade
involved, and the short-run and long-run elasticities (Meade, 1988). It also depends on
the pace at which prices and the volumes adjust. For high-inflation countries, devaluation
may lead to higher domestic prices, in turn negating the positive impact of the
devaluation on the trade balance in the long run

80

(Bahmani-Oskooee & Ratha, 2004;

Magee, 1973; Shirvani & Wilbratte, 1997). Similarly, the greater the extent of pricing to
market, the faster the domestic price adjustment and, consequently, the less likely that
nominal currency changes translate into real ones, implying little to no change in trade
balance or overall aggregate demand. This in turn has implications for the use of the
exchange rate as a stabilization tool in the short run.
While the literature on the issue of impact of real exchange rate changes on the
trade balance is age-old, empirical evidence on the issues remains inconclusive

80

If the nominal exchange rate alignments are offset by domestic price movements, then the real exchange
rate will not have any impact on the balance of trade.
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(Bahmani-Oskooee & Ratha, 2004; Petrović & Gligorić, 2010).81 While some studies
find a worsening of the trade balance in the short run, others find no impact. Among other
things, the ambiguity of the results might be due to the aggregation of the data both at the
country level (bilateral as opposed to trade-weighted) and the product level (Rose &
Yellen, 1989). Hence, studies started examining disaggregate data to measure the impact
of exchange rate changes. Aggregate data might suppress the actual movements taking
place at the bilateral level, as the trade balance could be improving against one country
but at the same time be deteriorating against another. (Bahmani-Oskooee & Ratha, 2004).
Therefore, it might be relevant to study this effect using bilateral trade data.
Disaggregation at the product level is also required, as the response of the manufactured
sectors may differ from that of agricultural products and natural resources. Countries that
specialize in manufactured products find their trade to be more sensitive to exchange rate
movements than countries that trade in natural resources and agricultural products (Arndt,
2009).
This chapter focuses on the impact of the Indian rupee (INR) on India’s trade
balance, both at the aggregate level as well as at the bilateral and sectoral levels, for a few
of India’s important trading partners. India has been experiencing trade and overall
current account deficits (CADs) since its economic liberalization in 1991. These deficits
were exacerbated in the 2000s, a period of robust economic growth. Until the global
financial crisis of 2008-09, these CADs were quite easily financed via huge capital flows.
81

The real exchange rate (RER) could be affected by the nominal exchange rate changes or the domestic
price movements. However, the focus of this chapter is not on the causes of the movement of the RER but
rather the impact of these changes on the trade balance. Similarly, the aim is not to identify the
determinants of the trade balance per se or the reasons for the existence of the trade deficit but rather the
impact of the exchange rate changes on the trade balance.
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In fact, India was faced with surges in capital inflows that led initially to an accumulation
of foreign exchange reserves and, over time, much moreso in terms of upward pressure
on the INR with a movement towards greater exchange rate flexibility. However, since
the global financial crisis of 2008, capital inflows to the country have become less robust
and certain, while simultaneously the CAD has remained relatively high. This financing
gap has in turn led to downward pressure on the INR. Indeed, the rupee has lost around
20 percent of its value since January 2013 and hit a low of Rs 68 to the USD before
rebounding. On the trade-weighted basis, the 36-currency REER depreciated 9.8 percent
between March and October 2013 (RBI, 2013a).82
To what extent have these INR changes impacted India’s trade balance in the
short and medium runs? Generally, the empirical evidence to date on the impact of a
depreciation on the trade balance is inconclusive for India. This paper revisits the issue of
the J-curve in India. After considering the issue at an aggregate level, the chapter
undertakes a disaggregated analysis (at both the country and sector data levels) for India
with a few of its top trading partners.
The remainder of the section is organized as follows. Section 4.2 outlines some
stylized facts of India’s overall trade balance. Section 4.3 discusses the relevant literature
on the subject in general and with specific reference to India. The research question is
laid out in Section 4.4. Section 4.5 outlines a simple model for the trade balance,
discusses the empirical methodology, and outlines data sources. The results of the
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Of course, there are a multitude of other technical and other factors that are responsible for the sharp
gyrations in the INR. For a discussion of rupee movements, see Annunziata (2013) and Mody (2013).
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empirical analysis are presented in Section 4.6. The final section concludes with some
policy recommendations.

4.2.

Stylized Facts on Indian Trade and Exchange Rate Trends
As mentioned in the previous chapters, until the beginning of the global financial

crisis (GFC), India’s CAD was a very manageable one percent of GDP. By the first half
of 2011-12, the impact of the crisis increased the CAD to around 3.6 percent of GDP,
which was considered unsustainable by the RBI and is higher than the level of 3 percent
reached by the country at the time of the balance of payments (BoP) crisis (BS Reporter,
2012). With respect to the merchandise trade balance (the focus of this chapter), India has
run a trade deficit since 1950. However, since 2004, this deficit started to balloon as
imports to India increased at faster rates than exports from India. (Figure 4.1) This was
due to the fact that during this period, India experienced a growth spurt of around 8-9
percent, growth that required the imports of power and electrical equipment as well as
petroleum products.83 As a share of GDP, imports increased from around 13 to 16.5
percent between 2003-04 and 2004-05, while exports increased from 10.6 to 11.7 percent
during the same period, causing the sharp fall in the trade balance. The trade deficit
increased as a share of GDP from 2.2 percent to 4.7 percent during the same period. The
annual growth rates of imports and exports also suggest that imports have been rising
faster than exports for most of the period since 1991 with the exception of the GFC83

Even though the trade balance has been highly negative, the current account balance has fared better due
to the net invisibles, which comprise of services, income from financial assets, labor, and property as well
as remittances, which has been constantly rising and is emerging to be on par with exports as a principal
source of foreign exchange earnings for the country (RBI Bulletin, 2006).

140

induced dip in 2007-08.84 As of 2012-13, trade deficit stood at 10.6 percent of GDP, with
exports at 16 percent and imports at 27 percent of GDP (RBI, Handbook of Statistics on
Indian Economy, 2013).

Trade and Current Account Balance
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Source: RBI Handbook of Statistics on the Indian Economy (2013)

Figure 4.1 Trade and Current Account Balance for India

As mentioned in Chapter 3, there has been a change in the composition of trade
towards petroleum and petroleum products as well as gold, silver, and precious metals for
India since 2000. The increased imports of petroleum are reflected in the rising
contribution of the petroleum products in the trade deficit (Figure 4.2). In terms of
exports, the share of primary products has gone down while that of petroleum, crude, and

84

India’s imports rose much more sharply than exports since 2011 largely due to the inelastic demand for
oil and gold, with demand for gold rising due to the absence of inflation hedges (Goyal, 2013c).
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refined products increased particularly in the recent period. With respect to imports, the
share of manufactured goods has declined while that of petroleum, gold, silver, and
precious stones has increased.

Decomposition of Trade Deficit
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Figure 4.2 Decomposition of Trade Deficit

Figure 4.3 shows the trade balance for a few sectors at the one-digit SITC
classification provided by the Central Statistical Organization (CSO) in their Monthly
Abstract of Statistics. These are the sectors that have been considered for the
disaggregated analysis later in this chapter. The data suggest that India has a trade surplus
in machinery and transportation, and a trade deficit in food and live animals, beverages
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and tobacco, miscellaneous manufactured products, as well as manufactured products.85
With respect to crude materials inedible except fuels, India had a trade deficit until 200708, after which there has been a surplus on the trade for this sector.
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Figure 4.3 Sectoral Trade Balance

The trade partners studied in this chapter are Germany, Saudi Arabia, Singapore,
Switzerland, and the U.S.. Country choice is guided by the availability of data. These
countries are among the top seven trading partners of India as of 2012-13. United Arab
Emirates (UAE) and China are the major trading partners of India, but due to lack of data

85

Trade balance is measured as the ratio of export values to import values for these sectors given the lack
of data on actual imports and exports on a monthly basis. The import and export unit value and quantum
indices have been used to construct the trade balance for these sectors. A value of less than one indicates
more imports than exports, and a value more than one indicates more exports than imports.
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on these two countries, the five countries mentioned have been chosen. Together the top
seven countries account for around 40 percent of the total trade. And these five account
for 25 percent of the total trade of India as of 2012-13 (Table 4.1).

Table 4.1 Trade Share of the Top Seven Countries (2012-13)
(Rs Billion)
Total
trade
Total
Trade
share
Rank Country
Export
Import
Trade
Balance
(%)
1
UAE
1,978.32
2,129.23
4,107.55
-150.91
9.55
2
China
735.30
2,843.85
3,579.14 -2,108.55
8.32
3
USA
1,967.41
1,372.39
3,339.79
595.02
7.76
4
Saudi Arabia
532.44
1,846.85
2,379.29 -1,314.40
5.53
5
Switzerland
60.79
1,745.12
1,805.91 -1,684.33
4.20
6
Germany
394.08
779.34
1,173.42
-385.26
2.73
7
Singapore
739.95
407.64
1,147.59
332.31
2.67
Source: DGFT Export Import Database (2012-13)

India runs a trade deficit with Germany and Switzerland, but it has run a trade
surplus with U.S. since 2001-02. With Singapore, even though initially the trade was
almost in balance, India moved into a surplus position, while with Saudi Arabia, starting
from an initial position of balanced trade, India went on to have a huge deficit. This is
primarily due to the fact that Saudi Arabia is one of the most important sources of
petroleum for India, and India imports more than 70 percent of its total petroleum needs,
constituting a share of around one-third of total imports (Figure 4.4).
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Figure 4.4 Trade Balance of India with Partner Countries

Examining trends in the Indian rupee, the REER has been depreciating since
2007-08, with a depreciation of around 9.8 percent since March 2013.86 Indeed, the INR
has also depreciated against the trading partner currencies, as can be seen from Figure
4.5.

86

REER is defined as “a weighted average of nominal exchange rates adjusted for relative price
differential between the domestic and foreign countries.” (RBI, 2005).
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Figure 4.5 Bilateral Exchange Rate of INR with the trading partners and REER

With this background, the next section discusses the literature on the relationship
between exchange rates and the trade balance at the aggregate country level as well as the
disaggregate bilateral and sectoral levels.

4.3.

Literature Review
This section offers an overview of the literature on the subject in general before

discussing the literature on India in particular. Given the massive literature in this area,
the aim here is not to offer a comprehensive overview (see, Bahmani-Oskooee & Ratha,
2004; Petrović & Gligorić, 2010). Rather, this section offers a flavour of the literature to
date in general, with focus on the sectoral studies as well as the India-specific ones.
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4.3.1

J-Curve Effect–General Studies
The earlier studies on the subject used aggregate data to find mixed results on the

relationship in the case of U.S.--some studies find a delayed J-curve effect (Mahdavi &
Sohrabian, 1993; Wassink & Carbaugh, 1989), while others find no support for J-curve
and results vary with the model employed (Rose & Yellen, 1989).87 Marwah and Klein
(1996) find an S-curve pattern for the U.S. using quarterly data over the period 19771992, i.e., an initial deterioration followed by an improvement and again a deterioration
in the trade balance. A number of studies have been conducted for other countries as
well. Using monthly data between January 1990-June 2005 for 11 East European
emerging economies, Bahmani-Oskooee and Kutan (2009) see evidence of a J-curve in
Bulgaria, Croatia, and Russia.88 They study the impact of the real exchange rate on trade
balance using the Pesaran bounds testing approach and error correction modeling. For
Serbia, Petrović and Gligorić (2010) find evidence of a J-curve effect in the impact of the
REER depreciation on the trade balance. They use an autoregressive distributed lag
model (ARDL) as well as Johansen’s cointegration approach over the period 2002m1:
2007m9 to arrive at their results.
For Asia, Wilson (2001) studies the relationship between the trade balance and
real exchange rate for three East Asian countries (Singapore, Korea, and Malaysia) in
their bilateral trade with U.S. and Japan. Using quarterly data over the period 1970-1996
87

Bahmani- Oskooee (1985), Bahmani-Oskooee and Alse (1994), Gylfason and Risager (1984) and
Himarios (1989) support the view that the trade balance improves with a devaluation. On the other hand,
studies by Bahmani-Oskooee (1991), Haynes and Stone (1982) and Miles (1979) find that the relation
between the two variables holds only for certain countries and time periods.
88

The countries studied are Cyprus, the Czech Republic, Hungary, Poland, Slovakia, Bulgaria, Croatia,
Romania, Turkey, Russia, and Ukraine.
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and an ARDL model on bilateral real exchange rate (with an increase indicating
depreciation of the domestic currency), he finds that real exchange rate does not impact
the trade balance (measured as exports-imports in domestic currency units) for any of the
countries studied except for Korean trade with U.S. Contrasting results were obtained by
Lal and Lowinger (2002), who find evidence of a J-curve for all the countries studied
except for Japan (Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, and
Thailand). They use cointegration analysis, error correction model, and impulse response
functions for their analysis on quarterly data over the period 1980Q1 and 1998Q4. They
also emphasize that the duration and extent of the J-curve differs across countries. They
use the REER as the exchange rate and the ratio of exports to imports as the trade balance
for these countries. For instance, studies of Japan find evidence of the J-curve using both
nominal and real variables under varying exchange rate regimes and over different time
periods (Backus, 1993; Gupta-Kapoor & Ramakrishnan, 1999; Noland, 1989;). Ahmad
and Yang (2004) estimate the J-curve effect for China in its bilateral trade with the G-7
countries using annual data over the period 1974-94. Using cointegration and causality
tests, they do not find evidence of a J-curve, but do find a positive long run effect of
exchange rate on the trade balance.
The J-curve effect is also related to the exchange rate pass through (ERPT)
phenomenon. If the ERPT of a currency devaluation is delayed, it delays or negates the Jcurve pattern as well. (Bahmani-Oskooee & Ratha, 2004). This occurs because when
ERPT is incomplete, import prices do not rise by as much as the exchange rate
depreciation, and therefore the trade balance does not witness an immediate deterioration
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of the same magnitude as the exchange rate change, hence delaying the J-curve effect
(Rosensweig & Koch, 1988). Wassink and Carbaugh (1989) studied this effect for the
U.S. using the dollar-yen exchange rate on U.S. trade balance for the period 1978-1988
and found that there is evidence of incomplete ERPT leading to a delayed J-curve effect
for U.S.
The choice of currency invoicing has also been found to explain the acrosscountry differences in the impact of exchange rates on the trade balance in the short run.
This distinction is important because if imports are invoiced in a foreign currency, the
domestic currency value of import contracts will increase following a devaluation and
lead to a worsening of the trade balance in the short run, thus leading to a J-curve effect.
Using bilateral trade data between 14 OECD countries for 14 industries over the period
1980-83, Melvin and Sultan (1990) find that countries where exports are invoiced in
domestic currency and imports in foreign currency experience a deterioration in the trade
balance following a depreciation of the currency. They also find that countries where
both exports and imports are invoiced in the domestic currency do not experience any
change in the trade balance following a depreciation. They examine the correlations
between importer resale price, exchange rate, and production costs to arrive at these
results. The fact that domestic currency invoicing of imports and exports does not affect
the trade balance has also been proved for the U.S., which had not been experiencing an
improvement in its trade balance despite a depreciation of the USD. Using data over the
period 1975-2003 and previously estimated ERPT coefficients to study the impact of a 10
percent depreciation of the USD, Goldberg and Dillion (2007) find that the depreciation
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lowers U.S. export prices by seven percent and raises import prices by only four percent,
thus contributing to the persistent trade deficits.
4.3.2

Disaggregated Studies: Bilateral and Sectoral
The main problem with the earlier studies was their use of the aggregate data.

Using aggregated trade data could cause an “aggregation bias,” which implies that a
significant price elasticity with one trading partner could be more than offset by an
insignificant elasticity with another trade partner—in other words there could be a loss of
information. Besides, there are problems of finding the appropriate proxies for the rest of
the world income and exchange rates. With this realization, studies started focusing on
the bilateral trade between countries. However, the disaggregated studies also provided
mixed results, with some studies finding that Marshall-Lerner condition holds for their
countries of study (Arora et al, 2003; Halicioglu, 2007; Nagpal, 2010; Shirvani &
Wilbratte, 1997).
One of the pioneering studies at the disaggregated data was by Rose and Yellen
(1989). The authors study the aggregated as well as the disaggregated data for the U.S.
trade with six of its trading partners (Japan, Canada, UK, France, Germany, and Italy)
using instrumental variables regressions on real exchange rate and trade balance over the
period 1960Q1 to 1985Q4. Even though they find evidence of a relation between the two
variables for U.S. trade with Germany and Italy, the impact was not robust to alternative
specifications. They did not find any “statistically reliable evidence” of a relation
between the exchange rate and the trade balance for any lag length. To compare their
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results with the literature, the authors also undertook the analysis at the aggregate level
and found the same result--no reliable evidence of any relation.
Using the Johansen-Juselius cointegration approach and the error correction
method on monthly data from May 1973 to August 1990 for the bilateral trade of U.S.
with six of the other G7 countries, Shirvani and Wilbratte (1997) find a reversed L-curve
effect instead of a J-curve. The reverse L-curve implies that for the first six months
following real devaluation there is no significant effect on the trade balance, whereas in
the longer run the trade balance improved any time within the next 18 months.
Meade (1988) investigated the impact of a devaluation on sectoral trade balance
for the U.S. using a partial equilibrium model on annual data over the period 1978-1988
and found that for the non-oil industrial supplies, the negative impact of a devaluation on
the trade balance is short-lived and the improvement in the trade balance sets in soon. On
the other hand, capital goods did not appear to have any negative impact of exchange rate
changes, while consumer goods are found to be unresponsive to exchange rate changes.
Using the Pesaran bounds testing and error correction modeling on annual data for
the period 1962-2003 between the U.S. and UK, Bahmani-Oskooee and Kovyryalova
(2008) find the presence of a J-curve effect in 66 industries, following Rose and Yellen’s
(1989) definition of the J-curve, i.e., a short-run deterioration followed by long-run
improvement. For 107 industries of the 177 studied, there is a short-run effect (either
positive or negative) of a real depreciation on the trade balance; however, only in 13
industries do they observe negative coefficients followed by positive ones for the J-curve
effect. Bahmani-Oskooee and Hajilee (2012) conduct a similar analysis (using the same
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methodology as above) on the SITC 3-digit level data for trade between Germany and
U.S. for 131 industries using annual data over the period 1971-2009 and find that for 91
industries there is a short-run impact (positive or negative) of real depreciation of the
Euro on trade balance while the J-curve pattern was observed for 31 industries. In an
attempt to see if the response of the goods sector is different to that of the services sector
to an exchange rate change, Wijeweera and Dollery (2012) examine quarterly Australian
data over the period 1988-2011. Using the bounds testing approach and error correction
modeling they find that the services sector displays a J-curve effect; the goods sector
witnesses an improvement in the short run but experiences a weak negative response in
the long run.
Another factor which has been somewhat less studied is the impact of the
exchange rate change on the trade balance is production sharing. As the share of network
trade rises, the impact of exchange rate change on the trade balance reduces. Typically,
an exchange rate appreciation raises demand for imports and reduces demand for exports
from the domestic country. But with production sharing, along with an increase in the
demand for imports, the demand for exports might also rise when the domestic country
exports are used for production in the foreign country. Therefore, an appreciation of the
domestic currency can also raise the demand for the country’s exports. This was
empirically proven for the U.S.-Mexico trade using the vector error correction (VEC)
model on data over the period 1989Q1 to 2002Q4 by Arndt and Huemer (2006).
Thorbecke (2009) obtained similar results when analyzing the East Asian computer
industry over the period 1990-2006 using panel data for four East Asian countries that
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process and export computers and 28 importing nations. He uses a dynamic OLS model
to suggest that an appreciation in the component supplying countries to these East Asian
economies hurts computer exports, while appreciation of the currency of these four
countries does not curtail exports.
4.3.3

J-curve Effects for India
There have been a handful of studies on this issue for India (Annex 4.1

summarizes studies on India). Studies that used aggregate data did not find evidence of
the J-curve in India, nor did they find any impact of the depreciation of the INR on the
trade balance in the long run. In a study using the cointegration and error correction
models, Rose (1990) found that there was no strong relation between the REER and the
trade balance using three-stage least squares regression on the annual and quarterly data
for 30 developing countries including India for the period 1970-1988. Similarly, Singh
(2004) did not find the presence of a J-curve in the relation between the exchange rate
devaluation (using both trade based and export based REER) and trade balance for India
in his analysis of quarterly data from 1972 Q2 to 1996 Q3 using an error correction
model. The innovation in his study is the use of the GARCH model for the estimates of
the REER. He suggests using this approach for the volatility of the exchange rate, as this
method provides a time-varying and conditional measure of volatility, unlike
conventional measures such as the standard deviation or the variance.
Bahmani-Oskooee (1985, 1989) studies the impact of the real exchange rate on
the trade balance (measured as index of the INR value of export –imports) for Greece,
India, Thailand, and Korea for the period 1973–1980, using quarterly data. The
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constructed real exchange rate indicates a depreciation of the rupee with an increase in
the exchange rate. He finds that India exhibits “the inverse J-curve effect” in that there is
an improvement in the trade balance initially before it deteriorates at the distributed lags
of the exchange rate. He also finds that in the long run as well, there is a deterioration in
the Indian trade balance. In his study of 27 countries using OLS regression on annual data
over the period 1953-73 and quarterly data over the period 1975Q1: 1984:Q4, Himarios
(1989) looks at India’s trade balance in USD. He finds a positive impact of the
depreciation of the real exchange rate (defined as INR per unit of USD representing a
depreciation with an increase in the real exchange rate) on the trade balance in the short
and long runs.
To do away with the unit of measurement, Bahmani-Oskooee and Malixi (1992)
measured trade balance as the ratio of the exports over imports and found that the REER
(units of domestic currency per foreign currency indicating a depreciation with an
increase) improves the trade balance in the long run. They conduct this study for 13 lessdeveloped countries. For India, they observe negative coefficients of the exchange rate at
lower lags and a positive coefficient at higher lags, suggesting the presence of a J-curve
effect. They used a distributed lag model and imposed Almon lag structure on the
exchange rate over the period 1973 Q1: 1985 Q4. However, they do not obtain similar
results for all the countries studied, and therefore conclude that the short-run effect of the
exchange rate on the trade balance may not follow a set pattern, whereas a favorable
impact of the J-curve holds in the long run, suggesting that devaluation can be used as a
policy to improve trade balance in the less-developed countries.
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There have been only a few disaggregated studies for the country. Arora et al
(2003) examined the bilateral trade data for India with seven of its major trading partners
(Australia, France, Germany, Italy, Japan, the UK and the U.S.) for the period from 1977
Q1 to 1998 Q4. They used the autoregressive distributed lag (ARDL) approach for their
study and found no evidence of a J-curve, but found that in the long run, the real bilateral
exchange rate (increase representing depreciation) improves the trade balance for India’s
trade with Australia, Germany, Italy, and Japan. Mustafa and Rahman (2008) examined
the effect of the U.S. bilateral nominal exchange rate changes (measured as foreign
currency per unit of USD indicating a depreciation of USD with a decline in the
exchange rate) on trade with India, Japan, Malaysia, South Korea, and Thailand using
monthly data for the period from January 1985 and May 2005. Utilizing the JohansenJuselius cointegration procedure and the error-correction model, they find a long run
relationship between the exchange rate and trade balance, but no evidence of a J-curve
effect.
Napgal (2010) examined India’s bilateral trade the U.S., UK and Japan using
monthly data from 1992-2009 and cointegration tests, impulse response function and
VAR/VEC models. Like many of the previous studies for India, he too does not find the
J-curve effect for India but does find evidence of a positive long-run relationship in
India’s trade with the U.S. A study by Tiwari and Shahbaz (2011) appears to be the first
to find support for the J-curve effect at a disaggregated level for India’s trade with the
U.S. They use an ARDL bounds-testing approach to cointegration as well as the impulse
response functions and variance decompositions for the period 1965-2008 to confirm
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these results. However, like most of the other studies, they do not appropriately control
for the demand for Indian exports.
Using quarterly bilateral trade data between India and 15 of her trading partners,
Dhasmana (2012) finds that there is a positive relation between real exchange rate and
trade balance in the long run.89 Dhasmana uses the REER as the exchange rate and the
ratio of exports to imports as trade balance to run the Pesaran bounds testing approach as
well as a pooled mean group estimator test to estimate the long-run relation between the
variables. Her results also indicate that there is no evidence of a J-curve effect in India’s
trade with any of the 15 partners. However, she does find that real depreciation of the
rupee improves trade balance against eight of the 15 countries (Belgium, France,
Germany, Hong Kong, Japan, the Philippines, South Korea and the U.S.). Estimates from
the pooled mean group estimation also support the results obtained from the bounds
testing approach.90
Suggesting that the lack of any relation between the exchange rate and trade
balance between India and the U.S. in the study by Arora et al. (2003) could be due to an
aggregation bias, Bahmani-Oskooee and Mitra (2009) disaggregate data at the industry
level and study this relation for 38 industries that are part of the trade between these two
countries. They investigate this relation at the industry level using annual data from 19622006 and follow Pesaran et al.’s (2001) bounds testing approach to cointegration and

89

She also finds that real exchange rate volatility has a negative correlation with the trade balance in the
long run.
90

However, since the REER is constructed to indicate an appreciation with a rise in the exchange rate, a
positive coefficient would indicate a deterioration of the trade balance in the long run, unless the REER has
been modified to reflect a depreciation with an increase of the REER.
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error correction modeling. Using the INR-USD bilateral exchange rate (an increase
indicating a depreciation), they find evidence of the J-curve pattern in only eight
industries (3 industries by looking at higher lags of the exchange rate and 5 industries by
following Rose and Yellen’s definition), while in 22 industries they found short-run
effects, in that a devaluation of the exchange rate leads to a deterioration in the trade
balance for these industries.

4.4.

Research Question
Overall, the empirical studies on the J-curve have provided mixed results for

India, with the majority of the studies generally not finding any empirical support for the
J-curve.91 Similarly, results are also not conclusive regarding the short-run and long-run
impact of an exchange rate change on the trade balance, with some studies finding a
deterioration (for instance, Bahmani-Oskooee, (1985, 1989), while others finding an
improvement in the short and long run (Himarios, 1989). There do not appear to be any
studies to date that estimate the long-run impact of the exchange rate on the trade balance
at the aggregate sectoral level for India. The inconclusive results on the relation between
the exchange rate and trade balance as well as of the J-curve effect for India motivate the
revisiting of the issue at the aggregate level as well as at a detailed industry-wide level for
the country. This chapter therefore addresses the following research question:
Research Question: Does the J-curve phenomenon hold for India at the
aggregated and disaggregated country as well as sectoral levels?
91

Exceptions being Bahmani-Oskooee and Malixi (1992), Bahmani-Oskooee and Mitra (2009), and Tiwari
and Shahbaz (2011) for India’s trade with U.S. in a few sectors.
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4.5.

Methodology and Data

4.5.1

Theoretical Model
Following, Rose and Yellen (1989), Shirvani and Wilbratte (1997) and assuming

a two-country model, the imports and exports of the domestic and the foreign country can
be expressed as follows:

(1)
(2)

where Md is the demand for imports in the home country and Md* is the demand for
imports in the foreign country, pm (pm*) is the relative price of imports to domestically
produced goods in the home (foreign) country measured in the home currency and Y
(Y*) is the income level in the home (foreign) country. This form of representing the
equations conforms to the Marshallian demand equation, where the price elasticity of
demand is negative and the income elasticity is positive.
The relative price of imports can be expressed as follows:

(3)

where E is the nominal exchange rate defined as the domestic price of foreign currency.
The right hand side of the equation can be written as follows:
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( )( ) 

( )( )



(4)

where q – real exchange rate defined as the relative price of domestic to foreign goods,
Px* is the foreign currency price of foreign exports, and P and P* are the overall price
indices of the home and foreign country respectively. The real exchange rate thus defined
(q= P/(E.P*)) indicates a devaluation of the domestic currency with a decrease in the
value of q.
Substituting equations (4) into (3), we get:

(5)

Similarly,

(6)

Substituting equation (5) in (1) we obtain the following:

(7)

Similarly, the foreign country demand for imports can be expressed as follows:

(8)
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Assuming a perfectively competitive market for the supply of exports, they can be
expressed as a function of the relative price of exports as follows:

and

(9)

where Xs (Xs*) is the supply of exportables of the home (foreign) country.
For equilibrium, demand for imports should be equal to the supply of exports in
each of the countries, i.e.:

and

(10)

Based on the above, the domestic balance of trade (TB) can be expressed as
follows:

TB = Xs /Md  TB = Md* / Md = {

TB = (

/

)

/(

}

(11)

Trade balance expressed as a ratio of exports to imports gives us a unit free
measure. These equations can be solved for the levels of imports and exports and the
relative price ratios as functions of q, Y and Y* and therefore, TB can be expressed as a
function of q, Y and Y* (Rose and Yellen, 1989)
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TB = TB (q, Y, Y*)

4.5.2

(11)

Empirical Model
Equation (11) expresses trade balance as a function of the real exchange rate and

the domestic and foreign income. By taking logs on both sides of equation (11) and using
a log linear approximation for the right hand side of equation (11), we get the following:

(12)

where TB stands for trade balance in industry j at time t, measured as the ratio of industry
j’s exports over the same industry’s imports, Yi,t is the economic activity in India at time
t, Y*k,t is the economic activity in trade partner at time t, and qt is the bilateral exchange
rate between INR and the currency of the trading partner with an increase in the exchange
rate denoting appreciation. For the aggregate analysis, the REER has been used as
exchange rate, where an increase represents an appreciation of the INR.
However, equation (12) only provides the results for the long run. Many of the
studies have computed the short run dynamics by expressing equation (12) in an error
correction format as shown in equation (13) (Bahmani-Oskooee & Mitra, 2009; Arora et
al., 2003).92 We specify equation (12) in an ARDL form as shown below:

92

The bounds-testing approach by Pesaran et al (2001) also followed by Arora et al (2003), BahmaniOskooee and Mitra (2009), Petrović and Gligorić (2010) Tiwari and Shahbaz (2011), is used to compute
the short run dynamics. The Pesaran Bounds testing approach is often used to test for a cointegrating
relation between the variables in a regression. The advantage of this method is that it does away with the
need to test for unit roots as well as allows estimation of the long and short run coefficients simultaneously.
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(13)

With respect to the expected coefficients, the domestic GDP ought to have a
negative coefficient if an increase in the GDP raises imports and worsens the trade
balance. Similarly, for foreign GDP, if there is an increase in the demand for Indian
imports, then India’s exports would increase, leading to an improvement in India’s trade
balance with a depreciation of the INR. The expected sign of coefficient of the real
exchange rate is negative if a depreciation of the INR (in this case a decrease in the
exchange rate) leads to an increase in exports and lowers imports.
The basis of a J-curve effect is the fact that quantities take time to adjust as well
as the fact that contracts are written out in advance and take time to adjust, whereas
import prices change immediately in domestic currency terms (valuation effects), thus
affecting the trade balance. Therefore, one would expect that a depreciation, which makes
imports expensive in the immediate run, would lead to a deterioration in the trade balance
before quantities adjust and improve the trade balance over the medium run as long as
prices remain sluggish. In the long run, when quantities start adjusting to the exchange
rate change, there is an improvement in the trade balance (Magee, 1973). Thus, for a Jcurve to exist there must have been an initial deterioration in the trade balance with an
INR depreciation, i.e., the so-called valuation effect, followed by a substantial
Unlike in the conventional error correction model (ECM), one does not have to ensure that all the variables
are I(1) processes. Combination of I(0) and I(1) processes cannot be handled by the ECM models.
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improvements, i.e., the so-called competitiveness effect (and fulfillment of the MarshallLerner condition).
One reason for the lack of J-curve could be because of the non-existence of initial
valuation effects. This could arise if exports are also invoiced in foreign currency terms
and the country is starting from a balanced trade or a trade surplus.93 It could also arise if
exports and imports do not respond to real exchange rate changes, either because they are
exchange rate-inelastic (in aggregate terms, implying non-fulfillment of Marshall-Lerner
condition), or there is a fairly high level of ERPT into domestic prices. At a sectoral
level, for instance, this could happen in the case of commodities such as oil (Umoru &
Eboreime, 2013) or in the event of high import content of exports due to, for instance,
production sharing (Arndt & Huemer, 2006; Thorbecke, 2009).

4.5.3

Empirical Methodology

The first step in the bounds testing approach is to establish cointegration among the
variables, which is done by testing if the coefficients , β,  and  in equation (13) are
different from zero.94 To test for cointegration, the null hypothesis of no long-run relation
between the real exchange rate and trade balance and the domestic and foreign income
H0:  = β =  =  = 0 is tested against the alternative:H1:   0, β  0,   0,   0. If

93

Alternatively, it could also arise if both exports and imports are priced in local currency terms (unlikely
for developing countries like India).
94

For this purpose, equation (13) is run by taking into account symmetric lags for each of the variables
involved, which in the case of this paper is 4 for all the variables, as suggested by the Akaike Information
Criteria (AIC)

163

the lagged level variables are jointly significant, they are said to be co-integrated. The
relevant test statistic to use here is the F-statistic with the new critical values which have
been provided by Pesaran et al. (2001). They tabulate an upper bound by assuming that
all the variables are integrated of order one and compute a lower bound by assuming that
all the variable are integrated of order 0. The null of no long-run relationship between the
dependent and independent variables is rejected if the F statistic is greater than the upper
bound, which indicates cointegration. If the calculated F statistic is below the lower
bound, then the null cannot be rejected, which indicates lack of cointegration. The results
are inconclusive if the F statistic falls within the band. In such a case, an alternate test for
cointegration is carried out whereby one period lagged residuals from equation (12) are
used to compute an error correction term (ECT). This term is then used in the regression
in place of the linear combination of the lagged variables (equation 14). A significant
negative coefficient of the lagged error correction term signifies cointegration and also
the fact that the variables adjust towards their long run equilibrium95.

∑

∑

∑

∑


(14)

where

95

The error correction term here has the same interpretation as in a VEC model. A negative significant
coefficient indicates that the variables tend towards their long run equilibrium. However, a positive
coefficient indicates that the variables are moving away from the equilibrium.
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Once cointegration is established, the next step is to estimate the short run and
long run impact of the exchange rate on the trade balance from equation (13). For the
purpose of this analysis, the coefficient of the real exchange rate at the first lag is treated
as the short-run coefficient, while the long run coefficient is obtained as a sum of the
lagged coefficients of the independent variables.96

4.5.4

Data and its Sources
The model specified in equation (13) is first estimated at (i) the aggregate level

for the country as a whole; (ii) at the bilateral level for India’s trade with five trading
partners, viz. Germany, Saudi Arabia, Singapore, Switzerland, and U.S.; and finally (iii)
for nine sectors based on the SITC one digit classification for which data are provided by
the CSO. Of the countries studied, India has a trade surplus with U.S. and Singapore and
a trade deficit with Switzerland, Germany, and Saudi Arabia for almost the entire period
of study. Monthly data for the period from April 2001 to March 2013 are used for the
analysis.
The trade balance is measured as exports over its imports for India at the
aggregate and bilateral level. Data on imports and exports has been obtained from the
Foreign Trade Statistics of the Monthly Abstract of Statistics provided by the CSO both
at the aggregate as well as bilateral level. With respect to the sectoral analysis, only the
import and export unit value indices and import and export quantum indices are provided
96

One period lag has usually been considered to be the short run in literature (see Bahmani-Oskooee, 1985;
Bahmani-Oskooee and Mitra, 2009; Petrović and Gligorić, 2010). Therefore, we follow the same
interpretation here as well.
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by the CSO. Considering unit values to be a proxy for the prices, the trade balance for the
sectors is constructed as follows:

(15)

where UVX is the export unit value index; UVM is the import unit value index; QX and QM
are the export and import quantum indices. Unit value index is measured as the ratio of
total value of imports (exports) divided by the quantity of imports (exports).
Income levels of the countries being studied were obtained from International
Financial Statistics (IFS, 2013) of the International Monetary Fund. Data on the REER
for the aggregate analysis is obtained from RBI. The bilateral exchange rate data is
obtained from the Pacific Exchange Rate service of the University of British Columbia97.
These are converted into real terms by multiplying the nominal exchange rate with the
ratio of domestic to foreign prices (Pdomestic*NER/ Pforeign). The real exchange rate is
constructed in such a way that an increase represents an appreciation of the Indian rupee
to be consistent with the REER. The consumer price indices data, used to convert the
nominal bilateral exchange rate to real exchange rates, are also obtained from the IFS.

97

Pacific Exchange Rate Service, University of British Columbia (http://fx.sauder.ubc.ca/data.html)
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4.6

Results

4.6.1

Aggregate and Bilateral Trade
For India as a whole, using the monthly trade balance and the real exchange rate

representing a depreciation with a decrease, the results suggest the existence of a long-run
relationship between the variables based on the critical values of the F test suggested by
Pesaran et al. (2001). The F-statistic of 7.29 is greater than the upper bound critical value
of 4.35. The critical values suggested by Pesaran et al. (2001) are presented in Table 4.2.
An F-statistic greater than the critical value suggests that the variables are cointegrated.
On the other hand, if the F-statistic lies between the lower and upper bounds, then the
result is in the inconclusive zone for which further tests using error correction term are
needed. And finally, a value below the lower critical value suggests that the variables are
not cointegrated.

Table 4.2 F-Statistic Critical Values for testing the existence of a long run
relationship98
Critical Values
Lower Bound
Upper Bound
1% level
4.29
5.61
5% level
3.23
4.35
10% level
2.72
3.77
Source: Pesaran et al. (2001)

The short-run coefficient at the aggregate level is -1.28, which is in line what that
obtained by Singh (2004).99 The long-run coefficient is also negative (-2.88). At the

98

The critical values are taken from Pesaran at al. (2001), unrestricted intercept and no trend with three
regressors.
99

Using REER and the ratio of exports to imports as the trade balance over the period 1975q2 to 1996q3,
Singh (2004) obtains a short run coefficient of -1.01 significant at 5% level of significance.
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aggregate level, the coefficients on the trade balance in the currency contract phase (when
contracts negotiated prior to the change in the exchange rate are due) as well as the passthrough phase (when new contracts are entered into but before quantities have adjusted)
are negative, indicating that there is a positive effect of a depreciation of the rupee on the
trade balance in the short and long run. This result is also in line with earlier findings in
the literature, in that there is an improvement in the trade balance in the short and long
run. (Dhasmana, 2012; Himarios, 1989). Possible reasons for this result could be the fact
that competitiveness effects kick in sooner than expected and quantities adjust
immediately, or that exports are predominantly invoiced in foreign currency. If the
exports are invoiced in the foreign currency, then with a depreciation the Indian exporter
stands to gain if he does not change the prices in the foreign currency. And in the long
run, as both the quantities and prices adjust, there is a positive impact on the trade
balance.
Table 4.3 Short-run and Long-run Coefficients

1

USA
Switzerland
Saudi Arabia
Germany
Singapore
Aggregate

Short-run coefficients100
2
3
4
REERt-1
-0.518
-3.692**
2.132
-1.604**
-0.229
-1.284**

REERt-2
1.240
2.138
0.383
0.122
-1.236
-0.025

REERt-3
-0.849
-0.898
-0.002
-0.222
-2.993
-0.732

5
REERt-4
-0.759
2.504
-0.416
-0.770
-3.582
-0.842

Long-run Coefficients
6
7
8
Foreign
REER
GDP
GDP
-0.886
2.154 14.358
0.052
8.472 -12.338
2.096
6.139 27.399
-2.474
3.170
-2.912
-8.039
1.002
6.271
-2.882
2.096 17.573

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level

100

All the coefficients of REER are shown in the table because the long run coefficient is the sum of the
short run coefficients.
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With respect to India’s bilateral trade, the short-run result is significant only for
Switzerland and Germany. The short-run coefficient for India’s trade with Switzerland is
-3.69, indicating that with a depreciation, there is an immediate improvement in the trade
balance in the short run. In the long run, there is a deterioration in the trade balance with
a positive coefficient of 0.052. For India’s trade with Germany, there is an improvement
in the trade balance in the short and long run, with coefficients of -1.6 and -2.474
respectively. The results suggest that at the aggregate level as well as in India’s trade with
Germany, a depreciation improves the trade balance in the long run. The error correction
term is significant and negative for all the countries indicating that there exists a long-run
relationship between the bilateral real exchange rate and the trade balance and also
suggests that the adjustment among the variables in the model is towards their long-run
equilibrium (Annex 4.2, col 3).
4.6.1.1 Diagnostic Checks for Aggregate Analysis
The results of the diagnostic tests are presented in Annex 4.2. At the aggregate
level, the F statistic is greater than the critical value suggested by Pesaran at al. (2001)
suggesting that there is a long-run relationship between the variables. Of the five
countries considered, for Singapore, the F-statistic is below the critical value, indicating
that there is no long-run relationship between the variables. Other diagnostic tests such as
the Ramsey Reset test to test for the model specification, the Lagrange Multiplier statistic
testing for serial correlation as well as the CUSUM and CUSUMSQ101 test to determine

101

The CUSUM test calculates and plots the cumulative sum of the recursive residuals and their squares
from the regression. It tests whether the coefficients are constant over the period of study. It plots the lower
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stability of the long-run and short-run coefficients were also carried out. Values between
the critical lower and upper bound for the CUSUM tests indicate the stability of the
model, which has been represented by an “S” in Table 4.3.1. These tests confirm that the
model is specified correctly in most of the cases. For those countries, where we are
unable to reject the hypothesis that the model does not have any omitted variables,
changing the model to include the appropriate lags for each of the variables helps
improve the scores for the reset test. However, it does not change the results significantly.
(See Annex 4.3 for the results of the model using appropriate lags for the individual
variables).

The results also confirm that there is no serial autocorrelation and the

coefficients are stable in the long and short run.

4.6.2

Sectoral Analysis
The results of the aggregate study suggest that for India there is an improvement

in the trade balance in the short and long run with a depreciation of the INR. This result
varies by country, as can be seen from the bilateral country studies. As a next step, and
given the possibility of aggregation bias clouding the results, it would be pertinent to
understand the behavior of the individual sectors to exchange rate depreciation. With
respect to the disaggregate analysis, it is usually found that durable goods are more

and upper bounds through a 95 percent confidence band. A cumulative sum between the critical values
indicates stability of the model. If the model is stable, then we find the recursive estimates stabilizing at
some level. On the other hand, if the recursive estimates do not stabilize over time or if there is a sharp
break, then the coefficients are unstable.
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sensitive to exchange rate changes than non-durable goods. (Burda & Gerlach, 1992).102
However, Bahmani-Oskooee and Kovyryalova (2008) find that even within industries
there are variations in the response to exchange rate changes, which suggests studying
data at the commodity level.103
Given the lack of appropriate commodity level data for India, this section
analyzes the exchange rate effect on trade balance for nine sectors based on the SITC
one-digit classification data provided by the CSO. These sectors are food and food
articles, beverages and tobacco, crude materials inedible except fuels, mineral fuels and
lubricants, animal/vegetable oils and fats and waxes, chemicals and related products,
classified

manufacturing

products,

machinery

and

transport

equipment,

and

miscellaneous manufactured goods (Annex 3.4 provides the commodities included in
each sector).
As noted in section 4.2, the trade balance for food and live animals, beverages and
tobacco, miscellaneous manufactured goods, and manufactured goods has been negative
from April 2001 to March 2013. For crude materials inedible except fuels, India
witnessed a deficit until 2007-08, after which there has been a surplus in the trade
account of this sector. Machinery and transportation equipment has been in surplus
throughout the period of study.
102

Burda and Gerlach (1992) define durable goods as capital goods, automobiles, consumer durables and
durable industrial supplies.
103

They find that within durable and non-durable goods there are variations in the impact of the exchange
rate on the trade balance. For example, within non-durable goods, they find that fish and fish preparations
witness a positive impact of the exchange rate depreciation on the trade balance in the long run, while for
dairy products and eggs, they do not find a positive impact of the depreciation. Similarly, within durable
goods, iron and steel castings has a positive impact of the depreciation on the trade balance while silver and
platinum group metals does not.
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The short-run and long-run coefficients of the estimation at the sectoral level are
presented in Table 4.4. The short-run coefficients are significant only for crude and
miscellaneous manufactured products, the only two sectors for which there has been a
trade surplus. For crude, there is an initial improvement in the trade balance of the sector
with a depreciation, and it remains so in the long run as well. On the other hand, for
miscellaneous manufactured products there is a deterioration in the trade balance both in
the short and long runs. For all the sectors, the negative and highly significant error
correction term suggests that there is a long-run relation between REER and the trade
balance and also that the adjustment among the variables of the model is towards their
long-run equilibrium (Annex 4.4; col 3).

Table 4.4 Sectoral Short-run and Long-run Coefficients using REER

1

Food
Crude
Mineral Fuels
Animal and
Vegetable
Oils
Chemicals
Manufacturing
Machinery &
Transportation
Miscellaneous
Manufactured

Short-run coefficients
2
3
4
REER
REER
REER
t-1
t-2
t-3
-1.13
-1.45
-0.29
-3.01***
-1.63
-1.01
1.79
0.82
-2.52

5
REER
t-4
-2.26
-1.82
0.05

Long-run coefficients
6
7
8
Foreign
REER GDP
GDP
-5.13
1.10
-11.81
-7.48
2.05
-55.11
0.14
-4.13
-37.83

-2.42
-0.26
-0.60

-2.17
-0.30
-0.21

-2.15
-0.81
-2.66

-2.07
-0.90
-1.45

-8.80
-2.25
-4.92

6.31
8.74
3.08

63.14
103.52
42.55

-0.33

1.73**

-0.69

-1.22

-0.51

-2.04

-7.69

5.18***

-5.35***

1.78

-0.83

0.77

-0.58

16.63

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level
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4.6.2.1 Diagnostic Checks for Sectoral Analysis
The diagnostic tests are shown in Annex 4.4. The F statistics is greater than the
critical value for most of the sectors, except for beverages and tobacco and animal and
vegetable oils. For beverages and tobacco, the F statistic is below the 10 percent lower
critical value as well, indicating that there is no cointegration among the variables for this
sector. For animal and vegetable oils, the F-statistic is in the inconclusive zone. However,
the lagged error term is negative and significant (0.191***), suggesting cointegration and
also justifying the inclusion of the lagged level variables in the model for this sector as
well. Thus, the results are robust to the alternative specification. There is no serial
correlation among the variables and the model is generally stable for all the sectors.
However, for a few sectors we do observe that there is a specification issue which gets
resolved when we change the lag structure, as was the case with the aggregate and
bilateral country analysis.
4.6.2.2 US Dollar Invoicing
Since around 88 percent of India’s exports and imports are invoiced in USD, as a
robustness check, we compare the impact of the USD-INR bilateral exchange rate on the
trade balance of the sectors.104 Using the bilateral real USD-INR exchange rate,
indicating an appreciation with an increase, we find that the coefficient of mineral fuels,
3.125, is significant at the 10 percent level of significance (Table 4.5). This implies that

104

As mentioned earlier in chapter 3, almost 90 percent of Indian imports and 86 percent of Indian exports
are invoiced in USD, followed by Euro (6.5 and 7.6 respectively). Only around 1 % of Indian exports are
invoiced in INR with none of the imports invoiced in INR as of 2005-06 (Arabi, ND).
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with a depreciation there is a deterioration in the trade balance of mineral fuels both in
the short and long runs. Mineral fuels include petroleum and petroleum products, coal
and coke, as well as natural and manufactured gas (Annex 3.4). Petroleum products
constitute more than one-third of the total imports of India, and the demand for these
products is inelastic (Goyal, 2013d). The invoicing of the exports and imports of this
sector is also in USD, which explains the deterioration of the trade balance for this sector.
The results of the diagnostic tests are presented in Annex 4.5. The results also indicate
that there is a long run relation between the USD-INR real exchange rate and the trade
balance for these sectors based on the negative and significant coefficient of the error
correction term.

Table 4.5 Short-run and Long-run coefficients using USD-INR
Short-run coefficients
USDUSDUSD- USDINR
INR
INR
INR
t-1
t-2
t-3
t-4
Food
-0.727 -0.356 -0.593 -1.009
Crude
-0.664 0.653 -0.631 0.592
Mineral Fuels 3.125* 1.317 -1.555 2.171
Chemicals
-0.415 1.259 -1.313 -0.488
Manufacturing -0.530 0.286 -1.122 -0.677
Machinery &
Transportation -0.659 0.709 -1.562 -2.196
Miscellaneous
Manufactured 1.621 3.128** 1.563 2.652*

Long-run coefficients
Ln
Ln
Ln
Foreign
RER
GDP
GDP
-2.684 1.228
-21.366
-0.051 2.078
-48.018
5.058 -4.366
-48.651
-0.957 9.275
119.367
-2.043 2.717
24.082
-3.708

-1.471

-7.322

-2.597

-0.450

19.054

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level
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4.7.

Conclusion and Policy Recommendations
The purpose of this chapter is to examine the impact of an exchange rate

depreciation on the trade balance. The results of this chapter suggest that there is an
immediate positive impact of a depreciation on the trade balance at the aggregate trade
level, which continues into the long run as well. These results indicate that in India,
export quantities adjust fairly quickly as compared to imports in the short run, leading to
an improvement on the trade account even in the short run. The results obtained are in
contrast to some of the other studies on India, which did not find any impact of the real
exchange rate depreciation on the trade balance.
Improvement in the trade balance with a depreciation in the short run takes place
in India’s trade at the aggregate level as well as in India’s trade with Germany and
Switzerland. Even though this improvement continues into the long run in trade with
Germany, there is a deterioration in the long run for Switzerland. There is a long-run
relationship between the trade balance and the real bilateral exchange rate for all the
countries studied; however, there is no evidence of a J-curve effect in India’s trade with
any of the countries. Similarly, at the sectoral level, using REER, there exists a long run
relation between the sectoral trade balance and the REER but observe the J-curve effect
for none of the sectors. For crude, there is a significant positive impact of a depreciation
in the short and long run, whereas for miscellaneous manufactured goods, there is a
deterioration in the trade balance both in the short and long runs. Using the USD-INR
exchange rate given the high share of USD invoicing in India trade, mineral fuels
experience a deterioration in the trade balance in the short and long runs.
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The findings in this chapter suggest some potentially important policy
implications. First, given that there exists a long run relation between the real exchange
rate and the trade balance for all the countries and sectors studied, the Indian government
can rely on real exchange rate changes to help improve its trade balance and thereby the
income flows in the country. Second, the study identifies which sectors respond favorably
to a depreciation and which do not. This in turn may help formulate policy to improve the
trade balance of the country (through targeted subsidy/tax policies) instead of relying on
an overall depreciation to make Indian exports competitive and improve the trade balance
for all the sectors. For instance, for the mineral fuels sector (which includes petroleum
products), depreciation has a deteriorating impact both in the short and long runs, which
suggests that the government cannot rely on depreciation to expect an improvement in the
trade balance for this sector, which constitutes about one-third of Indian imports.
One issue that is relevant but has not been addressed in this chapter is the
direction of causality for the Indian trade data. Do changes in the exchange rate cause the
change in the trade balance or the other way round? This is an area of further research
that is beyond the scope of this chapter.
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ANNEX

Annex 1.1: Cointegration analysis of savings and investment
The cointegration between gross savings and gross investment is computed in this
Annex. Gross investment is measured as the gross domestic capital formation (GDCF).
Both the series are obtained at current prices and are divided by the nominal GDP at
market prices. Annual data from 1950-51 to 2011-12, which are used for the analysis,
have been obtained from the Handbook of Statistics on the Indian economy of the RBI
(2013). The first step of the analysis is to test the stationarity of both the series.
Table 1.1.1 Unit Root Tests of Stationarity
Test

Test
Statistic

Gross Domestic Saving (GDS)
Level I(0)

ADF Test t-statistic
PP Test
Adj t-stat
Critical Values
ADF Test
PP Test

First
I(1)

Gross Domestic Capital Formation
(GDCF)
Difference Level I(0)
First Difference I(1)

-0.894
-0.854

-6.573***
-6.547***

-0.782
-0.684

-6.897***
-6.864***

1%
1%

-3.709
-3.565

5%
5%

-2.983
-2.921

*** Significant at the 1% level

The unit root tests suggests that GDS and GDCF are non-stationary in levels, but
stationary in first differences, i.e., integrated of the first order, I(1). Engel Granger
cointegration tests can be applied to test for the short-run and long-run relationship
between the variables as they are integrated in the same order. The test involves running
an OLS regression between the two variables and then a unit root test on the residuals. If
the residual is I (0), then GDS and GDCF are said to be cointegrated. A simple regression
of the following form is undertaken:
GDCF = α + β GDS + t.
Regression of this equation gives the following results:
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GDCF = 0.0008 +1.045 GDS
R2 = 76.78
Taking the residual from this regression (t = GDCF - α - β GDS) and running the ADF
test gives the following result: ADF test statistic for residual: -10.194* (* Significant at
the 1% level).
These tests suggest that savings and investment are cointegrated as the residual is
stationary in levels and that a long-run relationship exists between the two in the country.
Given that these two are cointegrated, any policy that impacts the savings ratio in the
country will also have an effect on the investment. The results indicate that for every unit
increase in savings, investment increases by more than one unit, which suggests that the
difference between investment and savings is met by capital inflows from abroad.
The next step is to run Granger causality tests to check the causation between
savings and investment. The results of the Granger causality support the fact that savings
Granger cause investment and that investment Granger causes savings.
Table 1.1.2 Results of Granger Causality Tests
Null Hypothesis

Chi-2
Statistic
GDCF does not Granger cause
9.531
GDS
GDS does not Granger cause
7.022
GDCF

Probability

Causal Relation

0.002

GDCF  GSD

0.008

GDS  GDCF

The above table suggests that both investment and savings granger cause each
other. The next step is to investigate the relation between the two in the short run and the
time it takes for the series to come back to a steady state path. To estimate the short-run
relation, the following Engel-Granger error correction model is used:
∆GDCF = a + b ∆GDS + c (GDCFt-1 – αt-1 - β GDSt-1) + μt,
where ∆ represents the first difference of the variables.
b captures the short run impact of the GDS on the GDCF
c is adjustment effect which shows how much of the effect is corrected each period.
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(GDCFt-1 - α t-1 - β GDS t-1) is the error correction term.
OLS can be applied to this equation as the first differences of GDS and GDCF are
stationary from the earlier unit root tests and the residual is also stationary. OLS
regression gives the following result:
GDCF = 0.001 + 1.01GDS -0.302 t-1
R2 = 78.4
The result suggests that in the short run, a one percent change in the savings leads to a
one percent change in the investment. The negative sign of the speed of adjustment
suggests that there is convergence taking place towards the long-run equilibrium. The
coefficient -0.302 suggests that about 30 percent of the adjustment towards the long-run
equilibrium takes place every year. And the other relation with the GDS as the dependent
variable gives the following:
GDS = 0.003+ 0.756GDCF + 0.148 t-1
The result suggests that in the short run, a one unit change in the investment leads to a
0.75 percent change in savings.
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Annex 1.2 Definition of the macroeconomic variables
Variable
Cash Reserve Ratio
(CRR)
Open Market
Operations
(OMO)

Statutory Liquidity
Ratio
(SLR)
Liquidity
Adjustment
Facility (LAF)

Repo Rate

Reverse Repo Rate

91-day Treasury
Bill

Weighted average
call money rate

Definition
Cash Reserve Ratio is the proportion of the total deposits that
banks are required to hold with the RBI.
OMOs are the market operations conducted by the RBI through
the sale and purchase of government securities to influence the
rupee liquidity conditions in the market on a durable basis.
When the RBI feels there is excess liquidity in the market, it
resorts to sale of securities thereby sucking out the rupee
liquidity. Similarly, when the liquidity conditions are tight, the
RBI will buy securities from the market, thereby releasing
liquidity into the market.
The statutory liquidity ratio is the amount of the total demand
and time liabilities that the banks are required to hold as liquid
assets. The liquid assets can be in the form of cash, gold, or
government and other approved securities.
LAF is a facility extended by the Reserve Bank of India to the
scheduled commercial banks (excluding RRBs) and primary
dealers to avail of liquidity in case of requirement or park
excess funds with the RBI in case of excess liquidity on an
overnight basis against the collateral of government securities
including state government securities.
Repo or ready forward contact is an instrument for borrowing
funds by selling securities with an agreement to repurchase the
said securities on a mutually agreed future date at an agreed
price that includes interest for the funds borrowed.
The reverse of the repo transaction is called ‘reverse repo,’
which is lending of funds against buying of securities with an
agreement to resell the said securities on a mutually agreed
future date at an agreed price which includes interest for the
funds lent.
Treasury Bills are short-term debt obligations of the
treasury/government, with maturities of one year or less. They
are instruments issued at a discount to the face value and form
an integral part of the money market. The 91-day Treasury Bill
has a maturity of 91 days.
Call money rate is a rate at which scheduled commercial banks
and primary dealers borrow and lend from each other in the call
money market. The call money market is the market for
uncollateralized lending and borrowing of funds and is
predominantly overnight and open for participation only to
scheduled commercial banks and the primary dealers.

Source: RBI Glossary of Important terms (http://www.rbi.org.in/scripts/FAQView.aspx?Id=79#A5)
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Annex 2.1: Studies on Interest rate pass-through for India
Paper Title

Author

Period of Countries
study
Studied
1998: M1 BRICS
to
2007: M9

The
Emerging
BRIC
Economies:
Evidence
from the
Interest Rate
Transmission
Mechanism

Karagiannis,
Stelios,
Yannis
Panagopoulos
and
Prodromos
Vlamis (2009)

The Interest
Rate Channel
of Monetary
Transmission
Mechanism
in India: An
Empirical
Study
Monetary
Transmission
in Asia: Is It
Working

Pattnaik and
Ramanathan
(2007)

1997 Q12005 Q4

Guimarães
and RuizArranz (2009)

2001-09

South Asia
and the
Global
Financial
Crisis

Hattari et al.
(2011)

Methodology

Results

Disaggregated
GETS model
using a Nonlinear least
squares model

Complete
passthrough in
the long
run; Only
policy rate
decreases
are
transmitted
to the loan
rates

ARDL

Long run
PT: 0.3;
Time taken
for complete
PT: 1.2
months

ARDL

Short run
PT: 0.0
Long run
PT: 0.3
Time taken
for complete
PT: 1.2
months

India

Australia,
Indonesia,
India,
Japan,
Korea,
Malaysia,
New
Zealand,
Philippine
s and
Thailand
Jan 2001- India,
Oct 2009 Pakistan,
Banglades
h and Sri
Lanka
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Annex 2.2 First and second stage pass-through with TB Rate
First Stage Pass-through with TB rate
(1)
(2)
Model
∆91dayTBt = α
∆repot + 
∆repo
0.714***
(0.238)
∆ crr t
∆repo
∆crr
constant
N
R2

(3)
∆91dayTBt = α ∆repot + γ ∆
crrt +  ∆repo * ∆crrt+ 
0.636**
(0.262)
0.564**
(0.248)
0.542***
(0.324)
-0.007
(0.059)
115
0.1147

*
0.004
(0.059)
115
0.0734

** Significant at 5% level of significance
*** Significant at 1% level of significance

Second Stage Pass-through with TB rate
(1)
(2)
Model
∆rt= α ∆91dayTBt-1
+
∆repo

(3)
∆ rt = α ∆91dayTBt1 + β ∆diffrr+ 

0.045
(0.056)

0.035**
(0.055)
0.447**
(0.248)
-0.026
(0.036)
114
0.053

∆ diffrr
Constant
N
R2

-0.029
(0.036)
114
0.0058

** Significant at 5% level of significance
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Annex 2.3 Unit root tests and Lag selection criteria
a. ADF and Zivot Andrews Test for Factors Affecting Pass-through
Variable

ADF
Levels

First
Difference
-20.41***
-9.341***
-11.705***

GDP growth
-1.251
Inflation Rate
-1.583
Credit-deposit
0.7671
ratio
Bank deposit-2.279
-3.992*** #
GDP
Bank
5.056
-5.119*** #
Concentration
Cost
to -5.240***
Income ratio
Portfolio
-0.568
-2.856** #
diversification
Non-7.856***
performing
assets
Private credit
-1.544
-4.341***
to GDP
Bank
-6.140***
Ownership
Critical Values
1% level
-3.505
5% level
-2.889

Zivot-Andrews#
Levels
First Difference
-4.698
-3.352
-3.836

-6.704*** #
-9.443***
-5.229**

-3.317

-7.320*** #

-2.032

-4.940**

-4.317*
-5.186**

-7.678*** #

-2.468

-5.866***

-3.651

-4.925**

-6.676***

# Stationary at a higher difference than the first difference
*** Significant at 1%; ** Significant at 5%; * Significant at 10%.
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-5.43
-4.80

b. Lag Order Selection
LL: log likelihood; LR: Likelihood ratio; AIC: Akaike's information criterion;
SBIC: Schwarz's Bayesian information criterion; HQIC: Hannan and Quinn information criterion

GDP growth
Lag
LL
LR
0
-247.75
1
-13.51 468.49
2
214.66 456.33
3
400.49 371.67
4
451.77 102.55*

AIC
4.44
0.28
-3.78
-7.08
-7.97*

HQIC
4.45
0.3
-3.75
-7.04
-7.92*

SBIC
4.47
0.33
-3.71
-6.98
-7.85*

Inflation rate
Lag
LL
LR
0
-511.16
1
-162.07 698.17*
2
-161.11
1.93
3
-161.07
0.07
4
-160.91
0.33

AIC
9.15
2.92*
2.93
2.95
2.96

HQIC
9.16
2.94*
2.96
2.99
3.01

SBIC
9.17
2.97*
3.00
3.04
3.08

Credit-deposit Ratio
Lag
LL
LR
AIC
HQIC
SBIC
0
-392.58
7.03
7.04
7.05
1
-165.01 455.15
2.98
3.00
3.03
2
-163.86
2.30
2.98
3.01
3.05
3
-163.41
0.90
2.99
3.03
3.09
4
-157.16 12.488* 2.89*
2.94*
3.01*
Bank deposit to GDP
Lag
LL
LR
AIC
HQIC
SBIC
0
-330.31
5.92
5.93
5.94
1
33.49 727.60
-0.56
-0.54
-0.51
2
283.30 499.62
-5.01
-4.98
-4.93
3
494.88 423.15
-8.77
-8.73
-8.67
4
524.45 59.14* -9.27*
-9.22*
-9.15*
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Bank concentration
Lag
LL
0
-199.22
1
126.55
2
339.63
3
549.72
4
550.90

LR

AIC
HQIC
SBIC
3.58
3.59
3.60
651.54
-2.22
-2.20
-2.18
426.15
-6.01
-5.98
-5.94
420.2*
-9.75 -9.70*
-9.64*
2.36 -9.74*
-9.70
-9.63

Cost to income ratio
Lag
LL
LR
AIC
HQIC
SBIC
0
-315.01
5.64
5.65
5.67
1
-10.46 609.11
0.22
0.24
0.27
2
244.25 509.42
-4.31
-4.28
-4.24
3
423.07 357.63
-7.48
-7.44
-7.39
4
481.90 117.67* -8.51*
-8.46*
-8.39*
Portfolio diversification
Lag
LL
LR
AIC
HQIC
SBIC
0
-292.48
5.24
5.25
5.27
1
-27.19 530.58
0.52
0.54
0.57
2
223.79 501.97
-3.94
-3.91
-3.87
3
394.39 341.19
-6.97
-6.93
-6.87
4
475.99 163.2* -8.41*
-8.36*
-8.28*
Non-performing assets
Lag
LL
LR
AIC
HQIC
SBIC
0
-294.50
5.28
5.29
5.30
1
-56.98 475.03* 1.05*
1.07*
1.10*
2
-56.88
0.19
1.07
1.10
1.14
3
-56.78
0.21
1.09
1.12
1.18
4
-56.67
0.23
1.10
1.15
1.22
Bank Ownership
Lag
LL
LR
AIC
HQIC
SBIC
0
-208.86
3.75
3.76
3.77
1
76.45 570.61
-1.33
-1.31
-1.28
2
301.05 449.21
-5.32
-5.29
-5.25
3
473.95 345.79
-8.39
-8.35
-8.29
4
509.04 70.188*
-9.00*
-8.95* -8.87*
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Private credit to GDP
Lag
LL
LR
AIC
HQIC
SBIC
0 -360.27
6.45
6.46
6.48
1
80.13 880.80
-1.40
-1.38
-1.35
2 307.31 454.36
-5.43
-5.40
-5.36
3 523.74 432.86
-9.28
-9.24
-9.18
4 540.55 33.61*
-9.56*
-9.51*
-9.44*
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Annex 2.4: Case studies: Korea and Thailand
Korea government bond market development (Based on Government Bond Market
Development: The Korean Experience)105
The development of Korean bond market was influenced by the financial
repression carried out by the government, whereby the banks were forced to hold
government bonds at the administered interest rates. Until the Asian Financial Crisis
(AFC), the issuance of government bonds in Korea was a form of a taxing mechanism
rather than borrowing from the market. Even though this way of forcing the banks to hold
government bonds provided low-cost resources to the government, it did not help the
development of the bond market and distorted the interest rate structure. Development of
this market was limited, and it could not play any role in the financial market
development or in the macroeconomic policies.
Recognizing the need for the development of the government bond market for the
overall financial market development, the Korean government initiated a series of
reforms even prior to the AFC in the early 1990s. Steps were undertaken to improve the
primary and the secondary markets along with the institutional and structural
infrastructure. There was a move towards a market-determined interest rate structure
from an administered interest rate structure. And there were also efforts to increase the
liquidity and depth of the government bond market. New instruments were introduced
along with the primary dealer system, the electronic trading and settlement infrastructure.
These efforts transformed the government bond market in Korea and elevated it to a par
with the financial markets of some of the more-developed countries.
Some of the important lessons that developing countries can draw from the
Korean experience are as follows: the government bond market has to be in line with the
economic development process. This is because the demand for the government bonds
changes along with the level of economic development. The Korean experience also
suggests that a country needs some prerequisites to developing the government bond
market which include, but are not limited to, sound fiscal and monetary policies,
105

Based on Rhee (2013)
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developed financial systems, and an effective regulatory infrastructure. Another
important lesson is the role for the government in the bond market development. The
Korean government issued new bonds along with activating and monitoring the market
transactions as well as integrating wide ranging policies into an organized framework to
modernize the government bond market.

Thailand Bond Market Development (Based on Development of the Thai Bond
market)106:
Unlike in the Korean case, where the government bonds were held even prior to
the AFC, the bond markets--both government and corporate--were relatively
underdeveloped in Thailand. Prior to the AFC, the commercial banks were responsible
for most of the financial intermediation. There was a limited supply of government
bonds, which prevented the development of a risk-free benchmark for the market and
issuers to price corporate bonds. The AFC brought these problems to the fore,
particularly through the liquidity crunch the countries faced during the crisis, as banks
were wary of lending money, which led to an increase in the share of non-performing
loans. This had an impact on businesses in Thailand, which lost their regular channels of
finance, thereby aggravating the economic slowdown caused by the AFC.
The impact of the crisis led the authorities to undertake extensive steps to improve
the financial system of the country. The focus mostly was on improving the bond market,
“partly because of the necessity of funding the financial sector
restructuring and partly as an alternative funding source to reduce reliance
on bank intermediation. In addition to the efficiency gain expected from
increased competition for funding, a more developed bond market would
also provide the economy with a more balanced financial infrastructure,
thereby diversifying the risk of intermediation across a large number of

106

Based on Chabchitrchaidol, Akkharaphol, and O. Permpoon (2002)
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institutions and market players.(Chabchitrchaidol & Permpoon, 2002, p.
190)

Within the bond markets, the focus was on the government bond market for the
development of the overall bond market. One of the first things the Thai government did
was to build the government bond yield curve and enhance the secondary market
liquidity. With the improvement in the government bond market along with increased
activity in the secondary market, the government bond yield curve became an indicator of
the financial market conditions and market sentiment. Developing bond markets helped
the Bank of Thailand (BOT) move away from direct instruments of operations (such as
reserve requirements, interest rate ceilings, and credit controls) towards the use of
market-based instruments such as open-market operations. With well-developed (deeper
and more liquid) capital markets, the development of a repo market facilitated the use of
more indirect instruments of monetary policy. In addition, the credibility of monetary
policy operations was also enhanced by the development of the bond markets. This is
because bond yields respond more rapidly to changes in the policy rate, improving the
signaling effect of monetary policy.
Another important effect of bond market development, which draws from the
other effects mentioned above, is the improvement in the monetary policy transmission
through the interest rate channel. With development of the bond markets, the central bank
can improve monetary policy efficiency in the country particularly under an inflation
targeting regime by imposing an initial margin as well as marking collateral to market.
And as additional sources of finance become available with the market developments, the
corporate sector can also maintain access to funds even if the banking sector is impaired.
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Annex 3.1: Percentage share in Indian exports

I Primary products
(a) Agri. & allied products
(b) Ores and minerals
II Manufactured goods
(a) Textiles incl. RMG
(b) Gems & jewelry
(c) Engineering goods
(d) Chemicals and related
products
(e) Leather & leather
manufactures
(f) Handicrafts including
carpet handmade
III Petroleum, crude and
products
Total exports

2000-01
16
14
2
78.8
23.6
16.6
15.7

2009-10
14.9
10
4.9
67.2
10.5
16.2
18.2

2010-11
13.2
9.7
3.4
69
9.1
16.1
19.8

2011-12
15.2
12.4
2.8
66.1
8.7
14.7
19.2

2012-13
(Apr-Nov)
16
14
2
64.5
8.7
15.4
19.3

10.4

12.8

11.5

12.2

13.7

4.4

1.9

1.6

1.6

1.7

2.8

0.5

0.5

0.4

0.4

4.3
100

15.8
100

16.5
100

18.3
100

18.6
100

Source: Economic Survey of India 2012-13
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Annex 3.2 Summary of studies on ERPT for India
Title of Study

Authors

Details of
study
ERPT into
CPI (19802005)

Methodology

Major Conclusion

How high is
exchange rate
pass-through in
India? Has it
changed over
time?

Ghosh and
Rajan (2007b)

Error
Correction
Model

Bhattacharya
et al. (2008)

ERPT into
CPI and WPI.
(1997m9 –
2007m10)

VAR

Saha and
Zhang (2012)

ERPT into
import prices,
CPI and WPI.
(1990m1 –
2011m3)

VAR

EPRT into India’s
CPI: between 40-45
%; bilateral USDINR movements
more impact than
NEER on passthrough
10% change in
exchange rate:
CPI: 1-1.1 % short
run
0.3-1.% long run
WPI: 1.36 % short
run
2.86% long run
Depreciation of
Indian rupee reduces
import prices but
raises CPI.

Exchange rate
pass-through in
India

Exchange rate
pass-through and
its impact on
inflation: A
comparative
study for
Australia, China
and India with
disaggregated
data
Economic
reforms and
exchange rate
pass-through to
domestic prices
in India
Exchange rate
pass-through in
India – An
exploration with
sectoral import
prices
Exchange rate
pass-through:
How much do
exchange rate
changes affect
the prices of
Indian exports

Khundrakpam
(2007)

ERPT into
WPI
(1991m8:
2005m3)

Pyne and Roy
(2008)

ERPT into
import prices
(1991-92 to
2005-06)

Panel
regressions

Dash and
Narsimham
(2011)

ERPT into
import and
export prices
(1993Q2:
2004Q3)

Error
Correction
Model
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Pass-through to
WPI:
Short run: 0.063
Long run: 0.09

Incomplete passthrough to import
prices at 65%;
Significant
coefficient only for
chemicals
More than complete
pass-through to
import prices.
(Coefficient: 1.7)
Incomplete passthrough by Indian
exporters.

and imports
Exchange rate
pass-through
and volatility:
Impact on Indian
foreign trade

Dholakia and
Raveendra
(2000)

ERPT into
import and
export prices;
(1980-1996)

Partial
adjustment
model (special
case of ARDL)

Sectoral
Mallick and
exchange rate
Marques
pass-through:
(2006)
testing the impact
of policy reforms
in India

PTM in Indian
export and
import prices;
(1980-2001)

Panel
estimation and
Seemingly
Unrelated
Regressions

Pass-through of
exchange rate
and tariffs into
import prices of
India: currency
depreciation
versus import
liberalization

Mallick and
Marques
(2008c)

ERPT and
tariff rate
pass-through
into import
prices (19902001)

Feasible
generalized
least squares
(FGLS)

Exchange Rate
transmission into
industry-level
export
prices: A tale of
two policy
regimes in India
Exchange rate
pass-through in
India’s exports to
developed and
emerging
markets

Mallick and
Marques
(2008a)

PTM in export FGLS
prices (19802001)

Mallick and
Marques
(2008b)

PTM in export FGLS
prices (19922005); G3 and
BRIC
countries
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Complete passthrough to import
prices; Complete
pass-through by
Indian exporters
only after 1991.
Pass-through to
import prices
declined in 1990s
while that to export
prices increased;
sectors exhibiting
ERPT to export
prices increased to 6
in 1990s from 3 in
1980s.
ERPT significant
and complete in 12
of 38 industries;
TRPT significant in
six industries.
Sectoral differences
due to sector’s share
in total
imports and the
sector’s effective
protection rate
Pass-through to
export prices
increased in 1990s
compared to 1980s.

Incomplete ERPT to
export prices from
India for G3
countries (USA,
Japan & UK) and
BRIC economies.
Pass-through to
export prices: 18
percent for all
countries, 30 percent
for developed and
zero for emerging
markets.

Data frequency
and exchange
rate passthrough:
Evidence from
India's exports

Mallick and
Marques
(2010)

PTM in export Dynamic fixed
prices; (1992- effects model.
2006 for
annual and
1996-2001 for
monthly data)

193

Higher frequency
data more likely to
find incomplete
pass-through in the
short run. Long run:
incomplete passthrough in few
industries at both
frequencies

Annex 3.3 Lag length selection
Lag
0
1
2
3
4

LL
503.061
1171.67
1202.11
1224.19
1259.93

LR

df

p

1337.2
60.873
44.153
71.494*

16
16
16
16

0.000
0.000
0.000
0.000

FPE
2.70E-09
4.60E-14
3.60E-14
3.30E-14
2.4e-14*

AIC
-8.387
-19.355
-19.598
-19.700
-20.032*

HQIC
-8.349
-19.16
-19.25
-19.20
-19.38*

LL: log likelihood; LR: Likelihood ratio
AIC: Akaike's information criterion; SBIC: Schwarz's Bayesian information criterion
HQIC: Hannan and Quinn information criterion
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SBIC
-8.294
-18.888*
-18.757
-18.486
-18.444

Annex 3.4: Sectors for computation of ERPT
S.No.
1

Sector
Food &
food
products

2

Beverages
& Tobacco
Crude
Materials
inedible
except fuels

3

4

Mineral
fuels &
lubricants

5

Animal/veg
etable oils
& fats &
waxes

6

Chemicals
& related
products

Industries included
 Live animals other than animals of division 03
 Meat and meat preparations
 Dairy products and birds' eggs
 Fish (not marine mammals), crustaceans, molluscs and
aquatic invertebrates, and preparations thereof
 Cereals and cereal preparations
 Vegetables and fruit
 Sugars, sugar preparations and honey
 Coffee, tea, cocoa, spices, and manufactures thereof
 Feeding stuff for animals (not including un-milled
cereals)
 Miscellaneous edible products and preparations
 Beverages
 Tobacco and tobacco manufactures
 Hides, skins and furskins, raw
 Oil-seeds and oleaginous fruits
 Crude rubber (including synthetic and reclaimed)
 Cork and wood
 Pulp and waste paper
 Textile fibres (other than wool tops and other combed
wool) and their wastes (not manufactured into yarn or
fabric)
 Crude fertilizers, other than those of division 56, and
crude minerals (excluding coal, petroleum and precious
stones)
 Metalliferous ores and metal scrap
 Crude animal and vegetable materials, n.e.s
 Coal, coke and briquettes
 Petroleum, petroleum products and related materials
 Gas, natural and manufactured
 Electric current
 Animal oils and fats
 Fixed vegetable fats and oils, crude, refined or
fractionated
 Animal or vegetable fats and oils, processed; waxes of
animal or vegetable origin; inedible mixtures or
preparations of animal or vegetable fats or oils, n.e.s.
 Organic chemicals
 Inorganic chemicals
 Dyeing, tanning and colouring materials
 Medicinal and pharmaceutical products
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7.

Classified
manufacture
d goods











8.

Machinery
& transport
equipment













9.

Miscellaneo
us
manufacture
d goods













Essential oils and resinoids and perfume materials; toilet,
polishing and cleansing preparations
Fertilizers (other than those of group 272)
Plastics in primary forms
Plastics in non-primary forms
Chemical materials and products, n.e.s.
Leather, leather manufactures, n.e.s., and dressed furskins
Rubber manufactures, n.e.s.
Cork and wood manufactures (excluding furniture)
Paper, paperboard and articles of paper pulp, of paper or
of paperboard
Textile yarn, fabrics, made-up articles, n.e.s., and related
products
Non-metallic mineral manufactures, n.e.s.
Iron and steel
Non-ferrous metals
Manufactures of metals, n.e.s.
Power-generating machinery and equipment
Machinery specialized for particular industries
Metalworking machinery
General industrial machinery and equipment, n.e.s., and
machine parts, n.e.s.
Office machines and automatic data-processing machines
Telecommunications and sound-recording and
reproducing apparatus and equipment
Electrical machinery, apparatus and appliances, n.e.s.,
and electrical parts thereof (including non-electrical
counterparts, n.e.s., of electrical household-type
equipment)
Road vehicles (including air-cushion vehicles)
Other transport equipment
Prefabricated buildings; sanitary, plumbing, heating and
lighting fixtures and fittings, n.e.s.
Furniture, and parts thereof; bedding, mattresses,
mattress supports, cushions and similar stuffed
furnishings
Travel goods, handbags and similar containers
Articles of apparel and clothing accessories
Footwear
Professional, scientific and controlling instruments and
apparatus, n.e.s.
Photographic apparatus, equipment and supplies and
optical goods, n.e.s.; watches and clocks
Miscellaneous manufactured articles, n.e.s
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Annex 3.5 Unit root results for sectors
Food and Live Animals
Beverages and Tobacco
Crude
Mineral Fuels
Animal and Vegetable Oils
Chemicals and Related
Products
Manufactured Goods
Machinery and
Transportation
Miscellaneous Manufactured
Goods
Critical Values
1%
5%

Level
-1.433
-0.767
-4.648
-2.195
-0.332

First difference
-16.244
-3.447
-16.066
-9.399
-9.439

-0.815
-2.972

-6.574
-8.816

-0.689

-9.273

-2.243

-11.566

-3.503
-2.889
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Annex 4.1 J-curve studies on India
Paper Title

Author

Countries
Studied
30
developing
countries

Methodology

Results

Rose
(1990)

Period of
study
1970-88:
annual and
quarterly
data

Exchange rates and
the trade balance:
Some evidence
from developing
countries

Error
correction
models

Testing J-Curve
hypothesis and
analyzing the effect
of exchange rate
volatility on the
balance of trade in
India
Do devaluations
improve the trade
balance? The
evidence revisited

Singh
(2004)

1972 Q2 to
1996 Q3

India

Error
correction
models/
GARCH

No relation
between
exchange
rate and
trade
balance
No J-curve

Himario
s (1989)

1953-73
annual
data;
1975Q1:
1984:Q4

OLS and twostage least
squares

Positive
impact of
depreciatio
n on the
trade
balance

Bilateral J-curve
between India and
her trading partners

Arora et
al
(2003)

1977 Q1 to
1998 Q4

Colombia,
Costa Rica,
Ecuador,
Finland,
France,
Ghana,
Iceland,
India,
Israel,
Korea,
Peru,
Philippines
, Spain, Sri
Lanka, UK
Indonesia,
Italy,
Mexico,
Norway,
South
Africa,
Sudan,
Thailand,
Zambia
India with
7 trade
partners
(Australia,
Germany,
Italy,
Japan, US

ARDL

No Short
run impact
of
exchange
rate on
trade
balance;
Long run
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Devaluation and
the J-curve: Some
evidence from
LDCs

Bahman 1973–1980
iOskooee
(1985)

Greece,
India,
Thailand
and Korea

More evidence on
the J-curve from
LDCs

Bahman 1973 Q1 –
i1985 Q4
Oskooee
and
Malixi
(1992)

US bilateral
nominal trade
balance with India,
Japan, Malaysia, S.
Korea and
Thailand, and
bilateral nominal
exchange rate
dynamics:
Evidence on Jcurve?
The J-curve
phenomenon: myth
or reality? – An
analysis for India

Mustafa
and
Rahman
(2008)

Jan 1985 May 2005

Brazil,
India,
Greece,
Pakistan,
Egypt,
Korea,
Mexico,
Philippines
, Peru,
Portugal,
Thailand,
Turkey
Dominican
republic
US, India,
Japan,
Malaysia,
South
Korea and
Thailand

Napgal
(2010)

1992-2009
monthly
data

India with
US, UK
and Japan
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impact for
Australia,
Germany,
Italy, Japan
but not for
US.
Distributed lag Deteriorati
model
on in the
imposing
short run
Almon lag
and
structure on
positive
the exchange
impact on
rate
trade
balance in
long run.
Distributed lag Short run
model
effect may
imposing
not follow
Almon lag
a set
structure on
pattern but
the exchange
favorable
rate
impact in
the long
run

Error
correction
model

No short
run impact
for India;
Long run
impact
present

Cointegration
tests, impulse
response
function and
VAR/VEC
models

No J –
curve for
India.
Positive
long run
relation in
India’s
trade with

India's trade with
USA and her trade
balance: An
empirical analysis.

Tiwari
and
Shahbaz
(2011)

1965-2008

India trade
with US

Cointegration
tests, impulse
response
function and
variance
decomposition

The J-curve at the
industry level:
Evidence from
U.S.-India trade

Bahman 1962-2006
iOskooee
and
Mitra
(2009)

India trade
with US;
34
industries

Pesaran et al.
(2001) bounds
testing
approach
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US
J-curve
effect at a
disaggregat
ed level for
India’s
trade with
the US
J-curve
effect for 8
industries;
for 22
industries
short run
deterioratin
g impact of
exchange
rate on
trade
balance.

Annex 4.2 Diagnostic tests on aggregate and bilateral trade using REER
1

Aggregate
Germany#
Saudi
Arabia#
Singapore
Switzerland
USA

2

3

F stat
7.26
4.56

ECM
Statistic
-.760***
-.545***
-.225***

4.32
2.42
6.32
3.28

-.313***
-.848***
-.474***

4
5
RESET (H0:
Model has no
omitted
variables)
LM test#
1.09
0.056
5.52***
2.765*
11.75***
0.26
1.92
1.00

6

CUSUM CUSUMSQ
S
S
S
U

0.074
1.024
5.144**
0.713

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level
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S
S
S
S

S
S
S
S

Annex 4.3 Analysis using asymmetric lag lengths
Table 4.3.1 Short-run and Long-run coefficients
Saudi
Arabia

Germany

1.558

-1.083**

0.550

-1.39***

1.150

-0.568

-0.485

-1.783

-0.092

USA

Switzerland

Singapore Aggregate

Short ∆ Lnrer
t-1
run
coeffi- ∆ Lnrert-2
cients ∆ Lnrer
t-3

-0.172
-0.225

0.673

-3.251

-0.355

∆ Lnrert-4

-0.044

-1.246

-3.609*

0.099

∆ Lnrert-5

0.391

1.118

0.294

∆ Lnrert-6

-0.649

-2.759

0.549

∆ Lnrert-7

0.669

-1.154

0.545

-3.478*

∆ Lnrert-8

1.171*

∆ Lnrert-9
Long
REER
run
GDP
coefficients WGDP
Constant

-0.168
-1.741
-4.879
27.144
67.337*

0.709
-7.463
47.111
69.33***

-3.478
-12.969
-9.351
-8.811

0.417
26.578
-9.142
-75.07*

-1.568
6.988
-14.073
-8.642

-8.094
17.490
3.747
-7.165

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level

Table 4.3.2 Diagnostic Tests for Asymmetric Lag length Regressions
ECM
Statistic

F stat
Aggregate
3.76 -.755***
Germany
5.82 -.494***
Saudi
-.188**
Arabia
3.08
Singapore
3.20 -.429***
Switzerland 13.41 -.864***
USA
3.87 -.865***

RESET
(H0: Model
has no
omitted
variables)
0.34
0.72

LM test#
4.938**
0.348

CUSUM
S
S

CUSUMSQ
S
U

13.01***
0.10
0.90
0.47

0.133
0.510
9.78***
2.951

S
S
S
S

S
S
S
S

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level
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Annex 4.4 Diagnostics: Sectoral trade using REER
1

Food
Beverages
Crude
Mineral Fuels
Animal and
vegetable Oils
Chemicals
Manufacturing
Machinery
and
Transportation
Miscellaneous
Manufactured

2

3

F stat
9.52
2.23
8.38
5.90

ECM
Statistic
-.607***
-.116***
-.451***
-.750***

4
RESET
(H0: Model
has no
omitted
variables)
0.56
19.16***
0.34
37.23***

5

6

LM test#
0.139
0.457
0.000
0.053

3.05
3.98
6.22

-.191***
-.138**
-.636***

0.39
18.87***
2.41*

0.685
1.780
0.000

S
S
S

S
U
S

5.24

-.407***

11.22***

0.469

S

S

4.32

-.404***

53.63***

0.000

S

U

CUSUM CUSUMSQ
S
S
S
S
S
S
S
U

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level
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Annex 4.5 Diagnostics for the sectoral estimation using USD-INR
1

Food
Beverages
Crude
Mineral Fuels
Animal and
vegetable Oils
Chemicals
Manufacturing
Machinery
and
Transportation
Miscellaneous
Manufactured

2

3

F stat
9.68
2.48
5.72
6.83

ECM
Statistic
-.663***
-.145***
-.417***
-.810***

4
RESET
(H0: Model
has no
omitted
variables)
0.61
19.45***
0.10
55.78***

5

6

LM test#
2.962*
0.906
0.444
0.014

1.87
5.42
4.13

-.154***
-.209***
-.554***

1.19
20.73***
3.18**

3.372*
1.048
0.03

S
S
S

S
U
S

7.23

-.524***

14.89***

0.445

S

S

4.48

-.544***

33.27***

0.077

S

U

CUSUM CUSUMSQ
S
S
S
S
S
S
S
U

*** Significant at 1% level; ** Significant at 5% level; * Significant at 10% level
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