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Communication Policy of Central Banks
The Caseof Sri Lanka

Dr. H N Thenuwaral

Abstract

Communication policies are important for central banks for
two reasons. First, being public institutions it is important to
disclose their actions to the general public for maintaining
democratic accountability that comes with independence. Second,
the policy effectivenessis enhanced if the general public is aware
of policies of central banks, and reasons. Realising this, the Central
Bank of Sri Lanka isin the process of devel oping a comprehensive
communi-cation policy to portray its accountability and to allow
economic agents to make informed judgements about performance
of the economy and Central Bank policies. However, there are
several issues to be addressed in Sri Lanka before any
communication policy takesitsintended full effect. (JEL D83, E58)

|. Introduction

Broadly, there are two types of monetary authorities; central banks and currency
boards. Central banks are different from currency boardsin terms of objectives
and the degree of complexity. The major function of currency boards is to
issue currency backed by 100 per cent of reserve assets and through it to
maintain the external value of domestic currency, and this sole objective is
clearly understood and stated. Many central banks, on the contrary, often have
multiple objectives, and are different from each other in terms of the number
and nature of these objectives.

According to Brunner (1981), central banking has been traditionally
surrounded by a peculiar and protective political mystique. The mystique has
thrived on an impression that central banking is an esoteric art. The esoteric
nature of the art ismoreover revealed by an inherent impossibility to articulate

1/ The author is the Director of Economic Research of Central Bank of Sri Lanka.
The author wishes to acknowledge the valuable comments made by Deshamanya Sunil
Mendis, Former Governor, Central Bank of Sri Lanka, Miss Kumudinee Saravanamuttu
and Mrs. C.K. Nanayakkara.
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its insights in explicit and intelligible words and sentences. However, with
the development in markets and market forces, objectives of central banks
could not be met solely though central bank actions, and a fair degree of
cooperation was required from market participants. This paved the way for
the demystifying process of central banks. The process was intensified with
the failure of some of the central banks in achieving the most important
objective of maintaining price stability, and facing serious crises while
attempting to attain other objectives, especially, maintain the international
value of their currencies.

Thefailurein simultaneously realising multiple objectives has prompted
several central banks to adopt a single objective. With the introduction of
inflation targeting as the single overriding objective by the Reserve Bank of
New Zealand in 1990, a remarkabl e change has occurred regarding the central
banks’ choice of objectives, targets, instruments, decision making procedures,
implementation procedures, and communication. Inflation targeting central
banks have been accorded greater independence and accountability. Thus, such
central banks are required communicate their policies partly to fulfil their
accountability, and partly to ensure that economic agents formulate
expectations in line with the desired direction of central bank policies.

The nature of communication becomes increasingly complex with the
complexity of central bank objectives, and the way policies are conducted.
As illustrated in Blinder et al (2001), the complexity of communication
increases with the multiplicity of objectives of central banks (Figure 1).

Figure 1 — Policy Regimes and the Nature of Communication

Rule-based Discretion-based
Regime Regime
< >
Currency Exchange Rate Inflation Targeting Multiple
Boards Hard peg Crawling Point Range Objectives
Peg
Argentina China Hungary Sweden Australia Japan
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Central banks in South Asia still continue with multiple objectives due
to alarge number of economic and political realities, although this has made
communication by those banks complex. The development objective of a
central bank in South Asia cannot be easily dropped. Ensuring the external
val ue of domestic currency remains a sensitive concern even after many central
banks have floated their currencies. In the case of Sri Lanka, the hiving off of
many activities inherited by central banks, that are not core central banking
activities such as public debt management, management of the Employees
Provident Fund, and to a certain extent, supervision activities have to be done
gradually, and the process has already been started. In addition to these issues,
the transition to an inflation targeting framework has been hindered due to a
range of issues such as different views on available measures of accepted
price indices and core inflation, insufficient improvements in the policy
transmission mechanism and some of the fiscal sector concerns (Jayamaha
et al 2001/2).

[I. International Initiativesin Promoting Communication

International financial agencies have been taking steps to improve
communication and transparency in relation to the conduct of economic
policies by central banks and other authorities. The need for increased
transparency has emerged mainly due to three reasons.

i. Financial markets, especially in developed economies, have
increasingly felt that central bank actions are affecting their
performance, which prompted markets to demand for accurate and
timely information from central banks and other relevant
authorities. On the other hand, central banks have also realised
that increased communication and transparency help reduce undue
volatility in financial markets.

ii. Highinflation scenariosin many countriesin the 1980s, prompted
central banks to focus more on maintaining price stability.
Following theinitiative by the Reserve Bank of New Zealand, there
has been an increasing tendency for central banksto adopt inflation
targeting as the framework for monetary policy, which requires
greater independence as well as a high degree of transparency.

iii. It has been recognised that the damage caused by the Asian Crisis
in 1997, particularly the contagious effect of the crisis could have
been minimised if there were higher transparency and good
communication policies.
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As a result of the developments highlighted above, international
institutions, especially, the International Monetary Fund (IMF), the World Bank
and the Bank of International Settlements (BIS) have designed codes and
standards of transparency practices for monetary and financial policies, in
cooperation with appropriate institutions, with a view to strengthen the
architecture of the international monetary and financial system.

Under Reports on the Observance of Standards and Codes (ROSCs),
one such initiative to improve transparency, the IMF has recognized 12 areas
and associated standards as useful for the operational work of the IMF and
the World Bank. These comprise data dissemination; accounting; auditing;
anti-money laundering and countering the financing of terrorism; banking
supervision; corporate governance; fiscal transparency; insolvency and creditor
rights; insurance supervision; monetary and financial policy transparency;
payments systems; and securities regulation. The reports covering these areas
and standards are used to facilitate the institutions' policy discussions with
national authorities and with the private sector.

To strengthen the availability of data for economic analysis, the IMF
has developed two data dissemination standards namely the General Data
Dissemination System (GDDS) and Special Data Dissemination Standard
(SDDS). The purpose was to set up a common platform to disseminate data
on anumber of key macroeconomic variablesin ahomogenousway by different
countries. The SDDS requires provision of data on key economic aggregates
in the four sectors, namely, the real sector, fiscal sector, financial sector and
external sector. The GDDS is a lower tier in disseminating similar data
categories, which isless demanding than the SDDS. The GDDSis mainly for
countries that recognize the importance of providing high quality data, yet
whose data preparation and dissemination systems are still in the process of
being developed and hence, there are deficienciesin the data. The GDDS also
requires publishing data on the same four dimensions mentioned above. Sri
Lanka is a participatory country to GDDS and is planning to subscribe to
SDDS.

The IMF, working together with the BIS, and in consultation with a
representative group of central banks, financial agencies, other relevant
international and regional organizations, and selected academic experts, has
developed a ‘Code of Good Practices on Transparency in Monetary and
Financial Policies’ as well as the ‘Code of Good Practices in Fiscal Trans-
parency’.

The* Code of Good Practices on Transparency in Monetary and Financial
Policies’ identifies desirable transparency practices for central banksin their
conduct of monetary policy and for central banks and other financial agencies
in their conduct of financial policies. The transparency practices listed in the
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Code concentrate on a series of issues; (1) clarity of roles, responsibilities
and objectives of central banks and financial agencies; (2) the processes for
formulating and reporting of monetary policy decisions by the central bank
and of financial policies by financial agencies; (3) public availability of
information on monetary and financial policies; and (4) accountability and
assurances of integrity by the central bank and financial agencies. The ‘ Code
of Good Practicesin Fiscal Transparency’ focuseson similar issueswith regard
to fiscal policy formulation.

I11. Nature of Communication Policy

Communication, by definition, implies choice - what to say and what not to
say. Traditionally, central banks all over the world chose not to say much
about their activities, because they thought that maintaining secrecy was
necessary for the fulfilment of their tasks and the attaining their objectives
(Issing, 2005). As economies became more liberal and markets became
fundamental forces in changing economic events, central banks had to share
their thoughts with the markets, for attaining their objectives. The new thinking
now accepts that clear communications by central banks make their policies
more effective and communication plays a significant role in fulfilment of
transparency of central banks.

The main component of the communications policy is the content of
communications. Other important components are the way of communication
and modes of communication. The content should encompasswhat it istrying
to accomplish with regard to the objectives of a central bank and the way of
achieving the objectives. This entails communicating on the objectives of
policies, methods of policy formulation, decisions and views on future
developments. In addition, the public should be made aware of the complexities
of the central bank’s tasks and that the policy environment is uncertain and
constantly changing, specially in an environment where there is uncertainty
about prevailing and future economic conditions, the nature and extent of
economic shocks and the market expectations process. Communication isalso
akey tool in portraying the governance, transparency and accountability of a
central bank

Characteristics of effective communications as outlined in many studies,
and as experienced by the CBSL are as follows (Saravanamuttu 2005).

i. Clarity and Simplicity — Communications should be clear and
simple to ensure that the target audience easily understands the
communication and to avoid misinterpretation.



STAFF STUDIES No. 36

vi.

Transparency and Credibility — Communications should be
transparent and credible in order to increase their effectiveness. In
this regard, information on policy decisions should always be
accompanied by therationale for the particular decision. Matching
deeds with words is important to achieve credibility.

Adequacy and Comprehensiveness — Communications should
provide sufficient information to enable users to take informed
decisions.

Accuracy and Reliability — Information contained in the
communications should be accurate and reliable. The quality of
information disseminated is more important than the quantity.

Timeliness — Communications should be disseminated at
appropriate times to be of use to target groups and the public.
Communications should strive to be forward looking.

Accessibility and Outreach — The target groups and the public
should have easy access to information.

Objectives of communication policy range from providing guidelinesto
the staff involved in communication and ensuring the effectiveness of central
bank policies, while meeting democratic accountability. Some of these
objectives are as follows (Saravanamuttu 2005):

To raise awareness among staff of the importance of organized and
coordinated communications for the achievement of central bank objectives.

To assist the staff to present the central bank and its activitiesin a
unanimous manner and to project the distinctive features of its
identity as a professional and accountable institution.

To raise public understanding on how central bank policies and
financial sector regulations works and for acceptance of the role
of the central bank.

Tofocusexternal and internal communications so that it effectively
and efficiently contributes to the fulfilment of the central bank
objectives.

Central banks use a variety of methods to communicate to markets and
the public. With the advent of information technology applications central
banks could reach awide cross section of the public easily and simultaneously.
Central banks use press conferences and other means such as public lectures,
and periodic publications to reach the public.
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V. Evolving Communication Policy and Strategy
of the Central Bank of Sri Lanka

The main objective of the evolving communication policy of the CBSL isto
provide information on economic developments both in relation to banking
and finance as well as other socio-economic aspects, with a high level of
accuracy and integrity to awider audience so that economic agents could make
informed decisions. An open and coherent communication strategy helps
central banksin several ways. First and foremost, it enhances the effectiveness
of monetary policy. A clear communication policy also helps to reduce risks
and volatility in financial markets, which is another key concern of many
central banks. To achieve the objectives of the Central Bank, transparency,
accountability and credibility in its policies and working methods will be
helpful.

An important feature in the communication policy of the CBSL is the
procedure adopted in communication. As the authority that makes policy
decisions, the Monetary Board is responsible for the overall communication
policy. The Board has delegated its authority on communication policy to the
Governor and the Deputy Governors. Several officers have al so been authorised
to disseminate information that are of routine nature. However, the
accountability of the communication lies with the Monetary Board.

The Monetary Law Act of 1949 (Government of Sri Lanka , 1949)
establishing the Central Bank of Sri Lanka (CBSL) requires the Monetary
Board of the CBSL to disseminate information on Central Bank assets and
liabilities monthly, an annual report containing details of the condition of the
Central Bank, review of policies and measures adopted by the Monetary Board,
and an analysis of the economic and financial circumstances which prompted
those policies and measures. The Law further requires the Monetary Board to
include in the annual report several series of data on the monthly movements
of the money supply, the monthly movements of purchases and sales of
exchange and of the international reserve of the Bank, the annual balance of
payments of Sri Lanka, the monthly indices of wages, of the cost of living,
and of import and export prices, the monthly movement of exports and imports,
the monthly movement of the accounts of the Central Bank and, in consolidated
form, of the commercial banks, as well as the principal data on government
receipts and expenditures and on the state of the public debt.

In view of the structural changes and developments in the economy
particularly following the liberalisation of the economy in 1977, there has
been a growing demand for timely and comprehensive information. This has
been augmented in the aftermath of the Asian financial crises, especially for
greater transparency of financial policies and wider spectrum of data.
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The need for a well-articulated communication policy was further
intensified with the modernisation of the CBSL (Central Bank, 2001). The
challenges brought about by ever increasing complexitiesin financial systems
and new thinking on economic policy and the role of central banks in a
changing world have prompted the CBSL embarked on a modernisation
programme. The Monetary Law Act under which the CBSL has been
established was amended in 2002 to move away from multiple objectives to
focus on two core objectives, (a) economic and price stability and (b) financial
system stability, with a view to encouraging and promoting the development
of the productive resources of Sri Lanka. Achieving the objectiveswas further
facilitated by establishing several committeesin the CBSL.

Since monetary policy isthe means by which the CBSL attemptsto attain
the objective of economic and price stability, monetary policy communication
has become one of the major components of the overall communication policy.
To strengthen the institutional arrangement for the determination of the
monetary policy decision-making process and to improve transparency and
accountability, the CBSL established the Monetary Policy Committee (MPC)
in 2000. Furthermore, to enhance the effectiveness of monetary policy
operations, the CBSL moved to amore market-oriented open market operation
system. With the shift to this system in March 2003, the CBSL commenced
reviewing the monetary policy stance on a monthly basis and issuing press
rel eases on the monetary policy stance, with explanatory notes providing more
information to the market on monetary and other economic developments. An
advance release calendar of monetary policy reviewsis also published giving
the dates on which the monetary policy is reviewed. In addition, the overall
monetary policy framework and monetary policy targets are posted on the
Bank’s website.?

Since maintaining financial stability is the second objective, measures
have also been taken to improve the financial system stability. The Financial
Stability Committee (FSC) was established in 2002. One of the main tasks of
the FSC isto prepare and publish aFinancial Stability Report (FSR) assessing
the risks and vulnerabilities leading to financial system instabilities of a
significant scale in the country (Central Bank, 2005).

To make its financial statements internationally comparable and adopt
disclosure and accounting policies in line with international best practices,
the CBSL has adopted International Accounting Standards (IAS) as the
accounting framework for producing its financial statements. The Bank was
able to achieve substantial IAS compliance in 2001, 2002, and 2003, and it
intendsto achieve the full compliance in 2004. A more detailed description of
financial statements prepared for the year 2003 on the basis of International

2/ www.centralbanklanka.org
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Financial Reporting Standards (IFRS) was published as a separate document.
The CBSL also publishesamonthly general balance sheet, giving information
on the volume and composition of foreign assets, domestic assets and foreign
liabilities and domestic liabilities.

A large audience consisting of both domestic and foreign constituencies
could be the recipients of information disseminated by the CBSL. In general,
the domestic audience includes government officials, politicians, financial
market participants, the academic and other professionals and the general
public. Foreign constituents include multilateral financial institutions and the
donor community including the International Monetary Fund, the World Bank,
the Asian Development Bank and other institutions such as regional
organisations and international research institutions. Asthe level of expertise
and the required details of various constituencies are diverse, the CBSL always
tries to maintain clarity and provide the necessary details to strike a balance
in catering to these different needs.

The CBSL has always made a conscious attempt at maintaining integrity
and ethical standards in communication. The Bank always issues its major
publications, and press releases and conduct press conferences in all three
languages used in Sri Lanka, viz., Sinhala, Tamil and English. Information is
always released simultaneously to all concerned parties.

Although there could be restraintsin disclosing confidential information
and financial policy related issues that could destabilise markets, the goal of
the CBSL isto provide accurate and timely information. When a clarification
is sought or when news appears in media questioning policies or activities,
the Bank responds promptly.

Another important factor in respect of the Bank’s communication policy
is the procedure adopted in communication. As the Monetary Board of the
CBSL is the authority that makes policy decisions, the Monetary Board is
responsible for overall communication policy. The Board has delegated its
authority to communicate on policy matters to the Governor and the Deputy
Governors. However, other authorised officers would disseminate information
of routine nature.

Sri Lanka has participated in many of these initiatives undertaken by
international financial institutions to assess the quality of the dissemination
of information and the level of transparency. For instance, an evaluation of
Sri Lanka's position against these codes was made under the Financial Sector
Assessment Program (FSAP) and for the Report on Observance of Standards
and Codes (ROSC), which are the frameworks for enhanced financial system
surveillance developed by the IMF and the World Bank. Sri Lanka is one of
the first countries to participate in GDDS. The graduation to SDDS is only



STAFF STUDIES No. 36

two steps away, the compilation of international investment position and the
reduction of lag in some of the variables, which are being speedily resolved.

To enhance the awareness among participants in the payment systems
work in Sri Lanka, the CBSL jointly with Committee on Payment and
Settlement Systems (CPSS) of the central banks of G-10 countries has prepared
the Red Book, ‘Payment Systemsin Sri Lanka which was published by the
BIS in 2004 (Central Bank 2004). Since the inception of the CPSS in 1990,
BIS has published Red Books for 15 countries and Sri Lanka became the
sixteenth country in the world to publish its Red Book. In the Asian region,
Sri Lanka was the third to publish this report, after Singapore and Korea.

The CBSL has published an advancerelease calendar of all information,
pressreleases and publications (Table 1 and 2). Most important communication
made to the general public is the monthly press release on the changes in
monetary policy stance. In addition, The CBSL issues anumber of publications
in all three languages. The Annual Report of the CBSL provides a detailed
coverage of macroeconomic developments and of the operational activities of
the Central Bank. The Bank also issues the Recent Economic Developments
and Prospects covering the developments during the first half of each year
and future prospects. The Financial Stability Review provides an assessment
of the banking and financial sector. In addition, the CBSL publishes several
monthly and ad-hoc reports covering economic developments to meet
requirements of different audiences. Many of these publications are available
in all three languages. These are complemented with periodicals, published in
all three languages containing articles on economic and finance/banking and

Table1—List of Major Regular Publications by the Central Bank of Sri Lanka

Publication Frequency Language
1. Economic Indicators Weekly, Sinhala, Tamil, English
Monthly
2. Monthly Bulletin Monthly Sinhala, Tamil, English
3. Satahana Quarterly Sinhala
4. News Survey Quarterly English
5. Kurippedu Quarterly Tamil
6. Financial Stability Review Bi-annaully English
7. Staff Studies Bi-annaully English
8. Annual Report Annually Sinhala, Tamil, English
9. Recent Economic Developments Annually Sinhala, Tamil, English
10. Economic and Social Statistics Annually English, Sinhala
11. Consumer Finance Survey Report  Oncein English
5years
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Table 2 — Advance Release Calendar

Information Date
1. Sri LankaInter Bank Offered Rates Daily at 10 am
2. Open Market Operations Auction Results Daily at 11.30 am
3. Exchange Rates Daily at 12 noon
4. Call Market Rates Daily at 4 pm
5. Secondary Market Rates of Daily at 4 pm
Government Securities
6. Government Securities Auction Results As pre announced
7. Consumer Prices Last day of Month at 3 pm
8. External Trade Performance Second week of Month
9. Monetary Policy Statements — 2005 January 15
February 16
March 16
April 12
May 13
June 15
July 15
August 17
September 16
October 14
November 16
December 16
10. Estimates of Gross Domestic Product Last Day of Each Quarter

other areas of current economic interest. The Bank also publishes research
studies and articlesin its journal of Staff Studies.

With aview to providing information on monetary operations and other
key macroeconomic aggregates on a regular basis, the CBSL issues regular
updates through press releases as new data become available. At present,
regular press releases are issued on monetary policy, price developments,
external sector developments and economic growth. In addition, the Bank
organises press conferences on matters of public interest as well asto clarify
specific issues and senior officials of the Bank conduct these.

Bank holds regular discussions with the financial sector market
participants, where major changesto policy are discussed to obtain afeedback
before implementing. The Bank also holds monthly meetings with the Chief
Executive Officers of banking institutions where important policy changes
are discussed. In addition, the CBSL holds regular meetings with primary
dealers in government securities, finance companies and foreign exchange
dealers.
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On specific issues, the CBSL conducts several public awareness
programmes in the form of paper notices, special publications and meetings
to educate the general public. The Bank undertook a special programme to
educate the pubic on unauthorised institutions soliciting deposits from the
public. In thisregard, the public was mainly informed of the following:

e The public have to bear the risks involved in their transactions with
financial institutions

» Regulation and supervision does not involve a guarantee of deposits
or any other transaction or the safety of any institution.

« There may be institutions accepting deposits from the public without
legal permission and risks involved in those institutions would be
greater since they are not regulated or supervised by the CBSL or any
other authority.

During 2004, attention of the CBSL was drawn to pyramid schemes that
were operating in the country. In the absence of necessary legislation against
such schemes, which pose athreat to the country’sfinancial stability, the CBSL
undertook an awareness programme among the members of the public on the
risks and dangers associated with pyramid schemes.

The CBSL conducts awareness programs for the benefit of students and
teachers on issues relating to banking, finance and economics. Several articles
on these areas are included, for example in the CBSL regular publications
such as ‘Kauluwa', ‘ Satahana’ and ‘ News Survey’. The CBSL issues updates
on key macroeconomic aggregates weekly and monthly.

In addition, the dissemination of information through electronic means
is now becoming increasingly important as it provides instantaneous access
not only to domestic audience but also to awider global audience. The CBSL
maintains a website and makes regular updates with latest information. The
CBSL also participatesin exhibitions, conducts public seminars, and operates
acurrency museum and alibrary in its effort to disseminate information to a
wider audience.

The CBSL has recognised that internal communication is also a major
factor in reinforcing its organisational identity and command. The staff of the
CBSL should have the opportunity to be well informed so that information
about the bank will be released externally in a correct and uniform manner.
Internal communications are made through both electronic and paper based
publications. Theintranet isthe most commonly used mode. It is supplemented
by a monthly in-house magazine. In addition all communications made to the
general public are circulated among all members of the staff.
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V. Limitations of Communication — The Sri Lanka's Per spective

Communication isacomplex task in Sri Lankadue to several important issues
that are being resolved. The CBSL operates with two objectives, economic
and price stability, and financial system stability, while being mindful of the
exchange rate behaviour. Those objectives are not articulated in terms of
explicit targets. This has become even more complicated dueto diverse views
on crucial measures such asinflation. Furthermore, the efficacy of transmission
mechanism of monetary policy has to be improved further.
In addition, some of the large fiscal operations could pose challenges to
monetary operations. Thus, there exists room for diverse interpretations of
central bank communiqués.

In the past, there are occasions when media has misinterpreted and
miscommunicated central bank information, causing wide fluctuations in
market behaviour. The diversity of recipients of communications of the CBSL,
their ability to decipher those communications, and the thin financial markets
have partly contributed to those misinterpretations. Such misinterpretations
are also due to the insufficient developments in economic journalism in the
country. The CBSL has conducted several programs to educate the media
personnel on important economic and financial issues.

The communications on financial stability is also tricky. Often, prompt
and factual communications on any adverse developments in the financial
sector could lead to undesirable and adverse outcomes, especially in view of
self-fulfilling nature of economic prophecies. Thus, communications on
financial system stability have to be made delicately. However, the CBSL has
been insisting on financial institutions to disclose their information on awide
spectrum of issues such as performance, interest rates, financial charges and
other prudential indicators, while making available to the public a set of
important indicators as well as a biannual report on financial stability.

In view of those concerns, the CBSL has to continue to address a wide
array of issues to further ensure the efficacy of its communication.
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Active Open Market Operations
A Review of Experience

Dr. D SWijesinghe!

Abstract

The Central Bank of Sri Lanka introduced a system of active
Open Market Operations (OMO) on 03 March 2003 in order to
manage liquidity at its own discretion and thereby to achieve
monetary policy targets. Under this system, monetary policy
operations are conducted to achieve a path of reserve money
targets, while maintaining short terminterest rates stable around
a level, which is consistent with the reserve money targets. This
paper reviewsthe experience under the systemduring March 2003-
June 2005 and presents suggestions, on the basis of the review, for
improving the effectiveness of monetary policy operations in
achieving their objectives. The paper highlights the need for
focusing on overnight interest rates, instead of reserve money, as
the operating target, determining the size of daily operations under
OMO entirely on the basis of their outcome on interest rates and
introducing long term repurchase transactions and auctions for
multiple maturities for managing liquidity on a long term basis.
(JEL E44, E52)

|. Introduction

The Central Bank of Sri Lankaintroduced on 3 March 2003, asystem of active
Open Market Operations (OMO) in order to manage market liquidity actively
at its own discretion and thereby to achieve monetary policy targets. The
Central Bank conducts monetary policy within a framework of targeting
monetary aggregates. In this framework, the final objective of economic and
price stability is expected to be achieved through an intermediate target on
broadly defined money supply with an operational target on reserve money.
Accordingly, monetary policy operations are conducted to achieve a path of

1/ The author wishes to thank Dr. A. G. Karunasena, Asst. Governor, Central Bank of Sri
Lanka for his valuable comments on an earlier draft of this paper. The assistance of
Mrs. K. Dassanayake, Senior Asst. Director and Mrs. K. Mayadunne, Asst. Director,
Central Bank of Sri Lankain the preparation of this paper is acknowledged with thanks.
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reserve money targets while maintaining interest rates stable around a level
consistent with the path of reserve money targets.

The objectives of monetary policy operations under this system were
well realized in 2003. However, in 2004, reserve money tended to remain
abovethetargets and interest rates displayed some volatile changes. This paper
reviews the experience under this system with a view to present suggestions
for improving the effectiveness of the system in achieving the objectives of
monetary policy operations. The paper begins with an outline of the key
elements of the system in Section 1. A review of experience during March
2003 — June 2005 is presented in Section 2. Section 3, outlines the approach
adopted by the Central Bank, amidst difficult economic conditions prevailed
in the country, to bring the reserve money to the target path and examines
contributory factors for interest rate volatility. Suggestions for further
improving the system are outlined in Section 4.

Il. Key Elements of the System

The key elements of the present system of monetary policy operations
are,

(i) Interest Rate Corridor formed by the overnight repurchase (Repo)
rate and the reverse repurchase (Reverse Repo) rate of the Central
Bank.

(i) Daily Auction of Repo or Reverse Repo transactions, either to
absorb liquidity from the market or inject liquidity to the market.

(iif) Standing facility.
(iv) Outright Sales/Purchases of government securitiesto addresslong
term (structural) liquidity imbal ances.

Theinterest rate corridor isthe instrument to achieve the reserve money
target. The corridor has an implicit target on overnight interest rates (usually
in the middle of the corridor) which is considered compatible with the reserve
money target. If reserve money is consistently above (below) the target, it is
an indication that the corridor is not compatible with the reserve money target
and therefore, needs to be shifted up (down). Usually, such adjustments are
introduced at regular reviews of monetary policy which are conducted normally
on amonthly interval. However, if thereisaconcern for adjusting the corridor,
in view of other macro economic considerations, interest rates are allowed to
adjust within the corridor. Such within the corridor adjustments are usually
temporary, pending an eventual adjustment to the corridor.

The daily auction is the instrument to maintain the comparable
overnight interest rates, stable around the implicit target. Accordingly,
whenever there is excess liquidity, it is absorbed through a daily auction of
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repurchase transactions. Similarly, liquidity isinjected through an auction of
reverse repurchase transactions when thereisaliquidity shortage. Theimplicit
target is achieved by appropriately managing market liquidity, specially by
adjusting the volume of liquidity absorbed or injected through the auction.

Standing facilities are provided at the Central Bank’s Repo rate and
Reverse Repo rate to those who were unable to obtain their requirements at
the daily auction. A sufficient margin is maintained between the Repo rate
and the Reverse Repo rate in order to make them penalty rates and thereby to
encourage participating institutions to obtain their requirements at the auction.

A long term or structural liquidity imbalanceisindicated by the existence
of a large surplus or deficit of liquidity consistently for a long period and
such imbalances are removed through outright sales or purchases of
government securities.

I11. Experience during March 2003 — June 2005

A. Interest Rate Corridor and Reserve Money Target

The present system of open market operations was introduced with an
interest rate corridor of 11 per cent (Reverse Repo Rate) and 9 per cent (Repo
Rate). However, as actual reserve money continued to be consistently below
the target the corridor was revised down in three stepsto 8.5 per cent (Reverse
Repo Rate) and 7.0 per cent (Repo Rate) by October 2003, and quarterly targets
on reserve money were comfortably met (Chart 1). In 2004, reserve money
tended to remain above the target path and the Central Bank first conducted
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its OMO aggressively allowing an upward movement in interest rates within
the corridor and subsequently shifted the corridor up by 50 bps in November
2004. The monetary policy was tightened further by shifting the corridor by
25 bpsin May and 50 bps in June 2005 to 9.75 per cent (Reverse Repo Rate)
and 8.25 per cent (Repo Rate). Reserve money was brought to the target path
by June 2005.

B. Daily Auction and Interest Rate Stability

During 2003, as reserve money continued to remain below the target,
the Central Bank had been quite conservative in absorbing liquidity through
the daily auction. Accordingly an amount equivalent to the estimated excess
liquidity less the leeway between the reserve money target and the actual
reserve money was offered and absorbed through the auction (Chart 2). On
average, the amount offered was around 58 per cent of the estimated excess
liquidity (Tablel). Therefore, competitive forces pushed the weighted average
yield rate at the auction down and it remained closer to the lower bound of the
corridor.

During most of this period, short term interest rates remained remarkably
stable (Chart 3). The stability was largely attributed to the effort made by the
Central Bank to maintain liquidity in the market at a sufficiently high level
(Table 2). Due to stringent limits of some banks on their lendings to other
banks, normally, volatility had been observed in short term rates whenever,
theliquidity surplus declines below Rs. 3—5 billion level. Particularly during
festive seasons when the demand for liquidity is high temporarily, the Central
Bank injected liquidity through purchases of Treasury bills. During March —
December 2003, on average, excess liquidity in the market remained around

Chart 02
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Table-01
Daily OMO Auction

Estimated Excess Liquidity, Amount Offered, Bids Received &
Accepted and Yield

Monthly Average
Estimated | Amount Offered Bid Bid Yield (%)
Excess | pobn | As o of | REceved|Accepted |y ol Min. | Max.
Liqudity (Rs.bn) | (Rs.bn)
(Rs.bn) Excess Average
Liquidity
2003 Mar 9.23 5.38 58 9.93 5.38 9.17 | 9.14|9.19
Apr 6.56 3.60 55 4.70 3.48 8.70 | 8.64|8.74
May 6.56 3.60 55 4.70 3.48 870 | 8.64|8.74
Jun 12.65 6.86 54 11.06 6.58 831 | 829|8.32
Jul 11.42 7.41 65 9.99 7.31 8.29 | 8.28|8.30
Aug 9.91 7.23 73 8.91 6.59 7.96 | 7.93|7.99
Sep 11.73 7.98 68 10.26 7.89 7.65 | 7.62| 7.66
Oct 6.50 3.86 59 5.57 3.84 734 | 7.31| 7.36
Nov 6.50 3.45 53 5.26 3.44 7.05 | 7.04| 7.07
Dec 7.07 3.02 43 4.85 2.96 7.06 | 7.04| 7.08
2004 Jan 11.23 6.48 58 9.16 6.08 7.03 | 7.03| 7.06
Feb 7.69 3.78 49 6.10 3.42 7.03 | 7.02| 7.03
Mar 5.37 2.70 50 3.59 2.52 7.02 | 7.02| 7.03
Apr 7.50 2.92 39 3.36 2.52 7.02 | 7.02| 7.03
May 5.62 3.33 59 2.68 2.29 7.06 | 7.04| 7.06
Jun 5.75 4.70 82 4.68 4.03 714 | 7.13|7.16
Jul 391 3.76 96 2.82 2.73 6.84 | 6.82| 6.88
Aug 4.27 4.19 98 3.48 3.43 732 | 7.28| 7.36
Sep 6.01 5.92 99 5.20 511 7.36 | 7.30| 7.39
Oct 6.15 6.00 98 5,51 5.40 739 | 7.35| 7.42
Nov 5.15 5.10 99 4.39 4.20 770 | 7.67|7.74
Dec 10.84 9.97 92 10.00 9.40 7.86 | 7.82| 7.90
2005 Jan 13.86 7.00 50 11.73 6.78 781 | 7.78| 7.85
Feb 14.52 7.80 54 12.45 7.36 7.56 | 7.54| 757
Mar 15.83 15.21 96 1441 | 13.80 7.55 | 7.54| 7.58
Apr 17.60 17.17 98 16.63 | 15.99 782 | 7.77| 7.89
May 7.72 7.24 94 7.02 6.61 8.01 | 7.96| 8.05
Jun 2.64 2.37 90 2.24 2.03 839 | 830|853

Rs. 9 billion. With the exception of afew daysinApril, excessliquidity in the
market remained well above Rs. 3 billion on each day. Similarly, during the
first four months in 2004, on average, there was excess liquidity of nearly
Rs. 8 hillion and except for a few days in March — April, excess liquidity
remained well above Rs. 3 billion.
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In May 2004, in view of the higher than desired rate of expansion in
reserve money, it was decided to allow market rates to move up within the
corridor. Accordingly, the amount offered to the market for absorption through
the repurchase auction was gradually increased to almost the entire estimated
liquidity surplus. This practice resulted in gradually moving up the average
yield rate at the auction from 7.02 per cent at end April 2004 to 7.40 per cent
by 14 October 2004, a margin of 40 bps compared to the Repo rate of the
Central Bank. With the upward adjustment of the interest rate corridor by 50
bps on 12 November 2004, the auction rate moved up to 7.86 per cent and
remained around 7.88 per cent on average during 12 November — 24 December
2004. During the second half of 2004, particularly in July — August, excess
liquidity declined sharply, largely due to transactions of the Central Bank in
foreign exchange and the Central Bank was rather cautiousin injecting liquidity
to maintain excessliquidity in view of the higher than desired rate of monetary
expansion. Therefore, together with the upward movement in the auction rate,
some volatility in interest rates was observed during this period.

Following the Tsunami disaster on 26 December 2004, the absorption
of liquidity through the auction wasfirst substantially reduced and then during
5 January — 18 February 2005, temporary suspended to ensure smooth
functioning of the money market and the payment and settlement system. In
addition, the Central Bank was quite liberal in providing liquidity through
purchases of Treasury hills, in view of the needs for relief and rehabilitation
work in areas affected by Tsunami. During January — February 2005, excess
liquidity remained around Rs. 14 hillion on average with a maximum of
Rs. 20 billion and a minimum of Rs. 8 billion. These measures led to a sharp
decline in call money rates from an average of 9.14 per cent in December
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Table 2
Excess Liquidity and Interest Rates
Excess Liquidity* (Rs.bn) Average Interest Rates (%)
Avg. Min. Max. |OMO Auction| Call Money |[Market Repo
2003 Mar 9.54 6.44 | 13.71 9.17 9.46 n.a
Apr 6.33 0.43 | 15.69 8.70 9.65 n.a
May 9.71 280 | 14.01 8.70 9.01 n.a
Jun 12.67 8.59 | 16.79 8.31 8.64 n.a
Jul 11.28 8.37 | 14.69 8.29 8.59 n.a
Aug 9.81 591 | 13.61 7.96 8.16 8.17
Sep 10.93 6.36 | 16.85 7.65 7.85 7.85
Oct 6.39 292 | 10.25 7.34 7.69 7.60
Nov 6.21 321 | 1111 7.05 7.59 7.53
Dec 6.91 3.78 | 17.46 7.06 7.70 7.51
2004 Jan 11.47 857 | 18.18 7.03 7.48 7.35
Feb 7.96 4.60 | 11.03 7.03 7.48 7.43
Mar 5.40 1.56 | 10.97 7.02 7.48 7.41
Apr 7.27 1.12 | 12.68 7.02 7.68 7.55
May 5.34 2.73 7.56 7.06 7.87 7.59
Jun 5.50 1.83 9.30 7.14 8.18 7.99
Jul 3.78 0.00 | 10.37 6.84 8.22 7.96
Aug 3.90 1.52 8.14 7.32 8.00 7.65
Sep 5.61 242 | 10.49 7.36 8.05 7.44
Oct 5.91 2.88 8.67 7.39 8.15 7.52
Nov 4.84 232 | 10.59 7.70 8.95 7.89
Dec 10.65 5.76 | 15.67 7.86 9.14 8.20
2005 Jan 13.86 7.92 | 19.59 7.81 8.51 7.61
Feb 14.65 | 11.17 | 17.96 7.56 8.10 7.59
Mar 16.15 6.36 | 26.87 7.55 7.90 7.61
Apr 17.38 8.72 | 27.81 7.82 8.09 7.81
May 744 | -2.34 | 18.08 8.01 8.76 8.18
Jun 268 | -3.97 | 11.03 8.39 9.27 8.76

* Actual excessliquidity as measured by total repurchase transactions with the Central Bank.

2004 to 8.25 per cent by end January 2005 and 8.06 per cent by 18 February
2005. The overnight repurchase rates in the market for transactions among
commercial banks and primary dealers, which usually follow the daily OMO
auction rate declined and remained closer to the lower bound of the interest
corridor.

The daily auction was resumed on 21 February 2005 and in March, the
Central Bank decided, in view of the concerns on excessive monetary
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expansion, to conduct its open market operations more aggressively which
included absorbing the entire excess liquidity through the daily auction, while
reducing excess liquidity through permanent absorptions. Accordingly, excess
liquidity declined sharply, particularly in May and June 2005. The average
yield rate at the daily OMO auction ,which has remained closer to the lower
bound of the interest rate corridor for more than a month since the resumption
of the auction, moved up gradually from 7.54 per cent at end March 2005 to
7.89 per cent by end April 2005 and 7.95 per cent by 12 May 2005. Following
the upward adjustment of the corridor by 25 bps on 12 May 2005, the average
auction rate moved to 8.19 per cent by 19 May 2005. At the first auction held
on 27 June 2005 following the policy rate adjustment (50 bps) on 15 June
2005, the auction rate moved to 8.72 per cent, but declined to 8.58 per cent by
end June due to a sharp increase in excess liquidity.

These movements in the auction rate were reflected in other short term
interest rates aswell. The average repurchase rate in the market reached nearly
8.0 per cent by 12 May 2005 and with the adjustment of the interest rate
corridor, increased to 8.24 per cent on 13 May 2005. On several days, in May
and June, the Central Bank did not conduct the daily auction, as the liquidity
was broadly in balance. On these days, there were both repurchase and reverse
repurchase transactions under the standing facility. However, the repurchase
rates in the market remained remarkably stable around the middle of the
corridor at 8.50 per cent up to 15 June 2005 and around 9 per cent thereafter.
Inter bank call money rates followed a similar pattern and increased from an
average of 7.90 per cent in March to 8.09 per cent in April. It increased from
8.20 per cent at end April 2005 to 8.50 per cent by 12 May 2005. With the
increase in policy rates, it moved to 8.87 per cent on 13 May 2005 and with
the decline in excess liquidity increased sharply to 9.25 by end May 2005.
There were volatile changesin call money rates in June 2005 with changesin
excess liquidity.

C. Sanding Facility

During March 2003 —mid May 2004, since only about 58 per cent of the
excess liquidity was absorbed through the daily auction, the balance was
absorbed under standing facility (Table 3). Standing facility also played an
important role by providing an avenue for those who were unable to borrow
in the market, despite there being excess liquidity, to obtain their fund
requirements. It has been a generally observed fact, that certain banks with
stringent limits on their lending to other banks have generated alarge volume
of excess liquidity mainly through their operations in the foreign exchange
market and their business with corporate customers. Asthese banksinvariably



ACTIVE OPEN MARKET OPERATIONS : A REVIEW OF EXPERIENCE

invest a large portion of their excess money with the Central Bank, when
aggregate excess liquidity is relatively small, some banks were unable to
borrow from the market and they had to resort to borrowing under standing
facility from the Central Bank. Such occasions however, were very rare during
March 2003 — May 2004 (only two occasions) as the market was well liquid.

Table 03

Standing Facility

Monthly Average

Repo | R.Repo| Repo | R.Repo| Excess | % of absorbtion
Rate (%) | Rate (%)| Volume| Volume |Liquidity through
(Rs.bn) | (Rs.bn) | (Rs.bn) | Standing Facility
(2) 2 ) 4 (5) 3as%of 5
2003 Mar 9.00 11.00 4.17 0.01 9.54 44
Apr 9.00 11.00 3.04 0.19 6.33 48
May 9.00 11.00 3.04 0.19 6.33 48
Jun 8.25 10.25 6.08 0.00 12.67 48
Jul 8.25 10.25 3.96 0.00 11.28 35
Aug 7.84 9.84 3.23 0.00 9.81 33
Sep 7.50 9.50 3.04 0.00 10.93 28
Oct 7.24 8.98 2.56 0.00 6.39 40
Nov 7.00 8.50 2.76 0.00 6.21 45
Dec 7.00 8.50 3.95 0.00 6.91 57
2004 Jan 7.00 8.50 5.39 0.00 11.47 47
Feb 7.00 8.50 454 0.00 7.96 57
Mar 7.00 8.50 2.88 0.00 5.40 53
Apr 7.00 8.50 4.79 0.04 7.27 66
May 7.00 8.50 3.07 0.07 5.34 58
Jun 7.00 8.50 1.81 0.34 5.50 33
Jul 7.00 8.50 1.50 0.48 3.78 40
Aug 7.00 8.50 0.72 0.25 3.90 19
Sep 7.00 8.50 0.53 0.02 5.61 9
Oct 7.00 8.50 0.54 0.03 5.91 9
Nov 7.30 8.80 0.75 0.11 4.84 15
Dec 7.50 9.00 1.66 0.40 10.65 16
2005 Jan 7.50 9.00 13.11 0.00 13.86 95
Feb 7.50 9.00 12.66 0.06 14.65 86
Mar 7.50 9.00 2.35 0.00 16.15 15
Apr 7.50 9.00 1.40 0.01 17.38 8
May 7.64 9.14 1.53 0.69 7.44 21
Jun 8.01 9.51 1.94 1.29 2.68 72

As the volume of excess liquidity was relatively small since June in
2004, some participating institutions resorted to borrowing under standing
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facility on several daysin every month. Such borrowingswererelatively heavy
in June, July and August (Rs. 0.636 billion per day for 34 days). These were
the months, in which arelatively large volatility in interest rates was observed.
Towards end May in 2005, liquidity in the market became broadly in balance
and due to limits of certain banks with excess liquidity, some borrowed under
sanding facility (Rs. 2.636 billion per day for 5 days) while there were
repurchase transactions al so of similar magnitudes. Similar developmentswere
observed in June 2005 as well.

D. Outright Sales/Purchases of Government Securities

During the first nine months of operations under the present system,
though excess liquidity remained high in general while fluctuating within a
wide range, outright sales of Treasury bills in the secondary market were not
conducted to absorb a part of it on a permanent basis. However, to some extent,
a permanent absorption has taken place at the maturity of the Treasury bills
held by the Central Bank as maturity proceeds were not always reinvested.
On the other hand, the Central Bank injected liquidity particularly during
festive seasons, through purchases of Treasury bills at the primary auctionsto
ensure that excess liquidity remains broadly above Rs. 3 billion to maintain
interest rate stability.

However, towards the end of 2003, excess liquidity exceeded well above
Rs. 10 billion and hence, an attempt was made in January 2004, to absorb a
part of it permanently through outright sales in the secondary market
(Table 4). At first, attempts were made to sell through auctions, but given up
after the second auction which was under subscribed and rejected as even the
bids received were at rates higher than the comparable rates in the primary
market. The first auction was over subscribed, but only Rs. 0.413 billion out
of Rs. 1 billion offered was accepted as other bids were at rates higher than
the comparable primary market rates. The Central Bank however, managed to
sell Treasury billsto aface value of Rs. 1.9 billion in the secondary market in
January 2004 through direct dealings. These sales were at rates comparable
with the primary auction rates. One advantage of direct dealings was that a
counter party could negotiate and purchase bills of hisdesired tenure (number
of dates to maturity), whereas at the auction, bills of only one maturity could
be offered at atime.

Outright sales were not conducted during the rest of the year 2004, as
there was a tendency for market liquidity to decline particularly due to the
transactions of the Central Bank in the foreign exchange market. Instead, the
Central Bank purchased Treasury bills outright in the secondary market on
three occasions in 2004 to prevent the market becoming short in liquidity.
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Table 04
Outright Sales (Auctions) of Treasury Billsin the Secondry Market
Auction Amount| No. of Bid Bid Yield (%)
Date Offered | Daysto | Received | Accepted . -
. Weighted |Min. [Max.
(Rs.bn) | Maturity | (Rs.bn) | (Rs.bn) Average
2004 8-Jan 1.00 84 1.91 0.41 7.39 7.37|7.40
14-Jan 0.75 98 0.55 0.00
Total 1.75 2.46 0.41
2005 1-Apr 1.00 32 2.95 1.00 7.64 7.63|7.65
4-Apr 2.00 45 453 2.00 7.67 7.65|7.72
5-Apr 2.00 51 1.49 1.43 7.90 7.80|8.00
20-Apr 2.00 36 5.83 0.00
26-Apr 3.00 37 7.29 3.00 8.06 8.00|8.15
28-Apr 3.00 42 7.64 3.00 8.12 8.08|8.15
29-Apr 3.00 45 6.11 3.00 8.13 8.08|8.15
3-May 3.00 58 1.95 0.83 8.22 8.19|8.25
6-May 2.00 18 7.39 2.00 7.95 7.95|7.95
10-May 2.50 44 5.72 2.50 8.19 8.10|8.23
30-Jun 3.00 14 7.74 3.00 8.84 8.75|8.99
7-Jdul 2.00 7 3.30 2.00 9.00 8.98|8.99
Total 28.50 61.93 23.76

Note: settlement on the business day fillowing the Auction date.

It was practically not possible to purchase a large volume of securities from
the market without their yield rates being affected. Moreover, Treasury bills
were not available in sufficient volumes in trading portfolios of dealers and
the Central Bank was not dealing in Treasury bonds on an outright basis.

During the first four months in 2005, excess liquidity remained well
above Rs. 15 billion on most of the days and this excess liquidity was
considered as one of the factors which contributed towards the high monetary
expansion. Accordingly, outright sales of Treasury bills out of the Central
Bank holding were commenced on 1 April 2005 and by 10 May 2005, 10
auctions were conducted and excess liquidity of Rs. 18.8 billion was absorbed
on a permanent basis. Among the auctions, seven were well subscribed and
highly successful. One auction was rejected as bids were at unacceptably high
yield rates. Two auctions were at relatively high rates and only partially
accepted.

Following limitations were observed in the absorption of excessliquidity
on a permanent basis.



STAFF STUDIES No. 36

i. Due to limitations of the portfolio of Treasury bills held by the
Central Bank, it may not always be possible to offer for outright
sales, securities of which tenure iswell demanded by participating
institutions. Most often Central Bank had to offer for sales, odd
maturities which were not in demand in general. The experience
was that, market preferred short maturities of around one to one
and half months. The available volume of such maturities may get
depleted quickly when the required volume of permanent
absorption is relatively large.

ii. The existing electronic system for conducting auctions also has a
limitation of not being able to offer for an auction securities of
more than one maturity, i.e., inability to conduct multiple auctions
simultaneously. If such a facility were available, a large volume
could have been offered while providing an opportunity for
participating institutions to select preferred maturities. This
difficulty however, was overcome through direct dealings. Direct
dealings are not much encouraged in view of transparency
considerations, particularly as facilities for on the screen firm
guotes and dealings are not available.

V. Reserve Money Targetsand Interest Rate Volatility

As noted in Section 2, the Central Bank was successful in 2003, in
achieving its targets on reserve money while maintaining short term interest
rates stable at alevel closer to the lower bound of the interest rate corridor. In
2004, reserve money tended to remain above the desired paths and shot term
interest rates displayed some volatility. This section outlines the approach
adopted by the Central Bank to bring the reserve money to the target path and
examine the factors which contributed to the volatility observed in short term
interest rates.

A. Reserve Money Targets

The difficult economic conditions which were brought about by weather
related domestic supply disturbances and the escalation of international oil
prices that prevailed in 2004 required proper timing and sequencing of
monetary policy tightening.2 Accordingly, as the first step, the Central Bank
conducted its OMO aggressively from May by absorbing almost the entire
excess liquidity through the daily actions and thereby, induced an upward

2/ Central Bank of Sri Lanka (2004), Annual Report, p116.
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adjustment in short-term interest rates. Subsequently in November 2004, the
policy rates were increased by 25 bps.

Following the Tsunami disaster on 26 December, 2004, in view of the
need for ensuring smooth operations of the payment and settlement system
and supporting the needs for relief and rehabilitation of areas affected by
Tsunami, the absorption of excess liquidity through the daily OMO auction
was, first substantially reduced and then temporarily suspended during
5 January — 18 February, 2005 while maintaining a relatively high volume of
excess liquidity in the market. This resulted in a sharp reduction in interest
rates. The average call money rates declined from 9.63 per cent on 24 December
2004, to 8.06 per cent by 18 February 2005 while the average market repurchase
rate declined from 7.96 per cent to 7.57 per cent during the same period. By
end March 2005, reserve money exceeded the target which however, waslargly
attributed to higher than usual increase in currency in circulation owing to the
additional demand created by Tsunami relief and rehabilitation operations.

Excessliquidity which remained around Rs. 15 billion on average, during
the first three months of 2005 was one of the main factors which contributed
to the higher monetary expansion. Therefore, as an instrument for bringing
the reserve money back to its desired path, it was decided in April 2005 to
conduct OMO aggressively. This included the absorption of a large part of
excess liquidity on apermanent basis, through outright sales of Treasury bills
out of the Central Bank holdings and absorbing the balance entirely through
the daily OMO auction.

Accordingly, outright sales were commenced on 1 April 2005 and by
11 May 2005, excessliquidity of Rs. 18.8 billion was absorbed on a permanent
basis (Table 4) and excess liquidity which was as high as Rs. 28 billion on 26
April, 2005 was brought to below Rs. 10 billion. Treasury Bill holdings of the
Central Bank declined from Rs. 85.0 billion (net of repurchase, Rs.62.4 billion)
at end March 2005 to Rs.61.9 billion (net of repurchase, Rs.52.4 billion) by
11 May 2005 (Table 5). Theyield rate at daily OM O auction moved up to 7.94
per cent from 7.56 per cent at end March 2005. By end May 2005, market
liquidity was brought to a balance position and the average repurchase rate in
the overnight market moved to 8.49 per cent from 7.59 per cent at end March
2005. These positive developments were consolidated by 25 bps and 50 bps
increases in the repurchase rate and the reserve repurchase rate of the Central
Bank on 13 May and 15 June 2005, respectively.

The conduct of OM O aggressively, together with subsequent adjustments
in policy rates has been instrumental in bringing the reserve money to its
target level in June 2005.
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B. Interest Rate Volatility

It was expected that the present system of monetary operations would
enable the Central Bank to maintain overnight interest rates stable around a
level considered consistent with the reserve money target. In 2003, interest
rates were quite stable around a level closer to the bottom of the corridor. In
fact, as measured by the standard deviation in average call money rates, there
had been a significant improvement in interest rate stability in 2003 when
compared with the second half of 2002 (Chart 4). However, rates had displayed
a high degree of volatility in May 2004. In most of 2004 and early 2005,
interest rates moved within a wider range, with changes in excess liquidity
(Chart 5).

One of the main reasons for volatile changes in interest rates was the
self imposed limits of banks on their lendings to other banks. Such limits of
some banks particularly, of foreign banks were quite stringent. When such a
bank has built up alarge surplus, some may find it extremely difficult to borrow
in the inter bank market unless there is a large volume of excess liquidity.
Under such asituation, it was not uncommon to observe both repurchase and
reverse repurchase transactions with the Central Bank on a same day. This
may result in volatile changes in interest rates and the degree of volatility
would be higher, the smaller the size of excess liquidity. Normally, excess

Table 05

Tresury Bills holdings of Central Bank
(Rs.bn, End Month)

Gross Net of Repo Gross Net of Repo
Book Value| Book Value Book Value| Book Value
2003 Mar 38.19 30.44 2004 May 41.40 35.30
Apr 38.90 22.16 Jun 46.20 37.60
May 39.77 26.10 Jul 53.00 45.70
Jun 32.31 20.87 Aug 56.00 47.90
Jul 27.12 10.53 Sep 61.00 50.50
Aug 22.16 10.17 Oct 72.70 64.50
Sep 13.97 2.23 Nov 84.50 73.90
Oct 11.01 3.52 Dec 82.00 74.80
Nov | 19.07 10.83 112005 Jan 81.94 66.41
Dec [ 29.08 11.62 Feb | 8270 66.50
2004 Jan 26.50 14.00 Mar 85.00 62.40
Feb 26.90 17.00 Apr 73.40 53.90
Mar 43.30 32.30 May 57.40 52.70
Apr 42.50 32.10 Jun 62.65 51.62
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liquidity of around Rs. 3 — 5 billion was required to maintain interest rates
stable at their existing level.

Accordingly, asapractice, in 2003 and thefirst half of 2004, the Central
Bank kept the market well liquid, through its purchases of Treasury bills.
Particularly during festive seasons, the Central Bank planned in advance its
purchases of Treasury bills to ensure that the market is sufficiently liquid.
Though this practice had been successful in maintaining interest rates fairly
stable, there were instances when rates increased sharply as the liquidity
injected was not sufficient due to demand being exceptionally higher than the
projection. Since the width of the corridor was 150 bps and the OM O auction
rate was closer to the lower bound of the corridor, there was a scope for large
fluctuations in rates.

There was also a period in which interest rates displayed a tendency to
move up even when there was a sufficiently large volume of excess liquidity
in the market. During October — December 2004, call money rates showed an
upward trend with a sharper increase in November and December 2004. The
increase in November was partly areflection of the increase in Central Bank
policy rates by 50 bps on 12 November 2004. However, even before the policy
rate adjustment, the upward trend was observed. For example, the weighted
average call money rate increased from 8.25 per cent at end October 2004 to
8.86 per cent on 10 November 2004, despite the market being quite liquid
with excess liquidity of around Rs. 4 — 6 billion. Just prior to the policy rate
adjustment, the average call money rate exceeded the upper bound of the
interest rate corridor and continued to remain above the upper bound with an

Chart 04
Volatility in Call Money Rates
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Chart 05
Excess Liquidity and Interest Rates
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upward trend, except for a brief period between end November and
10 December 2004, when the average rate remained relatively low due to a
temporary concentration of liquidity in asingle bank.3 During the second hal f
of December 2004, even a sharper movement in rates was observed though
the market operated with a liquidity surplus of well above Rs. 6 billion.

The sharp increase in call money rates was partly due to an unusual
development in government debt securities market which augmented the
implications on the market, of the constraint imposed by limits on inter-bank
lending. Therewas an anomaly inyield rates of government securitiesasyield
rates on 91 day Treasury bills and 182 day Treasury bills (during most of the
period) were below the Central Bank repurchase rate. The anomaly was larger
when compared with the OM O auction rate. Therefore, there was an advantage
in investing on arepurchase basis rather than purchasing those Treasury hills
on an outright basis. Moreover, given the fact that inflation was rising and
monetary expansion was above the target investors would have presumed that
rates were not sustainable.

Therefore, there was a reluctance among some investors to hold
government securities, except on a very short term basis. In particular, some
foreign banks liquidated a part of their holdings of government securities and
invested the proceedsin the repurchase market. They could not invest proceeds
in the call market asthey have to maintain a stock of government securitiesin
their portfolio of assets in the balance sheets. This led to a concentration of a
significant volume of excess liquidity in foreign banks. There was a

3/ For details, see page 31
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concentration of liquidity among primary dealers as well. Usually primary
dealers borrow funds under repurchase agreements and maintain a stock of
securities for trading purposes. However, under these prevailing conditions,
some primary dealers, met their customers' demand by selling Treasury bills
on arepurchase basis which were backed by, their investment under repurchase
transactions with the Central Bank. As some borrowers in overnight money
markets did not have securities to borrow in the repurchase market, they had
to depend entirely on the call money market in which a significant portion of
excess liquidity was not available. The market forces however induced
necessary adjustments in rates and the anomaly disappeared within a short
period.

There were also instances where some banks lent in the call market at
rates which were below the Central Bank repurchase rate. It happened,
particularly, in the case of foreign banks when their portfolio limits on
government securities were reached. Under such instances, they had no choice
but to lend in the call market even at relatively low rates. The situation became
worse when their lending limits to major borrowers were rather stringent.
There could also be volatile changes in rates due to a concentration of alarge
volume of liquidity temporarily in asingle bank due to an exceptional reason.
A casein point was the concentration of alarge volume of liquidity inasingle
bank following a heavy over subscription of Lanka |OC share issue in
November 2004. Initially, rates declined sharply as borrowers expected this
bank to lend at relatively low rates. Subsequently however, ratesimproved on
the realization that there was a demand for alarge volume of funds.

Accordingly, there could be volatile changes in call money rates due to
a number of reasons, which included self-imposed limits of banks on their
lending to other banks, behaviour of ratesin government debt securities market,
portfolio limits of banks on holding of various types of assetsin their balance
sheets, holdings of securities traded in repurchase market etc. The volatility
created by these factors could not necessarily be addressed by monetary policy
operations though attempts have been made in the past, to keep the market
sufficiently liquid to overcome the constraints imposed by such factors.

An unsatisfactory feature observed, particularly during most of 2004
and early 2005 was the fluctuation of interest rates, with changes in excess
liquidity. Interest rates would have not fluctuated with changes in excess
liquidity if lenders were indifferent between lending in the inter-bank market
and lending to the Central Bank. However, quite often, there was adivergence
between comparable market rates and the OM O auction rate. The divergence
existed mainly because the prevailing conditionsin the country did not permit
countinouse absobtion of the entire excess liquidity through the OM O auction.
If the market were operating around the middle of the corridor, and the entire
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volume of excess liquidity were absorbed through OMO auction at market
rates, market rates would have not fluctuated simply due to changes in excess
liquidity.

V. Suggestionsfor Improving Effectiveness of
Monetary Policy Operations

The Central Bank has successfully implemented the present system of monetary
policy operations, though during a certain period, the achievement of the
expected outcome of the system was constrained by reasons beyond the control
of the Central Bank. Nevertheless, asidentified through the experiences since
March 2003, there is a scope for further improving the system.

A. Operating Target

It seems that there is a need for refocusing on monetary targets and
instruments and identifying precisely therole of each instrument. In particular,
it seems more appropriate that the operating target is redefined.

It has been a usual practice to consider reserve money which is derived
from the balance sheet of the Central Bank and hence presumed as being under
the control of the Central Bank as the operating target of monetary policy.
However, this presumption is not quite correct, particularly under the present
system of monetary policy operations. Reserve money is comprised of balances
held by commercial banks with the Central Bank which are governed by
Statutory Reserve Requirements (SRR) and hence are fixed, and currency
outstanding which are exogenous in the short run. On the other hand, reserve
money is released by the accumulation of net foreign assets (NFA) and net
domestic assets (NDA) by the Central Bank. Whenever thereisan increasein
NFA, there would be a corresponding decline in NDA through an increase in
sales of Treasury billson repurchase basis or adeclinein purchases of securities
on reverse repurchase basis to absorb the liquidity created by the increase in
NFA. Evenif the Central Bank did not make a discretionary step to absorb the
liquidity, the absorption would take place through standing facility. Similarly,
the impact of areduction in NFA would be neutralized through an increase in
NDA. More specifically, if the Central Bank sells Treasury bills outright to
reduce reserve money, it would not be materialized directly as there would be
acorresponding declinein repo sales or anincrease in reserve repo purchases,
leaving the stock of government securities held by the Central Bank unchanged.

Accordingly, since the Central Bank does not have a direct control over
the reserve money, it is not quite appropriate to useit as an operational target.
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Infact, it isan intermediate target which isto be achieved by changing interest
rates. An operating target of reserve money may lead to excessive volatility in
interest rates, which would make it more difficult for the Central Bank to
signal itsmonetary policy stance. The monetary policy operations of the Central
Bank affects reserve money, only through their impact on short term interest
rates. Therefore, it is more appropriate to consider reserve money as an
intermediate target, and short term interest rates as the operating target. The
only market based instrument available to achieve the reserve money target is
the interest rate corridor and normally it implies an implicit target on interest
rates usually in the middle of the corridor. This implicit target is considered
as being consistent with the reserve money target.

This approach is consistent with the ‘Monetary Target and Instrument
Framework’ suggested in Peter Dattels report.* However there is a concern
in moving to this approach asinterest rates may become volatile due to factors
as outlined in section 4.2, which are beyond the control of the monetary
authority. These factorsarerigiditieswhich will eventually berelieved through
improved competition and strengthening of financial institutions.

B. Daily Repurchase Auctions

The instrument to achieve the interest rate target is the daily repurchase
auction. The size of the auction needsto be set to achieve the desired interest
rate outcome. Normally, monetary operating target would be on overnight
call money rates. However, in view of the divergence between call money
rates and repurchase rates created by atax credit of 1/9th of interest earned on
secondary market operations in government securities in Sri Lanka, the
monetary operating target needs to be set on the overnight repurchase rate for
transactions among commercial banks and primary dealers, as it is the rate
comparable with the policy rates of the Central Bank which are for transactions
on a repurchase basis. Accordingly, the daily auction should be conducted to
maintain the market repurchase rate around the implicit target which isusually
in the middle of the corridor.

Therefore, the size of the auction need to be determined only by
considering its outcome on interest rates to achieve the interest rate target
(implicit). This is more consistent with the approach adopted by advanced
countries and inflation targeting countries and hence, would facilitate eventual
move to inflation targeting monetary policy framework.

4/ ‘A Strategy for Strengthening the Framework and Implementation of Monetary and
Foreign Exchange Operations.’ IMF Technical Assistance report prepared by Peter Dattels
etc. (August 2001).
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C. Management of Short Term Liquidity and Interest Rate Stability

As long as the size of the daily auction is set to maintain short term
interest rates at the implicit target, preferably in the middle of the corridor,
changes in the volume of excess liquidity would not necessarily lead to
significant fluctuationsin interest rates. Specifically, at thetarget rate, if there
isaliquidity surplus, it should be absorbed through the auction and if thereis
adeficit, liquidity should be injected to cover the entire deficit. Aslong asthe
auction rate converges with the market rate, the target rate could be maintained
and there would not be a significant change in interest rates, even if liquidity
in the market shiftsfrom asurplusto adeficit. However, in setting the auction
size, due attention needs to be paid on constrains arising from rigidities such
as limits on inter-bank lending.

Aslong asthe OMO auction rate converges with market rate, there would
not be a pressing need to provide liquidity through purchases of Treasury
bills to meet seasonal demand in months of March/April and December, as
the required liquidity could be injected through daily auction of reverse
repurchase transactions. As long as the entire increase in the demand for
liquidity is accommodated at the prevailing market rate, it should not lead to
fluctuations in interest rates.

D. Management of Long Term Liquidity

Though, interest rates should not fluctuate with changes in the volume
of liquidity in principle as long as the daily OMO auction is conducted to
maintain theimplicit interest rate target, thereisanormal tendency for interest
rates to decline (increase) when market operates with an excessively large
liquidity surplus (deficit). Therefore, it is essential that liquidity surplus or
deficitinthe market is not allowed to be excessive through outright transactions
in government securities. Inthisregard, it isimportant that the constraints for
outright transactions noted in Section 3 are removed particularly through
following actions for which, initiatives have already been taken.

a. introduce long term repurchase transactions as an additional
instrument for managing long term liquidity. This would help
alleviating the constrain imposed by the lack of securities of tenure,
demanded by investors.

b. enhance the facilities available in the electronic system for
conducting auctions, to enable the conduct of multiple auctions
simultaneously.
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Modeling and Forecasting Currency in
Circulation in Sri Lanka

Rupa Dheerasinghel

Abstract

Currency in circulation is typically estimated either by
specifying a currency demand equation based on the theory of
transaction and portfolio demand for money or univariate time series
models. The first approach works well with low frequency data but
faces limitationswith high frequency data series. Therefore, this paper
proposes an alter native approach in modeling the high frequency data
series by decomposing the trend, the seasonal, and the cyclical
components. Three separate models were estimated with monthly,
weekly and daily time series, assembling tools for forecasting trend,
seasonal patterns and cycles in individual series separately. Trend
and seasonal effects were identified by regressing on trend and
seasonal dummieswhile cyclical dynamicswere captured by allowing
for ARMA effect in the regression disturbances. The sample period is
1 January 2000 to 31 August 2005 and data for 1 September 2005 to
31 January 2006 were used for post validity test. All three models fit
the data well and provide very close forecasts during the post sample
period. All three models clearly identify both inter-month and intra-
months variations of currency in circulation. The models also
identified that the Sinhala/Tamil New Year, elections, Christmas and
the day prior to public and bank holidays have significant positive
impact on demand for currency in Sri Lanka. This methodology may
be used in forecasting currency in circulation with careful assessment
of day to day current developments in the economy.

|. Introduction

The Central Bank of Sri Lanka (CBSL) has been conducting its monetary
policy within aframework of targeting monetary aggregates, in which reserve

1/ The author wishes to express her sincere gratitude and thanks to Dr. D.S. Wijesinghe,
Director, Domestic Operations Department and Dr. PW.R.B.A.U. Heart, Alternative
Executive Director, IMF for their valuable comments and suggestions on the first draft
of this paper.
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money isthe operating target. Reserve money consists of the balances held by
commercial banks with the Central Bank under the Statutory Reserve
Requirement (SRR) and currency in circulation. In Sri Lanka, currency in
circulation accounts for more than 65 per cent of the total reserve money,
indicating itsimportance in overall monetary management. Within the existing
framework, monetary policy operations are conducted to achieve a path of
reserve money targets, while maintaining interest rates stable around a rate
consistent with the path of reserve money targets. Under the current system of
active Open Market Operations (OMO)2, an implicit interest rate is achieved
by appropriately managing market liquidity, in particular, by adjusting the
volume of liquidity absorbed or injected through the auctions. Therefore, this
system requires an accurate assessment of the daily liquidity position in the
banking system.

Theliquidity of the banking system isinfluenced by several autonomous
factors, which are beyond the direct control of the Central Bank and the banking
system. The most important autonomous factors are the government’s net
borrowings from the Central Bank and other banks, foreign exchange
transactions with the Central Bank and the amount of banknotes and coinsin
circulation. A change in these factors injects or absorbs liquidity. Therefore,
it leads to fluctuations in the liquidity position in the banking system. The
currency in circulation comprises the outstanding amount of banknotes and
coins held by the public and banks, which is determined by the cash demand
of both the public and the banking system. Given this background, a systematic
study of both short and long run variations in currency demand is extremely
important for the banking system, in particular, to the Central Bank.

The availability of an accurate assessment of currency demand would
enable the Central Bank to plan monetary policy strategies in advance to
manage liquidity efficiently, to stabilize the money market in the short run
and to maintain the target monetary growth in thelong run. Such an assessment
would also help the banking system to estimate the currency demand more
accurately thus leading to an improvement in the cash flow management.
Existing studiesin Sri Lankahave mainly focused on modeling money demand
functions with annual and quarterly time series. No studies are available of
attempts to examine the behaviour in currency in circulation, even with annual
data. However, given the recent changes in monetary policy operation
techniques, which require close monitoring of money market liquidity, it is
extremely important to study the variation in currency in circulation beyond
quarterly or monthly frequencies. Therefore, this study attempts to apply
modern techniques in the area of modeling and forecasting time series to

2/ The system of active open market operations was introduced by the CBSL on 3 March
2003, aiming at managing market liquidity actively at its own discretion.
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understand the daily, weekly, monthly behavioural patterns and to develop a
model suitable for short term forecasting of the currency in circulation in Sri
Lanka. The model and the findings of the study could be used for monitoring
and assessing the liquidity position in the market and planning for liquidity
management through open market operations. Section 2 of the paper provides
the theoretical aspects of the modeling process and model specifications.
Section 3 presents the outcomes of the modeling exercises, while Section 4
provides economic justifications. Section 4 concludes the paper with
observations and recommendations.

Il. Methodology, Data and M odel Specification
A. Theory, Data and Limitations

In general, two types of statistical techniques are used in modeling and
forecasting. One approach is the estimation through a standard currency
demand function based on the theory of transactions and portfolio demand for
money. Such an equation is estimated in isolation or as a part of a macro
economic model. Explanatory variables commonly used in such an equation
are income, price levels and interest rate to represent the opportunity cost of
holding currency. The other approach is based on univariate time series models.
In the literature, both approaches are used extensively in modeling annual
and quarterly data series. However, the first approach israrely used in modeling
series with high frequenciesi.e., beyond quarterly data. Thisis mainly dueto
the non availability of income data with high frequencies. It is also difficult
to find aproxy for income with frequencies beyond monthly data. Theoretically,
univariate models could be applied to any frequency (i.e., monthly, weekly or
daily). Nevertheless, the specification of these models with high frequency
data is somewhat difficult due to certain factors which are common to any
country. Some of these difficulties are discussed below.

* In any economy, intra-month or intra-week variations may change from
week to week or month to month. For exampl e, the second and third weeks
of April are significantly different from any other month in ayear due to
the Sinhala/Tamil New Year festival effect in these two weeks in April.
Similar differences are common within the months as well.

» Modeling the effect of a particular day in two different years, is rather
difficult because of holidays and variationsin lag effects. Thisproblemis
most pronounced in analyzing daily or weekly data series. For example,
if weekly dataare used, it iswell known that demand for currency is high
in the Christmas week and the week prior to the Christmas week. In 2002,
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the week prior to the Christmas week ended on 22 December (Sunday),
in 2003, on 21 December, in 2004, on 19 December etc. Univariate time
series models will not be able to capture the effect of one or two extra
daysinweekly models. Thisnature of datawill makeit difficult to explain
intra-month variations as well.

» The changing nature of the number of weeks belonging to a month makes
it difficult to identify the fluctuations within a month.

» Countries aimost universally follow the Gregorian calendar. Sri Lanka
too follows the same calendar to set its weekends and all statistics are
compiled according to this calendar. However, holidays do not follow the
Gregorian calendar, as they are based on the festivals and religious
observances of different ethnic groups in the country, which do not
necessarily follow the pattern of the Gregorian calendar. This makes it
difficult to model high frequency time series.

» Currency in circulation displays a pronounced seasonality, with weekly,
monthly and annual patterns. The monthly pattern of the currency in
circulation may be determined by the payment of salary advances or
salaries. The amount of the currency in circulation may increase on the
weekend and decline afterwards the trading day effect. Further, the amount
of currency increases before the Sinhala/Tamil New Year, Vesak, Christmas
and other national holidays.

Given these constraints, the paper attempts to identify the short term
variations, as far as possible, in the currency in circulation in Sri Lanka.3 To
model the currency in circulation it is important to know the factors which
affect its movement, especially its trend and seasonality. Limitations in the
data and the models specified will be discussed in Section 3 wherever

appropriate.

The sample covers the period of 1 January 2000 to 31 August 2005,
i.e., 2,070 days. The actual data for the period of 1 September 2005 to
30 November 2005 have been used to test the validity of the forecast. The
daily data for currency in circulation compiled by the Central Bank are used
for the analysis. On the basis that the currency in circulation on any Friday
circulatesin the economy during the weekend, all 365/366 dayswereincluded
in the sample.* In the case of holidays, data pertaining to the last working
day is applied for the holiday.

3/ The model specification is based on the methodology developed in Diebold in [2004]
‘Elements of Forecasting’ for modelling and forecasting time series with high frequency.

4/ A five day week is considered at the initial level of estimation. It was found that data
series with full calendar year perform well in all models.
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B. Model Specification

It is empirically obvious that in many economic time series a trend exists.
A trend is defined as slow, long run, evolution in the variable. It is produced
by slowly evolving factors such as preferences, technol ogies, institutions and
demographics. Chart 1 showsdaily dataon currency in circulationin Sri Lanka
from 1 January 2000 to 31 October 2005, in which the trend appears roughly
linear.

That is, a simple liner function of time provides a description of the
trend. Thevariable TIME is constructed artificially and is called time trend or
time dummy.

Te=Bo+ By TIME; woieriiiieie e (2.1)

Where sample sizeisnand TIME=(1,2,3, ................n-1,n)

Chart 1 — Currency in Circulation
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Sometimes, the trend appears nonlinear, or curved, for example, when a
variableincreases at an increasing or decreasing rate. A quadratic trend model
can capture the nonlinearities.

T =By + By TIME, + TIME? ..o (2.2)
Even though the quadratic trend fits better than the linear trend, it is

appropriate to test other types of trend models as well. If the trend is
characterized by a constant growth at rate 3, then the equation is
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T, =B PTIME . (2.3)

In logarithmic form

IN(TY =N (Bg) + By TIME, wovvieeeeieeens v (2.38)

Or aquadratic trend regression in logarithmic form

In(TY =In(Bg) + By TIME, + B,TIME? ..o (24)

Most model selection criteria attempt to find the model with the smallest
out-of -sampl e 1-step ahead mean sgquared prediction error. Selecting the model
with the smallest mean squared error (MSE) is equivalent to selecting the
model that maximizes R? |n sample M SE cannot rise when more variables are
added to the model, and typically, it will fall continuously as more variables
are added. However, including more variables in the model would not
necessarily improve its out of sample forecasting performance, although it
will improve the model’s fit on historical data. To reduce the bias associated
with MSE and related indicators, it is necessary to penalize the in sample
residual variance for degrees of freedom. Two very important such criteria
are the Akaike Information Criterion (AIC) and the Schwarz Information
Criterion (SIC). The model with the lowest AIC and SIC is considered as the
best fit to the data.

Seasonality persistsin many economic time series. Chart 1 shows clear
seasonal peaksinApril each year, associated with the Sinhala/Tamil New Year
festival. There may also be seasonality intra month or intra week due to
spending habits, salary payments etc., as mentioned earlier. One way to deal
with seasonality in aseriesissimply to removeit and then to model and forecast
the seasonally adjusted series. This strategy is often appropriate in economic
forecasting whereinterest typically centres on identifying all the variationsin
the series. However, if seasonality is responsible for a larger part of the
variation in a particular data series, it is important to model with unadjusted
data series.

A commonly used technique for modeling seasonality is regression on
seasonal dummies. In many countries, four seasons are commonly used.
However, in the case of Sri Lanka where four seasons are not visible, such
climatic impact on currency in circulation is not expected. If dealing with
monthly data 12 seasons can be observed. In the case of weekly data 52 seasons
can be identified. Since currency in circulation with daily observations is
available, within week and within month variations can be examined.
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The seasonal dummy model is

Where s is the number of seasons considered.

Inclusion of a full set of seasonal dummies and an intercept produces
perfect multicollinearity, and therefore, the intercept is excluded from the
model. In the absence of seasonality Y; sare all the same and we can drop the
seasonal dummies and include an intercept.

Since the data series exhibits a trend, the model takes the form

S
Yy =BITIME +5 Vi Dip# & oo (2.6)
i=1

The standard seasonality represents general calendar effects. Two
additional important calendar effects are holiday variations and trading day
variations.

Holiday variationsrefer to the fact that the dates of some holidays change
over time. That is, although the holiday occurs at approximately the same
month each year, the exact date changes. Some examples are the monthly
poya holiday, Sinhala/Tamil New Year, Vesak, Deepavali and Easter. The
behaviour of the currency in circulation depends, in part, on the timing of
such holidays. Therefore, it isimportant to keep track of themin aforecasting
model. As with seasonality, holiday effects may be handled with dummy
variables. In addition to seasonal dummies, adummy variable can beintroduced
to reflect the effect of special holidays, which would be 1 for holidays and 0
otherwise.

Asthe number of trading daysin a particular month or week may have a
higher impact on the currency in circulation, in all models the trading day
effect too isexamined alternatively for holiday variable. In the monthly model,
the number of trading days in that month is the value of this variable. In the
daily series, all trading daysare indicated as 1 and O otherwise. Festival season
variation refers to the fact that certain months contain festivals which are
important considerations for modeling and forecasting currency in circulation.
Therefore, a variable is included in the weekly and daily models to capture
the effect of different festival seasons. However, in amonthly model, the effect
of the festival could not be isolated from the seasonal factors.
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Furthermore, especial events, such as elections might have positive
impact on the currency in circulation as the public demand more currency due
to uncertainty associated with the election.

The complete model is

S \" u
Y, =B, TIME, + > YD, +> OHPHDV, + BFSHDV, + &, ... (2.7)
i=1 i=1 i=1

Where HDVs are the relevant holiday variables (number of variables
isv) and FSVs arerelevant festival season variables (the number of variables
isu; in most cases u=1).

It is also important to develop the model to capture any cyclical pattern
that may persist in the series, some way in which the present is linked to the
past and the future linked to the present. However, thisis more difficult than
modeling trend or seasonality. First it is necessary to see whether the underlying
probabilistic structure of the seriesis changing over time. If so, there would
be no way to predict the future accurately on the basis of the past, as the laws
governing the future would differ from those governing the past. Therefore, it
is necessary to have its mean and covariance structure stable over time,
i.e., the series needs to be covariance stationary. It istrue that many economic
variables are not covariance stationary. Even in the case of currency in
circulation, there exists an upward trend, which correspondsto the Y, steadily
increasing mean, and seasonality, which corresponds to means that vary with
the season, both of which violate covariance stationarity. However, it is possible
to achieve covariance stationarity with models that give special treatment to
such non stationary components such as trend and seasonality, so that the
cyclical component left over is likely to be covariance stationary. The right
model for any covariance stationary series is some infinite distributed lag of
white noise, called the Wold representation, which takes the form

S
Y, =B(L)E = > ObE,,; whereE OJWN (0,09
i=0

by =1 and 3 job? <
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Therefore, after selecting an appropriate model to identify the dynamics
operating in the currency in circulation series, correlogram analysis® is carried
out. Based on the findings, an autoregressive (AR), moving averages (MA) or
autoregressive moving averages (ARMA) model is specified. Model selection
procedure is discussed in Section 4, together with estimation results.

The tool used in this analysis to model and forecast trend seasonality
and cycles is one that regresses on a trend and seasonal dummies to capture
the impact of trend and seasonality, and then captures the cyclical dynamics
by allowing for ARMA effects in regression disturbances. The full model is

Y, =T, (0)+Y VY, D, +3 OHPHDV,, +3 BFSFsv,, +€,
D) g, =0OWL)V,
OL) =1+0L+......... 0L

PL) =1+Q,L+....... -0 L

v, OWN (0,07

T, (8) is atrend, with underlying parameters 6. For examples a linear
trend has 6 = 3, and T,(6) = B, TIME,, while aquadratic trend has 6 = (B, 3,)
and T«(8) = B, TIME, + B, TIME?

In this equation, the trend, seasonal, holiday/ trading day variables,
festival seasons, elections and harvest seasons are included. The disturbance
follow an ARMA(p,q) process, of which pure auto regressions and moving
averages are special cases. Inany particular application, asdiscussed in Section
4, varioustrend effects, seasonal and other calendar effectsand ARMA cyclical
effects may not be required and could be dropped. When seasonal dummies
are insignificant and dropped, an intercept could be included.

5/ A correlogram analysis simply means examination of the sample auto correlation and
partial auto correlation functions (with two standard error bands), together with related
diagnostics, such as Q statistics.
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I11. Estimation — Results
A. Estimation with Monthly Data

The entire study coversthe period 1 January 2000 to 31 December 2005 with
daily data on currency in circulation. However, in the case of forecasting
liquidity in the system for along time horizon, it is more important to have a
monthly forecast than aweekly or adaily forecast. Using adaily or aweekly
forecast for long time horizons tends to produce larger errorsin longer-term
estimates. Therefore, in order to identify inter month variations and estimate
monthly requirements of currency for monitoring monetary targets and
planning for liquidity management one or two months ahead, it was decided
to examine the behaviour of currency in circulation on a monthly basis. Data
on Monthly averages of currency in circulation are used for the estimates.

A simple liner function of time, Equation 1, provides a description of
the trend. The variable TIME is constructed artificially and is called the time
trend or time dummy.

CURRENCY, = 59764 + 816.0147 TIME, .......ccoovrvrrernnnn. (3.1)
(49.4765)  (23.6939)

Where sample sizeis60and TIME=(1,2,3, ............. 60)

Chart 2.1, which depicts currency in circulation, the fitted trend and
residuals, shows a somewhat adequate representation. However, a deviation
of actual currency in circulation from the trend is apparent.

Therefore, a quadratic trend model is used to capture the nonlinearities
observed in the currency in circulation.
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CURRENCY, = 67374 + 79,5716 TIME, + 12.0728 TIME2 (3.2)

(51.4490)  (0.8033) (7.6704)

Chart 2.2 presents the currency in circulation data with a superimposed
qguadratic trend. Although the quadratic trend fits better than the linear trend,
it isstill appropriate to test other types of trend models as well.
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In Chart 2.3, which shows the logarithm of currency in circulation, the
trend appears to be approximately linear. In this data series, the trend appears
to be non linear in levels but linear in logarithms, that is, it has alog linear
trend. If the trend is characterized by constant growth at rate 3, then the
equation is

T, = Bye PLTME, .. (3.3
In logarithmic form
log (CURRENCY ) = 11.0424 + 0.0095TIME;, .. (3.39)

(900.5412)  (27.1168)

LCURRENCY = 11.1057 + 0.0033 * TIME + 0.0001 * TIME2
(722.3511)  (2.8786) (5.4404)

R2 = 0.9502 AIC = -3.6338 SCI = -3.5290 DW = 1.2180

Based on the selection criteria discussed in Section 2, the above results
suggest that the log linear and quadratic trend model in logsfits the datawell,
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Table 1 — Results of Trend Models

Model Within Adj. R? AlC sic
sample MSE
Linear 20666667 0.9047 19.7469 19.8167
Quadratic Trend 10150000 0.9523 19.0714 19.1759
Log Linear 0.002126 0.9269 -3.2489 -3.1791
Log Quadratic Trend 0.001399 0.9502 -3.6338 -3.5290

but that the quadratic trend model performs slightly better in both within the
sample and out of sample forecasts. As shown in Chart 2.4 and estimation
results given in Equation 3.4, currency in circulation trends upward and the
trend appears nonlinear in spite of the fact that logarithms are used. Theresidual
plot shows that the fitted trend increases at a decreasing rate and both the
linear and quadratic terms are significant. The adjusted R? is 95 per cent,
reflecting the fact that the trend is responsible for alarge part of the variation
in the currency in circulation. The residual plot shows obvious residual
seasonality and Durbin-Watson statistics suggests serial correlation in errors.
Theresidual plot also suggeststhat there may be acycleinresiduals, although
it isdifficult to establish a clear case as the pervasive seasonality swampsthe
picture and make it difficult to infer much.

The residual correlogram and its graph confirm the importance of the
seasonality. The residual sample auto correlation function has large spikes,
far exceeding the confidence levels, at the seasonal displacements, 12, 24 and

Chart 3.1 — Sample Autocorrelation Functions Chart 3.2 — Partial Autocorrelation Functions
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36. It indicates some cyclical dynamicsaswell. Apart from the seasonal spikes,
the residual sample auto correlation and partial auto correlation function
oscillate, and the Ljung-Box statistic rejects the white noise null hypothesis
even at very small, non seasonal displacements.

LCURRENCY = 0.0034 * TIME + 0.0001 * TIME2 + 11.0989 * D1
(6.0231) (11.2575) (963.6170)

+11.0887 * D2 + 11.1099 * D3 + 11.1976 * D4 + 11.1065 * D5
(914.6565)  (995.3413) (827.9147)  (882.1290)

+11.0872 * D6 + 11.0792 * D7 + 11.0795 * D8 + 11.0771 * D9
(1010.4070)  (1020.9071)  (1014.0810)  (996.9504)

+11.0737 * D10 + 11.0717 * D11 + 11.1035 * D12

(969.5711) (980.8971) (920.0366)
+0.0308 * ELECTION + 0.0013 * HOLI ....oecevevveiveeeeeen. (3.5)
(2.6042) (0.4668)

R2=0.9915 AIC=-4.9408 SCl=-4.3823 DW =0.3423

Where,

LCURRENCYD = Log of Currency in Circulation (1% difference)
HOLI = Number of holidays per month,

ELECTION =1 for the month having election, 0 otherwise
TIME, =t=1,2,n1 n(n=60)

D1, D2...... D12 = Seasonal factorsfor January, February...December

Equation 3.5 shows the results of regression on quadratic trend and a
full set of seasonal dummies. The quadratic trend remains highly significant.
The adjusted R? rises to almost 100 per cent and the standard error of the
regression fallsto 0.0183. Theresidual plot shows no seasonality asit is now
captured by the model, but it confirmsthe signal given by the Durbin —Watson
statistic of serial correlation. Theresidual correlogramsin Chart 4.1 and Chart
4.2 show that the partial auto correlations oscillate and decay slowly and they
exceed the Bartlett standard errors frequently. The Ljung-Box test strongly
rejects the white noise null at all displacements. The residual sample auto
correlations cut off at displacement 1. All of these factors suggest that an
AR (1) would provide a good approximation to the disturbance’s Wold
representation.
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Chart 4.1-Sample Autocorrelation Functions Chart 4.2- Partial Autocorrelation Functions
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A model with aquadratic trend, seasonal dummies and AR(1) improved
the R2 to 99.7 per cent and Durbin-Watson statistic confirmsthat it is free of
serial correlation. The standard error of the regression isas small as0.01. The
residual plot in Chart 5 reveals no pattern and looks like white noise. The
residual sample auto correlations and partial auto correlations display no
patterns, and are mostly inside the Bartlett bands. The Ljung-Box statistics
are also good for small and moderate displacements. The histogram and
normality test applied to the test suggest that the residual s appear to be fairly
well approximated by a normal distribution.

LCURRENCY = 0.0059 * TIME + 6.6887e-05 * TIME2 + 11.0529*D1
(2.8332) (2.6071) (189.5149)

+11.0437 * D2 + 11.0676 * D3 + 11.1540 * D4 + 11.0641 * D5
(189.3883)  (190.2798)  (191.2944)  (190.1096)

+11.0467 * D6 + 11.0399 * D7 + 11.0404 * D8 + 11.0381 * D9
(190.3868)  (190.5530)  (190.6454)  (190.6933)

+11.0358* D10+ 11.0334* D11 + 11.0655 * D12 + 0.00213 * HOLIDAY
(190.8448)  (190.9925)  (191.6740)  (1.7668)

+0.0277 * ELECTION [AR(1) = 0.8541]
(5.5660) (10.0667) ...veveveeeeenn . (3.6)

R2=0.9975 AIC=-6.1191 SCI =-5.5201 DW = 1. 8669
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Chart 5 — Results of Equation 3.6
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For the purpose of analyzing the economic implications (Section 4) and
to measure the monthly changes of currency in circulation, the model is
re-estimated with first differences of the data. To estimate the effect of each
month of the year separately, and to avoid the dummy variable trap, in the
empirical specification the regression has done without a constant term.
The monthly effect has been captured by the Dj (J=1, 2, 3, 4,....11,12)
respectively. In the empirical specification, same variables included in
Model 3.6 have been added to capture the effect of bank holidays, elections
etc.

The regression results reported below find evidence in favour of the
earlier findings for monthly data. More importantly, the results reveal that

Chart 6.1 — Sample Autocorrelation Functions Chart 6.2 — Sample Partial Auto Correlation Functions
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Chart 7 — Results of Equation 3.7
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there is a pronounced month of the year effect in the growth rates of currency
in circulation. Chart 9 presents the graph of estimated Dj as a function of
j(@,2,3, ... 11, 12).

LCURRENCYD = 0.0002 * TIME —0.0311 * D1 —0.0216 * D2 + 0.0156 * D3
(2.1988) (-4.251544)  (-3.1405)  (2.6010)

+0.0674 * D4 —0.1050 * D5 — 0.0248 * D6 — 0.0075 * D7
(8.5818)  (-14.6352)  (-4.2793)  (-1.8639)

—7.9672 e-05* D8 —0.0052 * D9 - 0.0061 * D10 —0.0124 * D11

(-0.0140) (-0.8749) (-0.9972) (-2.0291)
Chart 8.1 — Sample Autocor refation Chart 8.2 — Sample Partial Autocorrelation
Functions Functions
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+0.0248 * D12 + 0.0061 * HOLI + 0.0280 * ELECTION
(3.6640) (3.5917) (4.0093) ....cvveeen . (3.7)

R2=0.9950 AIC=-6.1004 SCI =-5.4759 DW =2.1210

The model produced white noise residuals. The residual sample
autocorrelations and partial auto correlations display no patterns and are mostly
inside the confidence bands, while the histogram and normality test too
performed well .

The model clearly indicates significant positive seasonality in all
months except August, September and October The coefficients are positive
and relatively higher in April and December. Chart 9, which plotted the
coefficients of seasonal dummies, confirms that clear positive seasonality is

Chart 9 — Estimated coefficients for Month of the Year
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6/ To select the model that produces an accurate estimate of the 1-step-ahead out of sample
prediction error variance, it is necessary to penalize the in sample residual variance
(the M SE) reflecting the degrees of freedom used. The model that minimizes the standard
error of the regression or the model that maximizes adjusted R2, are equivalent, and
they do penalize for degrees of freedom used. Two very important such criteria currently
used in the literature are Akaike Information Criterion (A1C) and the Schwarz Information
Criterion (SIC). Comparing the properties of all these criteria, recent literature suggests
that MSE isinconsistent because it doesn’t penalize for degrees of freedom. S? penalizes
[What is S2 please] for degrees of freedom but not enough to use as a consistent model
selection procedure. The AIC penalizes degrees of freedom more heavily than S2, but
SIC, which penalizes degrees of freedom most heavily, is consistent than S? and AIC.
TheAlC, although inconsistent, is asymptotically efficient, whereas SIC is not. Therefore,
the literature suggests examining both A1C and SIC as model selecting criteria, although
on many occasions they select the same model by producing minimum values. If these
two criteria select different models, the use of the model selected by SIC isrecommended.
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exhibited in April and December. Within the year, monthly demand tends to
increase gradually from March. This was due to the Sinhala/Tamil New Year
festival, which occurs on the 13 and 14 of April each year. This growth may
also be partly attributable to the Maha harvesting season which coincideswith
the New Year. However, it is not possible to distinguish the harvesting effect
from seasonality in the monthly model, although it may be possible with weekly
and daily data. Currency growth thus peaksin April and then startsto fall in
May. The seasonality smoothes off during June-November and then increase
in December dueto the Christmas demand. The demand startsfalling in January
and picksup in March. Within the month variations will be discussed in Section
3.3 below. The holiday effect and the variable which represents el ections were
found to be significant. The impact of the Sinhala /Tamil New Year and
Christmas are captured by the seasonal dummies for April and December.

Forecast Based on Monthly Data

Rs. Billion
Asa% Forecast
Actual | Forecast |Difference (Rs. Billion)
2005 2006
January 117.0 116.6 -0.4 -0.3 January 133.4
February 119.5 117.1 -2.4 -2.0 February 132.4
March 127.0 122.8 -4.2 -3.3 March 137.2
April 137.5 135.8 -1.7 -1.2 April 151.5
May 125.3 124.1 -1.2 | -09 | May 140.1
June 124.0 123.9 -0.1 -0.1 June 138.6
July 124.6 124.6 0.1 0.1 | July 140.4
August 126.4 127.0 0.6 0.5 August 143.4
September 128.4 127.9 -0.4 -0.3 September 145.7
October 129.4 129.6 0.2 0.2 October 147.9
November 131.8 132.1 0.3 0.2 November 148.3
December 134.3 134.2 -0.1 -0.1 December 154.4
SER (within
sample) (a) 1.0108
Out of
sample
forecast error 1.5424(b)

(a) Standard Error of Regression (SER) (in Rs.Bn.) = [ S (Actual-Forecast) 2/Degrees
of Freedom]

(b) This model under estimated reserve money in February, March and April 2005
due to un-expected impact of Tsunami related movements in currency.
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Chart 10— Currency in Circulation (Based on Monthly Data)
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The estimated model is used to forecast historical data on currency in
circulation and 12 month-ahead extrapol ation forecasts for January — December
2006. Actual data for January — October 2005 were used for post sample
validity tests. The forecast appears reasonable. It is visually apparent that the
model has the ability to pick up the seasonal patterns that dominate the local
behaviour of the series. Chart 10 shows actual historical data, the forecast and
the January — September 2005 realization.

The estimate seems reasonable as it closely capture the trend and the
seasonal and cyclical patternsin the past, and performsvery well in post sample
validity tests. During this period, forecast errors in many months were less
than 1 per cent and post sample estimation error is less than 2 per cent.
Chart 10 which shows changes in currency in circulation over the previous
month, shows the monthly estimates for January — December 2006 following
a similar pattern shown during 2001-2005. Therefore, the estimates may
productively be used as a basic input in long term liquidity assessment.

Chart 11 — Monthly Changesin Currency in Circulation
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B. Estimation with Weekly Data

Data on currency in circulation are compiled by the CBSL on daily basis.
Datafrom Monday to Friday are averaged to obtain aweekly series of currency
in circulation. Chart 12 showsthe weekly movements of currency in circulation
from 03 January 2000 to 2 September 2005, i.e., 296 weeks. Eight weeks up
October 2005 were used for post sample testing of the forecast.

Chart 12 shows clear evidence of a trend in the weekly average of
currency in circulation. Using the same methodology developed in
Section 3.1 it was found that quadratic trend model in logarithmic form fits
data well.

Chart 12 also clearly indicates intra month seasonality in some months
(April and December). However, seasonality is not that evident in other months.
Therefore, to examine the intra- month seasonality more intensively, the year
over year line graphs of currency in circulation are examined. Chart 12 reveals
that for all the years, the patterns are very similar, indicating no evidence of a
structural break or change in seasonality during the period. The minor
variations from year to year occur mostly due to (a) shift of the week and
(b) festivals which do not strictly follow the Gregorian calendar. In order to
examine intra-month seasonality in a systematic manner, seasonal dummies
were included in the model. To represent the 5" week in some months,
a 5t dummy variable was also included.

Chart 12— Year on Year Weekly Data on Currency in Circulation
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LCURRENCY = 0.0025 * TIME + 10.9834 * D1 + 10.9850 * D2
(15.5489) (359.8467)  (359.9390)

+10.9932 * D3 + 10.9917 * D4 + 10.9847 * D5 + 0.01258 * CHRIST
(360.2060)  (360.0916)  (359.3079) (4.6214)

+0.0408 * NEWYEAR + 0.0017 * HOLIDAY + 0.0082 * HARVEST
(13.9584) (1.9740) (4.3525)

+0.0195 * ELECTION + [ AR (1) = 0.9382 ]
(3.2722) (50.8241) ....oeecvvevee e (3.8)

R2=0.9957 AIC=-5.6683 SCl=-55184 DW =1.8889

The model clearly identifies the significance of the New Year and
Christmas seasons in changing demand for currency. In the monthly model,
theimpact of these two variablesis captured by seasonal dummies. The impact
of other public holidayswas also found significant, but the coefficient issmaller
than the coefficients for the New Year and Christmas. The elasticity estimated
for the holiday effect in the monthly model is nearly 4 times bigger than the
estimate in the weekly model. The elasticity for electionsis aimost doublein
the monthly model. Two dummy variables representing the impact of election
weeks and two paddy harvesting seasons, Yala and Maha, too were found to
be highly significant in this model. However, the effect of the variable for
harvest could not be identified separately in the monthly model. All these
factors show a positive impact on currency demand.

Chart 13, which presents estimated coefficients of seasonal dummies,
indicates clear seasonality among weeks. Within each month, weekly currency

Chart 13 — Estimated Coefficients for Weeks of the Month
10.994

10.992 A

10.990 -
10.988 -
10.986 -
10.984 1

Estimated Coefficients

10.982
10.980

10.978

Weeks




STAFF STUDIES No. 36

demand tends to increase during the second week and remains high in the
third week and then tendsto decline. However, the variations among the weeks
are small in magnitude. Most of the payments to individuals are made during
thistime. The government pays salary advances to public school teachers and
public servants around the 10t of each month. Teachers' salaries are paid
around the 20t while salaries to other government employees, bank employees
etc. are paid around the 25t of each month.” This payment mechanism is
likely to create a pronounced ‘day of the month’ effect in currency in
circulation. Within amonth, seasonality among weeks varies from 0.001-0.01,
but this variation is quite high in April and December.

Forecast Based on Weekly Data

Themodel developed is used to estimate currency in circulation for past periods
and to make 3 month-ahead extrapolation forecasts for January — March 2006.
Actual data for 02 September 2005 — 27 January 2006 were used for a post
samplevalidity test. The within sample and out of sample forecast errorswere
small, while other residual tests such as a Q test, normality test etc. suggest
that the model fits the data well. Although, the forecast based on average
weekly data cannot be compared directly with the forecast based on average
monthly data as some weeks extend into the following month, this forecast
provides reasonably similar values to these produced by the monthly model .8
Itisvisually apparent that the model hasthe ability to pick up seasonal patterns
that dominate thelocal behaviour of the series. Chart 14 shows actual historical
data, the forecast and the January 2005 — January 2006 realization.

Chart 14 — Currency in Circulation (Based on Weekly Data)
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7/ This date varies with the weekend, and other holidays that occur.

8/ The first quarter average for 2006 in the monthly model (Rs. 134.3 billion) is more or
less the same as the forecast by the weekly model (Rs.134.57 billion).
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C. Estimation with Daily Data

Theintra-month variations with weekly data suggest significant but small
variations among the weekly demands. Therefore, it is important to identify
the day of the month effect and, if any, intra week variations. Furthermore,
some systematic estimate of daily currency demand isuseful for daily liquidity
estimates to be used in open market operations.

To estimate the effect of each day of the month separately, the regression
has done without the constant term in the empirical specification. The daily
effect has been captured by the aj (j = 1, 2, 3, 4, ... 30, 31) respectively.
Inthe empirical specification, afew more variables have been added to capture
the effect of bank holidays, harvesting period and festivals.

The regression results reported below find evidence in favour of some
of the earlier findings for monthly and weekly data. More importantly, the
resultsreveal that thereisapronounced day of the month effect in the growth
rates of currency in circulation. Chart 15 presents the graph of estimated Dj
asafunctionof j (1, 2,3, ... 30, 31). Starting from a positivevalue at j = 1,
estimated Dj begins to increase after the 34 day of a month. The results show
that currency in circulation increases at a higher rate after the 7t" day of the
month the time close to the date that government salary advances are paid.
The seasonal co-efficient increases gradually and remains around its peak
during the 14t to 215t day of the month. Though the seasonal co-efficient
starts to decline thereafter, it continues to remain high until the 239 day of
the month. Since the lowest demand is evident during the first and last
week of the month, the results agree with the findings from weekly data
(Section 3.2).

Chart 15 — Estimated Coefficients for day of the Month
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The estimated equation also shows that the effect of the Sinhala/Tamil
New Year festival is strong. The variable which indicates a day prior to a
holiday represents all religious and other bank holidays other than the
Sinhala/Tamil New Year holidays and Christmas holidays. The alternative
variable, viz, the trading day effect, better represents the data than the holiday
variable. The Christmas holiday is significant only at the 10 per cent level of
significancein the model and was subsequently dropped from all specifications.
Neither election days nor harvesting season found significance in this model.

LCURRENCY = 0.0003 * TIME + 11.0048 * A1 + 11.0039 * A2
(17.0191) (428.1711)  (428.1503)

+11.0038 * A3 + 11.0047 * A4 +11.0060 * A5 + 11.0065 * A6
(428.1704)  (428.2245)  (428.2907)  (428.3446)

+11.0083 * A7 + 11.0098 * A8 + 11.0112 * A9 + 11.0129 * A10
(428.4657)  (428.5551)  (428.6550) (428.7506)

+11.0147 * A11 + 11.01667 * A12 + 11.01744 * A13 + 11.0175 * A14
(428.8540) (428.9577) (429.0125) (429.0326)

+11.0180 * A15 + 11.0187 * A16 +11.0181 * A17 + 11.01891 * A18
(429.0657) (429.0993)  (429.0728) (429.1098)

+11.0189 * A19 + 11.0181 * A20 + 11.01742 * A21 + 11.0167 * A22
(429.1085) (429.0639) (429.0227) (428.7506)

+11.01565 * A23 + 11.01426 * A24 + 11.01289 * A25
(428.9007) (428.8061) (428.7023)

+11.01264 * A26 + 11.0101 * A27 + 11.0084 * A28 + 11.0077 * A29
(428.6573) (428.5156) (428.3979) (428.3111)

+11.0055 * A30 + 11.0042 * A31 + 0.0039 * NEWY EAR
(428.1742)  (428.0558) (3.6354)

+0.0026 * CHRISTMAS + 0.001157 * Holiday + [AR(1) = 0.9822,
(1.5252) (4.4798) (236.5869)

MA(1) = 0.0327, MA(2) = 0.0009, MA(3) = 0.1092, MA(4) = 0.1008,
(2.5909) (0.0431) (5.3187) (4.8833)
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MA(5) = 0.0255, MA(6) = 0.0796, MA(7) = 0.3982]
(1.2452) (3.8728)  (19.3518) ......... (3.9)

R2=0.9993 AIC=-7.5103 SCl=-7.3932 DW =1.9914

The equation explains the variation in the currency in circulation very
well. The Adjusted R? is almost 100%. The value of Durbin Watson statistic
isvery closeto 2, implying theresiduals are free of first order auto correlation.
Further examination of the residuals does not indicate the presence of auto
correlation or partial autocorrelation after including ARMA (1,7) lags.
SCI and AIC statistics are negative and small.

The residual plot in Chart 16 reveals no pattern and looks like white
noise. The residual sample auto correlations and partial auto correlations
display no patterns and are mostly inside the Bartlett bands. The Ljung-Box
statistics are also good for small and moderate displacements. The histogram
and normality test suggest that the residuals appear to be fairly well
approximated by a normal distribution.

Chart 16 - Results of Equation . 3.9
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Forecast Based on Daily Data

The model was used to generate estimates of currency in circulation for past
periods and to obtain 3 month- ahead extrapolation forecasts for October —
December 2005. Actual daily data for 1 October — 7 November 2005 were
used for post sample validity tests. Theforecast looksreasonable. Itisvisually
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apparent that the model has the ability to pick up seasonal patterns that
dominate the local behaviour of the series. Chart 17 shows actual historical
datafor 1 January — 7 November 2005 and the forecast. Post sampl e estimates
for 1 October — 7 November 2005 are used for testing the validity of the model.

The results shown in Annex 2 indicate that post sample estimates are
very close to the actual data. It also indicates that the model based on daily
data can produce more accurate estimate for the short run than the model
based on monthly data. The forecasting error for the out of sample period was
0.4432, which is much smaller than those produced by the models based on
monthly and weekly data. Further, the estimated monthly average currency in
circulation based on daily forecasts is very close to the estimate based on
monthly data.

Table 3 — Comparison of Forecasts (Post Sample Estimates)

Rs. Billion
Actual Model Based on | Model Based on | Model Based on
Data | Monthly averages | Weekly averages@ Daily data
Sept-2005 128.4 127.9 128.3 128.4
Oct-2005 129.4 129.6 129.1 129.2
Nov-2005 131.8 132.1 131.5 131.8
Dec-2005 134.3 134.2 133.2 133.9
Jan-2006 132.9 133.4 133.6 132.8
Feb-2006 132.4 133.2 132.7

(a) The forecast based on average weekly data cannot be compared directly with the
forecast based on average monthly data in certain months as some weeks partly
fall into another month.

Chart 17 — Currency in Circulation (Based on daily data)
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Chart 17 shows historical data on currency in circulation and three
months ahead extrapolation forecasts for 1 September 2005 to 28 February
2006. To help visual interpretation, only 9 months of past data are shown in
the Chart. The model has performed well in picking up seasonal patterns that
dominate the local behaviour of currency in circulation.

IV. An Interpretation of the Econometric Results

According to all validity tests explained in Section 3, all three models, based
on monthly, weekly and daily data have tracked well the past movements both
within and outside the sample period. Therefore, these models can be used to
explain the seasonal effects within the year and within the month. They are
also useful to identify the cultural, social and economic factors that influence
the demand for currency.

A. Seasonal Effect

To identify the seasonal impact on currency in circulationin relation to January,
Equation 3.7 reported above was re- estimated with a constant term. To avoid
the dummy variable trap, the monthly effect has been captured by the dummy
variables for February to December. Therefore, the estimated coefficients for
dummy variables are incremental month effects relative to January of each
year. In this model the intercept represents the effect on January, the base
month. Accordingly, the significance of monthly differential coefficients for
each month should not matter much as it simply states that the variation in
currency in circulation from the base is significant.

More specifically, the coefficient of D2, i.e., 0.096, states that, holding
all effects constant, the average value of the log of ratio of currency in
circulation will be higher than January by 0.096 during the month of February.
Given these differential coefficients, one can easily arrive at an average value
for each month by adding specific differential coefficients to the base. The
interpretation can be made easier by specifying the left hand side of the
equation as follows.

D [ log (Currency) ] = log (Currency,) - log (Currency,_,)

_ Currency

=logl —— 7t

Currency,_
 Currency
Currency
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In this case, the left hand side of the equation is simply the natural log
of the ratio of currency in circulation in two successive months. The original
series is thus transformed into a chain of log ratios of currency stocks in
consecutive months. Following Halvorsen and Palmquist (1980), differential
coefficients are transformed to show differential effectsin terms of percentage
change. The relative effect for each month is calculated with the help of an
exponential transformation and further multiplied by 100 to show percentage
changes as noted in Table 4.

Table 4 — Effect of Seasonal and other Selected Variables on Currency in Circulation

Months Variable Coefficient t-Statistic Per cent Effect

January C -0.0311 -4.2515

February D2 0.0096 1.3162 0.9597
March D3 0.0468 6.1355 4.7883
April D4 0.0986 13.3109 10.3578
May D5 -0.0739 -10.1766 -7.1237
June D6 0.0063 0.8310 0.6309
July D7 0.0236 2.9282 2.3890
August D8 0.0311 3.9880 3.1556
September D9 0.0260 3.4304 2.6306
October D10 0.0250 3.2416 2.5336
November D11 0.0187 2.5012 1.8895
December D12 0.0560 7.5153 5.7564
Holiday HOLI 0.0061 3.5917 0.6079
Election ELECTION 0.0280 4.0093 2.8410

The relative effect for January isg = (%0311 -1 ) or in per cent term
g* 100 = (e0-0311 1) * 100

Therelative effects represent percentage changesin the average monthly
ratio of stock of currency For example; the average ratio of stock of currency
in February will be 1 per cent higher than the average in the base month,
January. Similarly the average ratio of the stock of currency will be 10.36 per
cent higher in April than in January.
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B. Snhala and Tamil New Year Effect

In a model with monthly data, the seasonal dummy for April and December
are the same as the dummy variables that represent the Sinhala/Tamil New
Year and Christmas, respectively. Although the highly significant coefficient
in April is mostly due to the effect of the New Year demand, it is practically
impossible to isolate the effect from the seasonal effect. Equation 3.8 and
Equation 3.9 too, which represent models for weekly and daily data,
respectively, confirm that the Sinhala/Tamil New Year has significant impact
on currency in circulation. Estimates based on the daily model, reveal that the
effect of Sinhala/Tamil New Year on currency in circulation is around 9.96
per cent in April.2

Furthermore, any additional holiday on particular month increases
currency in circulation by 0.61 per cent.

C. Christmas Effect

Asinthe case of the Sinhala/Tamil New Year, the effect of Christmason
currency in circulation could not be captured implicitly in models with weekly
data as Christmas falls on different days in different years. However, in the
Halvorsen and Palmquist type analysis based on monthly data explained above,
the effect of the Christmas demand isrepresented by the dummy for December.
Accordingly, ceteris paribus, the effect of seasonality in December is
approximately 5.8 per cent over the level in January. The daily model suggests
that the Christmas effect is around 4 per cent. The balance seasonal effect
may be due to high spending associated with school and year end vacations
and December 31 celebrations.

The holiday effect has an additional increment over the seasonal effect
onthe averageratio of stock of currency in circulation depending on the number
of holidays that fall in December.

D. Holiday Effect

The effect of the number of holidays on currency in circulation is
significant in all three models. Asnoted in Table 5, the average ratio of currency
in circulation will change significantly if an additional holiday other than

9/ The effect of the Sinhala/Tamil New Year festival on a particular day, which is estimated
by the daily model, is weighted with the dummy variable for the New Year festival. The
dummy variable is defined based on the last 5 years' average of currency in circulation
in April each year.
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Saturday and Sunday also falls in that month. For example, if the month of
February has an additional holiday, the average ratio of stock of currency in
circulation will be 0.61 per cent higher than the mean value of January; in
addition to the 1 per cent. That is, in total, this will be 1.61 per cent higher
than the base.

E. Effect of Elections

Similarly, if an election fallsin aparticular month, the additional change
will be 2.8 per cent higher than the normal increment of that particular month.
For example, if an election falls in December, the average ratio of stock of
currency will be 2.8 per cent higher than the mean value of January in addition
to the 5.8 per cent. For example, in December 2001, when the Presidential
election was held, the monthly average of currency in circulation increased
by 7.9 per cent. This growth is very close to the results shown in the study
(i.e,5.76+284+ (3* 0.61) - 3.07= 7.4 %).

V. Conclusion

The paper presents three models suitable for forecasting currency in
circulation, based on monthly, weekly and daily datafor the period of 1 January
2000 to 30 September 2005. The datafor the period 1 October — 30 November
2005 were used for post sample validity tests. The forecasts produced by all
three models accurately matches the shape of the monthly, weekly and daily
oscillations, respectively, and capture the trend, seasonal and cyclical effects
well. Post sample estimation error is very small and remained less than 1 per
cent in all models. The forecasts based on the daily and monthly models
performed very well, predicting very similar results, and were closeto realized
datal® when used within sample.

The models evidenced clear seasonality in April and December mainly
associated with the Sinhala/Tamil New Year and Christmas respectively.
In addition, the number of special holidaysin a particular month significantly
affects currency in circulation. Similarly, having a general election also has
significant impact on currency demand. The models based on weekly and daily
dataclearly indicated high seasonal demand around the 10— 23" day (mainly
2nd and 379 week) of the month.

10/ Estimates based on weekly data are not used in comparing with the other two models
due to the interpretation difficulties as the particular week does not include the
comparable days and a particular month does not contain an equal number of weeks.
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The application of these models and their results may have important
implications to researchers and policy makers. The CBSL can particularly
benefit by incorporating this method in disaggregating its annual monetary
targets into monthly targets thereby smoothening the implementation of its
monetary policy.

Systematic projection of currency in circulation is always an important
part of the liquidity forecasting mechanism of the Central Bank. Using these
results, the demand for liquidity in specific months can be projected with
lower error and therefore, subsequent injections or withdrawal s through open
market operations are likely to lead to better targeting of monetary aggregates.

Nevertheless, it is important to note that a central bank cannot depend
purely or mechanically on forecasting modelsto predict currency in circulation
to be used in liquidity management. As currency in circulation is subject to
the influence of various unforeseen developments in the economy, including
one off events such as the Tsunami, and the September 111" attack in the USA,
close monitoring of day to day developmentsis extremely important. Evenin
developed economies, like the USA and UK, central banks continuously
develop and use time series and structural modelsto forecast currency demand,
but review market conditions daily and do necessary adjustments manually to
make the assessment more realistic.
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Annex - 1
Forecast Results (Weekly Data)
(Rs. Billion)
Week ) As a Week Forcast
Ending | Actud | Fore | Diffe | g Ending | (Rs.Billion)
cast -rence
2-Sep-05 126.9 | 127.2 0.3 0.3 3-Feb-06 132.2
9-Sep-05 127.1 | 127.3 0.2 0.2 10-Feb-06 131.7
16-Sep-05 129.1 | 1284 | -0.7 -0.5 17-Feb-06 133.2
23-Sep-05 130.0 | 129.1 | -0.9 -0.7 24-Feb-06 135.5
30-Sep-05 128.0 | 129.3 1.3 1.0 3-Mar-06 134.8
7-Oct-05 1276 | 127.0 | -0.6 -0.5 10-Mar-06 135.3
14-Oct-05 129.2 | 128.0 | -1.1 -0.9 17-Mar-06 137.0
21-Oct-05 1309 | 130.6 | -0.3 -0.2 24-Mar-06 137.0
28-Oct-05 129.8 | 130.6 0.8 0.7 31-Mar-06 138.4
4-Nov-05 130.6 | 1294 | -1.2 -0.9
11-Nov-05 131.7 | 1305 | -1.2 -0.9
18-Nov-05 133.3 | 133.1 | -0.2 -0.1
25-Nov-05 131.8 | 1329 1.1 0.9
2-Dec-05 130.0 | 130.9 0.8 0.6
9-Dec-05 1309 | 1305 | -04 -0.3
16-Dec-05 134.8 | 134.1 | -0.7 -0.5
23-Dec-05 137.0 | 1348 | -2.2 -1.6
30-Dec-05 135.1 | 135.8 0.7 0.5
06-Jan-06 131.8 | 1334 15 1.2
13-Jan-06 132.6 | 132.7 0.1 0.1
20-Jan-06 1349 | 1335 | -14 -1.0
27-Jan-06 133.0 | 134.8 1.8 1.4
SER (within 1.0001
sample)
Out sample
Forecast error 1.044
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Annex 2
Forecast Results (Daily Data)
Rs. Billion Difference Rs. Billion Difference
Date | Actual | Fore- | Rs.bn| Asa Date |Actual | Fore- | Rs.bn| Asa
cast % cast %
1-Sep| 126.4| 126.4| 0.1 0.1 10-Oct | 128.7 | 129.0 0.2 0.2
2-Sep| 126.7| 126.3 | -0.4 -0.3 11-Oct | 129.1 | 1290 | -0.1 | -0.1
3-Sep| 126.7| 126.6 | -0.1 -0.1 12-Oct | 128.9 | 129.5 0.6 0.5
4-Sep| 126.7| 1268 | 0.1 0.1 13-Oct | 129.3 | 129.0 | -0.3 | -0.2
5-Sep| 126.5| 127.0| 05 0.4 14-Oct | 129.9 | 1294 | -04 | -0.3
6-Sep| 126.6| 126.4 | -0.2 -0.1 15-Oct | 1299 | 1296 | -0.2 | -0.2
7-Sep| 127.0| 126.5| -0.5 -0.4 16-Oct | 129.9 | 1298 | -0.1 | -0.1
8-Sep| 127.4| 127.2| -0.2 -0.2 17-Oct | 1299 | 1298 | -0.1 | -0.1
9-Sep| 128.1| 127.7 | -0.4 -0.3 18-Oct | 131.1 | 130.2 | -09 | -0.7
10-Sep| 128.1| 1283 | 0.2 0.1 19-Oct | 1314 | 1310 | -04 | -0.3
11-Sep| 128.1| 1284 | 0.2 0.2 20-Oct | 131.3 | 131.4 0.1 0.1
12-Sep| 128.4| 128.4| 0.1 0.1 21-Oct | 130.8 | 1315 0.7 0.5
13-Sep| 129.1| 128.6 | -0.5 -0.4 22-Oct | 130.8 | 130.8 0.0 0.0
14-Sep| 129.1| 129.3| 0.2 0.2 23-Oct | 130.8 | 130.8 | -0.1 0.0
15-Sep| 129.1| 129.2| 0.1 0.1 24-Oct | 130.4 | 130.8 0.4 0.3
16-Sep| 129.9| 129.4| -0.5 -0.4 25-Oct | 130.2 | 130.6 0.4 0.3
17-Sep| 129.9| 129.6 | -0.3 -0.2 26-Oct | 129.5 | 130.3 0.8 0.6
18-Sep| 129.9| 129.9| 0.0 0.0 27-Oct | 129.3 | 129.0 | -03 | -0.2
19-Sep| 130.2| 130.1| -0.1 -0.1 28-Oct | 1295 | 1288 | -0.7 | -05
20-Sep| 130.5| 130.4 | -0.1 -0.1 29-Oct | 1295 | 129.2 | -03 | -0.3
21-Sep| 130.2| 130.3| 0.1 0.1 30-Oct | 1295 | 129.2 | -03 | -0.3
22-Sep| 129.6| 130.1| 04 0.3 31-Oct | 129.8 | 129.4 | -04 | -0.3
23-Sep| 129.5| 129.7| 0.2 0.2 1-Nov | 129.8 | 1296 | -0.2 | -0.1
24-Sep| 129.5| 129.3 | -0.2 -0.2 2-Nov | 130.7 | 129.6 | -11 | -0.8
25-Sep| 129.5| 129.3 | -0.2 -0.2 3-Nov | 131.2 | 131.0 | -0.3 | -0.2
26-Sep| 129.3| 1296 | 04 0.3 4-Nov | 131.2 | 131.6 0.3 0.2
27-Sep| 128.7| 1289 | 0.2 0.2 5-Nov | 131.2 | 131.7 0.4 0.3
28-Sep| 127.8| 1285| 0.7 0.5 6-Nov | 131.2 | 131.6 0.3 0.3
29-Sep| 127.1| 1275| 04 0.3 7-Nov | 131.3 | 131.8 0.5 0.3
30-Sep| 127.0| 126.7 | -0.3 -0.2 8-Nov | 131.4 | 131.6 0.2 0.2
1-Oct| 127.0| 126.8| -0.2 -0.2 9-Nov | 131.6 | 131.9 0.2 0.2
2-Oct| 127.0| 126.9 | -0.1 -0.1 10-Nov | 131.7 | 131.8 0.1 0.1
3-Oct| 127.3| 127.0| -0.3 -0.2 11-Nov | 132.3 | 131.7 | -0.7 | -05
4-Oct| 127.2| 127.3| 0.2 0.1 12-Nov | 1323 | 1322 | -02 | -0.1
5-Oct| 127.5| 127.1| -0.4 -0.3 13-Nov | 1323 | 1322 | -01 | -0.1
6-Oct| 127.6| 127.5| -0.1 -0.1 14-Nov | 1329 | 1323 | -06 | -04
7-Oct| 128.4| 128.0 | -0.4 -0.3 15-Nov | 1329 | 1328 | -0.1 | -0.1
8-Oct| 128.4| 1286 | 0.2 0.1 16-Nov | 133.7 | 133.1| -06 | -05
9-Oct| 128.4| 128.7| 0.3 0.2 17-Nov | 133.4 | 133.7 0.3 0.2
(Contd.)
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Rs. Billion Difference Rs. Billion Difference
Date | Actual | Fore- | Rs.bn| Asa Date |Actual | Fore- | Rs.bn| Asa

cast % cast %
18-Nov| 133.4| 133.8 0.4 0.3 31-Dec | 132.4 | 132.3 1.1 0.8
19-Nov| 133.4| 1334 0.0 0.0 1-Jan | 1324 | 1322 | -0.2 | -0.1
20-Nov| 133.4| 133.4 0.0 0.0 2-Jan | 1328 | 1322 | -0.3 | -0.2
21-Nov| 132.9| 133.6 0.7 0.5 3-Jan | 132.7 | 1326 | -06 | -0.5
22-Nov| 132.3| 132.8 0.5 0.4 4-Jan | 1314 | 1322 | -01 | -0.1
23-Nov| 131.6| 132.3 0.7 0.5 5-Jan | 131.0 | 131.2 0.8 0.6
24-Nov| 131.0| 131.2 0.2 0.1 6-Jan | 131.3 | 130.7 0.2 0.1
25-Nov| 131.2| 130.5| -0.6 -0.5 7-Jan | 131.3 | 1314 | -06 | -0.4
26-Nov| 131.2| 130.9 | -0.3 -0.2 8-Jan | 131.3 | 1315 0.2 0.1
27-Nov| 131.2| 130.7 | -0.5 -0.4 9-Jan | 132.0 | 131.9 0.3 0.2

28-Nov| 130.8| 1308 | 0.1 0.0 10-Jan | 132.6 | 132.2 0.0 0.0
29-Nov| 130.2| 130.5| 04 0.3 11-Jan | 1326 | 1324 | -04 | -0.3
30-Nov| 129.7| 129.7 | 0.0 0.0 12-Jan | 1329 | 1330 | -02 | -0.2
1-Dec| 129.8| 129.7 | 0.0 0.0 13-Jan | 132.9 | 133.2 0.1 0.1
2-Dec| 129.7| 1299 | -0.1 -0.1 14-Jan | 132.9 | 132.9 0.2 0.2
3-Dec| 129.7| 129.7| 0.2 0.2 15-Jan | 132.9 | 132.9 0.0 0.0
4-Dec| 129.7| 130.1| 0.0 0.0 16-Jan | 134.7 | 133.2 0.0 0.0
5-Dec| 130.1| 1300| 0.3 0.2 17-Jan | 1358 | 1348 | -14 | -11
6-Dec| 130.1| 1300 | -0.1 -0.1 18-Jan | 135.2 | 136.0 | -1.0 | -0.7
7-Dec| 131.0| 1304 | -0.1 -0.1 19-Jan | 134.6 | 1353 0.8 0.6
8-Dec| 1314 131.3| -0.6 -0.5 20-Jan | 134.1 | 134.6 0.8 0.6
9-Dec| 132.0| 1316 | -0.2 -0.1 21-Jan | 134.1 | 133.9 0.5 0.4
10-Dec| 132.0| 1322 | -04 -0.3 22-Jan | 1341 | 1340 | -02 | -01
11-Dec| 132.0| 1322 | 0.2 0.1 23-Jan | 1340 | 1346 | -01 | -01
12-Dec| 133.3| 1325 | 0.2 0.2 24-Jan | 1335 | 134.1 0.6 0.5
13-Dec| 134.8| 1335 | -0.7 -0.6 25-Jan | 132.7 | 133.0 0.5 0.4
14-Dec| 135.0| 1351 | -1.3 -1.0 26-Jan | 1324 | 132.2 0.4 0.3
15-Dec| 135.0| 135.0| 0.1 0.1 27-Jan | 132.4 | 1318 | -02 | -01
16-Dec| 136.0| 1356 | 0.0 0.0 28-Jan | 1324 | 1321 | -06 | -05
17-Dec| 136.0| 136.1 | -0.4 -0.3 29-Jan | 1324 | 1323 | -01 | -01
18-Dec| 136.0| 136.0 | 0.1 0.1 30-Jan | 131.4 | 132.1 0.8 0.6
19-Dec| 136.9| 1365 | 0.0 0.0 31-Jan | 131.0 | 131.1 0.1 0.1

20-Dec| 136.9| 137.2| -0.3 -0.2 1-Feb 1311
21-Dec| 136.9| 136.6 | 04 0.3 2-Feb 131.0
22-Dec| 137.3| 136.8 | -0.2 -0.2 3-Feb 131.3
23-Dec| 137.1| 137.2| -05 -0.4 4-Feb 131.4
24-Dec| 137.1| 1366 | 0.1 0.1 5-Feb 131.6
25-Dec| 137.1| 1369 | -05 -0.4 6-Feb 1315
26-Dec| 137.1| 1371 | -0.2 -0.1 7-Feb 131.8
27-Dec| 136.8| 136.7 | 0.0 0.0 8-Feb 132.0
28-Dec| 1354 136.7 | -0.1 0.0 9-Feb 132.2
29-Dec| 133.9| 135.1 13 0.9 10-Feb 132.5
30-Dec| 132.4| 1335 12 0.9 11-Feb 132.7

(Contd.)
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Rs. Billion Difference Rs. Billion Difference
Date | Actual | Fore- | Rs.bn| Asa Date |Actual | Fore- | Rs.bn| Asa
cast % cast %
12-Feb 133.0 21-Feb 133.7
13-Feb 133.3 22-Feb 133.6
14-Feb 133.3 23-Feb 133.5
15-Feb 133.4 24-Feb 133.4
16-Feb 133.6 25-Feb 133.1
17-Feb 133.6 26-Feb 133.1
18-Feb 133.5 27-Feb 133.0
19-Feb 133.6 28-Feb 132.8
20-Feb 133.7
Sep-05| 128.4| 128.4 0.0 0.0 Dec-05 | 134.3 | 1339 | -04 | -0.3
Oct-05| 129.4| 129.2 | -0.2 -0.2 Jan-06 | 1329 | 1328 | -0.1 | -0.1
Nov-05| 131.8| 131.8 0.0 0.0 Feb-06 1327 -01| -0.1
SER (with in sample) 1.0056
Out sample Forecast error 0.4432




Thelmpact of Fertilizer Subsidy on Paddy Cultivation
in Sri Lanka

H. K. J. Ekanayake!

Abstract

The Government of Sri Lanka has been subsidizing fertilizer
for more than four decades. This study attempts to analyse the
impact of fertilizer subsidies with reference to paddy cultivation
in Sri Lanka. The issue is analysed by employing three separate
demand functions for major fertilizers by using simple regression
model. Regression results indicate that changes in the prices of
fertilizer and paddy do not have a significant effect on fertilizer
usage, which points to the fact that the fertilizer subsidy is not a
key determinant of the use of fertilizer in paddy cultivation. The
study also found that there is a relatively higher correlation
between fertilizer usage and paddy price than between fertilizer
usage and fertilizer price. These findings suggest that the fertilizer
subsidy could be withdrawn gradually over time. In its place,
appropriate infrastructure and institutional facilities that are
required to increase productivity in paddy cultivation and an
effective mechanism for marketing the output that would result in
favourable pricesfor paddy may be introduced for a more effective
outcome. (JEL N551, Q19)

|. Introduction

Paddy productionin Sri Lankahasincreased considerably during the last three
decades as a result of cultivation of high yielding varieties, increase in the
areaof cultivation under irrigation and greater use of plant nutrients. Successive
governments have also provided support to stimulate paddy production by
way of introducing guaranteed price schemes, major irrigation schemes and
fertilizer subsidy schemes. Introduction of high yielding varieties was the major
factor, which contributed to increase in paddy production in the country. Given
that high yielding varieties are highly fertilizer responsive, proper fertilizer

1/ The views expressed in this paper are the author’s own and do not necessarily reflect
those of the Central Bank of Sri Lanka.
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application is needed to obtain respective yield levels. With respect to paddy,
the supply of three major nutrients namely, Nitrogen (N) Phosporous (P) and
Potassium (K) are essential for cultivation. Among these nutrients Nitrogen is
amajor nutrient demanded by paddy plants to increase yield. Since, over use
and misuse of these fertilizer can reduce yields and also make soil less
productive, fertilizer recommendations are done by respective crop research
institutions of the country. Fertilizer recommendation for paddy is given in
Appendix I.

Figure 1: Annual Paddy Production and Fertilizer usage in Paddy Cultivation
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Because of theimportance of fertilizersin increasing agricultural output,
government intervention in the fertilizer market started in 1962 with the
introduction of fertilizer subsidy scheme. The main objective of the subsidy
scheme was to make fertilizer available as cheaply as possible in order to
encourage its wider use thereby increasing agriculture productivity. The
fertilizer subsidy has been available for more than four decades even though
with several changes, farmers expect it to be continued in the future.
Meanwhile, the government faces great difficulty with the increasing
expenditure on the fertilizer subsidy mainly in recent times due to its fiscal
implications. Expenditure on fertilizer subsidy in Sri Lanka has gone up from
Rs.600 millionin 1987 to Rs. 3,572 million in 2004. Thiswas further increased
to Rs. 6,846 mn in 2005. Public expenditure on fertilizer subsidy scheme for
last 10 yearsis given in Appendix Il. Therefore, the purpose of this study is
(i) to analyse the fertilizer subsidy scheme on paddy cultivation on the basis
of the estimated fertilizer demand functionsand (ii) to elaborate other measures
that can be used as alternatives to the fertilizer subsidy policy.
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In order to analyse these issues this paper is organized as follows. The
rest of this section explains the history and evolution of fertilizer subsidy
policy in Sri Lanka. Section |1 reviews the existing literature on the subject.
Section 111 discusses the data and econometric tools used in this study while
in section IV presents the results of the econometric regressions. Section V
concludes the discussion on impact of fertilizer subsidy policy on paddy
cultivation.

A. Evolution of Fertilizer subsidy policy in Sri Lanka

Asfertilizer isan essential input in agriculture strong fertilizer related policies
arecrucial for any national effort aiming at improving agricultural productivity.
Asamajor step towards achieving this objective, the government of Sri Lanka
introduced a price subsidy for fertilizer in 1962. The main objective of the
subsidy scheme wasto makefertilizer available as cheaply as possible in order
to encourage its wider use. A lower fertilizer price reduces cost of production
and increases demand for fertilizer and for other inputs depending on the
elagticity of substitution, income effect and elasticity of supply of other inputs.
If sufficient quantities of fertilizers are available to meet the increased demand
and if the additional fertilizer is properly applied, food production will increase.

Initially four main fertilizers namely, Urea, Sulphate of Amonia, Muriete
of Potash (MOP) and Triple Super Phosphate (TSP), which provide
Nitrogen (N), Phosperous (P) and Potassium (K), respectively were subsidized
at different rates. Until 1975, the subsidy level varied according to the type of
crop. This scheme was found to be unsuccessful as it allowed unauthorized
leakages of fertilizer between agricultural sub sectors. Hence, in 1975 the
government introduced a uniform subsidy schemefor all crop sectors. Subsidy
rateswere varied according to the type of fertilizer and the subsidy rates were
subjected to revision overtime. Later, in 1990 the government completely
removed thefertilizer subsidy for all types of fertilizer, asit was heavy burden
on the government budget. However, due to various other reasons fertilizer
subsidy scheme was reintroduced in 1994. During the period 1994 to 1997,
the fertilizer subsidy scheme underwent several changes and in 1997 the
government decided to restrict the fertilizer subsidy only to Urea. The objective
of the new scheme was to provide a higher benefit to paddy farmers while
reducing the burden on the government budget. This scheme was al so subjected
to revision on a seasonal basis. During this period subsidy had been given in
either of the following two ways.

1. Selling price of fertilizer is fixed allowing the subsidy component to
vary depending on the import price

2. Subsidy component isfixed allowing the selling price of fertilizer to
vary.
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During the late 90's the selling price was fixed with the intension of
reducing the burden on the farming community dueto price fluctuations. Since
the price was fixed with a variable subsidy component there was no incentive
to the importers to import fertilizer when the world market prices were low.
To address this issue the government decided to fix the subsidy component
and allow the selling price to vary depending on the world market prices.
When the international prices were very high it had an adverse impact on the
farmersasthe cost of production increased with theincreasein fertilizer prices.
This situation created financial difficulties particularly for small farmersin
the dry zone where paddy cultivation largely exist. Therefore, again in 2004
the government decided to fix retail price of fertilizer. This system continued
until December 2005. In December 2005, the government decided to
reintroduce subsidy scheme for all types of fertilizer by fixing their selling
price. However, this scheme is restricted only for paddy farmers.

[l. Literature Review

There are many studies that have estimated the demand for fertilizer or for the
specific nutrients (Nitrogen, Phosphorous and Potassium). In developed
countries, it is generally agreed that fertilizer demand is price inelastic. This
may be dueto lack of an economic substitute to chemical fertilizer. Generally,
in less developed countries the demand for fertilizer is thought to be more
elastic under the assumption of readily available substitutes such as manure
and other organic materials. However, the demand for fertilizer may differ
from country to country due to the factors such as cultural practices, climate,
soil type, crops grown and farm structure. In this section, an attempt is made
to review several of impotent research work on the subject.

The demand for fertilizer as a main input in agriculture has been the
focus of many studies over the years. The early studies include work by
Griliches (1958, 1959), Heady and Yeh, Carman, Gunjal, Roberts and Heady,
and others. In general, emphasis has been on national or regional demand
estimatesfor total fertilizer or nutrient application on all crops. Griliches (1958)
estimated the aggregate demand functions for fertilizer use on all cropsin the
United States. He showed that for the 1911 to 1956 period, most of theincrease
in fertilizer use could be explained by changesin both fertilizer and crop prices,
and by the previous period's use. Using the same model, Griliches (1959)
estimated regional demand functions for total fertilizer consumption over the
1931 to 1956 period. While the model explained alarge portion of the variation
intheregional fertilizer use, hefound that estimated price elasticities of demand
varied across regions, ranging from elastic to inelastic.
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Heady and Yeh (1959) estimated fertilizer demand functions for total
fertilizer and for individual nutrient used on all crops in the United States.
The variables affecting the use included fertilizer prices, crop prices, total
cash receipts from crops, total crop acreage, acres of specific crops, wage
rates, the wholesale price index, and time. In addition, they estimated
relationships for total fertilizer use in ten different geographical regions of
the United States. Their study allowed a comparison between aggregate
fertilizer and individual demand elasticities. Heady and Yeh estimated a short-
run elasticity ranging from about -0.49 to -1.71 for total fertilizers, and
elasticities of -0.45, -0.45 and -0.40 for nitrogen, phosphate and potash. Those
results confirmed that the demand for N, P and K in the U.S. isinelastic.

There have been many studies conducted on fertilizer demand in
countries other than the United States. Boyle (1982) used a cost function
approach (translog) to estimate fertilizer demand and to obtain estimates of
the demand el asticities of nitrogen, phosphorous and potassium in the Republic
of Ireland. The major objective of his paper was to test the hypothesis of
nutrient substitution over time. Hisfindings suggested inel astic own-elasticities
for phosphorous and potassium, and an elastic own-elasticity for nitrogen,
and significant cross-price elasticities between nitrogen, phosphorous,
potassium. He found that the adverse effects of own-price increases on the
consumption of nitrogen would be offset by substitution of nitrogen for
phosphorous and potassium.

Burrell (1982) had estimated the demand for fertilizer in the United
Kingdom. He used three different modeling approaches with two different
datasets (nitrogen, and all fertilizers). He found that the elasticity with respect
to crop price is about -0.4 to -0.5 for nitrogen and between -0.1 and -0.3 for
all fertilizer in most versions of the system model. This means that demand
for nitrogen fertilizer is more sensitive to its own price than is the case for
phosphate and potash fertilizer.

GunawardenaP. and Flinn C.J. (1987) in their analysis of supply response
and fertilizer demand in rice sector in Sri Lanka, estimated short run production
elasticities by using micro level data. They concluded that, both own price
elasticity (0.15) and cross price elasticities with respect to hired labour
(-0.12) and fertilizer (-0.01) indicated an inelastic production response
implying arelatively small incentive to increase paddy production in response
to increase in the price of paddy, or reduction in the price of fertilizer. Hence,
the results suggested that the guaranteed price scheme and the fertilizer subsidy
provide small incentive to increase paddy production.

ChandrapalaH.A. and De Silva S. examined the economics of fertilizer
usein Major crop sectors of Sri Lankain 1988. They analysed some economic
aspects of fertilizer use in the tea, rubber, coconut and paddy sectors of Sri
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Lanka. Regression models estimated for fertilizer useindicated that therelative
priceratio of fertilizer and the output has a significant effect on fertilizer use,
which points out the fact that the removal of the subsidy for fertilizer will
further worsen the situation with respect to fertilizer use in these sectors.

I1l. Dataand Model used

A. Description of Data

As mentioned earlier, the objective of this paper isto analyse factors affecting
fertilizer demand and to investigate the impact of fertilizer subsidy in paddy
cultivation. Generally, three main fertilizers are being used in paddy cultivation
namely, Urea, Muriate of Potash (MOP), and Triple Super Phosphate (TSP).
Therefore, factors affecting the usage (demand) of these fertilizers analysed
separately. The Study consists of two main parts.

General analysis of Fertilizer Subsidy Scheme

The Fertilizer Subsidy scheme divided into three periods according to nature
of the subsidy.

1. Period |  — Subsidy provided for three main fertilizers
(1962-1989, 1995-1996)

2. Period Il — Period of Subsidy removal (1990-1994)

3. Period |11 — Subsidy provided only for Urea (1997—2005)

Since, data is not sufficient to run statistical programme for each of
these periods, all the variables that relate to fertilizer usage are presented
graphically and analysed to illustrate the changesin those variablesin different
periods.

Estimation of Fertilizer Demand Function

Factors affecting the demand of three main fertilizers namely, Urea, Muriate
of Potash (MOP), and Triple Super Phosphate (TSP) analysed separately.
Factors affecting the fertilizer application can be listed as follows:

1. Fertilizer Prices (Rs./mt)
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2. Paddy Prices (Rs./mt)
3. Extent under irrigation schemes (Ha)
4. Policy changes

Separate fertilizer demand functions were specified for the three main
fertilizers, since the fertilizer subsidy scheme has been changed according to
the fertilizer type. Regression models were specified for annual issues of
fertilizer at the national level as dependent variables and current fertilizer
price and lagged nominal farm gate price and extent under irrigation schemes
as independent variables assuming all other factors that influence fertilizer
use were remained unchanged. Dummy variables are used to interpret policy
changes. Further, it was al so assumed that total amount of different fertilizers
issued for paddy cultivation during the given year were utilized fully for paddy
during the year and no carry over stocks. This assumption was made due to
lack of information regarding quantities of paddy fertilizers that were used
for the cultivation of other food crops. Own price and cross price elasticities
of demand can be obtained from estimated demand function and those
elasticities explain the sensitivity (elasiticity) of fertilizer demand to change
in fertilizer prices and paddy prices which implies the impact of fertilizer
subsidy policy on paddy cultivation.

B. Description of Econometric tools used

Several econometric tests were carried out to estimate the fertilizer demand
function and to analyse the impact of fertilizer subsidy scheme in paddy
cultivation. These methods are explained bellow.

Unit root test

Before estimating the models, it is essential to verify whether the series
analysed are stationary or not, and whether there are one or several long run
equilibrium relationships between them. If a seriesis stationary it means, its
variance and autocovariences are independent of time. In order to test for unit
root to see whether these variables are level stationary (l) or first difference
stationary (I (1)), the Augmented Dickey- Fuller (ADF) test iscarried out. If a
seriesisfoundto be (I (1)) then first difference may haveto be used in analyzing
the relationship.
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Regression Test

Thenatural logarithm values of all the variables were used to estimate fertilizer
demand function by using simple linear regression model. The model is as
follows:

Qe =f{ (Piyp): (Prpye-2): (Egpyp): (D)}

Q; — Quantity of fertilizer (mt) used in year t
P(f)(t) —Price of Fertilizer (Rs./mt) in year t
P(p)(t_l) — Farm Gate price paddy (Rs./mt) in year t-1
E(p)(t) — Paddy Extent under Irrigation in year t

D —Dummy for policy changes

V. Results and Discussion

In this section, the data described in section 111 areillustrated graphically and
those data are used to carry out the analysis of the fertilizer demand functions
for paddy cultivation in Sri Lanka by using the statistical and econometric
methods explained earlier. Fertilizer demand functions were estimated
separately for the different fertilizers, and the results discussed separately
under each fertilizer.

A. General analysis of Fertilizer Subsidy Scheme

Period | — subsidy provided for three main Fertilizers

During the period from 1962 to 1989 the subsidy scheme was continued for
all mainfertilizers, which provide N, P, K to plants. Since, data are not available
from the beginning, data from 1980 to 1989 are used to represent the period.

During the period under review, usage of all three fertilizers increased
continuously. However, the ratio between three fertilizers was almost
maintained. A remarkable up rise in Urea consumption in 1980 was mainly
due to the low level of retail price (Rs.980/mt) prevailed during the year.
Fertilizer prices reduced sharply since the government increased its subsidy
rate from uniform subsidy of 50 per cent of Cost and Freight (C&F) price of
fertilizers to 85 per cent, 75 per cent, 75 per cent of the C&F price of Urea,
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Figure 2 : Changesin Fertilizer Usagein Period |
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MOP, TSP respectively. However, in 1981 the world market fertilizer prices
increased and itsimpact was severe with the deterioration of Rs./US$ exchange
rate. Hence, the government allowed fertilizer prices to increase by about
30 per cent by rearranging the subsidy componentsto 65 per cent, 65 per cent
and 40 per cent of C&F prices of Urea, MOP and TSP ,respectively.

This resulted in shortfall in fertilizer consumption in paddy cultivation
in 1981. Since then until 1984, fertilizer consumption remained almost stable
even though with several changes in subsidy components and retail prices.
In 1984 while the prices of fertilizer remained stable, farmers enjoyed an
increase in the guaranteed price of paddy. As aresult fertilizer consumption
triggered upward. This trend continued until termination of fertilizer subsidy
scheme by the government in 1989.

Figure 3: Changesin Fertilizer Price and Farm gate Price of Paddy in Period |
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The selling prices of fertilizer during this period is determined by the
National Fertilizer Secretariat in consultation with fertilizer whole sellers
taking in to consideration the cost of fertilizer and the subsidies made available
by the government. Therefore, subsequent to the reduction in the fertilizer
subsidies, an increase in the prices of subsidized fertilizers could occur.
Accordingly an increase in retail price of fertilizer observed in 1983 due to
the reduction of subsidy by around 15 per cent of C& F cost of fertilizer. These
fertilizer prices were not revised until 1988. In 1988 there was a sharp
escalation in the cost of fertilizer in the international market. Hence it became
necessary to increase the local price of fertilizers by reducing subsidy
component. Accordingly prices of three major fertilizers increased by around
30 percent in 1988. Increasing trend in paddy prices continued during the
period. However, in 1988/89 period, there was a sharp increase in the farm
gate price of paddy as the government increased guaranteed price of paddy
mainly to cushion farmers from the adverse impact of higher fertilizer prices.

Period Il (1990-1994) — Period of Subsidy Removal

Increasing fertilizer prices in the international market with rising oil prices
together with depreciation of exchange rate caused considerable difficulties
in maintaining thefertilizer prices unchanged during 1989. Hence, thefertilizer
subsidy was completely withdrawn by the government with effect from
1 January 1990. With the removal of fertilizer subsidy there was sharp
escalation of fertilizer prices from the beginning of 1990. The total use of

Figure 4 : Changesin Fertilizer Usagein Period |1
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fertilizer declined in 1990, in the wake of increase in fertilizer prices due to
the removal of the subsidy. However, the decrease in consumption was not as
high as was anticipated. It may well be that in anticipation of a price increase
in 1990 after removal of the subsidy farmers stocked their requirement for
their crops. Further, with the removal of the subsidy, in order to cushion the
adverse impact of sudden price increases of fertilizer, government revised
upward the guaranteed price of paddy.

In the years of 1991,1992, and in 1993, the overall consumption of
fertilizer increased by 3.5 per cent, 16.0 per cent and 17.0 per cent respectively
indicating that most of the farmers were gradually adjusting themselvesto the
new prices. Furthermore, other scheme such as granting of credit in kind for
purchasing of seed and fertilizer under the agricultural trust fund and the
favourable farm gate price for paddy were some of the important factors
contributed to this improvement.

The sharp increase in fertilizer consumption in 1993 over that of 1992
was mainly dueto theincreasein areacultivated under paddy during that year
which indicates the positive relationship between fertilizer consumption with
extent under paddy. Continuing the increasing trend in 1994, the fertilizer
usage in paddy sector reached arecord level representing around 14 per cent
growth over the previous year. Increase in area under paddy around 11 per
cent over the previous year and re introduction of fertilizer subsidy in October
1994 were the major factors that contributed to this increase.

Consequent to the removal of fertilizer subsidy, there was about
two-fold increase in the prices of all subsidized fertilizers. However, due to
the action taken by the government to increase farm gate price of paddy hel ped
farmers to minimize the adverse impact of sudden increasein fertilizer prices.
Thedrasticincreasein selling prices of fertilizerswere seenin 1991 as several
local price revisions were done according to the world market price changes.

Figure5: Changesin Fertilizer Prices and Farm gate Price of paddy in Period 11
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However, during the period 1991 to October 1994, fertilizer prices remained
stable. Drastic change in fertilizer prices occurred with the reintroduction of
fertilizer subsidy in 10 October 1994 by the new government that came in to
power. Accordingly, four main fertilizers were subsidized by about 30 per
cent of their retail price.

The increasing trend in farm gate price of paddy that started in 1990
continued until 1993. With the increase in marketable paddy surplusin 1994,
the farm gate price of paddy dropped by 13 per cent. However, the drop in
paddy pricesdid not affect fertilizer consumptionin 1994 sincefertilizer prices
were reduced by the reintroduction of fertilizer subsidy during the fourth
quarter of the year.

Period 111 (1997-2004) — Subsidy Provided only for Urea

There was a drastic change in the fertilizer subsidy scheme in October 1997
as it restricted fertilizer subsidy only to urea. The objective of this change
was to provide a higher benefit to paddy farmers who were the main users of
urea. Past statistics indicate approximately 75 per cent of Urea used in the
country was utilized for the paddy sector, which is dominated by small-scale
farmers. Therefore, the government decided to confine the subsidy scheme
for urea only with aview to pass on the benefits of the scheme to small-scale
farmers. The subsidy rates were announced in rupee terms and it was decided
to review the subsidy amount on a seasonal basis maintaining the retail price
of Urea unchanged during the period. In 2002, the subsidy scheme was revised
with increased international prices. Accordingly a fixed sum of subsidy was

Figure 6 : Changesin Fertilizer Usage in Period 111
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given to urea importers allowing retail prices to be varied according to the
world market prices of fertilizer. However, in 2004 the new government came
in to power and it was decided to fix retail price of Ureaagain to avoid severe
fluctuations in retail price.

With the commencement of new subsidy schemein 1997, use of fertilizer
for paddy decreased marginally over the previous year. This was entirely due
to the reduction in the use of TSP and MOP, since Urea usage increased by
1.6 per cent during the period. Use of fertilizer for paddy recovered in 1998
due to the increase in usage of highly subsidized Urea by 20.6 per cent over
that of 1997. However, use of MOP increased marginally while application of
TSP decreased over the previousyear. In 1999, use of Ureafor paddy increased
substantially to a record level, indicating that paddy farmers benefited most
from the fertilizer subsidy scheme. Use of TSP for paddy too increased in
1999, even though it was not proportionate to maintained the N:P:K ratio in
the overall fertilizer use.

Inline with the declinein area cultivated in 2000, the total fertilizer use
for paddy dropped by 18 per cent. However, it was recovered in 2001 and
fertilizer usage for paddy increased by 10.6 per cent despite the drought
experienced during the year. This trend continued in 2002 as well. In 2003,
use of fertilizer dropped significantly mainly dueto therisein fertilizer prices
as aresult of the revision of fertilizer subsidy scheme in October 2002 with
the increased price in the international market. Under the revised scheme a
fixed sum of Rs.6,000 per metric ton was given as asubsidy payment for Urea
importers. This scheme was continued until May 2004. The new government
reintroduced subsidy scheme with fixed retail price and asaresult Urea usage
increased slightly over the previous year.

With the introduction of new subsidy schemein 1997, there were major
price revisions during the years. The sale price of Urea was maintained at the

Figure 7 : Changesin Fertilizer Prices and Farm gate Price of paddy in Period |11
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indicative price under the fertilizer subsidy scheme. Prices of other fertilizers
were determined by the market considering the factors such as appreciation
of USS$, price fluctuations in the international market and freight rates. With
the increase demand for Urea owing to the subsidized price there was a stiff
competition among sellers and hence the actual price of Urea operated below
the indicative price of the government. As aresult Urea price came down and
remain static until 2002 while prices of other fertilizers moved upward with
increasein import prices. In 2002 with the changein fertilizer subsidy scheme
annual average price of Urea increased to Rs.9,400 per metric ton in 2002
from Rs.7,000 per metric ton prevailed in 2001. The urea price was further
increased in 2003 and reached highest ever retail price of Rs.17,000 per metric
ton as at end 2003. However, with the reintroduction of fixed retail pricein
2004, the price of urea dropped significantly over that of previous year.

Paddy price, which is mainly determined by the supply conditions,
heavily fluctuated during the period. In 1998, with the increased paddy
production, the average producer price of paddy declined over the previous
year. However, this price remained well above the guaranteed price of paddy.
In contrast to the normal behaviour, in 2000 the farm gate price of paddy
declined mainly due to rice importation even though the paddy production
also dropped. In 2001 the farm gate priceincreased and maintained at a higher
level until 2003. Paddy price dropped in 2003 with the record level harvest
and increased again in 2004 with the drop in paddy production due to severe
drought prevailed in the country. Fertilizer usage in 2003 was highly affected
by the dropped in paddy price and also due to increased fertilizer price under
the revised subsidy scheme.

According to the above analyse it reveals that fertilizer usage can be
influenced by fertilizer price, producer price of paddy and extent under paddy
cultivation. Hence to estimate the sensitivity of these variables to fertilizer
usage separate demand functions were employed by using 25 years of data.

B. Estimation of Fertilizer Demand Functions

Demand Function: Urea

Prior to engage in performing econometric analysis, all variablesin log form
were subjected to Augmented Dicky Fuller (ADF) unit root tests to verify
their time series properties. Theresults were al so tested by using Philips Perron
(PP) test.
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Table 1: Unit Root Test — Variablesin Levels

Variablein levels ADF PP

UQ (Urea Usage) -1.114992 -0.820758
UP (Urea Price) -1.882988 -1.824195
PP (Paddy Price) -1.116489 1.681542
EX (Extent) -1.227110 -0.986910

* Significant at 5% level

Since all the variables were found to be non-stationary on levels, unit
root test were carried out on first differences. As indicated below all first
difference series were stationary at a very high levels of significance.
Therefore, it was concluded that all the series were I(l).

Table 2 : Unit Root Test — Variablesin First Difference

Variablesin 1st Difference ADF PP

uQl -4.890511** -5.319587**
UP1 -5.159817** -5.214621**
PP1 -5.324109** -5.359762**
EX1 -5.403066* * 7.241751**

** Significant at 1% level

Given that ureausage, urea price, paddy price and extent under irrigation
were I(I), simple linear regression analysis was carried out to estimate size
and significance of those variablesto ureausage. The model used isasfollows.

Qe =T{ Prryn) Ppyen) By (P}

Q, — Quantity of fertilizer (mt) used in year t
P(f)(t) — Price of Fertilizer (Rs./mt) in year t
P(p)(t_l) — Farm Gate price paddy (Rs./mt) in year t-1
E(p)(t) — Paddy Extent under Irrigation in year t

D, —Dummy for policy changes
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Table 3 : Results of the regression — Urea

Dependent Variable 1 UQ1

Method : Least Squares
Sample (adjusted) : 1981-2004
Included observations : 24 after adjusting endpoints
Variable Coefficient Std. Error t-Statistic Prob.
C -0.611588 2.888294 -0.211747 0.8346
UP1 -0.154291 0.087234 -1.768702 0.0930
PP1(-1) 0.330789 0.150557 2.197098 0.0406
EX1 2.532465 0.895402 2.828298 0.0107
DU 0.182554 0.071723 2.545274 0.0198
R-squared 0.913806 Mean dependent var 11.87652
Adjusted R-squared 0.895660 S.D. dependent var 0.287835
S.E. of regression 0.092976 Akaike info criterion -1.729909
Sum squared resid 0.164245 Schwarz criterion -1.484481
Log likelihood 25.75891 F-statistic 50.35847
Durbin-Watson stat 1.972436 Prob (F-statistic) 0.000000

Results show that all the sel ected variables are significant for ureausage
with theoretically expected signs. Further, these resultsindicate that fertilizer
demand is inelastic to own price, cross price and policy changes. However,
extent under irrigation is highly sensitive to urea usage, which implies that
increasing the total area under paddy under irrigation would have a higher
impact on the urea application. Previous researches also observed that the
input use is higher under irrigated conditions than in rain fed lands in the
country.

Inelasticity of ureausageto itsown price, cross price and policy changes
suggests that unavailability of substitutes for urea encourage farmersto apply
urea with out considering price changes. According to the results a one-unit
increase in price of ametric ton of ureawould reduce annual ureademand for
paddy by 0.15 units. If lagged farm gate price increases by one unit per metric
ton, urea demand will increase by 0.33 units. This information reveals that
fertilizer demand is more sensitive to change in paddy price than to changein
fertilizer prices. If fertilizer prices were increased holding paddy prices
constant a reduction in urea use would occur.

Demand Function: Muriate of Potash (MOP)

At first all the variablesin log form that use to analyse MOP demand function
were tested for stationary. The ADF tests showed that all variables are
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stationary infirst difference, i.e., I(l) and the results were confirmed by Philips
Perron tests.

Table 4 : Unit Root Test — Variablesin First Difference

Variablesin 1st Difference ADF PP

MOPQ1 (MOP usage) -4.164773** -5.048492+ *
MOPP1 (MOP price) -6.095492* * -6.095492* *
PP1 (Paddy Price) -5.324109* * -5.359762* *
EX1 (Extent) -5.403066* * -7.241751**

** Significant at 1% level

A Simple linear regression was carried out to estimate size and
significance of those variablesto MOP usage. Since thereis atendency to use
of urea excessively than other fertilizers due to its lower price, in analyzing
MOP demand function, the Urea priceis also taken as an independent variable.
The model used is as follows.

Q=T { (Piyp): (Ppye-1)): (Epypy): (D) }

Q; — Quantity of fertilizer (mt) used in year t
P(f)(t) — Price of Fertilizer (Rs./mt) in year t
P(p)(t_l) — Farm Gate price paddy (Rs./mt) in year t-1
E(p)(t) — Paddy Extent under Irrigation in year t

D, —Dummy for policy changes

Results show that except extent under irrigation all other selected
variables are significant for MOP Usage with theoretically expected signs.
Similar to the results of the Ureademand function, results of the M OP demand
function indicates that MOP demand isinelastic to own price, cross price and
policy changes.

Inelasticity of MOP usageto itsown price, cross price and policy changes
implies that since there are no substitute available for MOP, farmers tend to
apply MOP without considering price changes. According to the results, a
one-unit increase in price of a metric ton of MOP would reduce its annual
demand for paddy by 0.21 units. If lagged farm gate price increases by one
unit per metric ton, MOP demand will increase by 0.79 units. These results
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Table 5 : Results of the regression — MOP

Dependent Variable
Method

Sample (adjusted)
Included observations

: MOPQ1
: Least Squares
: 1981-2004
1 24 after adjusting endpoints

Variable Coefficient Std. Error t-Statistic Prob.
C 4.494407 2.981188 1.507589 0.1481
MOPP1 -0.212730 0.117575 -1.809312 0.0863
PP1(-1) 0.792315 0.235511 3.364243 0.0033
EX1 0.149572 0.978238 0.152900 0.8801
D2 0.248983 0.091279 2.727709 0.0134
R-squared 0.739215 Mean dependent var 10.33500
Adjusted R-squared 0.684313 S.D. dependent var 0.211380
S.E. of regression 0.118766 Akaike info criterion -1.240272
Sum squared resid 0.268002 Schwarz criterion -0.994844
Log likelihood 19.88326 F-statistic 13.46425
Durbin-Watson stat 1.337459 Prob (F-statistic) 0.000023

also confirm that the fertilizer demand is more sensitive to change in paddy

price than to change in fertilizer prices. Further, in the case of MOP demand,
own price and cross price elasticities arerel atively higher than in Urea demand.

Demand Function: Triple Super Phosphate (TSP)

Except quantity used and thefertilizer price, al the other variableswere similar
to the previous estimation. Since the ADF tests confirmed that all variables
are stationary in first difference, i.e., I(l), a simple linear regression were
carried out to estimate TSP demand function. The Urea price was taken as an
independent variable for this analysistoo. The Model and variables are given

bellow.

Q=T Prryn) Ppyen) By (B2}

Q; — Quantity of fertilizer (mt) used in year t

P — Priceof Fertilizer (Rs/mt) in year t

P(p)(t_l) — Farm Gate price paddy (Rs./mt) in year t-1

E(p)(t) — Paddy Extent under Irrigation in year t

D, —Dummy for policy changes
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Table 6 : Results of the regression — TSP
Dependent Variable 1 TSPQ1

Method : Least Squares
Sample (adjusted) : 1981-2004
Included observations : 24 after adjusting endpoints
Variable Coefficient Std. Error t-Statistic Prob.
C 1.336310 3.500426 0.381756 0.7069
TSPP1 -0.075420 0.151730 -0.497065 0.6248
EX1 1.365139 1.138181 1.199405 0.2451
PP1(-1) 0.414735 0.290252 1.428878 0.1693
D2 0.273064 0.110374 2.473980 0.0230
R-squared 0.632031 Mean dependent var 10.24918
Adjusted R-squared 0.554564 S.D. dependent var 0.207979
S.E. of regression 0.138807 Akaike info criterion -0.928408
Sum squared resid 0.366082 Schwarz criterion -0.682980
Log likelihood 16.14090 F-statistic 8.158690
Durbin-Watson stat 2.058493 Prob (F-statistic) 0.000026

Even though results confirmed theoretically expected signs, most of the
variables are not significant for TSP demand. According to the results, changes
in fertilizer price, out put price and the cheapest fertilizer price could not
influence the TSP demand significantly.

V. Conclusion

Findings in section |V indicate that even though there are some similarities,
fertilizer demand functions could vary according to the type of fertilizer.
Selected main fertilizersareinelastic toits' own price, output price and policy
changes with different significance levels. Therefore, it could be concluded
that the fertilizer demand is not significantly affected by changesin own price,
output price and related policies in the short run and hence fertilizer subsidy
isnot akey determinant of fertilizer usage in paddy cultivation. These results
werealsoinlinewith the findings of related research in other countries. Since
the unavailability of substitutes for fertilizer, farmers tend to apply fertilizer
with whatever difficulties to ensure the optimum yield levels. However,
increasein fertilizer price could reduce farmers' profit since it increases cost
of production.

Further, these results also reveal ed that own price elasticity of demand
for fertilizer was smaller than cross price elasticity between demand for
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fertilizer and paddy price. Therefore, increasing paddy price would increase
demand for fertilizer at a faster rate than when decreasing fertilizer prices.
Increasing paddy prices or decreasing fertilizer prices are the alternatives
available to the government to provide incentives to the paddy farmersin the
short run. Even though increase in output price could play a greater role in
this regard, such a policy would spread the farmers’ problem over the entire
society.

Hence, policy makers should weigh pros and cons of two options
available before making a decision. However, a sudden withdrawal of the
subsidy will push farmers in low-income groups into worse situation than
they werein the past. At |east there should be away to group farmers according
totheir income levelsand to help low income group with subsidies. Therefore,
well-targeted subsidy scheme, which is subjected to gradual phase out, is
preferred in the short run. The government’s decision of restricting fertilizer
subsidy only for paddy farmers from 2006 is an important step taken for this
direction.

It is also revealed that farmers had not been using correct amount of
fertilizer to maintain N:P:K ratio of the field especially during the period 111
(1997 — 2004) in which only urea was subsidized. This situation should also
be corrected through a sound agricultural extension programme. Further, it
will reduce cost of production by increasing average yield.

Meanwhile, public expenditure should also be focused on providing
infrastructure as well as institutional facilities that are required to improve
efficiency in paddy marketing to allow paddy price to be attractive. Once
productivity and profitability in paddy cultivation isincreased to an acceptable
level fertilizer subsidy could be withdrawn completely.
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Appendix 2 : Public Expenditure on Fertilizer Subsidy

Year Expenditure As a Percentage
(Rs.mn) of GDP

1987 600 0.27
1988 347 0.32
1989-1993 - -
1994 630 0.1
1995 1,345 0.2
1996 1,500 0.2
1997 1,895 0.2
1998 2,152 0.2
1999 1,390 0.1
2000 1,733 0.1
2001 3,650 0.3
2002 2,448 0.2
2003 2,191 0.1
2004 3,572 0.2

Source: Central Bank Annual Reports

Appendix 3 : Annual Average Retail Price of Fertilizer

Rs/Mt

Year Urea MOP TSP Year Urea MOP TSP

1981 2,463 2,565 2,375 1993 9,850 9,500 10,300
1982 2,785 2,900 2,685 1994 9,850 9,500 10,300
1983 2,850 2,750 2,850 1995 | 10,200 | 10,196 11,204
1984 2,850 2,750 2,850 1996 | 11,000 | 11,250 12,200
1985 2,850 2,750 2,850 1997 9,400 | 12,625 15,375
1986 2,850 2,750 2,850 1998 6,800 | 13,500 19,200
1987 2,850 2,750 2,850 1999 6,300 | 14,633 19,200
1988 3,650 3,550 3,650 2000 7,000 | 16,500 19,200
1989 3,650 3,550 3,650 2001 7,000 | 17,550 18,200
1990 7,900 8,200 9,650 2002 9,450 | 19,940 21,000
1991 | 10,000 9,367 10,050 2003 | 17,000 | 24,500 25,500
1992 9,850 9,500 10,300 2004 | 10,740 | 32,200 33,250

— 95

Source: National Fertilizer Secretariat
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Appendix 4 : Annual Use of Fertilizer in Paddy Cultivation

000’ Mt

Year Urea TSP MOP Year Urea TSP MOP
1980 116.2 18.3 17.1 1993 136.5 37.7 32.7
1981 94.6 17.7 16.4 1994 161.5 35.2 40.1
1982 97.3 22.2 21.8 1995 157.6 34.6 40.0
1983 97.0 21.8 23.0 1996 147.0 34.8 36.9
1984 112.6 25.1 24.5 1997 149.3 26.8 32.7
1985 125.0 28.0 27.8 1998 180.1 23.7 34.6
1986 139.7 36.3 324 1999 234.2 34.1 38.4
1987 133.0 28.8 31.9 2000 193.3 27.1 29.8
1988 131.0 28.6 33.8 2001 214.4 329 29.5
1989 139.1 32.0 32.0 2002 270.1 37.2 375
1990 99.2 20.5 26.0 2003 201.9 38.2 33.2
1991 98.2 22.8 29.8 2004 222.2 34.8 36.6
1992 118.9 24.2 32.3

Source: National Fertilizer Secretariat



