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Introduction

The process of financial development in any emerging economy would invlove
the intimately interlinked developments of both financial institutions as well as
financial markets. It is well-known that transmission of monetary policy, to begin with,
takes place via financial markets. Financial market developments and extent of
market integration across various segments of domestic financial markets play a key
role in this context. The more integrated financial markets are, in all likelihood the
more would be the strength of monetary transmission across financial markets.

Empirically, however, the locomotion from microstructure to macro behaviour
is essentially couched in terms of some aggregation. Two issues are important here.
First, the level of aggregation could dictate the nature of market. lllustratively, when
the market for fruits is formed by aggregating apples and oranges, there is indeed
some loss of information but the investigator still goes for it to discern broader
trends. Thus, tension of inferring about the woods without missing the trees is
inherent in any investigation on market integration. Second, there is yet another
issue that is important in this regard, viz., presence of regulation. lllustratively, even if
the quality of rice could be reasonably homogenous across all India, in presence of
government regulation restricting movement of rice across states, market for rice will
be segmented across India. Thus, in terms of first principles, level of aggregation
and extent of regulation may determine the degree of market integration.*

While both these issues are important for financial markets, one would expect
the flow of information (as well as the products) would be much smooth in financial
markets than their real counterparts. After all, most of the financial products are
virtual and geographical distance and transport cost will have little relevance for
financial markets. Thus, the law of one price (in the form of equality of risk adjusted
returns) has a higher probability of getting validated for financial markets.
Nevertheless, financial transactions are highly leveraged - hence the possibility of
regulation leading to market segmentation will be accordingly high in financial
markets.

At this stage one may segregate between two levels of integration — (a)
among different segments of domestic financial markets, and (b) among a specific
segment of domestic financial market and its global / foreign counterpart. Both these

* Ayuso and Blanco (1999) rightly noted, ...perfect cross-market integration is generally understood
as a situation in which there is no barrier of any kind to cross-border financial transactions, such as
tariffs, taxes, restrictions on the trading of foreign assets, information costs or any other cost that
makes it more difficult to trade across countries than within them. With perfect cross-market
integration there are no cross-market arbitrage opportunities and the law of one price — i.e., portfolios
with the same payoffs should have the same price in different markets— holds”.



types of integration are on the rise with the increasing trends in globalization. It has
been rightly observed:

“The progressive globalisation of financial institutions and services over the last
two decades has led to a complex web of interconnected markets, institutions,
services and products. Institutions transcended borders; markets became
accessible in real time and financial services were available from everywhere. In
short, financial markets and institutions declared ‘death of distance’ and
‘conquest of location’ ” (Subbarao, 2009).

How integrated are the segments of Indian financial markets? What is the
relationship of financial markets with monetary policy actions? What has been the
inter-temporal behaviour of financial market integration? The present paper seeks to
answer some of these questions in Indian specifics in recent period. In particular, it
concentrates on the first type of financial integration, viz., among different segments
of domestic financial markets. Specifically, it seeks to address two questions:

e What is the nature of integration among different segments of Indian financial
markets? and

e What has been the influence of monetary policy on different segments of
financial markets?

There are three discerning features of the study. First, it uses daily data over
a fairly recent period, viz., January 2005 — November 2012 to decipher the extent of
financial market integration. Second, it seeks to probe into the mechanism of
monetary policy transmission across various segments of financial markets viz.,
money, G-Sec, corporate debt, forex, and equity.® Third, given the short run nature
of the data (notwithstanding the number of observations), it uses structural vector
autoregression models to discern econometrically robust conclusions.

A scan of the existing literature on financial market integration in India reveals
that most of them concluded in favour of increasing but partial integration among the
different segments of the financial markets. At the same time, because of low
frequency of data most of these studies covered a period in which there was regime
change with respect to monetary policy operating procedure. It is here that our study
makes a departure and concentrates on a focused and recent period (i.e., January
2005 - November 2012), which is free from such issues. In some sense, it is less
likely to be subjected to, what in generic term may be called as, the “Lucas Critique”.

> We choose to ignore the credit market for two reasons. First, there is a large literature on credit
channel of monetary policy looking into transmission of monetary policy to credit market in India
(e.g., Pandit et al, 2006). Second, credit market has a number of regulatory restrictions that may allow
only partial integration with other financial markets.



At the same time, we are aware of two specific limitations of the study. First,
high frequency data are often more noisy and hence signal extraction could be
difficult. But monetary policy also functions in such a noisy data environment, and
hence, a priori, a high frequency model is expected to be more useful. Second, ours
is a story of integration among different segments of financial markets and impact of
monetary policy on them. We are, thus, quite contracted in our focus — we do not
consider variables such as output, prices, or even fiscal policy, all of which could
impact financial markets and monetary policy decisions. Put differently, we are
confined to a partial equilibrium model where the market players in a particular
segment of the financial market are concerned only with what is happening in other
segments and monetary policy. But such a caricatured world might perhaps capture
the very short-run and may be representative of the behaviour of the typical financial
market player on a day-to-day basis. In the financial markets, where it is often joked
that, “a long term investment is a short term investment that failed”, we thought our
emphasis on the day-to-day activities may not be entirely misplaced.

Rest of the paper is organized as follows. Section 2 gives a bird’s eye review
of the relevant literature. While issues related to financial market microstructure in
India are discussed in section 3, some stylized facts on inter-temporal behaviour of
rates in different segments of the financial markets are taken up in section 4. Section
5 is devoted to the extent of market integration and its relationship with monetary
policy. The econometric results are discussed in section 6. Section 7 concludes the

paper.

2. Received Literature: A Synoptic Review

There have been two distinct strands of literature on financial markets
integration, viz., domestic and international. Typically the studies on international
financial market integration look into the movement of a similar type of market across
different countries; for example, the relationship between Sensex and Nasdaq would
be classified as a study on international stock market integration. Such studies
typically would use the covered / uncovered interest parity condition to formalize the
law of one price across geographical or political boundaries. In this paper we refrain
from studying this issue.® Instead our primary interest is confined to the extent of

® See for example, Kaminsky and Schmukler (2002), Moosa and Bhatti (1997) or Fratzscher (2001)
on financial market integration across different global territories. Kaminsky and Schmukler (2002)
suggested that equity prices tend to be more internationally connected than interest rates. Moosa and
Bhatti (1997) found high level of integration between goods and financial markets of Japan and six
Asian countries by testing uncovered interest parity (UIP) and ex ante purchasing power parity (PPP).
In this line Hansda and Ray (2002) found that prices of dually listed stocks at different stock
exchanges like BSE or Nasdaqg are highly related. Also see Raj and Dhal (2008) on this issue of stock
market integration in India and abroad.



integration across different segments of domestic financial markets — that is to say
we confine our attention to issues like how does a change in call money rate
influence the yield on a ten year G-Sec. We will have a quick rundown of the studies
done in the Indian context. In terms of methodology, most of these studies probe into
the issue of existence of a co-integrating relationship between a subset of interest
rate / yield variables in the different segments of the financial market.

Dhal and Bhoi (1998) in one the early studies on the subject studied the
extent of domestic financial market in the initial years of reforms (viz., over April 1993
— March 1998). Using monthly data, they found that although fully competitive
environment was yet to emerge, several segments of the financial market have
achieved operational efficiency. In particular, India's financial markets were getting
increasingly integrated at the short-end of the market, such as, money market, credit
market, Government securities market. However, capital market is least integrated
with the rest of the financial sector; there were also early indications about
integration of money market and forex market. However, integration of domestic and
overseas financial markets has not been found to be robust. Similar results are
obtained by others as well (e.g., Pattnaik and Vasudevan, 1999). Nag and Mitra
(1999) got similar results using the technique of Artificial Neural Network.

Using monthly data from January 1993 to December 2002, Jain and
Bhanumurthy (2005) examined the issue of financial market integration. In particular,
they tested for existence of a cointegrating relationship between 91-day Treasury bill
rates, call money rates and Indian Rupee/US dollar exchange rate (ER) as a
measure of returns in the domestic financial markets and the LIBOR (used as the
measure for the foreign interest rate). The study found that there was a strong
integration of the domestic call money market with the LIBOR. Though, the study
found that there is a long-term co-movement between domestic foreign exchange
market and LIBOR, it is statistically insignificant. As the Government securities
market in India was still in the development stage within the sample period, it was
not found to be integrated with the global markets.

RBI (2007) delved into the issue of financial market integration in detail. From
the correlation structure of the rates in different segments of the financial market, the
evidence of growing integration of financial markets beginning 2000 comes out.
Interestingly, while in the money market segment, there is evidence of stronger
correlation among interest rates in the more recent period 2000-06 than the earlier
period 1993-2000, the sharp improvement in correlation between the reverse repo
rate and money market rates in the recent period implies enhanced effectiveness of
monetary policy transmission. The equity market, however, appeared to be
segmented with relatively low and negative correlation with money market segments.
Thus, it concluded, “Domestic financial market integration in India has been largely



facilitated by wide-ranging financial sector reforms introduced since the early 1990s.
Financial markets in India have acquired greater depth and liquidity; in the process,
various market segments have also become better integrated over the years” (p.
312).

Bhattacharyya and Sensarma (2007) examined the efficacy and robustness of
alternative monetary policy instruments in transmitting the policy signals and its
impact on different segments of the financial market in India. Employing a Structural
VAR model with monthly data over a 10-year period (April 1996 — March 2006), they
segregated the whole period into pre-liquidity adjustment facility (LAF) and post-LAF
and tried to ascertain the relative importance of alternative instruments like Bank
rate, CRR or the repo rate. They found “increasing evidence of market integration
between the money, the foreign exchange and the government securities market,
particularly at the short-end; although the term structure turned out to be somewhat
segmented, transmission across the yield curve was in evidence”.

Using monthly data, Singh (2011) in a recent study examined the pass-
through as well as asymmetric response of policy interest rates to financial markets
for the period March 2001 through October 2011. Using the framework of distributed
lag model, the study found that short end of the financial market display a
significantly high instantaneous pass-through in response to changes in the
monetary policy rates. The study also finds that the prevailing liquidity conditions in
financial markets also play an important role in conditioning the pass-through of
policy rate changes to short end of the financial market. However, the bank deposit
and lending rates exhibit relatively longer lags in transmission. The study also found
significant asymmetry of transmission of policy rate changes during the surplus and
deficit liquidity conditions, particularly at short end of financial markets using the VAR
model.’

To analyze the dynamic effects of monetary policy shocks on financial
markets, RBI (2011) constructed an SVAR model with the following variables, viz.,
policy rates (Repo, Reverse Repo, corridor width); overnight money market rate (call
money, weighted average of call money, CBLO and market repo rates), CD/CP
rates; and bond market (91-day t-bill rate). The model has been estimated using
weekly data separately in liquidity deficit (Net LAF is negative between December
2006 and November 2008) and liquidity surplus (Net LAF is positive between April
2001 and December 2006, and December 2008 and May 2010) conditions. The

" In the context of monetary transmission channel for India, using quarterly structural vector auto
regression (SVAR) model, Mohanty (2012) finds that policy rate increase have negative effect on
output growth with a lag of two quarters and a moderating impact on inflation with a lag of three
quarters; the overall impact persists through 8-10 quarters.



identification conditions are as follows. First, Central bank does not respond
contemporaneously to shocks to financial market rates. Second, policy rates are
determined independent of corridor width. Third, overnight money markets respond
immediately to changes in policy rates and other rates with a lag. Fourth, CP/CD
rates are sensitive to policy rates and overnight money market movements. Fifth,
bond yields are sensitive to policy rates and money market movements. In such a
framework, the empirical exercise indicate that, “though the impact of the interest
rate channel of monetary transmission varies across the segments of the financial
market, it is the strongest in the money market (RBI, 2011, p. 48-49)”. The monetary
transmission turned out to be substantially more effective in a deficit liquidity
situation than in a surplus liquidity situation.

To sum up, most of these studies using cointegration related technique tried
to discern the market integration patterns over a fairly long period time in which the
monetary policy operating procedure might have undergone changes. In spirit our
study is very to the model developed in RBI (2011) and we develop a structural VAR
(SVAR) model using high frequency data. But as a prelude to construction and
discussion of such a SVAR model, we delve into the generic issues related to
financial market microstructure.

3. Financial Market Development in India

As a prelude to answer the two questions raised in the introduction, this
section gives some details on financial markets microstructure in India. Our attention
is confined to four key segments, viz., money, bonds (G-Sec and corporate debt),
forex and stock markets. In the last two decades of economic reforms, the financial
markets in India has come a long way from being a underdeveloped market to a
reasonably well developed, transparent and an efficient market. The Government of
India, the Reserve Bank of India (RBI) and Securities and Exchange Board of India
(SEBI) all have taken a proactive role in the development of financial markets within
their respective domains.

Money Market

Walter Bagehot started his book Lombard Street (1873) with, “A notion
prevails that the Money Market is something so impalpable that it can only be
spoken of in very abstract words and that therefore books on it must always be
exceedingly difficult. But | maintain that the Money Market is as concrete and real as
anything else” (Para 1.1). He was perhaps emphasising the opaqueness of the
money market. Money market, being the overnight market, is crucial for the RBI, as
its monetary policy is first transmitted to it. Money market is the key link in the
transmission mechanism of monetary policy to financial markets and finally to the



market economy. What follows below is a quick run-down of the different
constituents of money market. An analysis of different segments of the money
market reveals increasing importance of collateralized segments (Table 1).

Table 1: Average Daily Volume in the Money Market Segments

(Rupees Billion)
Year Call Money | Market Repo CBLO Total
2004-05 71 43 33 147
(48.3) (29.3) (22.4) (100.0)
2005-06 90 53 100 243
(37.0) (21.8) (41.2) (100.0)
2006-07 109 84 162 355
(30.7) (23.7) (45.6) (100.0)
2007-08 107 137 278 522
(20.5) (26.2) (53.3) (100.0)
2008-09 112 143 308 563
(29.9) (25.4) (54.7) (100.0)
2009-10 80 214 546 839
(9.5) (25.5) (65.1) (100.0)
2010-11 89 140 419 648
(23.7) (21.6) (64.7) (100.0)
2011-12 217 519 769 1505
(14.4) (34.5) (51.1) (100.0)

Notes: (1) The average daily volume corresponds to one leg only.

(2) Figures in parentheses are share in year-wise total
Source: compiled from various RBI publications.

Call money market

Call money market is the uncollateralised market, where the funds are
borrowed and lent for a very short period i.e., usually a day. During 1974 to 1988, the
call money market was inhibited by the ceiling interest rate, which was administered
by Indian banks’ association (IBA) to prevent abnormal rise in the call rates. The call
money market, however, continued to show high volatility on account of the
predominant lending by non-banks and chronic borrowing by banks. The high
volatility in the call money market also inhibited the proper risk management and
pricing of instruments. With the introduction of collateralised money market
segments, the share of call money market has reduced in the recent year. Currently,
the share of call money market in aggregate money market transactions is around
29.0 per cent only.



Collateralised Borrowing and Lending Obligations (CBLO)

The CBLO in some sense is unique to the Indian money market. This product
was developed by the central counterparty, the Clearing Corporation of India Limited
( CCIL) and was introduced on January 20, 2003. The facility was introduced with a
view to provide avenues for non-banks and banks to manage their day-to-day
liquidity. CBLO is a discounted instrument available in electronic book entry form for
the maturity period ranging from one day to 90 days. Transactions are backed by
collaterals in the form of Central government securities and treasury bills with a
residual maturity of six months. CCIL acts as the Central Counter party and
members borrow and lend funds through the anonymous trading system. Since the
CBLO is collateralized, the rates in the CBLO market are, in general, below the call
money market rate. With the development of CBLO market, there has been
substantial migration from uncollateralised market to it. Currently, the CBLO market
accounts for around 51.6 per cent of the market share in the money market.

Market Repo

Market repo is another facility for banks and non-banks to manage their short-
term liquidity mismatches. Market repo operates outside the RBI's liquidity
Adjustment Facility (LAF) and transactions are backed by collaterals. The collaterals
accepted in the market repo facility are central government dated Securities,
treasury bills and state government securities. Earlier, market repos were permitted
only among banks and PDs. In order to broaden the repo market, the RBI allowed
all non-bank entities maintaining subsidiary general ledger (SGL) account to
participate in the market. Further, the RBI also allowed NBFCs, MFs, Housing
Finance Companies (HFCs) and insurance companies not holding SGL accounts to
undertake repo transactions from March 2003, through their ‘gilt account’ maintained
with the custodians. “The measures taken by the RBI have widened and deepened
the money market in terms of instruments and participants, enhanced transparency
and improved the signalling mechanism of monetary policy while ensuring financial
stability” (RBI 2007, Table 2). The overnight interest rates in the money market have
more or less remained within the informal corridor of LAF.2 The stability in call money
rates also helped to improve integration of various money market segments and
thereby effective transmission of policy signals (Mohanty 2010).

® During bulk of the period under study, the Indian monetary policy was operated through a repo
(injection of liquidity) and a reverse repo (absorption of liquidity) by the RBI, where the unwritten
objective of the RBI was to keep the call money rate within this informal corridor of repo and reverse
repo rates. The details are explained in section 5 of the paper.
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Table 2 : Key Features of Money Market for November 2012

Features Call Market CBLO Market Repo

Players SCBs excluding SCBs, Fls, Insurance |SCBs, Insurance
RRBs, Co-operative |Companies, MFs, PDs, |companies, MFs,
Banks and NBFCs, Non PDs, NBFCs and
PDs. government provident |HFCs

funds and Corporates

Presence of

No Yes Yes
Collateral
Interest Rate (%) 8.04 7.96 7.97
Share in Money
Market Average 19.7 51.4 28.9

Daily Volume (%)
Source: Compiled from various RBI publications.

Bond Market

From the standpoint of the issuer, there are two distinct constituents of the
bond market, viz., Government securities market and corporate debt market. In
deference to their distinctness and differing degree of development in India, we will
discuss them separately.

Government Securities Market

Prior to 1990s, the government securities market was underdeveloped and
constrained on account of unlimited automatic monetization of the central
government budget deficits, interest rate on government securities were
administered and were kept low to ensure low cost of government borrowing (RBI,
2007). Further, the market for government securities was a captive one where the
players were mainly financial intermediaries such as banks and LICs, who had to
invest in government securities to fulfil high statutory reserve requirements. The first
major reform was the introduction of auction based system for issuance of
government securities in 1992, which signalled the transaction to a market related
interest rate system. The abolition of automatic monetization through ad-hoc treasury
bills and the introduction of ways and means advances (WMA) system from April
1997 also provided operational autonomy and greater market orientation for
government securities (RBI, 2007). The statutory liquidity ratio (SLR), which signifies
the captive market for government securities, was decreased from the peak rate of
38.5 per cent of net demand and time liabilities (NDTL) in February 1992 to 25 per
cent in October 1997. Right now, the SLR has been further reduced to 23 per cent of
NDTL for banks.
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The RBI has introduced the primary dealers (PDs) as market makers in the G-
Sec market. PDs ensures the success of the G-Sec auction in the primary market
through underwriting but also act as market makers in the secondary market by
providing continuous two-way quotes. The PD system also facilitates open market
operations of the RBI, besides taking over the responsibility of market making from
the RBI (RBI, 2007).

The various reforms initiated by the RBI have ensured successful completion
of market borrowing programmes of both the central government and the state
governments. The daily volatility of the yields has been declining indicating, inter alia,
maturity of the government securities market (Gopinath, 2008). With the issuance of
long-term securities, the yield curve has emerged for across 30 year maturity (Chart
1). “Thus the government securities market in India has witnessed a transition to an
increasingly broad-based market, characterized by an efficient auction process and
an active secondary market” (Mohan, 2007). Notwithstanding these improvements,
the government securities market continued to be illiquid at the long end. Further, the
major investors in the government securities are institutional investors, who hold
securities to maturity, on account of statutory prescriptions, which makes the market
illiquid. With the permission to FlIs to invest in dated government securities and T-
bills with certain specified limits, the secondary market is expected to be more liquid.

Chart 1: Government Securities — Yield Curves

1.1: Period: March 2005 to March 1.2: Period: March 2010 to November
2009 2012
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Corporate Bond Market

A well-developed bond market is important to ensure a well-integrated
financial system. Before the 1990s, the corporate bond market was dormant on
account of control on the interest rates for corporate bonds as well as limited
issuances in the market were also dominated by public sector companies (issuers)
and banks (buyers) (Rajaram, et al 2011). The first reform in the corporate bond
market was the abolition of ceiling interest rate for corporate bonds on May 1992.
Thought, the primary issuances have been significant, most of these were accounted
for by public sector financial institutions and were issued on a private placement
basis to institutional investors. The secondary market, therefore, has not developed
commensurately and market liquidity has been an issue (Reddy, 2007). Major
reforms have started in the corporate bond market following the recommendation of
the High Level Committee on Corporate Bonds and Securitisation (Government of
India, 2005) on corporate debt market in India.

The corporate bond market in India continues to be nascent despite measures
taken from time to time over the past fifteen years based on the recommendations of
several official committees. However, in recent years, the corporate bond market has
shown significant growth in terms of outstanding stock and volumes traded in the
secondary market (Table 3). Much of the increase in volumes has come in the OTC
segment of the corporate bonds as reported in the reporting platform developed by
the Fixed Income, Money and Derivatives Market Association (FIMMDA).

Table 3: Secondary Market Transactions in Domestic Bonds

(Rs.billion)
Outright Transactions in Transactions Total Share of
Government securities in corporate| Transactions| corporate
Central State Total Bonds in bonds bonds in
Govt. Govt. total bonds

Securities| Securities
2004-05 8852.2 264.7| 9116.9 - - -
2005-06 6735.0 200.7| 6935.7 - - -
2006-07 7566.6 125.5| 7692.0 - - -
2007-08 14785.4 157.5/14942.8 958.9 15,902 6.0
2008-09 19645.9 352.5|19998.4 1,481.60 21,480 6.9
2009-10 25218.9 764.3| 25983.2 4,012.00 29,995 134
2010-11 25926.7 483.3| 26410.0 6,052.74 32,463 18.6

Source: RBI and SEBI.

Forex Market

The Indian forex exchange market was virtually nonexistent from the 1950s to
1970s as India was using trade controls to foster import substitution. The origin of
forex market can be traced to the year 1978, when banks in India were allowed to
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undertake intra-day trade in foreign exchange (RBI 2007). But the market was very
limited as India followed a fixed exchange rate system. In the 1990s, as in other
segments of financial markets, various reforms were taken in the foreign exchange
market. The introduction of market-based exchange rate regime in 1993, adoption of
current account convertibility in 1994, and substantial liberalization of capital account
over the years were the most important reforms in the forex market. The RBI and the
Government implemented various committees’ recommendations towards relaxation
of restrictions to vitalize the foreign exchange market. The reforms in the forex
market were focused on dismantling controls, developing the institutional framework
and increasing the instruments for effective functioning, enhancing transparency and
liberalizing the conduct of foreign exchange business (RBI 2007). Market participants
have been provided with greater flexibility to undertake foreign exchange operations
and manage their risks through simplification of procedures and availability of
several new instruments (Mohan, 2007).

At present, the foreign exchange (forex) market is divided into two segments:
over the counter (OTC) market (which includes spot, forwards and swaps) and
exchange-traded currency futures. The BIS Triennial Central Bank Survey of Foreign
Exchange and Derivatives Market Activity in 2010 estimated that the percentage
share of the rupee in total foreign exchange market turnover covering all currencies
increased from 0.3 percent in 2004 to 0.7 percent in 2007 and further to 0.9 per cent
in 2010. In the spot market, currencies are traded at the prevailing rates and the
settlement is done by cash (T+0) or Tom (T+1) or spot (T+2). Among the forex
market, the spot market continues to be the dominant in India. Within the OTC
foreign currency segment, the spot market has remained the most active accounting
for almost 48 per cent of the total turnover, followed by swaps (29.5 per cent) and
forwards (22.5 per cent) (Table 4).°

Table 4: Turnover in OTC Foreign Exchange Market

(US $ Million)
Year Spot Forward Swap
2004-05 1445732 434871 1011516
2005-06 2231153 839450 1344697
2006-07 3392972 1171453 1969607
2007-08 6109529 2373418 3821632
2008-09 5471112 2554995 4065695
2009-10 5173574 2035879 3145402
2010-11 6782923 2891822 4116087
2011-12 6571172 2345560 4730497
Source: Compiled from various RBI publications.

% See Gokarn (2011) for a discussion on derivative markets in India.
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As a result of various reforms, the liquidity in the foreign exchange market has
increased manifold over the years. The efficiency of the market has also increased,
as is reflected in the narrowing of bid-ask spread for USD-INR rupee (Chart 2). The
forward premia is generally aligned with the interest rate differential, reflecting
growing market efficiency (Mohan 2007). However, still there are issues such as
transparency in the currency market from the view point of customers, as banks do
not unbundle the price on the currency market as opposed to their intermediation fee
(Shah et al 2008). The banks also charge very high intermediation costs.

Chart 2: Market Efficiency: Bid-Ask spread of INR-USD
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Source: Bloomberg.

Stock Market

Before the initiation of economic reforms in the early 1990s, the Indian stock
market was governed by a plethora of complex regulations and extensive
restrictions. The economic reforms in the capital market were started with the
establishment of securities and exchange board of India (SEBI). The reforms have
focused on the regulatory effectiveness, enhancing competitiveness, reducing
information asymmetries, developing modern technological infrastructure, mitigating
transaction cost in the securities market (Mohan 2005). As part of the reforms, the
foreign institutional investors (FlIs) were allowed in 1992 to participate in the market,
the Indian corporate sector were allowed to raise funds in the international market
through American depository receipts (ADRs) and global depository receipts
(GDRs), foreign currency convertible bonds (FCCBs) and external commercial
borrowings (ECBSs), investment in Indian companies by non-resident Indian (NRIs)
and overseas corporate bodies (OCBs) subject to certain conditions. The
introduction of national stock exchange (NSE) in 1994 increased the competition in
the market leading to significant rise in the volume of transactions. In the exchange-
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traded market, Index futures were introduced in June 2000, followed by index
options in June 2001, and options and futures on individual securities in July 2001
and November 2001, respectively. The various reforms had a great impact on the
Indian capital market and it has become one of the fastest growing capital markets in
the world. Today, the Indian stock market size is around 70 per cent of the GDP,
which is comparable to other emerging market economies (EMESs). Indian stock
market such as large cap stocks/futures and index futures have liquidity and
efficiency, the two critical features of the well functioning market (Government of
India, 2008). The introduction of exchange traded derivative instruments such as
options, futures in 2000 has enabled investors to better hedge their positions and
reduce risks. As of March 2011, the NSE traded in futures and options on 223
individual stocks and four stock indices. All these derivative contracts are settled by
cash payment and do not involve physical delivery of the underlying product. Flis
have an increasing presence in the equity derivatives markets and currently
contribute around 22 per cent of the market turnover.

Where do all the details of market microstructure lead us to? A priori, we
expect certain kind of integration between domestic financial markets based on the
commonality of key players in the market as well as nature i.e., short or long-term
nature of firms (RBI 2007). We expect that the money market and forex market to be
integrated, on account of short term nature of both markets as well as key role
played by the commercial banks in both these markets. We also expect certain
integration between the money market and government securities market, even
though money market is short term and government securities is long term, on
account of dominant role played by the commercial banks in both these markets, as
well as, at times, government borrowings are funded through sale of short term
government securities such as treasury bills. We also expect certain integration
between the forex market and the stock market on account of key role played by the
Flls. The Flls investments in stock markets have increased over the period and they
play a major role in the segment. With the increased exposure in the stock market,
they may hedge their exposure in the foreign exchange through the forward market.
We also expect close integration between government securities yield and yield on
corporate bonds, as government securities yields are the risk free assets and
corporate bonds are priced over and above their risk free government securities
yields based on their risks.

4. Inter-temporal Behaviour of rates in Financial Markets: Some Stylized Facts

To begin with, some details on the data used in rest of this study are in order.
For the domestic market integration, we have used the following variables from the
four market segments:
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e Money Market: weighted average call money rate, CBLO rate, and market
repo rate;

e G-Sec Market: 10 year government securities yield,

e Corporate Bond Market: 10 year AAA corporate bond yields;

e Forex Market: spot market exchange rate between rupees per dollar; and
e Stock Market: CNX-Nifty index.

These apart, for the monetary policy transmission, we have derived effective
monetary policy rate using the repo Rate, reverse repo rate and amounts under the
net liquidity adjustment facility (LAF).

As far as source of the data are concerned, while all the money market rates
are taken from the CCIL, other market rates are taken from the Bloomberg. The data
on monetary policy were taken from the Handbook of Statistics on the Indian
Economy of the RBI.

Inter-temporal Behaviour of Financial Market Rates

The Indian financial markets, during the period under study (January 2005-
November 2012), in general, remained orderly, even though at periods, it was
affected by certain external events such as global financial crisis (Chart 3). The call
money market, in general remained orderly, and was influenced by the liquidity in the
system as well as the monetary policy measures. The CBLO and money market
rates also showed same trends albeit at a lower rate than the call money rates. The
periods in which there was some volatility in the money market rates during the
period under study are briefly described below. During January to March 2005, the
call money rates firmed up due to the redemption of the India Millennium Deposits
(IMDs) amidst sustained credit growth and build-up of cash balances by the
Government of India. The period March 20 — 30, 2007 witnessed abnormal situation
in money market. After easing to below the reverse repo rate between March 5-15,
2007, the call rate hardened substantially and averaged 28.3 per cent during March
20-30, 2007 and reached an intra-year high of 54.32 per cent as on March 30, 2007.
Various factors are attributed to this abnormal movement in call rates, such as
tightening of liquidity conditions due to advance tax outflows, year-end
considerations, sustained credit demand and asymmetric distribution of holdings of
Government securities across the banks (RBI, 2007). The money market reached its
normalcy with the beginning of the new financial year on April 1, 2007. Again during
end-May to July 2007, the call rate eased significantly and on a number of occasions
in June 2007 it was below one per cent, mainly due to liquidity emanating from
Government expenditure and the RBI's foreign exchange operations. After the
withdrawal of daily reverse repo ceiling effective August 6, 2007, the rates in the
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overnight money market increased in August 2007 (RBI 2007-08), to around the
reverse repo rate. During the financial crisis, on account of liquidity supporting
measures taken by the RBI, the call money rates eased significantly during October
2008 to May 2010 period. From June 2010 onwards, the call money rates moved up
reflecting the tight liquidity and the monetary tightening measures taken by the RBI
to curb inflation in the economy.
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Chart 3: Movements in Financial Market Rates/Indices: January 2005 — December 2011
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Yields in the Government securities market generally hardened from January
2005 to August 2008, but declined sharply thereafter following the monetary easing
by the RBI due to global financial crisis. But from 2009 onwards, the government
securities yield started hardening again reflecting the increase in the government
market borrowings, inflation persistence and policy rates hikes by the RBI. The 10-
year corporate bond market yield also followed the same trend as of the government
securities yield. In the foreign exchange market, the Indian rupee exhibited two-way
movements during the period under study. The exchange rate, which more or less
remained stable during 2005-06, started appreciating from mid-July 2006 onwards
mainly due to capital inflows into India. During mid- 2008 to mid- 2009, the exchange
rate depreciated against the US dollar, as Reserve Bank followed expansionary
monetary policy in the aftermath of the global financial crisis. Thereafter, the
exchange rate started appreciating reflecting the inflow of capital and monetary
policy tightening on account of persistence of inflation. Towards the end of 2011, the
exchange rate depreciated reflecting adverse global sentiments and moderation in
capital flows. The capital markets were buoyant and reached highs during August
2008, driven by increased interest by domestic as well as foreign investors on the
back of strong macroeconomic fundamentals. With the impact of global financial
crisis being felt in India, the capital market was in a subdued mood during August
2008- April 2009, but thereafter it started becoming buoyant as foreign investors
were attracted by the high return and higher growth story of the Indian economy.
However, subsequently, during September — December 2011, reflecting dampened
global sentiments on account of Euro zone debt crisis, the stock market declined.

The descriptive statistics of these variables reveal a number of interesting
trends (Table 5). The coefficient of variation of money markets and stock markets
are higher than bond and forex market. The skewness is positive for call rate,
exchange rate and 10 year AAA corporate bond yield, while other financial market
variables are negative, indicating that there is an asymmetry of the probability
distribution. All the variables except CBLO, market repo and stock price displays a
kurtosis of more than 3, thus indicating the density function is characterised by fat
tails.
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Table 5: Descriptive Statistics on the financial market Rates / Index

Forex | Stock

Money Market Bond Market Market | Market

Call| CBLO| Market| 10 Yean 10 Year AAA|INR-USD Nifty

Rate| Rate| Repo| G-Secl Corporate| Exchang| Index

Rate Yield BondYield| e Rate

Mean 6.18] 5.69| 5.89 7.72 9.01 46.02] 4360

Median 6.17| 5.93| 6.07 7.90 9.00 45.36| 4710

Maximum 19.74| 12.04| 12.42 9.51 11.87 57.16] 6302

Minimum 0.13| 0.02| 0.14 5.00 6.99 39.27| 1903

Standard Deviation| 2.11| 2.06| 2.02 0.67 0.84 3.93] 1174
Coefficient of

Variation (%) 34.11| 36.22] 34.29 8.70 9.38 8.55| 26.94

Skewness 0.23] -0.48| -0.49| -0.76 0.06 0.64| -0.52

Kurtosis 5.21| 2.90| 2.93 4.01 3.87 3.25 2.09

Note: Period: January 2005 — November 2012; Number of observations: 1848.

5. Monetary Policy and Financial Markets in India

Interestingly, a key consideration in the extent of monetary policy transmission
to financial markets and onwards to the real sector is the integration of the financial
markets. If the markets are weakly integrated, the transmission may not be effective,
and may force monetary authorities to act separately in each segment of the
financial markets. If the market is greatly integrated, the monetary policy
transmission is fast to the financial markets, which can have the desired effect in the
real economy. Thus, degree of integration plays a key role in the effective
transmission of monetary policy signals. What has been the extent of association
among the rates in the different segments in the financial markets? Towards
understanding this, a useful tool could be the simple correlation structure of rates /
indices in the various financial market segments.

Correlation Structure

The correlation structure for the whole period (i.e., January 2005-November
2011) shows that there is stronger correlation among money market rates (i.e., call
rate, CBLO rate and market repo rate) and are very significant (Table 6). The high
correlation also indicates improvement in efficiency in the operations of financial
intermediaries trading in different instruments (RBI, 2007). The money market
instruments and 10 year government securities yield show moderate correlation, as
money market is a short term and the 10 year G-sec is a long term market, even
though dominant role played by commercial banks. As expected, there is higher
degree of correlation within the bond market i.e., between G-sec market and
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corporate bond market. The exchange market is positively correlated with all other
markets than expected negative sign, but has lower degree of correlation. This could
be due to excessive capital inflows to India during the period of study, which could
only be partially explained by the interest rate differential between India and foreign
countries. The other factors are search of better yield by foreign investors and strong
macroeconomic fundamentals in India could have attracted more flows to India. The
stock market shows unexpected positive correlation with exchange rate, but the
degree of correlation is low.

Table 6: Correlation Structure among Financial Markets Rates / Index

Money Market Bond Market I\Izgrrlfc)e(t S;?Egt
Call Rate | CBLO | Market | 10 Year |10 Year AAA | INR-USD | Nifty
Rate Repo G-Sec Corporate |Exchange| Index
Rate Yield Bond Yield Rate
E Call Rate 1 -- -- -- -- -- --
S | cBLORate (1(1)'99_‘(%)* 1 - - - - -
>
€ | Market Repo | 0.963 | 0.984 1 ~ ~ ~ ~
§ Rate (153.98)* |(235.31)*
2 | 10 Year G- 0.546 | 0.566 | 0.568 1 B B B
g Sec Yield (28.01)* | (29.53)* | (29.66)*
= 1%IrepagraAtAeA 0462 | 0395 | 0.429 | 0.667 . B B
* * * *
S | Bond Yield (22.37)* | (18.46)* |(20.43)*| (38.49)
o< I'E':'(E;gfgz 0.192 0.231 | 0.225 | 0.047 0.042 L B
S g Rate (8.39)* | (10.22)* | (9.94)* | (2.00)* (1.82)**
§ _GE’ Nifty 0.219 0.246 | 0.255 0.604 0.456 0.103 1
& g Index (9.64)* | (10.90)* |(11.32)*| (32.60)* (21.99)* (4.45)*

Notes: (1) Period: January 2005 — November 2012; Number of observations: 1848
(2) Figures in brackets are t-statistic values for testing the significance of correlation
coefficient.
(3) * indicates significance at 5 per cent, ** indicates significance at 7 percent.

Monetary Policy Stance: A Relevant Digression

How is monetary policy conducted in India? Before analysing the behaviour of
the monetary policy rates, it may be useful to have a brief overview of the monetary
policy operating procedure in India. The objectives of monetary policy in India have
traditionally been maintaining price stability while ensuring adequate flow of credit to
the productive sectors of the economy; considerations of financial stability have often
been taken into account in recent years. As elsewhere, the monetary policy in India
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endeavours to maintain a judicious balance between these objectives depending on
the existing macro-economic developments.

It may be useful to go back to history little bit at this juncture. Since the mid-
1980s till 1997-98, the RBI had been following a monetary targeting framework
based on the recommendations of an internal committee which viewed the existence
of a stable relationship between money, output and prices (RBI, 1985). The
Committee noted that, “....... the demand for money is, understandably, not found to
be very sensitive to interest rates in India in the context of a system of administered
interest rates...... " and considered changes in broad money as reasonable predictor
of average changes in prices. In this framework, annual growth in broad money (M3)
was used as an intermediate target of monetary policy (Mohanty 2010).

However, with the introduction of economic reforms in the financial sector, and
increasing integration with the global markets, many of the postulates that lie under
monetary targeting were questioned,; illustratively, the assumption of stable money
demand function was found to be no longer valid. Accordingly, in 1997, the RBI
adopted a "multiple indicator approach”, under which, a variety of indicators including
high frequency financial market rates such as call rate, exchange rate etc, fortnightly/
monthly indicators such as deposit and credit growth, inflation, fiscal, trade and
currency etc along with output data are tracked, for monetary policy purposes.*®

The operating procedure of monetary policy also underwent a sea-change
following the financial sector reforms as well as unprecedented capital flows in the
1990s. In the pre-1990s period, the preponderance of direct instruments of monetary
policy such as interest rate regulations, selective credit control, CRR and SLR were
subsequently changed to the indirect instruments such as interest rates. The RBI
introduced the interim liquidity adjustment facility (ILAF) in April 1999, which was
subsequently became full-fledged LAF in June 2000, in order to manage the large
and persistent capital flows in the late 1990s. Consequently all liquidity management
operations were based on OMO in the form of outright purchases/sales of
government securities and daily reverse repo and repo operations under LAF. The
LAF as a short term liquidity management mechanism has enabled the RBI to
modulate day to day liquidity under varied financial market conditions, including that
emanating from large capital inflows from abroad. In this new operating environment,
changes in the repo and reverse repo rates have become primary instruments for
interest rate signalling (Chart 4).

% The approach also augmented by forward looking indicators drawn from the industrial outlook
survey, capacity utilisation survey, inflation expectations survey etc. the assessment from these
indicators and models feed into the projection of growth and inflation (Mohanty 2010).
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Chart 4: Repo, Reverse Repo and Call Money Rates
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Since the 2000s, the persistence of large capital inflows have posed major
challenges as the liquidity management through day-to-day LAF and open market
operations (OMO) became inadequate, as the stock of government securities
available with the RBI declined progressively. In order to resolve the issue the RBI
signed a memorandum of understanding with the Government of India in March
2004 for issuance of Treasury Bills and dated government securities for issuance
under the Market Stabilisation Scheme (MSS). The intention of MSS is essentially to
differentiate the liquidity absorption of a more enduring nature by way of sterilisation
from the day-to-day normal liquidity management operations. The ceiling on the
outstanding obligations of the Government under MSS has been initially indicated
but is subject to revision through mutual consultation. The issuances under MSS are
matched by an equivalent cash balance held by the Government in a separate
identifiable cash account maintained with the RBI. The operationalisation of MSS to
absorb liquidity of more enduring nature reduced the burden of sterilisation on the
LAF window considerably. The MSS experience makes us believe the fact that the
operating framework and procedures may not remain fixed but undergo changes
contextually, and one needs to keep innovating to calibrate market operations to the
evolving liquidity conditions.

In May 2011, based on the Report of the RBI Working Group on Monetary
policy operating procedures (RBI, 2011), the RBI has introduced a new operating
procedure. The weighted average overnight call money rate is now the operating
target of monetary policy. The repo rate is the only one independently varying policy
rate. A new marginal standing facility (MSF) has been instituted from which SCBs
can borrow overnight up to 1.0 per cent of their respective NDTL at 100 basis points
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above the repo rate. With the above changes, the revised LAF corridor has a fixed
width of 200 basis points. The repo rate has been placed in the middle of the
corridor, with the reverse repo rate 100 basis points below it and the MSF rate 100
basis points above it (RBI Annual Report 2010-11). Thus, monetary policy in recent
period has evolved with the changes in the financial sector and the increasing
integration of the Indian economy with the global economies.

Monetary Policy: A Phase-wise Analysis

The monetary policy within the period under consideration can be broadly
classified as some distinct phases in terms of presence or absence of liquidity in the
Indian financial system (Chart 5). There are distinctive phases when liquidity was in
surplus mode (as measured by net absorption of liquidity by the RBI through LAF)
and when liquidity was in deficit mode (measured by net injection of liquidity by
Reserve Bank through LAF). Four phases can be identified in particular: (a) the first
phase from January 2005 to November 2006 is characterised by liquidity surplus, as
there was absorption of liquidity by the RBI through LAF operations; (b) the second
phase from December 2006 to November 2008 is characterised as liquidity deficit;
(c) the third phase during December 2008 to May 2010 is characterised as liquidity
surplus; and (d) the fourth and final phase for June 2010 to November 2012 is
characterised as liquidity deficit."* We will delve into some details of these four
phases below.

Chart 5: Repo, Reverse Repo and Net LAF

10 - | 200000
8 1 Jl , m 150000
i _.—'—'_" l“" ‘ 100000
. 2 w 50000
& 2 - 50000 %
_2 | - -100000
3 - 150000
10 - 200000

LALOLOLALAD OO DD P == P = 0000 00 00 00 O N OO OO O O e i mr e I e
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDHH!—IQ—IHQ—I!—Iﬂ!—I!—IH!—I!—IH!—I!—IH!—I
L= o>C- a=c= ASCL > A>CL>a>cs o> L}- A>CcL>=Aa>
fﬁmijmm%‘:’mOmm%‘:’ mfﬁmijmmmjmo m%‘:’mo TR2g0mCT=g0
EEMMZ_’EEmmZ_’EEmmZ“EEmmZ_’EEmmZ“EE mz*EE mZ“EEMMZ
f“")nl') mmmmm mmmmm mmmmm mmmmm ""m r“")m mmmmm ""m r“")m mm

mm NetLAF (RHS)  ==—=rrepo repo

Note: (+)ve Net LAF indicates injection of liquidity into the system.

Source: RBI.

" The classification of the first three phases was broadly in line with the periodisation adopted by the
RBI (see, RBI, 2011).
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First liquidity surplus phase (January 2005 to November 2006)

During this period, the monetary management was focused on managing the
transition to a higher growth path while containing the inflationary pressures so that
potential output and productivity were firmly entrenched to sustain growth. The
monetary policy was tightened gradually on account of inflationary pressures,
sustained growth in monetary and credit aggregates, elevated asset prices and
capital flows into the Indian economy. During this period, the repo rate and the
reverse repo was hiked by 125 basis points each by the RBI. However, there was no
hike in the cash reserve ratio (CRR). Despite the gradual contractionary policy
adopted by the RBI, the liquidity condition in the system was surplus on account of
large capital flows in to India. The monetary policy stance of the RBI during the
period, in general, was price stability and maintaining monetary and interest rate
environment conducive to growth and financial stability.

First liquidity deficit phase (December 2006 to November 2008)

The RBI continued to tighten the monetary policy on account of hardening of
inflation and inflationary pressures, persistent and unprecedented capital flows. The
inflationary pressures and inflationary expectations hardened due to supply side
factors such as surge in global prices of commodities, especially food grains, crude
oil, and steel as well as domestic demand pressures due to supply constraint in the
economy. During this period, the monetary authorities hiked the repo rate from 7.25
per cent in December 2006 to 9.00 per cent in July 2008, while keeping the reverse
repo rate constant in 6.00 per cent. The repo rate was reduced by 100 basis points
on October 20, 2008 to counter the fallout of intensification of the global financial
crisis after the collapse of the Lehman Brothers. The CRR was also reduced to 5.0
per cent in November 2008 on account of the global financial crisis reversing the
earlier stance of increasing the CRR from 5.00 per cent in December 2006 to 9.00
per cent in August 2008. The monetary policy stance of the RBI during the period, in
general, was price stability, anchoring inflation expectations, maintaining growth
momentum and financial stability.

Second liquidity surplus phase (December 2008 to May 2010)

The contagion of the global financial crisis has spread to India through the
financial channel, the real channel, and importantly the confidence channel. The
impact on India marked a reversal of RBI's policy stance from monetary tightening in
response to heightened inflationary pressures of the previous period to monetary
easing in response to easing inflationary pressures and moderation in growth in the
current cycle (Subbarao, 2009). Both the Government and the RBI responded to the
challenges decisively, swiftly and in close coordination and consultation. The RBI
has taken several measures aimed at infusing rupee as well as foreign exchange

25



liquidity and to maintain credit flow to productive sectors of the economy. Measures
aimed at expanding the rupee liquidity included significant reduction in the cash
reserve ratio (CRR), reduction of the statutory liquidity ratio (SLR), opening a special
repo window under the liquidity adjustment facility (LAF) for banks for on-lending to
the non-banking financial companies (NBFCs), housing finance companies (HFCs)
and mutual funds (MFs), and extending a special refinance facility, which banks can
access without any collateral. The RBI has also unwinded securities issued under
the market stabilisation scheme (MSS), and broadly synchronised with the
government borrowing programme (Subbarao 2008). The substantial reduction in the
policy rates and the special liquidity measures conducted by RBI boosted the
liquidity in the Indian financial system. The conduct of monetary policy during the
2009-10 was broadly guided by the evolution of policy stance from “managing the
crisis” to “managing the recovery” (RBI 2009). *2

Second liquidity deficit phase (June 2010 to November 2012)

With the emergence of inflationary concerns, the monetary policy stance in
2010-11 changed its course from "calibrated normalisation” to "tightening”. Liquidity
conditions remained consistent with the shift in monetary policy stance, though some
of the key determinants of liquidity remained volatile. The cumulative effect of
transient factors (such as, advance tax collections), frictional factors (large
government surplus balances) and structural factors (such as, high increase in
currency in circulation and higher credit growth relative to deposit growth) culminated
in large deficit liquidity conditions, which were managed by the RBI through an
appropriate mix of SLR, OMO and LAF (RBI 2011). The monetary policy stance of
the RBI during the period, in general, was maintaining an interest rate environment
that moderates inflation and anchors inflation expectation, managing the risk of
growth falling significantly below trend as well as managing liquidity to ensure that
monetary transmission remains effective, without exerting undue stress on the
financial system (RBI 2011).

Phase-wise Correlation Structure

How does the correlation structure look in a phase-wise analysis? Instead of
looking at the details of the full correlation matrix for each phase, given the primacy
of money market in monetary policy, for the sake of brevity, we wanted to see how
the correlation structure between call money rate and other financial market interest
rates exists under different liquidity phases. The call money market shows high
correlation with other money markets in the first two periods i.e., period 1 and Period

2 Towards the end of the period, viz., March-May 2010, in order to handle inflationary pressures, the
RBI tightened its repo rate and reverse repo by 50 basis points each.
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2 and Period 4 (Table 7). However, the correlation between the call money rate and
other money market rates declined in the Period 3. This could be due to increased
volatility experienced in the money market during the phase 3 on account of global

financial crisis.'®

Table 7: Correlation Coefficients of Call rate with

other Financial Market Indicators: Different Periods

Period 1: Period 2: Period 3: Period 4:

Liquidity Surplus| Liquidity Deficit| Liquidity Surplus| Liquidity Deficit

(Apr 2005 — (Dec 2006 —| (Dec 2008 — May (Jun 2010 —

Nov 2006) Nov 2008) 2010) Nov 2012)

0.898 0.914 0.766 0.903

CBLO Rate (39.50)* (48.20)* (22.26)* (51.46)*
0.956 0.938 0.867 0.966

Market Repo Rate (63.09)* (57.85)* (32.43)* (90.81)*
: 0.375 0.207 -0.553 0.721

10 Year G-Sec Yield (7.83)* (4.53)* (-12.39)* (25.49)*
10 Year AAA 0.513 0.282 0.272 0.740
Corporate Bond Yield (11.56)* (6.30)* (5.28)* (26.92)*
INR-USD Exchange 0.355 0.389 0.280 0.576
Rate (7.34)* (9.05)* (5.45)* (17.23)*
Nifty [ndex 0.699 -0.148 -0.643 -0.462
y (18.90)* (-3.22)* (-15.66)* (-12.76)*

Notes: (1) Figures in brackets are t-statistic values for testing the significance of correlation
coefficient.
(2) * indicates significance at 1 per cent

The call money market shows positive but low correlation with bond markets
during the first two periods. However, in the fourth period, the call money rate and
the bond market has shown high degree of correlation. The increased correlation
may be due to hike in monetary policy rates, persistence of inflation, and increased
government fiscal deficit on account of fiscal measures to tackle global financial
crisis. The correlation between the call money rate and the stock market was
negatively related in the periods 2 to 4.

We have also tried to check the nature of correlation between G-Sec yield and
yield on corporate bond. While it is uniformly positive across all periods, its
magnitude undergoes considerable changes — in particular, during period lll, the
correlation between G-Sec yield and vyield on corporate though positive and
significant turned out to be as low as 0.27. A priori given the role of Fll flows into the

" Interestingly, the signs of the correlation coefficient varied across the different periods. Even among
two deficit liquidity periods, there are instances when its sign have differed. While this may be to do
with the identification of the different liquidity period, one cannot a priori establish a correspondence
between the correlation coefficients with the shape of the impulse response functions derived from the
SVARs. We are indebted to Somnath Chatterjee for pointing this out to us.
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stock market, one would expect a negative correlation between the exchange rate
and Nifty index (given that exchange rate is defined as Rupees per USD and an
increase would indicate depreciation). While this is true for all the three periods 2 —
4, for the first period it is positive. This could be indicative of the limited role played
by foreign institutional investors in the stock market during this period.

6. Monetary Policy Transmission across different segments of financial
market:

Results from a Structural Vector Autoregression (SVAR) Model

When it comes to quantitative evidence on monetary policy transmission
across different segments of financial market, one finds typically three strands in the
literature: (a) event studies; (b) cointegration analysis between the market segments;
and (c) structural VAR (SVAR) modelling between different segments of financial
market. While rich in details, event studies often fail to throw up the general broad
trends and miss trees for the woods. Thus, we were left with the two choices: a
cointegrated VAR (and its error correction version) or a SVAR.*

Between the paradigms of cointegration and SVAR modelling, we preferred
SVAR. There are two specific reasons for this.

First, analytically cointegration is a long run concept - and we felt the span of
around eight years (January 2005 — November 2012) is not sufficiently long to treat it
for discerning a cointegrating relation.’® Furthermore the continuous time
specification ensures that the discrete time model satisfied by the observed data is
independent of the sampling frequency, a feature that is not always true in temporal
aggregation of discrete time models (Chambers, 2011). After all, having high
frequency data is no substitute for the length of the period.

Second, it can be argued that the specification of a dynamic model in levels
has proved sufficient to remove the spurious regression problem and that the VECM
representation of a VAR model in levels is just a reparamterization, before the rank
reduction restrictions are imposed (Fevaro, 2001). In fact, it has been pointed out
that a VAR model in levels in the presence of cointegration is over-parameterized
and, therefore, leads to inefficient but consistent estimates of parameters of interest
(Sims, Stock and Watson, 1990). The loss of efficiency has to be weighted against
the risk of inconsistency of estimates which occurs when the wrong cointegrating
restrictions are imposed. Sims, Stock, and Watson (1990) further showed that

' We are indebted to Saurabh Ghosh for our discussion with him on this issue.

> Illustratively, using Monte Carlo methods, Zhou (2001) showed the potential benefits of using
high frequency data series and that when the studies are restricted by relatively short time spans,
increasing data frequency may yield considerable power gain and less size distortion.
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standard distributions can be applied when doing an inference in a VAR model which
involves variable admitting stationary linear combinations, reverting to non-standard
distributions only when the subsets of variables on which inference is performed do
not admit any stationary linear combination.*®

Thus, co-integration among the markets essentially involves an error
correction mechanism and implies that the cointegrated variables tend towards an
equilibrium situation for that the divergence between their values keep on vanishing
in the short-run. This adjustment by the market interest rates may lead to arbitrage
opportunities and hence inefficiency in the market. In fact, cointegration and other
standard measures of degree of market integration could actually show the linkage
among the markets and that closer linkages do not necessarily imply higher financial
market integration (Ayuso and Blanco, 1999). Besides, strength of the SVAR
framework is that it allows one to explore the dynamic linkages in an empirical model
and its relationship with the underlying theoretical / prior foundation. The dynamic
linkages are represented in the form of impulse response functions, which are easy
to interpret.*’

The reduced form VAR

We begin with estimating reduced form VARs for the four sub-periods
separately, with a set of variables comprising the effective policy rate (i.e., repo or
reverse repo depending on the period), call rate, 10-year G-Sec yield, 10-year
corporate bond yield, rupee-dollar exchange rate and Nifty, of the form:

G ] 1]
(1) ry= Z m:ii'l"'z'r—i T Z m:ig'l"'z'.r—z T o T Z m:ih'l""'z'.r—k T T 8y
ij=1 ij=1 ij=1
where r' = [ry, 12, I3, I4, I, Is]" = [Effective Policy Rate, Call Rate, 10 Year G-Sec

rate, corporate bond rate, Rupee dollar exchange rate, log(Nifty)], and k is the
selected lag length k; ' denotes the transpose of a column vector. Effective policy
rate is repo rate or reverse repo rate depending on the period chosen.

These apart, we have included a constant term as well as a fortnightly dummy
to reflect the behaviour of money market. The fortnightly seasonality of Indian money
market and the inclusion of the relevant dummy in the VAR need some clarification.
The banks usually frontload the CRR maintenance reserves at the start of the

It is instructive to turn to Favaro (2001) in this context, who argued that, “Imposing the wrong
cointegrating parameters will make the system converge to the wrong long-run equilibria but will also
bias the short-run dynamics, as the system is pulled in the wrong direction. For this reason the recent
research has taken a defined line and VARSs in levels rather than cointegrated VARs are used when the
issue of economic interest is related to the short-run rather than to the long-run” (p. 80).

" In addition it is possible to quantify the role of the individual structural shocks for the variability of
the variables in the model. For instance, Gali (1992) presents a historical decomposition of the output
series, which links different business cycle episodes to specific shocks hitting the economy.
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fortnight and drawdown in the second week. So on the closing Friday, the banks
generally have surplus funds in their hands. Further, CBLO liabilities are eligible for
cash reserve ratio maintenance, hence banks generally do not prefer CBLO market
on a reporting Friday. So the rate and the volume in CBLO generally go down on the
reporting Friday.

In estimating the reduced form VAR models, we also faced the typical
Hamletian dilemma whether to difference the variables or not. After all, if the
variables are found to be non-stationary, there is a view that they need to be
differenced. But there is yet another influential view that specifying a VAR in
differences would amount to losing information on the co-movement among the
variables which, in fact, is our primary interest (Brooks, 2002). Furthermore, it has
been established that while VARs with non-stationary variables incur some loss in
the estimator’s efficiency, the consistency properties of the estimators remain in tact
(Sims, Stock and Watson, 1990). Even in case of loss in efficiency of estimates,
differencing the variables has not been recommended since the goal of VAR
analysis is to study inter-relationships among variables and not to determine efficient
estimates (Sims, 1980).*®

We were in two minds whether to include a stock price index in our choice of
the vector r. There was an influential view that central banks would hardly care for
asset prices. This is best known as ‘the Greenspan orthodoxy’. The crisis has,
however, cast a serious doubt on the credibility of the ‘Greenspan orthodoxy’. In fact,
in recent symposium on "Should, or Can, Central Banks Target Asset Prices"”, twenty
economists gave their views that ranged from benign neglect to active
consideration.'® Nevertheless, irrespective of the importance of asset prices in the
central bankers' toolbox, our choice to include stock prices in the SVAR model is
dictated by more agnostic considerations and has been motivated primarily by our
guest to understand the transmission of monetary policy across financial markets.

While estimating the first step VAR models, two issues are important: (a) lag
structure; and (b) serial correlation. While the lags are selected on the basis of the
AIC criteria, issues relating to serial correlation are more tricky. After all, serial

18 The position has been succinctly summed up in Canova (2007), who said, “when doubts about the
unit root test exists, one can indirectly check the reasonableness of the stationarity assumption by
studying estimated residuals. In fact, if y, is nonstationary and no cointegration emerges, the estimated
residuals are likely to display nonstationary path. Hence, a plot of the VAR residuals may indicate if a
problem exists. Practical experience suggests that VAR residuals show break and outliers but they
rarely display unit root behavior. Hence, a level VAR could be appropriate even when vy, is
nonstationary. It is also important to remember that the properties of yt are important in testing
hypothesis about the coefficients since classical distribution theory is different when unit roots are
present. However, they are irrelevant for estimation. Consistent estimates of VAR coefficients, in fact,
obtain with classical methods, even when unit roots are present ...” (Canova, 2007; p. 115).

% Available at http://Awww.international-economy.com/TIE_F09_AssetPriceSymp.pdf
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correlation could be indicative of missing variables or resultant misspecification bias.
Towards this, we have examined for both portmanteau autocorrelation test and
autocorrelation LM test in all the four VARs. In all the cases, for most of the lags, we
are able to accept the null hypotheses of no residual correlation (Portmanteau test)
and the null hypothesis of no serial correlation (LM test).

The SVAR Model and the Identifying Restrictions

It is useful to remind ourselves that, for a set of n time series variables
o= (1, .. 1,)", @a SVAR model of order p [SVAR(p)] can be written as:

(2) Ar,=Ar  +A>L,+...+ Aprt_p + Bu,

where thea’s are (nxn) coefficient matrices and U =(Uy,Uy,...Uy) is an
unobservable i.i.d. zero mean error term. It is assumed that the coefficient matrices
A(fori =1, ..., p) are structural coefficients that differ in general from their reduced
form counterparts. To see this, consider the resulting equation by left-multiplying with
the inverse of A:

() r,=A"Ar, +A"AL,+..+ATA L +ATBU,
(4) r,=ATr_ +AT_,+..+ A;rt_p +e,

A SVAR model can be used to identify shocks and trace these out by
employing impulse responses and/or forecast error variance decomposition through
imposing restrictions on the matrices A and/or B. Incidentally, though a SVAR model
is a structural model, it departs from a reduced form VAR(p) model and only
restrictions for A and B can be added. The restrictions on the A and B in the SVARS
are as follows.*

The Financial Market VAR described in equation (1) needs to be identified with
structural restrictions, so that we can perform the impulse response analysis in terms
of the structural innovations. The relationship between reduced form innovation (e,)

and structural innovations (u,) is as follows:

% Thus, we need to estimate 10 m;;’s and six 7;:’s. Using 1848 observations for the full period and
we used method of scoring (analytic derivatives) to arrive at the estimates.
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(5] Me, = Nu,, or,

[Mtyy Wlyz Tlyg Mgy Tlyg Tlyg] [€147
Mgy Mgy Mgy Mgy Ny Mgg| | €5,
Mgy Mgz Mgy Mgy MNlgg Mgg| | €3,
Mtyy Tlyy Tlyg Tlyy Tlyg My | | Py
Mgy Mgy Mgy Mgy Mgy Mgg| | Eg,

“Hlgy  Mlga Mgy Mgy Mlgg Mg LEg,-

My, 0 0 0 0 0 7ruy,
0 n,, 0 0 0 0 U,
0 0 mngy O 0 0 | (s,
0 0 0 ng O 0 | |se
0 0 0 0 mng, 0 ||Us

L 0 0 0 0 0 mged g,

For identifying restrictions, based on the stylized facts presented so far we
assume the following. While innovations in policy rate are self-determined,
innovations in call rate are determined by policy rate; innovations in 10 year
government securities rate is determined by policy rate and call rate; innovations in
10 year corporate bond vyield is determined by policy rate and 10 year government
securities rate; innovations in market exchange rate is determined by policy rate, call
rate, g-sec rate and corporate bond yield and innovations in nifty is determined by
policy rate and market exchange rate. These restrictions are in general in tune with
the block exogeneity Chi-squared Wald tests. As explained we have run four such
SVAR models corresponding to four distinct periods.

Thus, in terms of (5), the identifying restrictions are:

(1) The diagonal terms of the M matrix are unity, i.e., My = Myy= Mgg= M=

33 3%

mz= mg= 1, by construction.

(2) The policy rate is thought to be most primitive among all the shocks, so that
My, = M= My = My = my.=0. This also means that the central bank does not

respond contemporaneously to shocks in financial markets.

(3) Call money market is the first stage of financial market where the monetary
policy gets transmitted. Thus, m.; = m,.= m,;= m,.= 0; this implies that
innovations in call money gets affected by innovations in policy rate only but

does not get affected by the innovations in other financial markets, viz., G-
Sec, corporate debt, forex and stock market.

(4) As far G-Sec market is concerned, its innovations are dependent policy rate
and call money rate; thus, m3; # 0, and mg3, # 0. But, my, = myz= mg; = 0,
implies that innovations in G-Sec market are invariant to innovations in
corporate bond, foex or stock market.
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(5) Shocks to the corporate bond yield are thought to be affected by shocks in
policy rate and G-Sec yield; thus, , m.; # 0, and m.; # 0. But, all other

shocks such as those emanating from money, forex or stock market may not
get transmitted, implying m,, = m = my = 0.

(6) Shocks to the forex market is affected by call rate, G-Sec and corporate bond;
thus, mz, #0, mz; #0,and mz, #0 butmz; =m-, =0.

(7) Finally, the stock market shocks are assumed to be affected by policy rate
(via implicit interest rate differential) and exchange rate, so that m.; # 0 and

mgs # 0.

It should be noted that while these identifying restrictions are primarily based on
institutional details, these are not necessarily atheoretical. After all, term structure
theories would predict transmission of policy shocks from the short-end to the long-
end of the market. Besides, the restrictions also emanate from the market
microstructure and the implied restrictions on mobility of funds across different
segments of financial markets that we have described earlier in section 3.

Impulse Response Functions for the Four Periods?*

The impulse responses of structural VAR for the first period, show that a
positive shock to the effective policy rate, where the policy rate is reverse repo, in
general, leads to increase in the call rate (Chart 6A). The peak effect was occurring
in three days — thereafter, the effect was moderated, but still maintained the positive
increase. The impulse response function of 10 year G-Sec yield shows that it
increases after a positive shock, reaching peak effect in 2 days, thereafter, declines
and shows negative effect during the subsequent period. In the case of corporate
bond yield, the monetary policy shock shows that it has positive shock and its effect
is seen within the month. In the case of exchange rate, the monetary policy shock
does not show any effect on first few days, but within the month it affects in the
positive way, i.e., the increase in policy rates leads to appreciation of exchange rate.
However, in the case of stock market, the positive shock in the policy rate, not lead
to decline in stock market, but it actually increases. This could be due to high inflow
of FII inflows during the period amounting to Rs. 87,541 crore. As regards the
positive shock to the call money market rate, the impulse response function shows
desired effect on all the other markets i.e., 10 year G-Sec yield, 10 year Corporate
Bond vyield, and exchange rate except stock market prices. Thus, combining the
effect of monetary policy shock and call money rate shock, it shows very high
transmission to other financial market rates except the stock prices.

L A priori, one would expect a faster transmission of policy shock to different segments of the
financial markets than their real counterparts. In this spirit, we first concentrate on the first day shock.
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Response of RREPO to Shock1l

Chart 6A: Impulses Reponses in the Financial Market SVAR — Period 1 (January 2005 — November 2006)
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In the second period, being liquidity deficit period, the effective policy rate is
the repo rate. The positive shock to the Repo rate, instantly impacted the call money
rate with the peak effect reached on the same day, and thereafter the impact
declines showing only very moderate effect (chart 6B). This result could be due to
the fact that towards the end of the period i.e., September-November 2008, the RBI
took a number of measures to boost liquidity in the system. The positive shock in the
Repo rate does show negative impact rather than expected positive impact, on the
10 year G-Sec yield during 3-6 days, thereafter, it shows mean reversion. However,
in the case of corporate bond vyield, the monetary policy shock shows that it is
positive in the long run. In the case of stock market, it first increases, but thereafter
declines, showing the expected sign. As regards the positive shock to the call money
market rate, the impulse response function shows no or little effect on the G-Sec and
Corporate yield, but has desired effect on the exchange rate. Again, the stock market
prices do not show the expected negative negative sign, implying that money market
rates do not affect it. As expected, the shock to G-Sec yield has the positive impact
on the corporate bond yield.
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Chart 6B: Impulses Reponses in the Financial Market SVAR — Period 2 (December 2006 — November 2008)
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In the third period, being liquidity surplus period, the effective policy rate is the
reverse repo rate. The positive shock to the reverse repo rate, impacted the call
money rate with the peak effect reached on the third day, and thereafter the impact
declines while retaining the positive impact (chart 6C). The positive shock in the
reverse repo rate does show small but positive impact on the G-Sec yield and
corporate bond yield, but, thereafter, it declines. In the case of exchange rate, the
monetary policy shock actually appreciates the rupee but very marginally. In the
case of stock market, it increases rather than declining. As regards the positive
shock to the call money market rate, the impulse response function shows very little
effect on the G-Sec, but no effect on the corporate yield, exchange rate and stock
market prices.
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Chart 6C: Impulses Reponses in the Financial Market SVAR — Period 3 (December 2008 — May 2010)
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In the fourth period, being liquidity deficit period, the effective policy rate is the
Repo rate (Chart 6D). The positive shock to the Repo rate impacts all other financial
market rates except the forex market. The impulse responses of call rate, G-Sec
yield, corporate bond yield and stock market show a very persistent impact. As
regards the impulse responses of exchange rate, initially it appreciates on the
expected line, but thereafter it shows a depreciation impact.
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Chart 6D: Impulses Reponses in the Financial Market SVAR —Period 4 (June 2010 — November 2012)
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Thus, broadly the evidence seems to be indicating that the transmission of
monetary policy works well in the call money rate, as it is impacted immediately with
robustness. These results also indicate the primacy of call rate in the money markets
and are in consonance with the official RBI stance of treating the weighted average
of overnight call money rate as the operating target of monetary policy (RBI, 2011).
As regards the other financial market variables except the stock market, we could
find evidence of transmission from the monetary policy shocks. The impact of
monetary policy shocks on stock market prices, the impulse response shows no
effect. This could be due to high alignment of domestic stock market with respect to
other international stock markets as well as the role played by the foreign institutional
investors.

As regards the period-wise transmission of monetary policy is concerned,
comparison of the impulse responses gives the following results. First, the
transmission was swift and persistent for the fourth period when compared to other
periods, where the liquidity was in the deficit mode and the monetary policy was
tightened. Next, the transmission was also good in the first period, where the liquidity
was in the surplus mode but monetary policy was tightened due to inflationary
pressures. Transmission was not on the expected lines for the second and third
period, as towards the end of second period was market with economic growth
boosting measures to reduce the impact of global financial crisis, and the third
period was marked by period of accommodative monetary policy and moderation in
growth. Thus, there is asymmetric in monetary policy transmission to financial
markets in India, where the monetary policy transmission is faster and persistent
when the monetary system is under deficit mode, than otherwise.

Variance Decomposition

Forecast error variance decomposition examines the role of monetary policy
shocks in contributing to volatility in the financial market interest rates. The variance
in call rate at 14 day horizon is most explained by call rate, effective policy rate,
exchange rate, corporate bond market, G-Sec and Nifty for most of the periods
(Table 8). Forecast error variance decomposition shows that the variance in G-sec
rate at 14 day horizon is most explained by G-sec, corporate bond vyield, stock
market, effective policy rate, call and exchange rate, in this order. As regards the
variations in corporate bond yield at 14 day horizon is explained by corporate bond
yield, G-sec yield, Nifty, effective policy rate, call rate and exchange rate in this
order. The variation in rupee dollar exchange rate at 14 day horizon is explained by
exchange rate, G-sec vyield, Nifty, call rate, effective policy rate and corporate bond
yield in this order. The variation in stock market at 14 day horizon is explained by
Nifty, exchange rate, G-sec yield, corporate bond yield, call rate, and effective policy
rate, in this order.
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Table 8: Variance Decomposition in the SVARs of Four Periods

Period | Period 11 Period 111 Period IV
Day |Policy |Call |G- Corp |Exchan |Nifty |Policy [Call |G- Corp |Excha|Nifty |Policy |Call |G-Sec|Corp |Exchan |Nifty |Policy |Call |G- Corp | Exchange | Nifty
Rate Sec |Bond |ge Rate Rate Sec |Bond rF]z%ie Rate Bond | ge Rate Rate Sec |Bond |Rate

2| 320[96.35| 0.11] 0.01 0.19| 0.13| 1.02|96.83| 0.34 0.10| 0.12| 158| 059|9248| 0.76| 0.15 041| 561| 1.02 |98.32| 0.06 | 0.07 0.52 0.00

_ 7 7.48|91.60| 0.21| 0.18 0.36| 0.16 1.80| 95.08| 0.39 0.72] 067 133| 19.86|66.07| 0.88| 0.52 541| 7.25| 555 |93.74| 0.05 | 0.13 0.52 0.01
8 14| 11.06|87.39| 0.18]| 0.90 0.30| 0.17| 273]90.63| 213 121| 141 1.89| 31.49|53.64| 1.18| 043 6.74| 6.51| 13.74 | 85.24 | 0.06 | 0.40 0.53 0.03
30| 17.38|78.42| 0.29| 2.85 0.60| 046| 4.05|84.17| 287 213 259| 419| 40.60|41.28| 7.22| 0.33 555| 5.02| 27.79 | 70.52 | 0.11 | 0.51 0.91 0.16

2 193| 0.38|97.62| 0.06 0.00f 0.01 0.12| 0.03| 99.30 0.02] 0.00| 052 0.26| 0.33] 98.78| 0.50 0.06| 0.07| 0.67 | 0.52 |98.37| 0.28 0.10 0.05

g 7| 129| 0.62|9559| 2.35 0.14| 0.01| 0.85| 0.02|97.60 045| 0.24| 0.83| 0.28| 2.25|96.54| 0.27 0.10| 057| 1.08 | 0.17 |97.75| 0.61 0.12 0.26
8 14| 0.79| 142|89.03| 8.24 0.50| 0.02| 050| 0.06| 94.70 036 049| 3.89| 101| 261|92.97| 0.80 0.37| 224| 1.82 | 0.11 |96.51| 0.91 0.16 0.49
30| 2.35| 250|73.63| 20.19 0.80| 0.52| 052| 0.59|94.36 036 043| 3.74| 896| 2.88| 78.53| 1.68 122| 6.73| 4.06 | 0.18 |91.67 | 1.70 1.40 0.99

2| 0.97| 0.07|13.08| 85.49 0.20| 0.19| 0.23| 0.07|23.35| 76.25| 0.02| 0.08| 0.94| 0.07| 19.64| 79.22 0.01| 0.12| 1.98 | 0.10 |18.93|7851| 0.16 0.31

-g 7 1.12| 0.98] 19.18]| 78.09 0.14| 049 0.36| 0.33|28.45| 68.74| 040 1.72 0.48| 0.17| 32.04| 62.76 061 3.94| 239 | 0.37 |20.38 |76.24 0.25 0.37
g— 14| 096| 3.14|22.89| 71.98 0.08| 0.95| 358| 038|28.19| 59.78| 1.73| 6.35| 2.38| 056| 33.59| 48.23 0.56| 14.67| 3.07 | 0.80 |18.48|77.25| 0.16 0.24
© 30 0.68| 6.94| 26.56 | 63.49 0.05| 229| 2222| 041]|27.12| 40.85| 4.04| 536| 14.83| 1.06| 25.73| 30.62 252]25.25| 486 | 1.35 |14.56 |78.66 0.30 0.27
2| 000| 020| 202| 0.01| 97.76| 0.00f 0.00f 1.60| 1.85 121| 94.81| 053| 0.03| 091|19.01| 0.11| 79.70| 0.24| 0.09 | 048 | 0.69 | 0.18 | 98.54 | 0.01

§ 7| 024| 127| 481] 0.02| 9327| 040| 0.23| 7.79| 3.20 159| 84.00f 3.19| 0.70| 0.61| 44.21| 031| 49.64| 453| 009 | 1.21 | 024 | 0.15 | 98.29 | 0.02
§ 14 148| 3.16| 8.13| 0.01 85.34| 1.88 559| 9.71| 3.62 5.17| 65.88| 10.04 221| 055 57.64| 1.15 31.71| 6.74) 005 | 1.80 | 0.55 | 0.10 97.48 0.03
. 30| 5.66| 4.80|14.30| 0.31| 69.14| 579| 10.23|10.96| 2.21 246| 55.28| 18.86| 2.38| 0.88| 62.66| 2.68| 25.03| 6.37| 0.16 | 226 | 268 | 0.05 | 9479 | 0.06
2| 0.04| 0.01| 0.78] 0.10 432|9476| 0.01| 057| 0.17 0.96| 19.43| 78.86| 0.28| 0.67| 10.46| 0.37| 31.65|56.57| 1.61 | 031 | 0.12 | 0.09 | 22.87 |74.99

E‘ 7 0.84| 050, 177| 0.06 3.941 92.90 144 405| 0.61 5.53] 22.14| 66.22 2.06| 0.35] 19.02| 0.20 15.01| 63.36| 2.18 | 0.59 | 0.26 | 0.28 23.07 73.62
z 14 5.84| 215| 2.07| 0.08 4.10| 85.76 5.73| 6.76| 1.13| 13.42| 17.54| 55.43 5.00| 0.31| 19.01| 0.70 12.46| 62.53| 253 | 0.73 | 1.24 | 0.64 22.42 72.45
30| 24.32| 575| 174| 0.33 3.14|64.72| 14.41|1256| 457| 10.25| 23.72| 3449| 6.53| 0.31| 17.53| 1.29| 15.53|58.81| 3.25 | 0.69 | 452 | 200 | 20.10 |69.44
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7. Robustness Checks
Using a Regime-invariant Measure of Effective Policy Rate

While the period wise analysis provides rich documentation on the behaviour of
monetary policy, its identification is essentially an ex post phenomenon. Thus, for
discerning the monetary policy stance, we choose to depend on a simple rule.
Depending on the mode of liquidity conditions (i.e., injection or absorption by the
RBI) one can choose the repo or reverse repo as the effective policy rate.
Specifically, in a day when net LAF (reverse repo amount — repo amount) is
negative, the effective policy rate becomes the repo and when net LAF is positive the
effective policy rate of the reverse repo rate (Similar to Patra and Kapur 2010
approach). Thus,

[REL’-ETEE Repo Rate if Net LAF =0
(6) Effective Policy Rate = -
LRE‘T@G Rate if Net LAF =<0

The movements in the effective policy rate are given in the chart 7. The chart
shows that there is relatively high variation in the effective policy rate, when
compared with only repo or reverse repo rate, which are relatively stable and shows
less variation. The chart also shows that the call money market were significantly
fluctuating between the surplus liquidity and deficit liquidity in the second period i.e.,
first liquidity deficit phase when compared to other periods.

Chart 7: Effective Policy Rate
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Before we proceed further in estimating an SVAR with all the segments of the
financial market, it is useful to check for the correlation of the effective policy rate
with different financial market rates (Table 9). All the rates turn out to be significantly
correlated with the effective policy rate but exchange rate and Nifty shows positive
rather than expected negative sign.

Table 9: Correlation of Effective Policy Rate with Financial Market Rates

Particular Financial Market Rate Correlation Coefficient
Call Rate 0.859 (72.01)*
CBLO Rate 0.863 (73.56)*
Market Repo Rate 0.880 (79.51)*
10 Year G-Sec Yield 0.700 (42.12)*
10 Year AAA Corporate Bond Yield 0.574 (30.11)*
INR-USD Exchange Rate 0.156 (6.79)*
Nifty Index 0.300 (13.52)*

Notes: (1) Period: January 2005 — November 2012; Number of observations: 1848

(2) Figures in brackets are t-statistic values for testing the significance of
correlation coefficient.

(3) * indicates significance at 1 per cent.

The impulse response using the synthetic effective policy rate shows that the
shocks in the monetary policy have expected effects on the financial markets (Chart
8). The positive shock to the policy rate leads to increase in the call rate and the
corporate bond yield, with the peak effect occurring on 2™ day of the policy shock for
call rate and 13" day of the policy shock for corporate bond yield. The positive shock
to the policy rate increases the g-sec rate after 10 period lag. The positive shock to
the policy rate initially appreciate the exchange rate marginally, but thereafter, the
exchange rate continues to depreciate. The positive shock to the policy rate leads to
increase in the Nifty by the third day, but thereafter the effect tapers off, showing
some sort of mean reverting nature.
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Chart 8: Impulses Reponses in the SVAR with Effective Policy Rate
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Forecast error variance decomposition shows that the variance in G-sec rate
at 14 day horizon is most explained by G-sec, corporate bond yield, effective policy
rate, call, exchange rate and nifty in this order (Table 10). As regards the variations
in corporate bond yield at 14 day horizon is explained by corporate bond yield, G-sec
yield, nifty, effective policy rate, exchange rate, and call rate in this order. The
variation in rupee dollar exchange rate at 14 day horizon is explained by exchange
rate, Nifty, G-sec yield, call rate, corporate bond yield, and effective policy rate in this
order. The variation in stock market at 14 day horizon is explained by Nifty, call rate,
corporate bond yield, G-sec yield, exchange rate and effective policy rate in this

order.

Table 10: Variance Decomposition Analysis for Financial Market SVAR

(Per cent)
Forecast |Innovations to Proportion of forecast error variance in
Horizon Effective| Call| G-sec Corp| Exchange| Nifty
(Days) Policy| Rate| Rate Bond Rate
Rate Rate
1 2 3 4 5 6 7 8
Effective Policy Rate 98.74| 17.62 0.09 0.72 0.00 0.10
Call Rate 1.14|/81.96| 0.41 0.11 0.19] 0.20
2 G-sec Rate 0.03| 0.39, 99.11 26.41 0.13] 0.00
Corp Bond Rate 0.00, 0.00 0.20 72.66 0.44| 0.29
Exchange Rate 0.01| 0.02 0.01 0.08 99.18| 20.75
Nifty 0.06| 0.00| 0.18 0.01 0.06| 78.65
Effective Policy Rate 95.70| 25.81 0.09 0.48 0.08| 0.35
Call Rate 2.26| 72.02| 0.81 0.81 0.58| 0.64
14 G-sec Rate 1.10| 0.93| 94.07 24.19 0.53| 0.15
Corp Bond Rate 0.77| 0.10, 4.54 73.66 0.76] 141
Exchange Rate 0.02| 0.29, 0.02 0.12 97.85| 25.99
Nifty 0.15| 0.84| 0.46 0.74 0.20| 71.46
Effective Policy Rate 93.45| 34.13| 0.60 1.76 0.34| 0.32
Call Rate 1.60| 63.23 1.64 1.98 0.29| 0.43
30 G-sec Rate 4.13| 1.56| 92.60 22.32 0.44| 0.34
Corp Bond Rate 0.68| 0.10, 3.58 73.14 0.93] 1.98
Exchange Rate 0.05| 0.27, 0.39 0.19 97.81| 24.59
Nifty 0.11| 0.72 1.19 0.62 0.19| 72.33

Using CBLO, 5 Year Corporate Bond Yield and Sensex as an alternative indicator for
Money, Corporate Bond and Stock Market. %2

The impulse response using the synthetic effective policy rate on the
alternative indicators for the money, corporate bond and stock market shows that the

22 \We are indebted to S/Shri Deepak Mohanty, B M Misra and S Arunachalaramanan for urging us to

check this.
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shocks in the monetary policy have expected immediate effects on the financial
markets except Stock market (Chart 9). The positive shock to the policy rate leads to
increase in the call rate, G-sec rate and the corporate bond yield. The positive shock
to the policy rate initially appreciate the exchange rate marginally, but thereafter, the
exchange rate continues to depreciate. The positive shock to the policy rate leads to
increase in the Nifty, but thereafter the effect tapers off, showing some sort of mean
reverting nature.

Introducing CPs and CDs as additional Instruments in the VAR?®

The impulse response using the synthetic effective policy rate on the 3 month
Certificate of Deposits (CD) rate and Commercial Paper (CP) rate shows the
expected result, that is, the shocks in the monetary policy have expected immediate
and persistent effects on these market rates (Chart 10).

2 Shri Deepak Mohanty has pointed this out to us.
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Chart 9: Impulses Reponses in the SVAR with Effective Policy Rate and Alternative Financial Indicators
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Chart 10: Impulses Reponses in the SVAR with Effective Policy Rate including CP and CD rates
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8. Concluding Observations

In the process of fostering financial development in India, policies have been
undertaken towards development of appropriate institutions and markets. While
there could be questions on the pace of financial development in India, it is by now
well-accepted that these policies of financial liberalization have furthered the process
of integration among various segments of domestic financial markets. These also
have implications for effectiveness of transmission of monetary policy across
financial markets.

The extent of integration between these segments of financial markets can be
studied in pairs and such an analysis may shed interesting light on the nature of
financial market integration. The present paper, instead, concentrated on the general
nature of integration with a limited number of variables. This could be extended to a
larger set that includes instruments like CP, CD and credit market-related intruments
like credit derivatives. Furthermore, real sector variables like GDP as well as prices
could be built in to form a full-fledged models looking into monetary transmission
mechanisms. Besides, the real sector with its distinguishing features is absent in our
analysis (Goyal, 2011). These are some of the major limitation of our paper. While all
these constitute agenda for further research, at the risk of borad generalizations,
notwithstanding these limitations we venture to put forward some broad conclusions.

As far as financial integration is concerned, we found that the money market
segment is fairly integrated. At the next level, among the constituents of the domestic
financial markets, G-sec and corporate bond market are somewhat integrated.
Interestingly, forex market and stock market are somewhat correlated, perhaps
indicating the commonalities of players between these two markets. There is,
however, scanty evidence of integration between the money market and stock
market. Money market and forex market too show lower correlation, perhaps
indicating the usual non-interventionist strategy of the RBI and the market
determined character of the rupee. Besides, it has been empirically found that the
effects of monetary policy on the exchange rate are negatively affected by the
economy’s openness. Thus, the more open the economy, the smaller the (short-run)
depreciation effects of a given increase in the money growth rate (as in the long run,
relative PPP applies) (Karras, 1999). Thus, the result could be consistent with India’s
increasing openness during the period.

As far as transmission of monetary policy across different segments of
financial markets is concerned, the study finds that the impact differs considerably
across these four periods. The study finds that the transmission to money market is
fast and efficient, fairly strong in G-sec and corporate bond market, modest in forex
market. However, the impact of policy rates to stock market is limited. The paper
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also finds that monetary policy transmission is more effective during the liquidity
deficit mode as compared to the surplus mode. The transmission occurs faster in the
fourth period (June 2010 — November 2012), which is the liquidity deficit period. The
second and third period, the transmission was not on the expected lines, as it was
affected by the global financial crisis and its aftermath. Thus, there is asymmetric in
monetary policy transmission to financial markets in India, where the monetary policy
transmission is faster and persistent when the monetary system is under deficit
mode, than otherwise.

There are two major limitations of this study. First, in its quest of pursuing high
frequency data, the model suffers from an obsession of the financial markets. Thus,
it does not any role for the real sector variables, nor does it include various monetary
and credit aggregates.?® In this sense, the model is unable to handle issues relating
to monetary policy transmission channels as has been pursued in the literature (e.g.,
Mohanty, 2012). Second, even within the financial markets, the model did not
consider two crucial asset markets, viz., credit and gold — the importance of both can
hardly be underemphasized in a country like India.?® All these constitute agenda for
further research.

** Mridul Saggar and O P Mall have pointed this to us.
> \We are indebted to K U B Rao on this point.
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