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Public Debt Management in India and Related Issues

L. Lakshmanan & R. Kausaliya®

Abstract

The public debt management in India has clearly traversed from a passive
system to a market driven process with developed institutions, instruments,
widespread investors, intermediaries for market making and efficient market
infrastructure. Towards the PDM objective of minimising the cost of borrowing
over the medium to longer term, market factors, both long and short term, affect
the bond yield. Though the borrowings of the Government is sovereign and its
long term yield is generally determined by expected liquidity risk, repayment
risk, economic prosperity and the inflation expectations, sudden shocks in short
term factors like availability of liquidity (fund) and the cost of such liquidity play
a major role on the yield. Impulsive response function under unrestricted VAR
framework confirms that when a policy action is taken to increase the system
liquidity, the bond yield declines immediately and thereafter, the yield stabilizes
at a level lower than the level before the shock was effected. It may be more
evident that a shock to the repo rate has positively impacted the yield of
securities with all maturities up to 30 years. Further, expectation of increase in
repo rate has significant and immediate impact on the yield. Overall, the study
supports the arguments that the system liquidity and the cost of funds are also
factors that influence the yield of the G-Secs in the primary market.
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Public Debt Management in India and Related Issues

Introduction

Sovereign Debt Management (SDM) is the process of establishing and
executing a strategy for managing the government's debt in order to raise the
required amount of funding, achieve its risk and cost objectives and to meet any
other sovereign debt management goals the government may have set, such as
developing and maintaining an efficient market for government securities (IMF 2001).
The importance of public debt management (PDM) as part of public policy is to
ensure that both the level and rate of growth in public debt is fundamentally
sustainable in a broader macroeconomic framework. In this context, debt structures
and strategies including prudent risk management are crucial as the macroeconomic
consequences of sovereign debt default on the economy can be severe. The
consequences, among others, include weakening long term credibility and capability
of the government to mobilize resources as also increase in cost.

The largest financial portfolio in a country is the government's debt portfolio,
which can generate substantial risk to the balance sheet of the government and the
financial stability of the country. At the basic level, sovereign debt management
addresses the structure and composition of the public debt portfolio, including the
desired mix in terms of currency, interest rate and maturity profile (lan Storkey,
2001). Therefore, it is essential that sound risk management along with country
specific public debt structures are to be put in place to reduce government’'s
exposure to market risk, rollover risk, liquidity risk, credit risk, settlement risk and
operational risk. Recent financial crises have highlighted the importance of sound
debt and risk management practices as also sound fiscal and monetary coordination
and management.

In India, sovereign debt is largely domestic and within that marketable debt is
the largest component, which is managed by the Reserve Bank of India (RBI). Since
recently, market borrowing has been the largest financing item of fiscal deficit for the
Central and State Governments. Accordingly, this study focuses on the marketable
domestic public debt of the Government of India (Gol) in terms of size, magnitude,
policy and approach followed and also discusses issues and challenges on debt
management. Though various factors decide the yield in the primary auction, which
include the growth in the economy, market conditions, ruling interest rate, long term
perspective on the inflation expectations, etc., in a deficit liquidity scenario, the main
determinants may be the ruling short term interest rate (repo, MSF) that determines
the cost of fund and the availability of market liquidity. Thus, how far these short term
factors influence the yield in the primary auctions is the focus of this paper.



Against the above background, a brief evolution of PDM in India is attempted
in Section 1. International experience of the SDM is briefly discussed in Section 2. In
this section, the guidelines issued by the IMF-World Bank have been compared with
Indian conditions. The present debt management policy/practices of Gol along with
the issues and challenges are set out in Section 3. In Section 4, an attempt has been
made to test the impact of the availability of system liquidity and its cost on the
primary yield of G-Secs through an unrestricted VAR framework, supported by two
mean t-test. Concluding observations and policy options are drawn in Section 5.

1. Evolution of Public Debt Management in India

The main objective of PDM in India, in particular, management of market
borrowings, is to minimise the cost of borrowing over the medium to longer term as
also to contain the rollover risks while raising the borrowings of the Governments.
Since its incorporation, the RBI took over the responsibility of managing the public
debt of the Centre and the sub-nationals, besides playing the role as a banker in an
environment when the financial system was underdeveloped. Prior to the reform
period, debt management in India was characterised by issuance of debt at
administered interest rates to a captive investors, i.e., banks and financial
institutions. Among the reform process initiated, the first initiative was to allow market
determined rates in the primary issuance for government securities through auctions
in 1992. Second, the market infrastructure was to be developed to take care of
auctioning, secondary market trading, payment and settlement system. Third,
benchmark was to be developed for fixed income instruments for the purposes of
their pricing and valuation. Fourth, an active secondary market for G-Secs was also
needed to increase the liquidity as also for operating monetary policy through indirect
instruments such as open market operations and repos to manage short-term
liquidity. Reforms, therefore, focused on the development of appropriate market
infrastructure, elongation of maturity profile, increasing the width and depth of the
market, improving risk management practices and increasing transparency (Mohan
2008).

Since 1991-92, strengthening the quality of government debt management
was a key element of the policy reform packages. Two landmark developments have
shaped India’'s PDM framework, viz., (i) supplemental agreement between the RBI
and the Gol in March 1997 and (ii) Fiscal Responsibility and Budget Management
(FRBM) Act! in 2003. The issuance of ad-hoc treasury bills by the Gol to the RBI to
finance the fiscal deficit was discontinued with the supplemental agreement and with
the FRBM Act, the RBI has been prohibited from participating in the primary auctions
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of government securities. Thus, with the above two developments, monetization of
fiscal deficit is not allowed. For smooth transition to the new system, the RBI has
taken a number of measures to make the G-Sec market deeper, broader and more
liquid while improving trading, settlement, intermediaries, institutional and
infrastructure development.

Towards this direction, reforms in the G-Sec market were aimed at enhancing
liquidity and efficiency, which include establishment of Delivery versus Payment
system (DvP) to reduce settlement risk, institution of Primary Dealer (PD) system to
act as market makers, and formation of market bodies. Instrument diversification was
also seriously attempted during this phase of reforms. Further reform measures
include (a) operationalisation of the Negotiated Dealing System (NDS), an
automated electronic trading platform; (b) establishment of Clearing Corporation of
India Limited (CCIL) for providing an efficient and guaranteed settlement platform; (c)
introduction of trading of G-Secs in stock exchanges; (d) introduction of OTC and
exchange-traded derivatives to facilitate hedging of interest rate risk; (e) introduction
of Real Time Gross Settlement System (RTGS), which addresses settlement risk
and facilitates liquidity management; (f) adoption of a modified DvP mode of
settlement (DvP III), which provides net settlement of both funds and securities legs;
and (g) announcement of an indicative auction calendar for Treasury Bills (TBs) and
dated securities (RBI, 2007). In order to boost the market liquidity and to provide
hedging facility, various derivatives and other products have been introduced in the
G-Sec market. The NDS auction platform replaced with a wider spectrum of e-kuber
module in the core banking solution platform in October 2012, which also acts as
anytime and anywhere banking.

2. Survey of Literature

The process of Government debt management mainly encompasses
establishing clear debt management objectives and supporting them with a sound
governance framework, prudent debt management strategy and reporting
procedures to ensure that the government's debt managers are accountable for
implementing the debt management responsibilities delegated to them (World Bank
2014)2%. Further, for domestic debt management, debt managers have adopted
practices aimed at reinforcing the government’s reputation as a predictable and
consistent issuer, committed to promoting competition among investors and ensuring
a high degree of transparency regarding its decision making. At micro level, debt
managers issue securities in a range of maturities in order to diversify their
refinancing risk, committed to principles of transparency by publishing borrowing

*Revised guidelines for public debt management, World Bank and the IMF, April 1, 2014



calendar well in advance and removing regulatory distortions that discriminate
among investors. Capacity building needs in PDM are country specific. Countries in
the nascent stage of development of G-Sec market preferred to issue simple and
standard instruments and a mix of conventional and complex instruments are being
introduced over the years when the bond market develops.

The recent financial crisis highlighted the importance of containing risks in
debt management. While developing debt management strategies, debt managers
are often required to manage different types of risks (Box 1).The risks inherent to the
government debt structure are monitored and a range of policies are engaged to
manage these risks with trade-offs between costs against risks.

Box 1: Risks Associated with Sovereign Debt Management?

Market Risk: Market risk is associated with changes in market conditions such as
interest rate, exchange rate, commodity prices, and the concomitant impact on the
cost of debt servicing of the Government. Changes in interest rates affect debt
servicing costs, when fixed rate debt is refinanced and the coupon of floating rate
debt is reset. Hence short term debt is usually considered to be more risky than long
term fixed rate debt. Therefore, the RBI issues a combination of both fixed and
floating rate securities, but mainly strategies for fixed rate securities, with maturities
upto 30 years.

Refinance Risk/ Rollover Risk: In a changing interest rate scenario, the debt is to be
rolled over at an unusually high cost or, in extreme cases, cannot be rolled over at all
is a risk. Relatively high average maturity of debt would result in a lower share of
debt rollover in a year. In India, the average maturity of the securities outstanding is
around 10 years and buyback/switch operations have been effected in addition to
elongation of maturity to contain the rollover risk.

Liquidity Risk: Liquidity risk is considered to be two types. The first one refers to the
cost the investors face in trying to exit a position when the number of transactors has
markedly decreased or because of the lack of depth of a particular market (IMF-
World Bank, 2001). The second one refers to a situation in which the volume of liquid
assets diminishes quickly in the face of unanticipated cash flow obligations or a
possible difficulty in raising the borrowings in a short period of time. In India, the RBI
has been reissuing Gol dated securities to build critical mass and impart liquidity in
the secondary market. While liquidity is limited to a few securities, all G-Secs are
acceptable as collateral at the LAF window of the RBI for availing liquidity facility.

Credit Risk: Credit risk is particularly relevant in cases where debt management
includes the management of liquid assets. It may also be relevant in the acceptance
of bids in auctions of securities issued by the government as well as in relation to
contingent liabilities and derivative contracts entered into by the debt manager (IMF-
World Bank, 2014). In India, the Clearing Corporation of India Limited (CCIL) acts as
the central counter party (CCP) framework that eliminates counterparty credit risk

* IMF-World Bank, 2001 & 2014




Settlement Risk: Refers to the potential loss that the government could suffer as a
result of failure to settle, for whatever reason other than default, by the counterparty.
In India, the CCIL has been assigned the role of CCP by novation and the settlement
is taking place in the form of delivery vs payments (DvP) thereby the settlement risk
is mitigated.

Operational Risk: Different types of operational risks such as transaction errors in the
various stages of executing and recording transactions; inadequacies or failures in
internal controls, or in systems and services; reputation risk; legal risk; security
breaches; or natural disasters that affect business activity (IMF-World Bank, 2001).
In India, the well laid down operational procedures with inbuilt internal control,
segregation of duties with front office, middle office and back office structures
coupled with latest technology with inbuilt controls in primary and secondary market
operations contain operational risks.

A major feature of government financing in developing countries is the reliance
on captive sources of funding, whereby financial institutions are required to purchase
and hold government securities, often at below market interest rates, or administered
interest rates, which is diminishing in many countries. The negative impact of
reliance on captive sources of funding is that it stifles the development of G-Sec
markets and thereby affects the secondary market trading and liquidity. While the
removal of such captive investor base may have increased interest rates to market
determined levels in the short run, the ensuing deep and liquid government
securities market in the medium to long term is expected to reduce the debt service
costs for the governments in future (IMF-World Bank, 2002).

In the literature, studies have attempted to assess the impact of fiscal shocks
on the sovereign yield curve. There is a common trend in yield differentials, which is
correlated with a measure of aggregate risk. In contrast, liquidity differentials display
sizeable heterogeneity and no common factor. Carlo Favero et al (2008) observed
that the vyield differentials should increase in both liquidity and risk, with an
interaction term of the opposite sign. A sound debt management strategy is the
efficacy of tactical liability management operations, in which debt managers credibly
intervene in domestic debt markets in emergency situations and quickly rebuild
investor confidence. The low level of market development in most developing
countries, the still vulnerable structures of debt in many emerging market economies
and the rise in debt levels in a number of developed economies make sound
sovereign debt management even more challenging for global financial stability in
the future, particularly given the higher global funding pressures (IMF 2010). The
liquidity effect emanating from various macroeconomic shocks would have a distinct
impact on yields although expectations on economic advancements also play an
important role.




The SDM has come in the forefront after the recent global financial crisis as
debt surged to unsustainable levels in many advanced countries, triggering
sovereign debt crises in countries like Greece, etc. International experience reveals
that, prudent debt management can reduce financial volatility by spreading maturity,
avoiding captive funding by target investors and developing widespread investors’
base. Another takeaway for PDM is to issue diversified instruments with innovative
secondary market products to broaden and deepen the securities market.
Transparency in information disclosure and good governance can instill confidence
in investors and encourage efficient pricing.

3. Public Debt Management in India - Issues and Challenges

As envisaged in the guidelines by the IMF-World Bank, a consensus is
evolving world over in which the main objective of PDM is to ensure that the
government’s financing needs and its payment obligations are met at the lowest
possible cost over the medium to long run, consistent with a prudent degree of risk,
which would be smoothened by development of an efficient and liquid government
securities market. In its endeavor as a debt manager, the RBI has adopted similar
objectives of minimizing the cost of borrowings for the Government, maintain
acceptable rollover risk, develop deep and liquid bond market and widen the
investors’ base.

Keeping in view the various issues and challenges that confront the debt
management structure, this study attempts to assess the policies and procedures to
minimize the risks in achieving the objectives of debt management. In the light of the
different types of risks in debt management operation (Box 1 of the previous
Section), the process of debt management strategy is studied through stylized facts
such as approaches adopted, maturity profile, timing of issue, costs, different debt
instruments and other competing requirements, which are country specific. Some of
the issues and challenges that confront the debt management in the Indian context
are as under.

3.1 Managing the large size of borrowing

Market borrowings have been the discretionary part in government’s total
borrowing programme in recent period and have emerged as the dominant source of
financing of fiscal deficit, which has increased from around 18 per cent in 1990-91 to
86 per cent in 2007-08 and, thereafter to 93 per cent in 2011-12. The gross market
borrowings of the Gol and States together has more than doubled in the current
decade as compared with the beginning of the previous decade (1999-00) (Table 1).



Table 1: Market Borrowings of the Gol and the State Governments

(X crore)

Year Gol States Combined

Gross| % Growth Gross| % Growth Gross| % Growth
1980-81 2871 333 3204
1990-91 8989 11.7 2569 0.5 11558 9.0
2000-01 115183 15.6 13300 -3.0/ 128483 13.4
2008-09 318550 69.3|] 118138 74.3] 436688 70.6
2009-10 492497 54.6| 131122 11.0f 623619 42.8
2010-11 479482 -2.6| 104039 -20.7] 583521 -6.4
2011-12 600382 25.2| 158632 52.5| 759014 30.1
2012-13 688471 14.7 177279 11.8 865750 14.1
2013-14 700456 1.7| 196664 10.9] 897120 3.6

Source: Handbook of Statistics on Indian Economy, RBI

It is a challenge to mobilize such a huge market borrowings as well as meet
the objective of minimizing the cost to Government. As higher market borrowings
lead to enhanced supply of government securities, which demand higher yield
leading to higher benchmark rate. Further, this would feed in to inflation through
input costs and push up benchmark and thereby creating a vicious cycle. Hence, this
trend would pose challenge for the debt manager in devising a strategy so that
benchmark does not come under pressure and remains market aligned. It may also
increase the spread between the Gol and comparable securities and would pose a
risk for smooth and orderly conduct of debt management operations and also a
challenge to the basic objective of borrowings at a lower cost in the medium to long
run.

3.2 Sustainable Public Debt

As part of public policy, debt management framework also ensures that the
impact of government financing requirements and debt levels on borrowing costs are
sustainable. The sustainability of debt requires governments to be both solvent and
liquid, i.e., a country’s ability to service all accumulated government debt at any point
in time. Generally, the issue of debt sustainability is analysed through ratios such as
debt service ratio, interest payments to net tax revenue, debt to exports and public
debt to GDP among others. Cross-country analysis and simulations suggest that a
debt to GDP ratio in the range of 60-65 percent by 2015/16 might be suitable for
India (IMF, 2010). Debt is said to be tolerable if its servicing does not impose an
intolerable burden on the fiscal position. Interest payments as one-fifth of revenue
receipts are considered a tolerable ratio of interest burden (Dholakia et al, 2004).

In India, debt service payments (repayment + interest payment) to revenue
receipts has declined to around 37 per cent in 2011-12 from 51 per cent in 1999-00



indicating higher revenue resource mobilization by the Gol as also reign on growth in
public debt. Interest payments to net tax revenue declined from 56.5 per cent in
2004-05 to 41.1 per cent in 2010-11. Similarly, interest payments to revenue receipts
also declined during the period.

In India, the debt to GDP ratio has been steadily declining which is an
indication that India’'s public debt is sustainable. While the public debt of the Centre
has increased marginally from 39.4 per cent to 40.5 per cent during 2006-07 to
2012-13, the states position has been declining from 21.2 per cent to 15.9 per cent
during the period. The combined public debt to GDP ratio (Gol + States) stood well
within the standard level prescribed by the IMF for EMEs at 63-78 per cent.
Reflecting these trends, the total liabilities of the general Governments has declined
from about 73 per cent in 2006-07 to 65.3 per cent in 2013-14 (Table 2).

Table 2: Debt to GDP Ratio of the Governments (%)

Public debt Gol + States -
Year Gol States| Gol + States| Total Liabilities
2006-07 39.4 21.2 55.5 4.7
2007-08 37.1 19.4 51.6 71.4
2008-09 39.1 19.1 53.9 72.2
2009-10 39.9 18.8 55.0 70.6
2010-11 37.9 17.2 51.9 65.6
2011-12 39.4 16.3 52.8 65.3
2012-13 40.5 15.9 53.5 65.2
2013-14 41.0 16.1 54.4 65.3

Source: Government Debt, Status Paper, Ministry of Finance, Gol

3.3 Improve the Resilience of Debt Structure and Strategy

The appropriate debt strategy depends upon the government’s tolerance
limits to various risks. For which, the strategic portfolio benchmarks is usually
supported by a risk management framework that ensures the risks are well specified
and managed, and that the overall risk of debt portfolios is within acceptable
tolerances (World Bank 2005). To improve the resilience of the debt structure,
liability management operations to elongate the maturity and thereby reduce rollover
and liquidity risk are attempted by debt managers.

In India, as part of prudent debt management strategy, the RBI has elongated
the maturity profile of the outstanding stock of G-Secs by issuing securities of longer
maturity in order to minimize the rollover risk and by capping the debt repayment in a
particular year. Further, the short term debt is very meager and constitutes a very
small portion of total debt. As a result, the weighted average maturity of primary



issuances of the Gol dated securities increased from 9.4 years in 2001-02 to 13.5
years in 2012-13. The weighted average maturity of outstanding stock of government
securities declined from 10.59 years in 2007-08 to 9.7 year in 2012-13, which,
however, increased to 10 years in 2013-14.

In India, the well laid down operational procedures coupled with the latest
technology in primary and secondary market operations with inbuilt internal control
limits contain operational risks, which continues to be minimized through several
measures. These internal control measures, implemented in line with international
best practices and risk management principles, include segregation of duties, dual
access control for auction systems, separate payment and settlement mechanism,
etc.

With the effective debt management strategies of the RBI, the cost of borrowings
of the Gol dated securities has declined from 14.3 per cent in 2001-02 to 8.5 per
cent in 2011-12 and further to 8.36 per cent in 2012-13. Similarly, the weighted
average cost of the outstanding stock of Gol securities also declined from 9.3 per
cent in 2003-04 to 7.98 per cent in 2013-14 (Table 3). In the case of sub-national
borrowings, the weighted average yield has increased gradually from 8.79 per cent
in 2011-12 to 9.18 per cent in 2013-14, which however declined substantially to 8.58
per cent in 2014-15.

Table 3: Maturity and Yield of Gol Dated Securities

Issues during the year Outstanding Stock*
Weighted Weighted Weighted Weighted
Year Average Yield| Average Maturity|  Average Yield|Average Maturity
(%) (years) (%) (years)
1 2 3 4 5
2001-02 14.3 9.44 8.20 10.84
2003-04 5.71 14.94 9.30 9.78
2005-06 7.34 16.90 8.75 9.92
2007-08 8.12 14.90 8.50 10.59
2009-10 7.23 11.16 7.89 9.67
2010-11 7.92 11.62 7.81 9.64
2011-12 8.52 12.66 7.88 9.60
2012-13 8.36 13.50 7.97 9.66
2013-14 8.45 15.06 7.98 10.00

* At the end of the financial year.
Source: Government Debt, Status Paper, Ministry of Finance, Gol and RBI.

3.4 Demand Side Risk and Promoting Retail Segment for Government Securities

Demand side risk generally referred to sudden shifts in the demand for
government bonds due to interest rate variations. Demand side risk could be
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addressed through spreading the issuance of securities along the yield curve during
the year, which would increase the attractiveness to investors and reduce the
liquidity premium that investors demand. This would also reduce the risk that the
pricing of government securities are usually affected by the actions of a small
number of captive market participants (IMF-World Bank, 2001).

The Indian debt market remains largely a wholesale market dominated by
banks, financial institutions and insurance companies; there has been entry of
cooperative banks, RRBs, mutual funds and non-banking financial companies
(NBFCs) in the recent period. Additionally, the entry of 100 per cent gilt mutual funds
has broadened the retail investors’ base. The holding pattern of G-Secs reveals that
banks including bank-PDs hold about 44 per cent of G-Secs followed by insurance
companies at 20 per cent as at end-March 2014. Investment by pension funds
constitutes about 7 per cent (Chart 1).

Chart 1: Ownership Pattern of Gol Securities

March 2014 March 2009
B Commerci
PFs, 7.2 RBI, 16.1 al Bks, RBI, 11.8 \ Others,
/ 35.4 . M6

PFs, 6.8 ¢

Flls, 1. Flls, |

Corporate

B Bank-

B Non-Bank
® Non-Bank H  Mutual PDs,
B Mutual PDs, 0.1 Funds, 0.4 PDs, 0.1 9.2

Funds, 0.8 Corporate
s, 3.0

Source: RBI monthly bulletin

Reliance by governments on captive sources of funding whereby financial
institutions are required to purchase G-Secs is diminishing in many countries. In
India, though the reserve requirements by the scheduled commercial banks have
come down significantly from 38 per cent of their demand and time liabilities in 1990
to 22 per cent by August 2014, still it is considered to be high. In the eventuality of a
decline in reserve requirements, alternative set of investors, particularly retail
investors, to fund the government borrowings needs to be put in place well in
advance. Gradual move to reduce the upper limit on held-to-maturity (HTM) category
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of G-Sec holdings by banks has been initiated so as to stimulate the secondary
market trade and thereby increase the liquidity of the G-Secs.

Catering to the needs of retail investors will contribute to a stable demand for
G-Secs, which can cushion the impact of sales from financial institutions and Flls at
times of volatility. However, retail participation in the Indian G-sec market is limited.
Mid-segment investors such as cooperative banks, pension funds, etc., are also
limited in G-Sec investments in India. A web-based NDS-OM module has been in
place since June 2012, enabling retail investors to transact in G-Secs in the
secondary market and details on these modules have been placed on RBI web-site.
As government debt in India is solely in domestic currency and being sovereign, i.e.,
risk-free retail investor need to be targeted as they hold the securities till maturity
thus add stability to the holding pattern of G-Secs. As suggested by a Working
Group (RBI, 2012), utilizing the services of banks and Post Offices as a distribution
channels and nodal point for interface with individual investors could be examined.
Though, the RBI has been conducting regional workshops and seminars for the mid-
segment investors like UCBs, RRBs, etc., further investors’ education would go a
long way in improving the retail participation. In this context, PDs also need to make
a greater effort to promote the mid-segment investors.

Finally, though the FII limits in the G-Sec market have been increased in a
calibrated manner, however, they had earlier approached the secondary market
through brokered trades, which transformed into custodian approach. However,
direct access to G-Sec market by the Flls would pose their dominance in the market,
which may lead to rigging the market and thereby more volatility like the equity
market. Thus a fine balance needs to be worked out.

3.5 Benchmarking and Consolidation

To manage the associated rollover risks, Government used to often buildup
liquid financial assets in benchmark issues, spread the maturity profile of the debt
portfolio across the yield curve, and use domestic debt buybacks, conversions or
switches of older issues with new issues. Liquid debt market is important for
development of a healthy, safe and stable financial system whereby financial
instruments become attractive investment across the yield curve.

With a view to developing a critical mass in select securities across the yield
curve and thereby facilitating liquidity therein, a policy of reissuance through price
based auctions has commenced in India since 1999. During the recent period, more
than 95 per cent of the Gol dated securities were reissuance of existing securities.
Thus, the RBI has been pursuing a policy of passive consolidation in order to
benchmark the securities across the yield curve and to improve fungibility and
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liquidity. Further, buyback and switch operations enable the RBI to contain the
rollover risk. While reissuance, buy backs and switches have achieved some degree
of consolidation, there are still a large number of securities, most of which are not
actively traded in the market.

The liquidity in the Indian bond market is limited to certain securities and the
liquidity nature differs over time. Though the volume of secondary market has been
increasing during the recent period, however, it is substantially lower than countries
like Mexico, Brazil and Korea with the turnover ratio among the lowest in the peer-
group (RBI, 2012). To improve the liquidity through build-up of critical minimum to
trade in the secondary market, measures have been put in place such as - i)
effective passive consolidation, ii) increasing the issuance size to a tolerable level, iii)
active consolidation such as buybacks and issuance of securities at various maturity
points iv) creating a heterogeneous investors base with different maturities,
instruments best suited to the appetite of the market participants, risk preferences,
etc., and v) improvement in market infrastructure. A Working Group (RBI, 2012) has
recommended for reissuance of SDLs. Accordingly, since 2012-13, reissuance and
non-standard issuances of SDLs with less than 10 year maturity have been initiated.
Further strengthening these strategies would improve the liquidity of the securities. In
addition, development of various instruments whose pricing can be derived from G-
Sec market and the use of these instruments by participants further add liquidity in
secondary markets (RBI, 2012). Market structure along with frequency of trading,
transparency, and competition also have an impact on liquidity.

3.6 Diversification of Instruments

Investment horizons, risk appetite and needs of the investors in the securities
market vary across the spectrum of yield curve. It is, therefore, the instruments
available in the market are to be diversified and suit to the needs of the market
participants. The predominant demand for plain vanilla government securities of
different maturities enables many countries to issue such securities continuously.
Floating rate bonds (FRBs) have, historically, been used by some of the developed
countries to lengthen the maturity of government debt (IMF-World Bank, 2001). In
most OECD countries, Inflation Indexed Bonds (IIBs) have gained prominence over
floating rate instruments, which is better hedge against inflation and reduce
borrowing costs. However, the objective of introducing such bonds in the developing
countries is to infuse liquidity and extend the yield curve. Issuances of 1IBs, at a large
scale may encourage investors’ appetite resulting in improved liquidity for the
instruments. However, considerable caution is to be ensured that the instruments
and risks are well understood by the issuer and the investors.
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In India, issuances of zero coupon bonds, capital indexed bonds, FRBs,
bonds with embedded derivatives (call/ put options) and IIBs were enabled to meet
the diversified funding and hedging needs of the market participants. Short sale and
when issued were introduced since 2006, which have strengthened the debt market
with more instruments, though, their volume is not encouraging. Towards greater
integration across maturity, products and markets, derivatives and cash products
such as IRF, IRS, FRA, CDS and STRIPS have been introduced.

The first round of capital indexed bonds issued in 2002 had only principal
indexation and the maturity was five years. Gol has tested the market with the
issuance of IIBs in 2013 to provide insurance to the investors against inflation and
reduced cost for the Government on account of reduction in coupon payments. The
lIBs were indexed for both principal and interest on the basis of wholesale price
index (WPI) and issued for a maturity of 10 years to the tune of Rs.6,500 crore,
which has attracted increased response from the market participants. These issues
were mainly subscribed by the institutional investor. To cater to the need of the retail
investors, Inflation Indexed National Savings Securities-Cumulative (IINSS-C) with
indexation based on combined (rural and urban) consumer price index (CPI) was
issued between December 2013 and March 2014 by the Gol, though the response
was not much encouraging.

3.7 Efficient Market Mechanism

Towards efficient market mechanism, a market-oriented government funding
strategy is one of the essential features that would improve the secondary market
trading. However, development of a vibrant secondary market for government
securities has proved to be a challenging task. Online trading and information
systems that facilitate an efficient completion of transactions are essential for an
effective secondary market infrastructure.

In India, a price discovery mechanism was activated by the introduction of
auction system in 1992. Since the inception of the auction system, while yield based
auction has been conducted for new issuances, reissuances are auctioned at price
based auctions since May 1999. In case of SDLs, yield based multiple price auction
format is generally being followed whereas uniform price auction format has been
adopted for Gol dated securities. During the recent period, multiple price action
format has also been used in the Gol auctions depending upon the market
conditions. This helps real price discovery of the security and healthy completion in
the market.

The PD system introduced to act as market maker, was revamped to ensure a
more dynamic and active participation in view of the provisions of the FRBM Act,
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2003. Other market participants such as banks, financial institutions, insurance
companies and mutual funds have been actively participating in the secondary
market activities. As a result, the volume in the outright and repo windows increased
significantly during the recent period. Introduction of Negotiated Dealing System-
Order Matching (NDS-OM) provides anonymous order matching platform for
effective secondary market trading. NDS system has been transformed into an e-
kuber system in the Core Banking Solution (CBS) platform since October 2012,
which is a wider system encompassing anytime and anywhere banking. For safe and
efficient settlement system, CCIL was set up in 2002, which provides central counter
party guaranteed settlement. Delivery verses payment system in DvP Il mode since
2004 eliminates the settlement risk in G-Sec market. Since 2006, all G-Secs are
being issued in demat format thereby reducing the operational and storage risk. Gilt
account system was introduced to enable the retail participants in the G-Sec market.

3.8 Transparency and Efficiency

Transparency in debt management operations enhances good governance
through greater accountability of central banks, finance ministries, and other public
debt agencies involved in public debt management. As part of developing and
maintaining a well-functioning government securities market, authorities provide
clear and timely information about the structure of the public debt and treasury
operations, including amortization schedule, issuance calendar, description of
outstanding securities, schedule for buybacks and switches wherever relevant and
treasury cash balances (IMF & World Bank, 2001).

In India, the market is well informed about the auction date, time, size,
description of security and amount through release of periodical calendar. Auction
results are announced soon after the auction and details are given on the same day
by way of press releases on the Reserve Bank’s website. Further, periodic
publications of the RBI and the CCIL contain the debt market time series details,
which provide more transparency in the debt management operations. The auction
format has been devised to suit the market conditions as also transparency through
the availability of auction as well as secondary market operation details almost on a
real time basis coupled with depository system. Transparent settlement facilities
have improved the debt market operations.

Overall, the issues concerning the public debt management are to be
addressed to smoothen the process. Towards this direction, illiquidity of majority of
the dated securities across the yield curve needs to be removed through effective
passive consolidation and reissuance, which would widen the secondary market
operations. Further, instrument diversification including derivative products best
suited to the Indian market conditions would attract diversified investors base
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including retail participation on a large scale. As the financial market has integrated
rapidly with global market developments, a stage may emerge that statutory
compulsion of investment by the captive investors would be curtailed, which may
pose a challenge for the debt managers to attract full subscription for the issuance.

4. Impact of System Liquidity and its cost on Yield of G-Secs
— An Empirical Approach

Studies have concluded that the yield on the G-Secs generally depends on
demand and supply in the bond market, which are decided by factors such as
prevailing interest rate scenario, financial market conditions especially liquidity
conditions, time of accessing the market, bidding pattern of the participants,
developments in other markets such as forex market, capital market, international
bond market, etc. In other words, the yield reflects the ruling term structure and the
spread for other exigencies in addition to long term determinants. Though the bond
yield is determined broadly by expected liquidity risk, repayment risk, economic
prosperity and the inflation expectations, however, sudden shocks in short term
factors like availability of liquidity (fund) and the cost of fund also play a major role. It
is observed in the recent past that the Indian banking system with experience and
expertise in assessing behavioural patterns of deposits, place larger portions of
demand deposits in long term investments such as G-Secs. Further, it may be
difficult to prove one to one relation between short term borrowings and investment
in debt instruments, however, the cost and availability of such liquid fund play a
major role in determining the bond yield.

In India, the repo rate is the short term policy rate and the average call money
rate generally converges around the repo rate. The bond yield reflects the repo rate
with added spread depending upon the availability and cost of fund. For instance, the
MSF rate was recalibrated to 300 basis points (bps) above the repo rate and the
overall allocation of fund under LAF was limited to 1.0 per cent of the net demand
and time liability of the banking system in July 15, 2013 to restore stability in the
foreign exchange market. Consequently, the bench mark 10 year G-sec yield in the
secondary market increased by 53 bps on the next day, which fluctuated thereafter
and touched to a peak level of 9.27 per cent on August 19, 2013 as compared with
7.60 per cent on July 15, 2013. When the availability of short term fund from the
repo window was restricted to a certain level to tighten the liquidity, availment of fund
from MSF window at a higher rate has increased since mid-July 2013 till the liquidity
tightening phase was normalised. Consequently, the bond yield also reflected the
MSF rate with added spread. Against the above background, the relation between
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the availability of liquidity and the cost of such liquidity and their impact on the bond
yield is attempted.

The availability of liquidity depends upon various factors, which include,
deposit mobilization, credit off-take, investment climate, Gol cash balance with the
RBI, and the ruling term structure, etc. Maintaining reasonable market liquidity has
increasingly become an important public policy issue for central banks and policy
makers in general. Accordingly, open market operation (OMO) is also used by the
RBI in addition to normal repo and reverse repo operations as instruments to infuse/
absorb liquidity in the system. The net liquidity support availed by banking system
from RBI through repo, MSF and other liquidity facilities are the mirror of the above
factors (Chart 2). It needs to be mentioned that call rate has since long been
considered as an indicator of liquidity in the system.

Chart 2: Liquidity facility Availed by banks from RBI
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To test the extent of influence of liquidity on the bond yield, net liquidity
availed by the banking system from RBI has been divided into two phases, viz., the
surplus phase from November 2008 to middle of September 2010 and deficit phase
thereafter upto February 2014 have been adopted in this study. The mixed phase
from May 2010 to September 2010 has been filtered to align with the surplus phase.
To test the hypothesis, two-sample t-test has been conducted to study the difference
between two means of surplus and deficit liquidity phases. This test is applied to
compare whether the average difference between two phases is really significant or
due to random chance. As per standard text books, in a two sample model, when the
null hypothesis states that there is no difference between the two population means,
the null and alternative hypothesis are referred in the following form:

HO: p1 = p2
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H1: u1 # p2

Under the two-sample t-statistic,

L 5-5
o7 _7, (1)
Where £ and £; are the means of the two samples. “&-% is a measure of the
variability of the differences between the sample means of deficit and surplus
phases. Then the standard error is estimated. As the population variances are not
assumed to be equal, separate sample variances are used as an estimate of
2 P 0.5
gr_g, =8 fa)+H(sg fng)) .
1~z (2)
where s; is the standard deviation of sample 1, s, is the standard deviation of sample
2, n; is the sample size 1, and n; is the sample size 2.

Accordingly, the mean (1) and standard deviation (SD) of the two phases
have been compared to arrive at the t-statistics. The outcomes of the analysis are in
Table 4. The two mean t-test analysis reveals that liquidity is also the factor that
influence the yield of the G-Secs in the primary market. The yield rate in deficit
phase is higher than that in surplus phase and the difference in mean is statistically
significant, which implies that availability of liquidity in deficit phase is also a factor
that determines the yield of the Gol dated securities in the primary auction. The p-
value is lower than 0.05. As the absolute value of the test statistic for our sample is
greater than the critical value, we reject the null hypothesis and conclude that the

two population means are different and zero percent risk of being wrong.

Table 4. Two mean T-test: Comparison of Mean and SD

ltem Yield] Amount| Maturity| Liquidity Repo Call
(%) Rcr)| (years) (X Bn) (%) (%)
Surplus Phase
Mean 7.4109| 3977.53| 13.1982 882.86] 5.0801| 3.6683
Median 7.4790, 4000.00| 10.2800 969.30] 4.7500| 3.2500
Maximum 8.6296| 8000.00/ 30.0000| 1685.70| 7.5000/ 6.5200
Minimum 4.8557| 2000.00/ 1.9800 17.75| 4.7500/ 3.1200
Std. Dev. 0.7241 1572.92 7.4417 467.90, 0.5257| 0.7071
Skewness -0.8853 0.73] 0.7344 -0.32| 2.1610| 1.7531
Kurtosis 3.8498 3.00] 2.3881 1.85| 8.3734| 5.9295
Jarque-Bera 28.6096 15.69| 18.7756 12.89|352.6878|154.8249
Probability 0.0000 0.0004| 0.0001 0.00] 0.0000/ 0.0000
No. of observations 178 178 178 178 178 178
Deficit Phase
Mean 8.4224 3863.54| 14.5591| -729.06/ 7.5148| 7.7641
Median 8.4314| 3000.00| 12.6000| -747.95/ 7.7500/ 7.9700
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Maximum 10.0148| 8000.00| 30.0000 -18.40| 8.5000| 10.2000

Minimum 6.2131| 2000.00{ 1.7900| -1826.40| 5.2500| 4.8900
Std. Dev. 0.4869| 1538.52| 8.0847 370.48| 0.8074| 1.0482
Skewness -0.2563 0.80| 0.6638 -0.27| -1.1610| -0.3436
Kurtosis 3.7076 2.49| 2.2479 2.76| 3.7192| 3.7009
Jarque-Bera 15.6159 57.81| 47.6270 7.15(120.8920| 19.7081
Probability 0.0004 0.0000f 0.0000 0.0281| 0.0000| 0.0001
No. of observations 491 491 491 491 491 491

Difference of Mean 1.0115
0.0005 0.0029

Estimated
Combined SE 0.058554
T-Statistics 17.2741

To corroborate the above results and to find out the extent of responsiveness
from positive shocks/innovation to the variables of availability of liquidity, cost of such
liquidity and other relevant variables, Impulse Response Function (IRF) has been
attempted under unrestricted vector auto-regression (VAR) framework. This study
specifically focuses on the impact of liquidity shocks and interest rate shocks on the
yields of the G-Secs. To assess such shocks and their implications, IRF has been
estimated in five different scenarios, viz,

() System liquidity deficit phase;

(i) System liquidity surplus phase;

(i)  Responses of yield with residual maturity upto10 years in mixed phase;
(iv)  Responses of yield with residual maturity between 10 - 20 years; and
(V) Responses of yield with residual maturity (v) above 20 years.

Data

Auction-wise data on maturity, amount raised, weighted average yield, availability
of net liquidity on those days of auction, repo rate, MSF rate and weighted average
call rate on those days have been used for the period from November 2008 to
February 2014.All these data have been adopted from the Handbook of Statistics on
Indian Economy and the press releases of the RBI.

Methodology
The original VAR (p) model [Sims (1980)] may be written as:
Y = c+ Ay + Aoye o+ -+ Apye_p + €, (3)

where the i-periods back observation y- is called the | " lag of y, cis ak x 1
vector of constants, A; is a time-invariant k x k matrix and e is a k x 1 vector of error
terms.
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In our study, we used VAR (p) model, which may be described as

Vi1 = A1 ¥Qq1Yi-11 + QroYi-12 + Q13Yt-1,3 + U1
Yio = Qo ¥Q21Yt-11 + Q2oYt-12 + QP23Yt-13 + Ui2

yt,p= qp +(pp1yt—p,1 + <Pp2Yt-p,2 + <Pp3Yt-p,3 + ut,p 4)
where

Yt = (N x 1) vector of various time series,
a = (N x 1) vector of constants,
@; = (N x N) matrix of coefficients forj=1, 2, ........ , p, and
U; = (N x 1) vector generalization of white noise such that
E(et)=0
E(e#,) -y if t=r otherwise 0.
Y being the positive definite symmetric matrix

VAR(p) is a system where every element in a (N x 1) vector regressed on a
constant p of its own lags as well as p lags of the other variables of the system.
When the equation is to be expanded with a trend, intercept or seasonal adjustment,
it will be necessary to augment the vector x;, which includes all the deterministic
components, and y;is a m x m matrix; accordingly,

Yip = Op tQp1Yi-1,1 T Qp2Yi-1,2  QpaYi-1,3 T Wyt tUp ©)

While perusing the literature, it is observed that there is much more common
to report functions of the VAR coefficients which are more informative, and have
some economic interpretations. Further, the process of choosing the maximum lag p
in the VAR model requires special attention because inference is dependent on
correctness of the selected lag order. Therefore, studies generally estimate (i)
impulse response function, (ii) forecast error variance decompositions and (iii)
historical decompositions. Further, it is much more common to report the IRF under
VAR framework, which assess the relative contribution of different shocks to
fluctuations in variables. Generally, IRF traces the effect of a one-time shock to one
of the innovations on current and future values of the endogenous variables. This is
normally done with MA(«~) representation of the VAR model. However, the major
assumption is that the shocks are independent. We have estimated the IRF under
unrestricted VAR framework to assess the response of the yield to sudden shocks or
innovation to the system liquidity and the cost of such liquidity, i.e., net system
liquidity, repo rate, MSF rate and weighted average call rate.

Normality tests are often used for model checking, although normality is not a
necessary condition for the validity of the VAR model. However, non-normality of the
residuals may indicate other model deficiencies such as nonlinearities or structural
changes (Helmut, 2011). Therefore, before estimating the VAR, it would be more
appropriate to test the statistical properties of the data used in the empirical analysis.
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The unit root test has been attempted to ascertain the stationarity of the series. The
unit root test reveals that the amount of auction and the residual maturity of the
securities are stationary at levels [I(O) series] while other variables are stationary at
their first difference [I(1) series] (Table 5). The results are statistically significant at 1
per cent level. While the variables used in the VAR are stationary in their first
difference, it means that they are integrated with order I(1).

Table 5: Unit Root Analysis

Sl. No.[Series Code | Data | Levels | First difference

1 |Weighted Average yield yield | 1(1) 11.535*

2 |Amount raised in the auction amt | (0) | 4.8705* 14.350

3 |Residual maturity of the security| matu | 1(0) | 4.3317* 12.716

4 [Call money rate call | (1) 16.492*

5 |Repo rate repo | 1(1) 19.038*

6 [Marginal standing facility rate Msf | (1) 20.104*

7 |Net liquidity infusion/ absorption | liquid | (1) 14.398*
Results

As per IRF estimation under the condition of cholesky degrees of freedom
adjusted, in case system liquidity is in deficit phase, when a positive shock is given
to the net availability of liquidity, the bond yield gradually moves to the reverse
direction in the first four period (four weeks) and thereafter, the yield stabilizes at a
level lower than the level before the shock is effected (Annex 1). In this scenario,
while a shock to repo rate does not stimulate the yield movements much, however,
expected increase in repo rate has immediate positive impact on the yield, which
increases immediately and thereafter it reverts and stabilizes at the earlier level. The
call rate responds positively and the yield increases slowly and stabilizes at an
elevated level.

In times of surplus liquidity phase, an innovation in liquidity does not impact
the yield movement much as the system is already flooded with liquidity. In such a
situation, a shock to repo rate has little impact on the yield. However, expected
increase in call rate impact the yield significantly and thereafter stabilizes at the
earlier level (Annex 2).

To study the impact on the yield of different maturities of G-Secs in the
primary auctions, the data for the period from November 2008 to February 2014
were segregated according to the residual maturity in three groups, viz., (i) upto 10
years, (ii) above 10 years and upto 20 years and (iii) above 20 years. While
estimating the IRF, shocks to the liquidity, repo and call rates impact the bond yield
at the desired direction in the maturity bucket of 10-20 years securities whereas yield
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of securities upto 10 year maturity is impacted by the shock of liquidity and repo rate.
Securities having residual maturity of above 20 years, the impact on the yield is
significantly low when a shock to the liquidity is effected. This may be due to the fact
that the interest on long term investments are being decided mainly by inflation
expectations, interest rate scenario and the long term cost of funds. The repo rate
has impacted the yield of the G-Secs significantly with all maturities upto 30 years. In
case of securities with maturities above 20 years, a shock to call rate impacts the
yield after two weeks. In all the three categories of maturity, when a shock is given to
the repo rate, the yield responds positively and increases immediately and thereafter
stabilizes above the level of the pre-shock period (Annex 3, 4 & 5).

It needs to be mentioned that the repo rate has been used as lead indicator,
which has direct impact on the yield of the bond. In addition to repo rate shock,
expectation of increase in repo rate also impulse the yield to increase and the same
is the case with the call rate. However, when the market expects a decrease in call
rate, bond yield for shorter maturities has decreased in anticipation. This was
evidenced during 2014 when the market was speculating such a decline in call rate
as a consequence of reduction in repo rate. When the IRF is estimated with
combined liquidity phase (deficit and surplus), the yield does not respond to positive
shocks in liquidity. However, the yield responds positively to shocks in marginal
standing facility and repo rates. Accordingly, when the rates of repo and MSF are
increased, the yield also tends to increase simultaneously.

The variance decomposition provides information about the relative
importance of each random innovation in affecting the variables in the VAR.
Therefore, in addition to the IRF exercise, we attempted the variance decomposition
sequence to analyze a compact overview of the dynamic structures of VAR
framework. Variance decomposition analysis reveals that positive shocks to liquidity
impact the yield of the securities with maturities upto 20 years. However, shock to
repo rate affects the yield more significantly in all the maturities and the call rate
affects the yield of the securities with maturities over 10 years (Annex 6.1 to 6.5).
Overall, though various factors determine the yield of the dated securities of the Gol
in the primary auctions, the availability of short term liquidity and the cost of such
liquidity also impact the vyield significantly. Expected increase in repo rate has
significant and immediate impact on the yield. The technical estimates represented
by charts and tables are given in Technical Appendix.
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5. Concluding Observations and Policy Options

The main objective of PDM is to ensure that the government’s financing
needs and its payment obligations to be met at the lowest possible cost over the
medium to longer run, consistent with the prudent degree of rollover risk as also to
promote the development of the domestic G-Sec market. The international
experience reveals that development of the G-Sec market across the yield curve,
broaden the investor base with more retail participation, transparent debt issuance
calendar using standardized instruments, market-based mechanisms, sound
payment and settlement systems, lower interest rate policy, if inflation expectation is
not a threat and enhancement of liquidity to reduce the costs of borrowings are the
common lessons.

The public debt management in India has clearly traversed from a passive
system to a market driven process with developed institutions, varied instruments,
intermediaries for market making and well-developed market infrastructure. Market
borrowing has emerged as the primary source of financing of GFD of the Gol as well
as the sub-national Governments during the recent period. The internal control
mechanism has to be strengthened to address the operational risk, legal risk,
security breaches, reputational risk, etc., which would otherwise adversely reflect on
the debt management structure. Excessive reliance on short-term instruments to
take advantage of lower short-term interest rates may lead to increase in rollover risk
and possibly increase the debt service costs. Balance sheet risk of the Government
should be reduced by issuing debt primarily in long dated, fixed rate and domestic
currency securities, which is being reflected in the debt management strategy of
India. The holding pattern of government debt shows some reduction in the captive
holdings by banks and financial institutions and increase in the relative share of non-
banks, reflecting a progressive proliferation of the investor base.

Notwithstanding the above, certain issues and challenges remain in the PDM
in India such as limited liquidity across the yield curve, which pose challenge for the
development of the secondary market; more diversified instruments that may widen
the investors participation; increased participation of mid-segment and retail
investors to remove narrow investor base; more transparency through release of
indicative calendar for SDLs setting out details of issuances, etc.

Though the yield on G-Sec is broadly determined by various factors such as
expected liquidity risk, repayment risk, economic prosperity and the inflation
expectations, however, sudden shocks in the availability of liquidity and the cost of
such liquidity are also important factors that determine the yield. Impulse response
function under unrestricted VAR framework reveals that, in a deficit liquidity scenario,
positive shock in liquidity leads to gradual decline in bond vyield, which stabilizes
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thereafter at a level lower than the level before the shock was effected. While shock
to repo rate affects the yield of the securities of all maturities, shock to call rate
affects the yield of the securities with residual maturities of 10 to 20 years and
lagged effect in the yield is observed in maturities over 20 years. Expectation of
increase in repo rate also affects the bond yield positively. Variance decomposition
analysis also confirms that shocks to repo rate affect the yield of the securities of all
maturities while shocks to liquidity impact the yield of the securities with maturities
upto 20 years. In addition, the two mean t-test analysis also corroborate the findings.
Overall, the availability of liquidity and the cost of short term liquidity are also
important factors that determine the yield along with other factors. A well-balanced
approach aimed at addressing the issues and challenges with innovative
procedures, policies and appropriate product-mix with efficient market infrastructure
would make the PDM structure and strategies more robust.
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Technical Appendix

Annex 1: Impulse Response of Yield - Liquidity in deficit Mode
(October 2010 to February 2014)
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Annex 2: Impulse Response of Yield - Liquidity in Surplus Mode

(November 2008 to May 2010)

Response to Cholesky One S.D. Innovations+2 S.E.
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Annex 3: Impulse Response of Yield - Residual Maturity upto 10 years
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Annex 4: Impulse Response of Yield - Residual Maturity
between 10 years and 20 years

Response to Cholesky One S.D. Innovations £ 2 S.E.
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Annex 5: Impulse Response of Yield - Residual Maturity
between 20 years and 30 years

Responge to CholeskyOne S.D. Innovations2 S.E.
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Annex 6.1: Variance Decomposition - Liquidity in Deficit Phase

Variance Decomposition of YIELD:

Period S.E. YIELD CALL LIQUID REPO(2)
1 0.280248 100.0000 0.000000 0.000000 0.000000
2 0.310840 98.64234 0.000592 0.048032 1.309039
3 0.343748 98.51968 0.033047 0.185836 1.261435
4 0.363222 97.98109 0.124538 0.533831 1.360542
5 0.378491 97.37855 0.263216 0.983392 1.374841
6 0.390017 96.65700 0.442462 1.513333 1.387201
7 0.399225 95.88762 0.649143 2.073593 1.389639
8 0.406698 95.09961 0.873120 2.637332 1.389936
9 0.412897 94.32264 1.105116 3.183039 1.389207
10 0.418110 93.57507 1.337908 3.698150 1.388870

Variance Decomposition of CALL:

Period S.E. YIELD CALL LIQUID REPO(2)
1 0.243123 0.436865 99.56313 0.000000 0.000000
2 0.335010 1.131872 98.82262 0.012464 0.033049
3 0.395056 1.424934 98.37701 0.174280 0.023780
4 0.438772 1.731736 97.76486 0.476124 0.027284
5 0.472363 2.033058 97.02710 0.888714 0.051129
6 0.499096 2.346126 96.18077 1.376516 0.096589
7 0.520910 2.668144 95.25554 1.911812 0.164507
8 0.539062 2.997767 94.27560 2.472300 0.254335
9 0.554412 3.331785 93.26201 3.041054 0.365152
10 0.567571 3.667073 92.23189 3.605406 0.495630

Variance Decomposition of LIQUID:

Period S.E. YIELD CALL LIQUID REPO(2)
1 183.8083 0.026401 21.53389 78.43971 0.000000
2 249.5028 0.023684 21.41881 78.52722 0.030285
3 286.2130 0.155049 21.99568 77.81345 0.035820
4 308.8708 0.326541 22.64476 76.98642 0.042283
5 323.5933 0.534700 23.24059 76.17887 0.045839
6 333.4609 0.747155 23.74884 75.45638 0.047621
7 340.2118 0.950443 2416716 74.83449 0.047912
8 344.8946 1.134168 24.50385 74.31464 0.047348
9 348.1743 1.293802 24.77051 73.88916 0.046526
10 350.4863 1.428011 24.97909 73.54689 0.046005

Variance Decomposition of REPO(2):

Period S.E. YIELD CALL LIQUID REPO(2)
1 0.056931 4.78E-05 0.061713 0.068982 99.86926
2 0.079404 0.369725 0.819630 0.259892 98.55075
3 0.096166 0.261468 1.320489 0.187214 98.23083
4 0.110598 0.230566 1.748137 0.163112 97.85818
5 0.123316 0.307773 2.131938 0.224403 97.33589
6 0.134890 0.450422 2.472308 0.362569 96.71470
7 0.145572 0.651251 2.772795 0.558356 96.01760
8 0.155539 0.891844 3.035001 0.795210 95.27794
9 0.164905 1.160973 3.261527 1.059188 94.51831
10 0.173752 1.448487 3.455207 1.339673 93.75663

Cholesky Ordering: YIELD CALL LIQUID REPO(2)
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Annex 6.2: Variance Decomposition - Liquidity in Surplus Phase

Variance Decomposition of YIELD:

Period S.E. YIELD CALL(1) REPO
1 0.716598 100.0000 0.000000 0.000000
2 0.724436 99.06738 0.576028 0.356594
3 0.732310 98.96246 0.564809 0.472733
4 0.732992 98.85916 0.597754 0.543083
5 0.733530 98.74057 0.695441 0.563984
6 0.733947 98.62855 0.803178 0.568277
7 0.734352 98.52414 0.908103 0.567753
8 0.734734 98.43115 1.000719 0.568133
9 0.735088 98.34792 1.080914 0.571167
10 0.735413 98.27334 1.149790 0.576871

Variance Decomposition of CALL(1):

Period S.E. YIELD CALL(2) REPO
1 0.185405 1.991641 98.00836 0.000000
2 0.261715 6.731179 92.13730 1.131524
3 0.319839 8.323951 89.12603 2.550024
4 0.366278 9.815289 86.19836 3.986353
5 0.404404 10.82824 83.82089 5.350873
6 0.436453 11.60791 81.80598 6.586102
7 0.463766 12.19937 80.12026 7.680366
8 0.487295 12.66222 78.70251 8.635269
9 0.507721 13.02934 77.50876 9.461897
10 0.525561 13.32546 76.50028 10.17426

Variance Decomposition of REPO:

Period S.E. YIELD CALL(2) REPO
1 0.098998 0.051745 2.172038 97.77622
2 0.149349 1.451761 25.45510 73.09314
3 0.192507 6.171775 34.55656 59.27166
4 0.228048 8.542758 40.02973 51.42752
5 0.257492 10.31853 43.18802 46.49345
6 0.281951 11.47272 45.29339 43.23390
7 0.302536 12.29083 46.76830 40.94087
8 0.320037 12.87870 47.86164 39.25965
9 0.335058 13.31754 48.69987 37.98260
10 0.348053 13.65341 49.36061 36.98598

Cholesky Ordering: YIELD CALL(1) REPO
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Annex 6.3: Variance Decomposition — Residual Maturity upto 10 years

Variance Decomposition of YIELD:

Period S.E. YIELD LIQUID_1 REPO
1 0.313156 100.0000 0.000000 0.000000
2 0.361296 95.76980 0.557068 3.673129
3 0.425129 95.85500 0.547143 3.597861
4 0.464023 94.97891 0.703820 4.317274
5 0.500928 94.70655 0.772410 4.521036
6 0.530063 94.31379 0.867081 4.819131
7 0.555919 94.04456 0.942646 5.012792
8 0.577979 93.77225 1.020036 5.207709
9 0.597461 93.53709 1.090720 5.372193
10 0.614579 93.31333 1.158861 5.527805

Variance Decomposition of LIQUID_1:

Period S.E. YIELD LIQUID_1 REPO
1 267.3141 0.165671 99.83433 0.000000
2 334.9616 1.105006 97.26151 1.633482
3 385.9231 1.547767 96.06845 2.383787
4 422.9940 2.169502 94.81450 3.015994
5 451.9477 2.776150 93.62372 3.600128
6 475.2178 3.462999 92.39018 4.146825
7 494.4475 4.187973 91.13165 4.680380
8 510.7148 4.964869 89.83695 5.198185
9 524.7609 5.779072 88.51683 5.704099
10 537.1199 6.627804 87.17613 6.196069

Variance Decomposition of REPO:

Period S.E. YIELD LIQUID 1 REPO
1 0.131155 3.400030 0.392081 96.20789
2 0.189328 8.254650 0.237348 91.50800
3 0.236583 11.13619 0.246663 88.61715
4 0.277929 14.49266 0.321634 85.18570
5 0.315765 17.57570 0.434828 81.98948
6 0.351339 20.62280 0.564125 78.81307
7 0.385200 23.48994 0.704112 75.80595
8 0.417737 26.20403 0.846971 72.94900
9 0.449139 28.73739 0.989627 70.27298
10 0.479547 31.09744 1.129078 67.77349

Cholesky Ordering: YIELD LIQUID_1 REPO

34



Annex 6.4: Variance Decomposition — Residual Maturity
between 10 years and 20 years

Variance Decomposition of YIELD:

Period S.E. YIELD LIQUID_1 REPO CALL
1 0.427238 100.0000 0.000000 0.000000 0.000000
2 0.449250 94.61147 0.026407 3.987774 1.374353
3 0.513714 94.05687 0.278883 4.165243 1.499001
4 0.527601 91.45362 0.555198 6.075753 1.915432
5 0.547869 90.50621 0.968982 6.593997 1.930816
6 0.555540 89.09985 1.393781 7.528758 1.977608
7 0.563960 88.22133 1.856890 7.982186 1.939595
8 0.568814 87.25837 2.301617 8.527088 1.912929
9 0.573562 86.49123 2.735301 8.891918 1.881547
10 0.577118 85.73231 3.136629 9.269702 1.861357

Variance Decomposition of LIQUID_1:

Period S.E. YIELD LIQUID_1 REPO CALL
1 282.1445 0.142762 99.85724 0.000000 0.000000
2 358.4811 1.948456 97.14439 0.797752 0.109406
3 413.4402 2.720219 95.24860 1.925736 0.105444
4 456.3874 4.035449 92.82945 3.029543 0.105553
5 490.3396 4.830905 90.84573 4211248 0.112118
6 518.8336 5.689938 88.90642 5.294880 0.108764
7 542.6441 6.303952 87.23662 6.357956 0.101476
8 563.2154 6.878204 85.68587 7.341601 0.094323
9 581.0139 7.325218 84.30092 8.281553 0.092311
10 596.7255 7.722017 83.01963 9.159080 0.099275

Variance Decomposition of REPO:

Period S.E. YIELD LIQUID_1 REPO CALL
1 0.177214 12.15774 1.615072 86.22719 0.000000
2 0.302634 19.39976 2.915462 77.09025 0.594533
3 0.396740 19.11033 4.210496 76.28730 0.391873
4 0.472149 19.29755 5.632751 74.73096 0.338740
5 0.533212 18.72384 7.053980 73.63402 0.588159
6 0.585494 18.28031 8.405044 72.21508 1.099570
7 0.631096 17.72601 9.645240 70.86552 1.763225
8 0.672029 17.26213 10.75756 69.48383 2.496475
9 0.709130 16.81901 11.74346 68.20596 3.231569
10 0.743201 16.44621 12.61102 67.00987 3.932900

Variance Decomposition of CALL.:

Period S.E. YIELD LIQUID_1 REPO CALL
1 0.505963 9.357425 20.61553 16.02852 53.99852
2 0.733960 16.63848 18.31788 24.18917 40.85448
3 0.896998 17.11662 19.01827 29.13382 34.73128
4 1.019566 18.22846 20.29723 31.69410 29.78021
5 1.111162 18.27648 21.85873 33.67831 26.18647
6 1.185550 18.42348 23.34959 34.88928 23.33764
7 1.246944 18.30208 24.70853 35.82879 21.16060
8 1.300277 18.20653 25.86699 36.46575 19.46072
9 1.347198 18.03938 26.83848 36.97339 18.14874
10 1.389547 17.88945 27.62909 37.35636 17.12510

Cholesky Ordering: YIELD LIQUID_1 REPO CALL
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Annex 6.5: Variance Decomposition — Residual Maturity
between 20 and 30 years

Variance Decomposition of YIELD:

Period S.E. YIELD REPO CALL
1 0.283290 100.0000 0.000000 0.000000
2 0.356986 97.02641 2.972060 0.001534
3 0.407680 96.74496 3.241008 0.014034
4 0.442201 96.43054 3.439741 0.129715
5 0.468435 96.17301 3.556116 0.270877
6 0.488107 95.91960 3.644770 0.435631
7 0.503183 95.68852 3.706027 0.605454
8 0.514804 95.47641 3.752518 0.771070
9 0.523818 95.28657 3.788173 0.925261
10 0.530834 95.11917 3.816205 1.064623

Variance Decomposition of REPO:

Period S.E. YIELD REPO CALL
1 0.187296 15.38331 84.61669 0.000000
2 0.286541 23.87113 74.16857 1.960302
3 0.359628 28.53858 69.22936 2.232069
4 0.428084 33.71683 64.00491 2.278255
5 0.492537 38.13366 59.65155 2.214786
6 0.553436 41.98986 55.91408 2.096061
7 0.611008 45.31094 52.74023 1.948834
8 0.665418 48.17455 50.03150 1.793950
9 0.716729 50.64339 47.71382 1.642793
10 0.765011 52.77703 45.72126 1.501716

Variance Decomposition of CALL.:

Period S.E. YIELD REPO CALL
1 1.103225 1.174629 0.019533 98.80584
2 1.354127 9.331868 5.188057 85.48008
3 1.484849 10.47941 8.722045 80.79854
4 1.575070 12.36452 10.52731 77.10818
5 1.645667 14.23443 12.16167 73.60390
6 1.704191 16.21069 13.53738 70.25193
7 1.755314 18.17189 14.70343 67.12468
8 1.801925 20.11223 15.68338 64.20439
9 1.845457 21.99703 16.50541 61.49755
10 1.886691 23.80801 17.19002 59.00198

Cholesky Ordering: YIELD REPO CALL
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