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1. Introduction

A form of best practice has developed with regarthbnetary policy with an inflation target.
The monetary policies applied by several centrakbaas well as academic research, have
played a central role in this developméfithen it comes to the central banks' management of
financial assets, however, there is not the sager clonsensus on what is meant by best
practice.

With floating exchange rates it is important test that FX reserves are needed for several
reasons: foreign exchange interventions, emergkonagity assistance to banks in financial
distress, and international commitments (IMF, GY@hen there is a financial crisis, holding
FX reserves for emergency liquidity assistanceadably the most important motive.

The traditional analysis model is based on therapsion that the central bank's own holdings
of financial assets provide the only alternativeewlan acute need for foreign currency arises.

For a central bank with access to internationarfmal markets and credit lines with other
central banks and international organisations,itiogel is in some sense outdated and is in
fact hardly used by modern central banks in practic

The objective of this paper is to discuss the apgibn of alternative models, based on
contingent claims analysis, against the backgrainmdcent trends and the financial crisis.

Section 2 gives an outline of the system for theagament of financial assets in industrial
countries and emerging market countries with irdlatargets, at the same time as
developments in a number of other countries ae@asidered. Trends in recent years are

| am grateful for the opportunity to draw on pndifiary work by Dale Gray and Andrea Maechler onfiie
Reserve Adequacy in Sweden. | am also gratefuhéavdo Lee for providing Matlab code and to PetdiirSer
research assistance. The views expressed are myesponsibility and are not to be regarded as septeng
the view of the Executive Board of the Riksbank.

2 See, for example, Svensson (2007) “Inflation Tenge" in The New Palgrave Dictionary of Economi2¥!
edition, edited by Larry Blum and Steven Durlauf.



discussed, as well as the conceivable effectseottinrent financial crisis on asset
management. This is followed by an account of #otdfrs that explain the size of the foreign
currency reserve according to the academic litezatu

Section 3 studies new models based on contingamglanalysis and modern insurance
thinking, with applications to Swedish data. Thetfmethodology, developed by Gray and
Maechler (2008), uses risk adjusted balance slééte banks and the sovereign in order to
study the potential for FX liquidity support to éincial institutions in a crisfsThe second
methodology, developed by Lee (2008), bring forwtalinsurance motive for holding
international reservesin his model, the overall insurance level is etiéel by the central

bank's commitments. The percentage of the ovieislkance that needs to be retained as own
financial assets or that can constitute exterralrence is affected by the expected levels of
return and risk for the foreign currency reservel B determined endogenously in the model.
Section 4 draws some general conclusions.

2. An international review®

In this section, we first briefly review the foreigurrency reserve management of the central
banks. We go on to discuss the consequences otithent financial crisis, which began in
2007 and is still continuing. Finally, we draw ammuoer of lessons for asset management from
various international experience.

Foreign currency reserve management at the cebiaks

The tasks of the central banks with regard to pstebility and the stability of the financial
system are similar around the world. These tasksh&r most important factors that the central
banks take into account when they make decisioostdhbeir financial assets. Being ready and
prepared to intervene if necessary is usually thetnmportant requirement, which means that
the assets must be highly liquid.

Although having access to liquidity in foreign cemcies is the primary objective of the
management of the foreign currency reserve, regguirements have increased in importance
over the last 10 years. The definition of eligiabset types has been broadened in order to
allow for a higher return than previou$ljt has also become more common to permit the use
of derivatives in asset management. In additionag become increasingly common to divide
up the foreign currency reserve into different fudids with different objectives in terms of
how liquid the assets must be in relation to tlipired return.

®D. Gray and A. Maechler (2008), Technical Analysi$X Reserve Adequacy, Including Banking Sectér F
Related Risk, for Sweden Using Contingent Claimalgsis of the Banking Sector and Sovereign, Mimeo,
Sveriges Riksbank.

* Jaewoo Lee (2008), “Option pricing approach ternational reserves”, IMF, Research Department,
Forthcoming, Review of International Economics.

® This review is based on the annual surveys coedury the Royal Bank of Scotland of a large nunafer
central banks, the survey conducted by BIS at tideo 2006, and the survey the Riksbank has cordunita
number of central banks (the ECB and the centnaké@ Australia, Chile, Denmark, England, Canada,
Norway, New Zealand, Switzerland and South Korea).

® The Royal Bank of Scotland's survey in 2006 shothatithree out of four central banks permit inwestts in
government bonds with an AA rating, while one oluthoee central banks permit investments in govenmm
bonds with an A rating. The element of credit-redbsecurities had also increased somewhat.



At some central banks the focus of asset managemsritirned toward&sset Liability
Managemen(ALM). This means that commitments are matchedh Wit properties of the
assets. For a central bank this may mean thatsasgeivalent to the bank's own capital and
notes are invested in the long term, while as$eiisare intended to be used for foreign
currency interventions and emergency liquidity stesice are invested more in the short-term
due to the high liquidity requirement. The cenbahks in Canada, New Zealand and the UK
have, for example, all moved in this direction.

There are also examples of countries where assageaent more explicitly aims to manage
Sovereign Wealth Fundb Norway, this aim has been clearly stated aspegific part of the
asset management system has been organised tdepesvhigh a return as possible. Other
countries with a more explicit strategy for the mg@ment of national wealth based on the
foreign currency reserve are China, Hong Kong, &wwge and South Korea.

A majority of the central banks in the Royal BarilSgotland's survey stated that they have
outsourcecelements of asset management. Outsourcing wasyarty common in the
developing countries. On the other hand, less #hidird of the central banks in the
industrialised countries were involved in outsongciOutsourcing relates to only a small part
of the total portfolios.

Increasing openness about the management of focaigency reserves is also noted
internationally, probably as an effect of the irasi@g independence of the central banks, and
this has led to increasing demands for accountgbili

The size of the foreign currency reserve

Since the Bretton Woods system collapsed in thig &8i70s, the total foreign currency
reserves in the world's central banks as a perger@BGDP have increased. This may seem
surprising since the central banks should reqgess Access to foreign currency with a
floating exchange rate than with a fixed excharage.There are, however, major differences
between different groups of countries. It is mainlyhe developing countries that the foreign
currency reserves have increased.

In developing countries with inflation targets,d@n currency reserves increased from
approximately 9 to 20 per cent, as a percentag&D#?, between 1980 and 2004, while the
increase in the industrialised countries with idla targets was much more limited, from
slightly less than 6 to 8 per cent, see table 1.

Table 1 FX reserves in 15 countrigs

" M. Obstfeld, J. Stambaugh & A. Taylor (2008), "&iial stability, the trilemma, and internationederves”
CEPR 6693



FX reserves

(per cent of GDP) 1980 2004
Audralia 3,7 5,6
Brazil 3 8,7
Chile 15 17
Denmark 6 16
|srael 18 23
Japan 3,7 18
Canada 6 3,5
Mexico 2 9
Norway 11 17
New Zealand 1,6 7
Switzerland 6 21
Sweden 5 7
Rep. of Korea 5 29
Thailand 9 31
USA 6 1,6
Industrial countrieswith inflation targets 5,5 8,0
Emerging markets with inflation targets 8,7 19,6

Simple rules of thumb have often been used to ohéterthe level of a central bank's financial
assets. It may have been stated, for examplethit@doreign currency holdings should cover
three months of imports. Another common rule oftbus the so-called Greenspan-Guidotti
rule under which the foreign currency holdings dtdl@over the total short-term foreign debt.

However, these rules of thumb are outdated fom&rakebank with access to financial
markets. It has become apparent that the mainmdasuilding up financial assets in the
developing countries is thgrecautionary motiveFinancial deregulation programmes and the
crisis in Asia in 1997-1998, which entailed a dréimdecline in short-term capital inflows,
have contributed to an increase in risk aversiahiarioreign currency reserves. In recent
years, the foreign currency reserves have alseased in developing countries in Asia as a
result of foreign currency interventions designeddunteract strengthening tendencies for
the domestic currency.

Financial transparency and the central banks' e¢arfoe financial stability play a particularly
important role in the development of the foreigmrency reserve$This means that the size
of a country's banking system and the role of #rdral bank in providing emergency

liquidity assistance affect the size of the reseAlkin all, there is support in the macro data
for the notion that there is a tendency for theifgm currency reserves of the central banks to
increase when:

e the country's financial openness to the outsidddnocreases,

8 M. Obstfeld, J. Stambaugh & A. Taylor (2008), "&itial stability, the trilemma, and internationederves”
CEPR 6693



e the size of the financial sector increases,
e the banking system has been disrupted.

Models that take financial variables into accoustlaetter at explaining the size of the
foreign currency reserve in both developing andigtdalised countries than models that do
not, according to academic research.

At the same time, it is important to note that calnbanks in general have not developed an
established method for assessing how the volunieedadissets is affected by the primary tasks.
There are very few examples of micro-based analyegsxplain the size of the foreign
currency reserves according to the Riksbank’s gwf/ether central banks. One exception has
been the Reserve Bank of New Zealand, where tleggfoicurrency reserve is to some extent
determined by the need to be prepared to act amlketrmaker on the currency market for the
country's own currency with the aim of coping watshort-term crisis of confidence in the
national economy. Other central banks have notaiittie need for emergency liquidity
assistance affects the size and composition dirtaacial assets without more explicitly
stating how this is calculated. Holding the majartf the foreign currency reserve in the
form of liquid assets means that it can be usethdtin monetary policy interventions and as
emergency liquidity assistance for banks in crisis also important to note that the reserve
can be complemented by other arrangements, for geaswap agreements with other central
banks, which we will discuss below.

The composition of the foreign currency reserve

Many central banks have chosen to handle the aynmesk by choosing a currency
composition in similar ways. This means that tharstof the dollar in the reserves has
declined, usually in favour of the euro.The relativeight of the dollar in asset management is,
however, still very high. In the mid-1970s, theldd$ share of the total foreign currency
reserves in the world was approximately 80 per.dar2005, the corresponding figure was 67
per cent, while the euro accounted for 24 per oétite foreign currency reserves.

New Zealand has previously eliminated the curretgkyby having the same currencies on the
asset side of the balance sheet as on the liabitig; In recent years, however, the Reserve
Bank of New Zealand has chosen to maintain a cedgree of open exposure in its foreign
currency reserve. The reason for this is that #rkbn this way wants to reduce the risk that
the value of the reserve will fall when it is ne@dwgost, i.e. when there is a risk that the New
Zealand dollar will collapse.

Other countries that have chosen to neutralise tieiency risk in the same way are Canada
and the UK.

Examples of significant disruptions

There are many historical examples of significastuptions to the foreign exchange markets
that motivate having access to a foreign curreesgnve. There is extensive literature on
how fixed exchange rate systems can be subjectgoketulative attacks. Significant
disruptions can also occur on deregulated finamoakets, for example as the result of
terrorist attacks or a financial crises.



11 September 2001

Following the terrorist attack on 11 September 2@0& US stock market closed for four
days. Trading on the foreign exchange markets rcoetl however, although turnover
declined. Many foreign exchange traders in NewkYapved their operations to special
emergency facilities or abroad. In addition, mérgign banks could not use their usual
counterparties or correspondent banks. They thexéfirned to their respective central banks
to get assistance in acquiring liquidity in dollars

The Federal Reserve also arranged swap facilitigsstine ECB ($ 50 billion), the Bank of
England ($ 30 billion) and the Bank of Canada ($idon). The ECB used this swap facility
on 12, 13 and 14 September 2001 (in total $ 23liéri while the Bank of England and the
Bank of Canada did not need to use it. The ExeeWBivard of the Riksbank decided to make
available up to $ 1 billion to the Swedish bankwilid not, however, need to use this loan
facility.

Directly after the terrorist attacks, uncertaintytbe foreign exchange markets for the dollar,
euro and yen increased dramatically, but aftemadays developments on the spot markets
for these currencies were relatively calm. The dehfar US government securities increased
for liquidity reasons, which contributed to theaeery of the dollar. In smaller industrialised
countries with a floating exchange rate, such astralia, New Zealand and Sweden, the
terrorist attacks contributed to a weakening ofakehange rates for a while.

The financial crisis 2007-2008

The financial crisis that began on the mortgageketan the USA in 2007 has affected the
operations of the central banks in several waythiBpaper, we focus mainly on aspects
relating to the supply of liquidity and the neechtive access to foreign currency.

In the autumn of 2007, the banks' demand for seaoddiquid investments increased as a
result of the incipient crisis. The reason for thes partly a fear of being hit by liquidity
problems and partly anxiety about increased cresks when providing loans to other banks.

The banks' higher demands for liquidity reservegdean increase in the demand for liquid
risk-free investments, at the same time as thelgbpnterbank loans decreased. This meant
that rates for government securities were squeeaetiwards at the same times as the longer
interbank rates increased due to a reluctance wptiiquid capital with high-risk
counterparties for a longer period of time. Theegdrbetween interbank rates and risk-free
rates increased, especially for somewhat longerger

But even the shortest market rates increased waekshwith a surplus at the beginning of the
cash requirement period preferred to invest theinay safely at the central bank rather than
in the money market. The central banks respondestipglying more liquidity than usual in
order to push the shortest interest rates downddevels they were aiming for.

For market maintenance reasons, many central keségried to reduce the pressure on the
somewhat longer interbank rates by increasingtipelg of longer-term loans in order to
reduce longer interbank market rates.

The central banks have thus taken several measuessure that financial institutions have
access to liquidity. New liquidity facilities habeen set up. The list of accepted securities



has been increasé®everal central banks have also granted emerdiepigity assistance to
financial institutions that have been taken oveGmyernment authorities.

Emergency liquidity support in foreign currency

In the current crisis, the provision of emergeniquidity support has largely concerned
support in domestic currencies. On several occasloowever, beginning in December 2007,
the Federal Reserve, the ECB, and other centr&istd@ave coordinated a global supply of $
liquidity.*° Interbank rates for slightly longer terms hadrnisehich made the pricing of
currency swaps in dollars more difficult. This plerb was reinforced by differences in time
zones in that European banks needed dollars eatlheimorning at the same time as
American banks waited until later in the day ton@mllars because they first wanted to
guarantee that they could meet their own liquidiggds for the day. The ECB, the Swiss
National Bank and a number of other central bah&sefore set up facilities to supply their
counterparties with liquidity in dollars. They saghcurrency swap agreements with the
Federal Reserve so that they could offer loan®llad to banks against collateral in euro and
SFR. Between December 2007 and 10 September 2@08wiss National Bank conducted
15 auctions in which its own counterparties were &b purchase against collateral in
domestic currency for a total sum of $ 78 billiarhile in the same period the ECB conducted
18 auctions where a total of $ 320 billion was @died to the counterparti&’s.

The justification for these repurchase transactieas that they meant that the supply of
liquidity in dollars could be provided in Europerthg normal market hours and that the
friction stemming from the different time zonestbe global exchange markets could be
limited. Another reason given for the swap agredsers that it would be advantageous for
the central banks in the home countries to sugmybianks with liquidity in dollars as these
central banks have more knowledge about the neatis borrowers?

On 18 September 2008, the cooperation betweenetier&d Reserve and the other central
banks was extended. The ECB's swap agreement eraaged from $ 55 billion to $ 110
billion. The swap agreement with the Swiss Natidehk was increased from $ 12 billion to
$ 27 billion. In addition, new swap agreements wirgavn up with the central banks in Japan
(% 60 billion), the UK ($ 40 billion) and Canadai® billion).

In connection with these new agreements it wasaisounced that the central banks in
Europe have begun to offer dollars on the O/N ntaikKee ECB and the Bank of England
would loan up to $ 40 billion, while the Swiss Nettal Bank would offer up to $ 10 billion,
overnight.

° The Bank of England, which previously did not gitamortgage securities as collateral extendedishéol
cover these securities too. In March 2008, the FeédReserve opened a new credit facility for itarterparties
on the money market ((Primary Dealer Facility)cémnection with the collapse of Lehman Brothers in
September 2008, the central bank decided thablkegaral, the counterparties would be permittethtee out
loans on assets other than those of "investmedegra.g. shares.

9 The central banks in the USA, the euro area (EEBYyland, Canada and Switzerland drew up an agmgeme
on 12 December 2007 which was extended on 11 M2006B.

™ n May 2008, a swap agreement was also signeddeetthe Central Bank of Iceland and the centrakdan
Denmark, Norway and Sweden that entitles the CeRBtrak of Iceland to borrow a total of EUR 500 naifi.

12 Central bank operations in response to the firmeimoil (2008), CGFS Papers No 31, BIS.



On 24 September 2008, temporary swap agreemengsanapunced between the Federal
Reserve and the Riksbank ($ 10 billion), and th@reébanks in Australia ($ 10 billion),
Denmark ($ 5 billion) and Norway ($ 5 billion). T¢efacilities, like the other swap
agreements, were intended to improve liquidity ¢omas on the global financial markets.

On 26 September 2008, Danmarks Nationalbank impiéedea 28-day repurchase agreement
for $ 5 billion and the Reserve Bank of Australia8day repurchase agreement for $ 10
billion, while the Bank of England implemented auechase agreement O/N for $ 10 billion
dollars and a one-week agreement for $ 30 billion.

On 29 September 2008 Federal Reserve authoriza@ & Billion expansion of the
temporary swap agreements with other central barese larger facilities will support the
provision of dollar liquidity by the ECB ($ 240 kdn), Bank of Japan ($ 120 billion), Bank
of England ($ 80 billion), Bank of Canada ($ 30ibil), the Riksbank ($ 30 billion), Reserve
Bank of Australia ($ 30 billion), Danmarks Natiobahk ($ 15 billion) and Bank of Norway
(% 15 billion).

On 1 October 2008, the Riksbank implemented a 3&jaurchase agreement for $ 7 billion.

On 13 October 2008 it was announced that in o@erdvide broad access to liquidity and
funding to financial institutions, the Bank of Eagtl (BoE), the European Central Bank
(ECB), the Federal Reserve, the Bank of Japantten8wiss National Bank (SNB) were
jointly announcing further measures to improveiliify in short-term U.S. dollar funding
markets.

The BoE, ECB, and SNB will conduct tenders of W8lar funding at 7-day, 28-day, and
84-day maturities at fixed interest rates for allbtment. Funds will be provided at a fixed
interest rate, set in advance of each operationnteoparties in these operations will be able
to borrow any amount they wish against the appat@ollateral in each

jurisdiction. Accordingly, sizes of the reciprocalrrency arrangements (swap lines) between
the Federal Reserve and the BoE, the ECB, andNiBevll be increased to accommodate
whatever quantity of U.S. dollar funding is demashde

On 14 October 2008 it was announced that the $iteeswap line between the Federal
Reserve and the Bank of Japan will be increaseddommodate whatever quantity of U.S.
dollar funding is demanded.

On 28 October 2008 the Federal Reserve and thenReBank of New Zealand announced
the establishment of a swap line to address ongelegated pressures in U.S. dollar short-
term funding markets. The facility will supporetprovision of U.S. dollar liquidity in
amounts of up to $ 15 billion.

On 29 October 2008 the Federal Reserve, the Baantr&l do Brasil, the Banco de Mexico,
the Bank of Korea, and the Monetary Authority aig@ipore announced the establishment of
swap lines. These facilities, like those alreadgl@dshed with other central banks, were
designed to help improve liquidity conditions ikl financial markets and to mitigate the
spread of difficulties in obtaining U.S. dollar fling in fundamentally sound and well
managed economies. The facilitities will suppoe piovision of U.S. dollar liquidity in each
country in amounts of up to $ 30 billion.



Other consequences of the financial crisis

The survey conducted by the Riksbank, containsr @k@mples of how the central banks
have reacted to the crisis. Some central banks thesieled to increase its foreign currency
reserve as an emergency preparedness measure.

In the survey conducted by the Roy al Bank of $eatlin the autumn of 2007, after the start
of the financial crisis, it was noted that approately half of the central banks believed that
the traditional target for ensuring liquidity wout@ upgraded.

It was also noted that there was a clear trendridsvMaw-risk securities with a high rating.
More than 80 per cent of the central banks expdcta@tcrease the percentage of AA-rated
bonds. Two-thirds of them expected to reduce theldings of BBB-rated bonds. Between 80
to 90 per cent of the banks believed that they doedluce their holdings of MBS and ABS.
On the other hand, more than half of the centrakb@&xpected that they would increase their
use of financial derivatives.

The survey sent by the Riksbank to other centrakbalso reveals that stricter demands have
been placed on the counterparties and that invessnreless creditworthy securities have
decreased on the margin.

Overall assessment

All'in all, the international review indicates ththe purpose of the foreign currency reserve has
changed in recent decades. Previously, the cdrdrids’' foreign currency holdings have

mainly been motivated by the need for interventithrag may stem from a fixed exchange rate
regime. Today, the supply of currency increasimfys a role with regard to maintaining
confidence in the functioning of the foreign exchamarkets and ensuring that the central
banks can maintain the stability of the financigtem by supplying liquidity to financial
institutions.

The developments on the financial markets andittan€ial crisis show that it is important for
a central bank to take into account both its oweifm currency reserves and the access to
foreign currency that swap agreements with othetraebanks provide. We have noted that
the central banks on several occasions duringribis ©ave coordinated a global supply of
liquidity. Several central banks have also signegdpsagreements with the Federal Reserve in
order to be able to offer loans in dollars to tleunterparties against collateral in domestic
currencies.

It is therefore important to consider that a cdriieak needs a form of overall insurance that
consists of two main components:. First, finanasdets in foreign currency that constitute a
kind of self-insurance and, second, other ways @étmg future needs for financial assets, for
example swap agreements, that constitute a kieettefnal insuranc¥’

Any increase in the risk of a financial crisis @dfect both of these components and may lead
to a greater need for a central bank to have ethwn foreign currency reserve and some

13 Jaewoo Lee (2008), “Option pricing approach terinational reserves”, IMF, Research Department,
Forthcoming, Review of International Economics.
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form of external insurance (swap agreements). Tinect crisis also shows, however, that
access to swap agreements can reduce the neeaxldasea the foreign currency reserve when
anxiety increases on the financial markets. Atstéi@e time, it cannot be ruled out that a
certain level for the foreign currency reserve b@sn necessary in order to be able to sign
swap agreements with other central banks.

3. The FX reserves as an insurance policy

We have noted that the traditional academic mantetdlculating the size of the foreign
currency reserve is not a particularly approprietsis for a central bank with access to
international financial markets and credit line®tber central banks and international
organisations. The traditional analysis regardditiecial assets of the central bank as the
only insurance available in an emergency situatiben the central bank needs access to
foreign currency, which is no longer a realisticrp@f departure.

In recent years, a conceptual framework for howbiddance sheet of a nation or a central
bank can be analysed using modern insurance tlyriias been developed. When the
balance sheet for a nation's or a central bang&tssand liabilities is analysed, it is possible to
use insurance thinking based on Robert Mertontsryhef price contingent contracts.

The analysis is based on an essay that demonshatethe value of deposit insurance can be
calculated using the theory behind put optittiEhe deposit insurance that the FDIC
provides for bank deposits in the USA correspofatsgxample, to a put option and can
therefore be valued in the same way as such aaropti

This framework has been applied by Dale Gray, Rdderton and others to study several
finan%iSaI crisis, including the Asian Crisis, theaBilian Crisis and the current subprime
Crisis:

Such a model is more general than an analysis lmasadraditional balance sheet. A
traditional balance sheet does not address théhatcthe costs for implicit or explicit
insurance commitments between different sectoraféeeted by the volatility of underlying
variables.

In the case with only two sectors, commercial baarkd a consolidated public sector
(including the central bank), there are severaligcripption contracts.

The banksasset side consists of loans to companies and asksets. In addition to this there
is any deposit insurance and other guaranteestfierState or the central bank that can be
seen as a long position of an implicit put optidhe banks' liabilities side consists of deposits
and other liabilities. In addition to this therelh® share capital, which can be seen as an
implicit call option.

! Robert Merton (1976),”An analytic derivation o&thost of deposit insurance and loan guaranteestndl of
Banking and Finance, 1, 3-11.

15D. Gray and S. Malone (2008)lacrofinancial riskanalysisWiley Finance;

D. Gray, R. Merton and Z. Bodie "Contingent ClaiAgproach to Measuring and Managing Sovereign Credit
Risk" Journal of Investment Management, 4, 200Z85-

D. Gray, R. Merton and Z. Bodie, “A Contingent @fai Analysis of the Subprime Credit Crisis of 20@02,
Mimeo.
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Theconsolidated public sectorassets consist of the foreign currency reservedtadet

total of other financial assets, both long pos#id@n the liabilities side there are any deposit
insurance and other guarantees to the banks frer@divernment or the central bank that can
be seen as a short position corresponding to thieshamplicit put option above. The

liabilities side also includes the foreign debt,jathcan be seen as the total of a short position
(the value of the debt excluding suspension of gays) and a long position in the event of
suspension of payments that can be seen as armitnppii option. In addition there is the

value of the banknotes and coins in circulation lgatallities in domestic currency.

The traditional balance sheet thus does not takesiccount the risks that the explicit or
implicit commitments may entail when there are magriations in the value of the
underlying assets. The advantage of an analyseslb@san insurance model is that the
transmission of risk between different sectorsloawlarified. It is also possible to show that
a traditional balance sheet can be seen as a bpas@of the insurance-based balance sheet
where the volatility in the value of the assetsaso, which means that all implicit put and call
options are without value.

Insurance thinking applied to the FX managemerhefcentral bank

There are many indications that this conceptuahé&aork has several advantages when it is
applied to the FX management of the central bank.

e |t can be used to calculate the cost of the ingdevel aimed at.

e Once the overall insurance level has been choseanibe used decide how large a
proportion of the overall insurance needs to be keginancial assets by the central
bank.

e |t shows how the optimal reserve quota variesna With the risks that the financial
system is exposed to and can explain why courttiegshave suffered financial crises
increase the reserve quota.

The point of departure is thus that a central baegds a form of overall insurance that
consists of two main components: First, financgsets in foreign currency that constitute a
kind of self-insurance and, second, other ways @étmg future needs for financial assets that
constitute a kind of external insurance.

We will present the preliminary results from applyitwo different models to Swedish data.
The first is an application developed by Dale Gaayg Andrea Maechléf. The second is an
application of a model developed by Jaewoo Yee.

The Gray/Merton/Bodie Model
The application to the banking sector by Gray araéémler (2008) use MKMV daily

information on the four major banks in Sweden whisks market capitalization, volatility of
market capitalization, the default point deriveahfrliabilities to estimate implied assets,

5D, Gray and A. Maechler (2008), Technical Analyafi$X Reserve Adequacy, Including Banking Sectér F
Related Risk, for Sweden Using Contingent Claimalgsis of the Banking Sector and Sovereign, Mimeo,
Sveriges Riksbank.

17 Jaewoo Lee (2008), “Option pricing approach terinational reserves”, IMF, Research Department,
Forthcoming, Review of International Economics.
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implied asset volatility, expected default probiypi{EDF), as well as EDF implied CDS
spreads daily for each bank. Data from MKMV on agseel and default point as well as
base (calm period) volatility is used, plus addisibinformation from equity options for each
bank.

Financial support for liquidity and potential credsk from the authorities is likely to be
provided before “default” barrier is reached. Anmmum capital barrier, or simply a capital
barrier, is defined by Gray and Maechler (200&ddition to the default barrier. The default
barrier plus 8% of market value of assets is usati@“minimum 8% capital” barrie?.

Figure 1 shows the area between the minimum capataler and the default barrier. The
area represents the probability of falling belowimium capital but not as far as default. The
value of this area is calculated as the implicitgution below the minimum capital barrier
minus the implicit default put option. Gray and @¢aler (2008) call the value of the area as
the “capital barrier put option” or “capital banriexpected loss.” This is particularly relevant
to the central bank as it is a measure loss dyreethted to liquidity support/financial support
which would be needed to get the bank asset ld@ieathe minimum capital level.

Figure 1 The Minimum capital barrier and the default barrier

Volatile Assets Helative to Debt Distress Barrier and “Minimum

Capital Barrier”
i
Errpected asset
male path Ditrdntionof feeetmabe ot T
Assets Value /
¥
3
AT Poohahiliy of Declining hebw Findnoam
g k_’,_""" Capital bt not hekny Defauli Barrier

\ Default Barrier

Proh ahility of Defauh

L J

Data on each bank’s foreign currency assets ahilifies is used to estimate the portion of
the “capital barrier put option” (or “capital baeriexpected loss”)

of expected losses (put option) which is likelyotorelated to EUR or U.S. DOLLAR and the
remainder (SEK and other). In this paper we onpprethe total in SEK in one scenario.

181t is of course also possible to calculate otharibrs, eg. a “minimum 4 % barrier”.
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The basic assumption is that there is a 25, 5@0mEr cent probability of a financial crisis,
eg. related to a sudden credit deterioration irBiic countries, as Swedish banks have high
exposure to the region. It may also assumed tleatrikis will reduce the value of the assets
of the four largest banks by a certain amount.

In one scenario, with a 25 per cent chance ofanfiral shock the mean of the minimum
capital expected losses is SEK 107 billion anddiéfault loss is SEK 167 billion. But given
the probability of a shock the losses may be higisaihere is a probability distribution around
the mean.

The Lee Modéf

The model applied above was based on a thoroudiisasaf market capitalization and
volatility of market capitalization of the bankshd focus was on central banks concerns for
financial stability. Other restrictions, given b¥X nterventions for monetary policy reasons
or international commitments, were not specifiexcteEnal insurances, eg. swap lines with
other central banks, were not included in the asiglylthough that would be feasible. In this
section we will turn to another model, which prasdas possibility to determine the level of
required external insurances endogenously. By asitignthe Lee model on Swedish FX
reserve data, both the desired overall insurandearaoptimal mix between the central
bank’'s own holdings of financial assets and otherratives can be analysed.

The following terms will be used:

D = the central bank'’s total need for financiakés# foreign currency in an emergency
situation in the future = the overall insuranceuiegment.

C = the central bank's own holdings of financiaeds in foreign currency to be used in the
event of an emergency situation in the future =ciratral bank's self-insurance = the foreign
currency reserve.

C/D = the reserve quota = the percentage of ssifrance.

V¢ = the value at the point in time t of the cenbrahk’s holdings of financial assets.
I(C, Vt) = the market value of an option that providesste insurance as V.
R = the return on ¥

r = the risk-free interest rate.

c = the standard deviation of the change {n V

The analysis assumes that at some point in theeftite need for financial assets in foreign
currency, D, will arise. This may relate to intefaaal commitments, emergency liquidity
assistance for banks or currency interventions.féteash flow for the central bank's own

19 Jaewoo Lee (2008), “Option pricing approach terinational reserves”, IMF, Research Department,
Forthcoming, Review of International Economics.
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currency holdings is ¢~ D, which risks becoming negative if D is tooger This means that
the central bank would need an insurance that pay¥ when the value is negative.

This insurance is provided by a put option on thefplio with the exercise price D which
gives the central bank the right to sell the undeg asset Yfor D. If it is the case that the

value of the portfolio, ¥, exceeds the exercise price, the central banpagmut D without
using the option. When, however, the value of thefplio, Vi, is lower than the exercise
price, D, the central bank triggers the optionrides to meet the liquidity needs.

The alternative to acquiring the put option istfug central bank to create a sufficiently high
level for its own holdings of financial assets Batt\t exceeds D at the point in time T. This

means that the central bank’s self-insurance, Gt brusufficiently high to meet the liquidity
commitment, D.

When these two alternatives are compared, it isdhee of the portfolio that acts as a kind of
instrument of equilibrium so that both of the aiteives are equivalent, and that determines
the market value of the insurance.

The insurance value for the central bank's ownihgklof financial assets in foreign currency
can thus be calculated as the market value of agtidn that provides the same level of
insurance as full self-insurance.

In order to find an analytical solution to the \ation problem, assumptions about how the
value of V is expected to develop are needed.

The first possibility is to assume that the valtighe central bank's own holdings of financial
assets follows a log-normal process. This is dyfaasonable assumption of how the
development can be described under normal circutossa Standard formulae can also be
used in the calculations. The second possibilitg imke into account the risk that a financial
crisis can lead to sudden and major negative clsing@e value of the portfolio. This risk
can be taken into account by subtracting a spgeigb process from the log-normal process.

Let us begin with the more normal case. We thaarag that the value of V follows a
geometric Brownian motion with drift with fixed @aneter values for expected excess
return(u) and standard deviatiar):(

(1) dW/V¢ = pdt +oda(t)

We begin with a number of general factors thatciffiee size of the optimal reserve quota,
i.e. how high a level of self-insurance may be appate. It is possible to show that the
optimal reserve quota (C/BY:

» depends on the quota D/V, irrespective of thelle¥ vV
* decreases with increasing excess return on thi®opo (R —r)
* increases with increasing volatility (standardidgon) in the changes in value)(

2 Jaewoo Lee (2008), “Option pricing approach terinational reserves”, IMF, Research Department,
Forthcoming, Review of International Economics.
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However, the stochastic process is rather resteictive want to include the risk of a major
financial risk.

Let us therefore continue with the second cases &hiails complementing the model with a
special jump process with the intention of incluglthe risk that a financial crisis can lead to
sudden and significant negative changes in theevafithe portfolio. Such an analysis may be
more realistic in certain situations, for exampleléscribe the development of the reserve
guota in several developing countries following ¢hisis in Asia. It may also be of value

when a central bank analyses how a financial cnigig conceivably affect assessments of the
optimal reserve quota.

A jump process is subtracted form the lognormatess. The jump process is a Poisson-
process dgwith jump risk §). When there is a jump the value of the jump i®deined by

another process, Y, and given k = E(Y-1), the nese@ss can be written as:

(2) dVi/Vi = (H-AK)dt +Ada(t) + dg

Traditional portfolio management theory suggest E¥areserves should be managed in order
for return and risk being close to the efficiemtrftier, with the restriction that the need for
liquidity should be the first priority and the returequirement the second priority. When the
theory of contingent contracts is applied, howeitas, possible to analyse how these motives
affect each other.

For a central bank's asset management it is ma@ppate to speak about an FX area rather
than a frontier. The FX area shows the reservéagama function of excess return and
volatility, for a certain assumption of the jumpki This means that for every value of the
jump risk an FX area can be constructed that shbeseturn, standard deviation and reserve
quota.

Let us begin with the simplest case. Assume trejuimp risk is assessed to be zero. Figure 2

shows the corresponding FX area. We can see thaedlerve quota decreases with increasing
excess return. We can also see that the reseria muoeases with increasing volatility.

Figure 2 The FX area without jump risk
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Let us continue by assuming that the jump risksseased to be 2 per cent. Figure 3 shows the
corresponding FX area. We can see that the regeista has now increased compared to the
case with zero jump risk. A very small increasg¢hiarisk of a crisis from 0 to 2 per cent

means that the need for self-insurance increasgshB increase is not dramatic.

Figure 3 The FX area area with 2 per cent jump risk
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Now we will consider the question of what jump rislay be assumed to be a reasonable
starting point when an appropriate reserve quotiisisussed. As we saw earlier, the insurance
analysis is based on an assumption that the vakmges in the foreign currency reserve
follow a stochastic process that is a combinatiiom geometric Brownian motion and a
Poisson process.

This means that the central parameters shouldtimeated simultaneously using econometric
methods. Such an estimation on weekly data fopén®d January 1995 to August 2007 led
to the assessment that the following data wererede as a starting point: Excess return =
8.8 per cent, standard deviation 70 per cent amg jisk 6 per cerft Figure 4 shows the FX
area when jump risk is 6 per cent.

Figure 4 The FX area with 6 per cent jump risk

% The estimate is my = 12.9 per cent, sigma = 7&pet and lambda = 5.95 per cent. As the riskifreest
rate in the period averaged 4.1 per cent, | asshatghe excess return was 8.8 per cent.
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Figure 5 shows the reserve quota as a functiostohated values for excess return and
standard deviation for different values of the jung. We can see that if the jump risk
reaches 6 per cent then the appropriate resenta @5 per cent. Note, however, that the
estimation of the jump risk does not differentibétween positive and negative jumps. The
estimated jump risk of 6 per cent can thereforeglgarded as an upper limit. However, we
can also see in Figure 5 that the curve for thervesquota is rather flat for jump risk values
below 6 per cent. This may indicate that the opitireserve quota according to these
estimates is in the region of 70 per cent.

The conclusion of this exercise is that when we tako account jump risk, the level of FX
reserves increases. An increase in the risk afantial crisis entails two things: first, a
generally higher need for insurance and, secoh@yleer reserve quota. It increases the need
for the central bank's self-insurance through enfof leverage effect that stems from option
theory. The preliminary results indicate that ldweel of FX reserves should be 70 per cent of
the overall insurance, whereas 30 per cent shaultbleered by external insurances, eg. swap
lines with other central banks. More empirical eesh in this area is clearly warranted. One
possibility is to estimate the model on longer dagtaes, including earlier financial crises.

Figure 5 Estimated reserve quota with varying jumprisk
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4. Conclusions

After the break-down of the Bretton Woods systemhaee witnessed increased international
reserves as a share of GDP in central banks attendorld. This might be somewhat
surprising as shift to more flexible exchange ratesld suggest the opposite. However, the
increased reserve ratios are most evident in emgrgarket economies. In developed
countries the level of FX reserves has been relgtstable during recent decades.
Nevertheless it is also surprising that there dm#seem to exist well-established methods to
calculate the level if FX-reserves in countrieswitarket based financial systems and a
floating exchange rate. The old rules suggestiagttie international reserves should cover
three months of imports or the total short termtaeloreign currency (the Greenspan-
Guidotti-rule) are old-fashioned and belongs morart era of fixed exchange rates.

With floating exchange rates it is probably theectmat the FX reserves required are primarily
related to financial deregulations and the riskridncial crisis. It is for example clear that
several emerging market countries increased thed tdunternational reserves after they have
experienced financial crisis.

There is also evidence in the academic literatumedoncerns for financial stability is related
to the level of FX reserves in both emerging marlkeetd developed countries.

Which are the effects of the current financialisr@n central banks reserve management? We
have witnessed an increased number of swap-agréemednreign currency between central
banks. It is also true that the traditional objeetdf providing liquidity is being upgraded by
several central banks. Some central banks rejpatrthey have become more cautious
regarding asset classes that might be under psdiitiny and have abandoned MBS and
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ABS. There are also central banks reporting they ttave reduced the exposure to less
highly-rated institutions. Others have reported ttmaunter-parties need to have an higher
credit standing than earlier. Some central banke h&reased the amount of international
reserves.

Despite the fact that concerns for financial stgbieems to be of increasing importance for
keeping FX reserves there is normally no publidloeshulas for central banks calculations
related to this objective. Normally central bankéysay that the amount of FX reserves is
sufficient to meet both monetary policy objectiaesl financial stability objectives.

In order to calculate the FX reserves related édfittancial stability objective, we reported
ongoing work on applying methods based on contingems analysis.

A central bank needs a form of overall insuraneg tlonsists of two main components: FX
reserves and other ways of meeting future need@nfamcial assets, for example swap
agreements. The contingent claims models inditaitean increase in the risk of a financial
crisis can affect both of these components. It explain why the central bank may need to
increase both its own FX reserves and the extameatance. However, in practice it is also
true that access to swap agreements can reduoed¢hleo increase the foreign currency
reserve when anxiety increases on the financiaketgarA certain level for the foreign
currency reserve is, on the other hand, probabdgssary in order to be able to sign swap
agreements with other central banks.

The advantage of using CCA-analysis is that it giMe central banks a possibility to analyse
how a financial crisis may develop into a confiderdsis for the economy. Then the amount
of FX reserves depends on the imbalances in tlamdial sector and the government sector. It
may also take into account implicit or explicit galatees extended by the government to the
financial sector.

These valuation methods can hopefully be useddtuate the effects of changes in FX
reserves and swap-agreement with other centrakbéinkill probably be possible to estimate
an appropriate target for reserve adequacy thatmaas distress by keeping risk indicators
below a target threshold for a given confidencellev
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