Chapter 1
A Risk Management Paradigm for Monetary Policy.

‘If there is anything about which modern macroeconomics is clear howesed on

which there is substantial consensus — it is that policy rules hmajer advantages
over discretion in improving economic performance. Hence, it is impbrto

preserve the concept of a policy rule even in an environment whisr@ractically

impossible to follow mechanically the algebraic formulas economists down to

describe their preferred policy rules(John B. Taylor, 1993, p.197)

1.1. Introduction

A considerable literature has emerged, since the mid 1990&yangpTaylor Rules

to examine the conduct of monetary policy: Judd and Rudel§@888), Batini and

Haldane (1999), Clarida, Gali and Gertler (1999), Nelson (200@nsSon (2003)
and Kuttner (2004). More generally, the Taylor Rule and tiofia targeting

frameworks are routinely invoked when analysing how eéianks discharge their
responsibilities concerning price stability and oufputhese frameworks draw
heavily on contributions from Kydland and Prescott (19Bayyo and Gordon (1983)
and Blanchard and Fischer (1989) and are largely the produbedfules versus
discretion’ debate. This debate also represents a uséfuling point for

understanding what Bernanke (2004) refers to as ‘Greenspak’'smanagement

approach’.

The common championing of rules in the literature e danumber of motivations.
Kydland and Prescott (1977) stressed that the credibbitgined from committing to
a future policy path, helped reduce current inflation wibslcost. Their analysis
showed that the stagflation experience of the Greffation was not necessarily
attributable to irrational policy decisions, but rath@ran unwillingness to maintain
consistency. This observation helped redirect thedoaf scholarly activity to the
design of institutions that lessen the time inconsistgmoblem. It may furthermore

have contributed to the reform of central banks siheel 990<.

1 A significant advance in the development of these rabes be attributed to the policy regime
evaluation project published by the Brookings InstitutiBryant, Hooper and Mann (1993) attempted
to uncover simple reactive interest rate rules thatldvproduce sound economic outcomes in terms of
price stability and output and could be shown to be roberstsa a range of alternative estimated
models.

2 See Vickers (1998) footnote 3.



The desire to make policy more rule-based, in partecesfithe desire to make rate
decisions more transparent. Mishkin (1999) points out thetyaadvantage of an
inflation targeting framework relates to the greatecoaatability implied by
announcing publicly the central bank’s intended aims. &szé transparency should
have the effect of lessening the time-inconsistency probdnd defuses political
pressure to navigate an electoral calendar. In what fellothe ‘rules versus
discretion’ literature is examined with a view to underdtaonlinear policy rate
adjustment. The opportunistic approach developed by Orphaanidie®Vilcox (1996,
2002), Orphanides, Small, Wieland and Wilcox (1997) and Aksoy, &Digés,
Small, Wieland and Wilcox (2006) is examined here using an addspegtive; that
policy makers in the United States wanted to work withinlasréramework, while
not wanting to be overly restrained by those samefsailes. The internal FOMC
construal of opportunistic policy was defined at the DecerhiB85 meeting by Don
Kohn. In his briefing, he used a policy matrix identifyitig policy implications of

both the deliberative and opportunistic approaches.

Preserving flexibility implied central bankers, by defasitbscribed to a contingency
rule i.e. an evolving unannounced zone target rather thandiven point target.
Committee dynamics also contributed to a zone of iaaétiThat is, central bankers
tend to implement rate changes that are designed to manggeted or future
inflation. Greenspan (2003, 2004) points out that future outcaresessentially
unknown and monetary policy, as a consequence, is hedgpendent on risk
management. Zone targeting and opportunistic frameworksy ipplicy makers
respond to the likelihood of inflation breaching an upper laweer bound. This
chapter develops the upper bound as being equivalent torikes tice of a call
option. Using Monte Carlo and non-numerical techniquesyriety of option pricing
approaches are developed to investigate how policy maksmomd to expected

inflation in a forward looking risk management context.

% In the appendix to the December 1995 FOMC meeting p. 10 — di,KBhn outlined how the
opportunistic monetary policy would be useful for intenfaciwith other branches of government.
Strategic considerations for developing the opportunistipragach were prompted by political
developments, largely linked to the Mack Bill. This is deped more in chapter 3. The FOMC
transcripts are downloadable from the Federal Reserve.

* This is developed in chapter 2.



1.2. A History of Rules and Contingency — The Gold Standard

Prominent contributions that set out contingency rdtas central bankers have
included Bagehot (1873). The Bank Act of 1844 imposed a vemgstri regime
limiting the Bank of England’s authority to issue mon&his constituted an earlier
form of rules-based stabilisatiriThe Act prevented the issuance of new notes that
were not matched by an increase in its gold reserve. inheffect, consolidated the
workings of the Gold Standard. From a conventional petsged also afforded de
facto monetary policy by explicitly containing currency issued &by implicitly
containing inflatiorf It can be argued that significant parallels exist betvedements
of modern inflation targeting and ‘the rules of the gaassociated with the Gold
Standard. The Classical Analysis configures the roleeotral banks as exerting a
moderating influence. Inflation targeting, as implementedossc a number of
jurisdictions, is similar to the Taylor Rule in terro$ crafting rate decisionsThe
parameter weights associated with Taylor (1993) despitergiyn having their
origins linked to the Greenspan Fed, can be used to gaegertbr of policy even
when no official monetary policy agency has exidt@aylor (1998, 2007) used his
benchmark rule to identify ‘policy mistakes’ that occdrrduring a number of
historical episodes. Taylor (1998) pointed out that theisgleav (or transfer of gold)
associated with the international Gold Standard impdiefdrm of policy rule not
unlike that suggested by modern policy design. The countecalyohature of much
of contemporary monetary policy is sometimes neatlyrearised as ‘leaning against
the wind’. Equally, central bankers have coined thegdir removing the punchbowl
before the party gets going’, to denote the pre-emptascs that they are obliged to
adopt? Since Kydland and Prescott (1977), establishing a rulssdbfiamework has
increasingly been seen to be indispensable to appropriatetuting policy. Of

® It is open to debate how activist or complete this tyftabilisation was. The Gold Standard was set
in place when the accepted norm of public policy wasdéeltylaissez-faire

® Bordo and Kydland (1995) however interpreted the gold stdratam contingent rule in so much as
convertibility of the currency was maintained, exceptrdpprolonged military interventions.

" Particularly, in the absence of supply shocks.

8 Ironically, explicit Federal Funds targeting was only grégiecknowledged as being the operating

procedure used by the Federal Reserve. Thornton (2004) maththiat it was not until the December

21, 1999, that the FOMC's policy statement finally made unegaivthe fact that the FOMC targeted

the Federal Funds rate.

° This phrase is generally attributed to William McChegsMeartin.
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course, the advocacy of rules has often predated tivafsetting up of central banks
and explicit pursuit of economic stabilisatith.

Bordo (1981) maintained that the Bank of England (BOE) pléyetthe ‘rules of the
game’ over much of the period between 1870 and 1914. Whenesat Bxitain was
confronted by a balance-of-payments deficit with a cooedimg decline in gold
reserves, the BOE raised its "bank rate" (discoun).rhteerest rates more generally
in the United Kingdom would rise. As a consequence, investamehspending would
decrease ultimately leading to a fall in the price led¢lthe same time, the increase
in the bank rate would stem any short-term capital outowd draw funds from
abroad. Bordo (1981) pointed out that the moderating infli@m restricting money
supply via the Gold Standard delivered an era of low infiatvell into the twentieth
century. Per contrg the international Gold Standard may have been less good
terms of stabilising output (the other gap incorporated ifi® Taylor Rule).
According to the Classical Analysis, the inherent dogf the Gold Standard is not
inconsistent with implementing a policy rufeThe systematising effects exerted on
market interest rates are similar to the recommensitor imperatives associated
with Taylor (1993) or inflation targetintf. Taylor (1998) found however that interest
rates were not sufficiently mobilised to keep output inckhduring the international

Gold Standard era, nor inflation in check prior to the 1980s.

Simons (1936), p.13-14, maintained that rules make for good mympetiecy even if
the underlying instrument can sometimes be extremely bldat.asserted that
monetary rules once established ‘should work mechanioalti, the chips falling
where they may’. This is a somewhat recurrent thenthe literature and it is clear
that there has always existed a tension between playingebyules of the game’
while also accommodating contingencies. Whittlesey (1968htaiaed that most

monetary rules have largely culminated in failure. Imsts of successful rules are

9 The Federal Reserve was established in 1913 long aftémtémaational Gold Standard came into
being.

" Goodhart (1972) questioned a number of the hypothesesrmhta the Classical Analysis.

12 McCallum (1999a) makes the point that the Taylor Rukk leCallum’s own monetary base rule
have historically recommended similar policy prescrigion

13 Taylor (1998) retrospectively identified ‘policy mistakeas deviations historically from his
benchmark rule. He argued that an adherence to the libeadaGold Standard implied that interest
rates adjusted to contain excesses in demand and prices.
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difficult to reliably identify. Referring to the Bankct of 1844, Whittlesey (1968), p.
259, pointed out:

“...that the adoption of a strict monetary rule led ténancial crisis, which
was resolved by discretionary action suspending tree fithe source of the
difficulty was a Rule; relief lay in the exercise Discretion. The rule resulted
in rigidity; flexibility was achieved through discretion. In the end we were
left with a government of men after all.”

Bordo and Kydland (1995) argued that the Gold Standard repedsanmonetary
policy rule but also was sufficiently flexible to acemodate contingencies such as
wartime so that the commitment mechanism allowednfionetary constraint and
temporary relaxations. Significantly, they argued cotilviéity at the original price of
gold would be restored when a given crisis lifted. Thisffece would imply that the
Gold Standard constituted @ntingent rulewhich essentially defines the tree or
trajectory to be taken but not always in an exact manfhis is similar to the view
expressed by Taylor (1993) that no algebraic rule can loban&ally implemented,
yet policy should be principleld.In a more modern setting, the task of navigating
between the implementation of systematised ashchocpolicy falls ultimately to a
monetary policy committee. Policy makers expend muchtigadl capital in
elaborating a rules-framework despite the fact thatuadly all rules are re-
interpreted, circumnavigated, suspended and often abantforite desire to
maintain escape clauses while publicly subscribing to ticpkr code of conduct is
not surprising given the extended history of contingenci€ee notion of
‘opportunistically’ implementing policy as observed during #890s naturally has
appeal, given its scope for a more flexible interpretatibthe rules. In prioritising
the rules based type policy, it is nevertheless diffitw conceive that one could
permanently remove all the escape clauses. Opportudistidlation represented a
relatively new explanation of strategy in the 1990s andxslored here from the
perspective that it constituted internally a contingefet for the FOMC

14Von Hagen (1999) identified that the form of monetaryeting as implemented by the Bundesbank
seemed also to adopt the practice of permitting breachethidnregard monetary targeting, as
implemented in Germany, conceivably also constitutedréingent rule.

15 The shadowing of the DM and subsequent withdrawal freEtR.M. was a recent example for the
U.K.

16 Advocates of opportunism would not perceive it as the softéion. On the whole, inflation is
targeted with equal force regardless of whether employmgm@portunistic or deliberative type
strategy. See President Boehne, (FOMC transcripts, Petgmber 1995).
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1.2.1 More recent views from the coalface
The advocacy of contingent rules or constrained efigor would seem to accord with
Chairman Greenspan’s risk management approach:

‘To be sure, sensible policymaking can be accomplishegdvaitth the aid of a
rigorous analytic structure. A rule does provide a benchiagainst which to
assess emerging developments. However, any rule capablecompassing
every possible contingency would lose a key aspect sofatitractiveness:
simplicity. On the other hand, nsimple rule could possibly describe the
policy action to be taken in every contingency and thus geoaisatisfactory
substitute for an approach based on the principles of makagement.’
Remarks by Chairman Alan Greenspan, At the Meetingsh@fAmerican
Economic Association, San Diego, California, January2@)4. ‘Risk and
Uncertainty in Monetary Policy.’

A recurrent theme that has emerged from observing therhief monetary policy

institutions relates to whether central banks folloviesl rules of the game? This
research describes how monetary policy makers balaaagetd to configure simple,
fixed and easy to understand rules that perennially fadrerabandoned by their
authors, against advancing more elastic rules that berdniingency, but are less
spectacularly successful in anchoring expectations. Gao(lt289) points out that
from a central banker’s perspective this ongoing frictsodgifficult to resolve:

‘The more the authorities seek room to adjust for ogeticies, the more the
resulting policy tends to mimic pure discretion. Where®st economists now
accept that insome contingencies rules would have to be relaxed, there
remains a tension between those whose preferences iangl \would cause
them to advocate simple, tight rules with little adpsnt for contingencies
and those who would prefer a more elastic responsecautingent
developments.’ ( p.369)

Not surprisingly, this potentially leads to strain betwesmbers of that committee
which can impinge on policy decisions. The extent to wpilcy bends may also in
part be underscored by the legislative framework thanegfmonetary policy. The
tension between balancing outcomes may be less pronouhoedd gpolicy be
governed by a cogent framework. In the United Kingdom, tlendate from
government is clearly defined by the Chancellor of thehEguer requiring the
Monetary Policy Committee (MPC) to maintain the a#fianflation target. Goodhart
(2003) in examining the statistical properties of the MPi@ftion forecasts finds
that:

“...the MPC has indeed aimed to drive the inflation foredatt line with
target at a two-year horizon, with this latter horizmeing well determined
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empirically. The Orphanides-Wieland-Wilcox ‘opportunista@ss function’
does not hold in the United Kingdom.” (p. 167)

This view may not be too surprising given the more tigheffmeed mandate imposed
on central bankers in the United Kingdom. An important disbn should be made
between policy implemented under certainty and uncertairtis is examined in
chapter 2 where the time value and intrinsic value mfogtion portfolio are
considered. A key intricacy with the Orphanides-Wielanittd¥% opportunistic loss
function relates to how it purportedly tilts the poli@gime toward discretioH. In
this regard, the perception holds that the opportunissiafthtion approach creates
latitude (wiggle) for officials to achieve economic objees over time'® In chapter 2,
the nonlinearity associated with opportunistic policy iameked from the perspective
of how the FOMC shapes the zone targeRisk management type strategies also
offer policy makers scope for discretion in so much éhate-emptive stance involves
identifying a particular forecast e.g. stressing deflatigrconcerns. The absence of
formal legislation identifying an inflation target in the téd States implies that there
exists more scope for central bankers to define policgnacompared to the United
Kingdom? It also implies that the escape clauses once expldipghe anomalous
behaviour of monetary aggregates may during the Greenspanbeacy have been
elaborated in terms of opportunistic policy and implichedargeting.

During the Greenspan years, the capacity to act witheference to an explicit
inflation targeting framework was preserved intact. ailij policy was elaborated in
terms of an intermediate monetary target. Subsequetitiy, seemed no longer
practicable to some members of the FOMC, of whom abeurbegan to endorse an

7 See Orphanides and Wilcox (2002).

18 1n chapter 2, President Corrigan’s concept of maintgihiiggle’ is examined from the perspective
of safeguarding the Federal Reserve’s credibility.

9 This forward looking (expected) inflation targeting approadopted by Bank of England has a
number of parallels. In chapters 2 and 3, the risk g@mant approach however can be seen to remove
some of the nonlinearity created by the zone target.

% The current mandate set out by the Federal ReservéSaction 2A) relating to monetary policy
objectives, states that: ‘The Board of Governors of #eFal Reserve System and the Federal Open
Market Committee shall maintain long run growth of theonetary and credit aggregates
commensurate with the economy's long run potentialntoease production, so as to promote
effectively the goals of maximum employment, stableqs; and moderate long-term interest rates.’
[12 USC 225a. As added by act of November 16, 1977 (91 Stat. 1387) endaxhby acts of October
27,1978 (92 Stat. 1897); Aug. 23, 1988 (102 Stat. 1375); and Dec. 27,12d08t4t. 3028).]

Poole (2005), p.3, maintained that the FOMC interpretedbitsctive as the responsibility to achieve
price stability to promote maximum sustainable econarowth.
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opportunistic disinflation strategy. Thornton (2004) tma@ait the nebulous path,
policy makers had to negotiate over the period 1982 to 1997; mowomy &n
operating procedure that privileged monetary aggregates to ra tremsparent
operating procedure which was expressed more clearly irs tefthe Federal Funds
rate. The opportunistic strategy is much like the irdlatzone targeting practiced in
many jurisdictions but a key difference relates to #éffssence of a very precise
inflation goal. From Section 2A of the Federal Resé&wet the board has the capacity
to define a short-run inflation target that ultimatelgde to a price stability objective.
In contrast, the Bank of England is set a very spetiflation goal which if breached
requires an open letter to be sent to the Chancelfothe Exchequer. The
independence of the Bank of England is undoubted and has loeemeastone of its
inflation targeting architecture. The goal of inflatioantainment has nevertheless
been very clearly pronounced by governnférin the United States, the desire to
bend to circumstance, has manifested itself in terma/laft some policy makers
assert as implementing ‘opportunistic disinflation’. Irapter 2, nonlinear inflation
targeting frameworks are examined from the perspectiveinstitutional and
committee dynamics. Despite the seeming differenedsden the United Kingdom
and United States, it is possible to illustrate tl@hlithe nominally rules-based and
discretionary frameworks are nevertheless unified frarskamanagement viewpoint.
Flexibility has taken the shape of not announcing thetiofiadarget. This pragmatic
approach largely accords with ‘weak form’ inflation tanggt(IT), as characterised
by Kuttner (2004). Ambiguity in terms of announcing the target frequently been
criticised. Svensson (2004) maintained that the GreenspanCF@as sought to
maintain  maximum discretion by avoiding ‘commitmentangparency and
accountability’. For some critics this has the poténtgpromote an inflation-bias of
the kind identified by Kydland and Prescott (1977) and@®and Gordon (1983.

%l The MPC'’s objective is determined each year by then@Hbor of the Exchequer. From 1997 to
2003, the inflation target was 2.5% p.a., measured in tefmtbe RPIX: the retail price index
excluding interest payments on mortgages. From 2004 this chémded2% p.a. measured by the
Harmonised Index of Consumer Prices (HICP).

2 The conventional wisdom is that Greenspan enjoyed a goddofisaccess in containing price
increases. Estimates of reaction functions for thegeince the 1960s generally posit the last two
decades of the twentieth century as being appropriatsdgonsive to inflation, especially when
contrasted with the preceding two decades. Taylor (200&eVer identified fragilities in monetary
policy from 2001.

8



This may also be regarded as a substantive indirectismtiof the opportunistic
strategy?®

1.2.2 Leaning against the wind — rules and discretion

The Taylor Rule has been a useful construct becausel#@iexsimply what policy
makers do without diverting attention away from perhapglml but commonly
obscuring nuances. Mervyn King cited by Nelson (2000) made thewiiog
observation:

‘...[T]he Taylor Rule is no more in a sense than aatesnent of the obvious,
which is that if inflation looks to be higher, eithemnor in prospect, than the
target, then you're likely to want to raise interesesaand if it looks as if it's
falling, and is likely to be lower than the target,rth@u’ll cut interest rates.
It's common sense, but that’s why probably most celimaks that have been
successful appear ex post to have been following a TRylt&, even if they'd
never heard of that concept when they were actualkingahe decisions’.
(Nelson, 2000, p.27)

To examine its motivation, it is worth relating post watuences. At the advent of
the Great Depression, Keynes (1930) expressed disqui¢héhappropriate monetary
policy response would not be supplied and that the gtedtesjer to economic
progress was linked to the unwillingness of the CentrakBaxf the world to allow
the market rate of interest to fall fast enough. k& thnited States, the Employment
Act of 1946 and Treasury Accord may have attempted to redmse of these
purported deficiencies. Policy makers embraced more actaisilisation and exuded
greater confidence in terms of perceived ability to mattteir own destinies. The
logic of a dual objective seemed particularly presernhalegislative mandate and
this also seemed to endorse a somewhat more Keyndsild*iOrphanides (2003)
identified the following Congressional Hearing (1957) staténaencapturing the
spirit of the 1946 Act.

‘The objective of the System is always the same - tampte monetary and
credit conditions that will foster sustained economiowth together with
stability in the value of the dollar.” (cited Orphanid2803, p. 7)

% Bomfim and Rudebusch (1997) maintain that the absence oparansy and decisive action tends
to undermine the credibility of the opportunistic apploac

24 Meyer (2004) identifies a more contemporary classificatiat posits policy as being either dual or
hierarchical. If policy prioritises inflation outcomeser the real economy, it is said to be hierarchical.
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Macroeconomic outcomes, as the 1970s approached, becanmeoggdrustrating for
policy makers following the perceived triumph of stabiisatpolicy, during the post-
war period. Despite the hitherto perceived advancemamsacroeconomic theory,
academics started to question basic design ffasiedman (1968) and Phelps
(1968) disputed the assumption that the central bank exemisesol over real
variables, by virtue that the central bank only holds swagr monetary base
creation. They assumed in their model of the natura tatpothesis that the
correlations between unemployment and inflation arse unanticipated monetary
shocks. Similarly, Lucas (1973) and Sargent and Wallace (19753, rational
expectations model of the natural rate hypothesis, aiagd that monetary policy
was ineffective. In theory, the predictable componera given monetary policy rule
would not impact upon real variables implying that an asttiyipe framework would

frustrate policy makers by its inability to systematic&@dwer excess capacity.

The relative success of the Bundesbank during the 1970s,hen&e encouraged
policy makers elsewhere to foster monetary control sypegies. Von Hagen (1999)
suggested that the monetary growth targeting afforded theddsbank a policy
regime that had political appeal in that it subtly peteditagents to implement
initiatives that otherwise were less palat#Bli.also had the benefit that it precluded
the sharing of responsibility for quantitative loan limitgh the Finance ministry in
1973%" Although successful in containing inflation, the parad@frmonetary control
was less startlingly successful at hitting its own imedliate target. In the United
States, targeting non-borrowed reserves had the adeanth delegating the
responsibility of higher interest rates to the momegrkets when perhaps policy
makers were unwilling or unable to tolerate public hogtii@ higher interest rates.
The Federal Reserve continued to announce monetarytdaegen after it had
switched to a funds rate targeting procedure in 1982. Taissjly was intended to
maintain consistency with a policy rule that had hithhenanaged to achieve price
stability and had earned the FOMC some reputational tapsang the language of
monetary targeting after monetary targets were abaddseems to support the

% See Figures 1.2a for a portrayal of the distribution déiivh rates over the period 1958 — 2003. See
Figure 1.2b to compare rate setting against inflataktrop over the same period.

% The interwar experience of hyperinflation assisted politakers to explain the rationale for
controlling i.e. raising interest rates.

27 An alternative proposal for containing credit creation.
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contention that policymakers did not want to be operdp@ated with rule-breaking.
That is, policy makers go to great lengths to preseqetational capital. Opponents
to a rules-based approach contend that central bankerd i®uicapable of reacting
appropriately to each destabilising event if they were leaegpa priori in their
deliberations by a given ruf.A simple observation would suggest that if a rule were
inherently good then a discretionary policy maker couldtetepursue it. In contrast,
a policymaker who was locked in by pre-commitments inevit&iolgn time to time
diverges from the best course of action. Rules, aaugly, would seem to
unnecessarily burden the strategy. The persuasiveness abtitention diminished
somewhat once the concept of dynamic inconsistencypwamsed by Kydland and
Prescott (1977) and later developed by Barro and Gordon (1983).illustrated that
the mere absence of commitment to a low inflationicgotould precipitate higher

inflation.

A central bank that credibly commits to a plan to doflation going forward may be
capable of reducing current inflation with a smaller cogerms of output reduction.
So long as the public anticipate inflation to be conthewed low, policy makers have
an incentive to implement expansionary policy to eff@gher output at the cost of
marginally higher inflation. When the public discern these’ they adjust their
inflation expectations upwards and policy makers relinquisdir ability to push
output higher. This process ultimately culminates in highéation without any
appreciable change in output. It also appears to offer a vetgination of the
stagflation experienced in a number of jurisdictions dutiiteg1970<? In this regard,
the requirement to work within a Humphrey-Hawkins frammek seemed to offer
benefits to policy-makers even when the frameworkfitsly have been felt to be

outdated® In practice, implementing monetary or reserve aggregatgets meant

% This would seem to be particularly relevant in the ewért major stock market crash or banking
default.

2 |n three of the better known works Kydland and Prescott (1%4atro and Gordon (1983) and
Blanchard and Fisher (1989) identified a policy rule respdgta® being the ‘optimal’, 'rules’ and
‘pre-committed’ solution in a dynamic optimisation prableDiscretionary policy was conversely
described respectively as being ‘inconsistent’, ‘chgatimd ‘short-sighted’. (Taylor (1993), p.198).
The consensus over this period seems to be weightedvourfaof a rules-based strategy in
implementing monetary policy as opposed to applying diseretio

%0 The Humphrey-Hawkins Act or the Full Employment and Be¢ainGrowth Act of 1978 required
the Federal Government to promote full employment and ptiathydncreased real income, balanced
growth, a balanced Federal budget, adequate productivity grqutiper attention to national
priorities, achievement of an improved trade balance r@adonable price stability. The FOMC
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that the presumed stability of the quantity theory brd&en, leaving the Federal
Reserve without a clear compass to discern policytri@gs:" By attempting to
adhere to more rule-like behavior, the board paradoxiczdiye to incorporate

important elements of discretion into policy.

1.3. The role of committee dynamics in interpreting the patiy rule

Friedman (1962) explained that the freedom of speech inneethat informed most
aspects of law and was taken as a given, had the benefiedtiding case-by-case
judgement. Friedman (1962, p.241) maintained that:

‘Exactly the same considerations apply in the moneteeg.df each case is
considered on its individual merits, the wrong decis®likely to be made in
a large fraction of cases because the decision-makersnat taking into
account the cumulative consequences of the policyvalsode. On the other
hand, if a general rule is adopted for a group of casea bhandle, the
existence of that rule has favourable effects on peogm@éitudes...and
expectations that would not follow even from the disoretry adoption of
precisely the same actions on a series of separeésions.’ (cited McCallum
1999, p.1488, Handbook of Macroeconomics, Edited by J.B. TayldrM.
Woodford.)

Importantly however there was an escape clause pertamifagse alarms’ signalled
in crowded theatres. Of course, this caveat to freedospeéch would seem to
provide for a fairly isolated set of circumstancestifgaand observing a rule creates
tensions within a committee, particularly if the ridebased on a monetary aggregate
that is difficult to control. This is evident from tiveewpoints expressed by members
of the Federal Reserve Board during the early part o¥tieker chairmanship. From
the FOMC transcripts during 1982, there seems to have ébgewnd deal of debate
regarding how monetary aggregates should be best taf§éfbd. debate sharpened
when the Fed Funds rate exceeded for a time 15%.dlloeving passage from the
June/July (1982) FOMC meeting, page 44 of the transcripts, saggasatitment to
a monetary aggregate target framework created tensionnwitld committee,
concerned that the Fed Funds rate was moving outsidecaptable trajectory:

Mr. Partee: So | would say aroungb8rcent [for M2]. And then it seems to me
that we ought to reestablish 15 percent as the upper imitefunds rate —

specifically had to set targets for monetary and craglfregates that accomplished these aims. The
monetary and credit targets may have appeared to hawenkeeessary after the removal of Bretton
Woods (1973) then considered to have been an important potbpa

31 Goodhart’s Law.

32 The FOMC transcripts are available from the Bazfr@overnor’s website.
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not as an indication to consult or anything like thdtd say we would seek
growth in the area of about 5 to 6 percent for M1 and abqércent for M2

provided that does not drive the funds rate above 15 peiCeats a really

radical change compared to what we’'ve done beforetlagteims to me that
the threat of higher interest rates is so great @aw we can'’t tolerate it and
we have to put that in as a limit.

Mr. Roos: Chuck, may | inquire, sir: If we make a stratgtement in
reference to interest rates, doesn’'t that imply gniBcant departure and
doesn't that signal that once again we are tryingalarte interest rates and
aggregate growth?

Mr. Partee: | guess what I’'m saying is that | will @gtany aggregate growth
to keep the funds rate below 15 percent.

Mr. Roos: So you are placing primary emphasis on
Mr. Partee: On that upper end of the funds rate rangédaime being.

Mr. Ford: On a weekly, daily, or monthly basis? Wegbu are proposing a
significant change in policy.

Mr. Partee: | would want to say so long as the fundsaats not move rather
consistently above 15 percent. | don't mean daily: loh @ven sure | mean
weekly, Bill--maybe biweekly or something like that. Buton't think we can
tolerate the effect on the market of a funds ratedrigfian 15 percent which is
a little higher than where it has been. It gives usesfupward leeway] but |
just think we need to draw the line now.

Mr. Black: Mr. Chairman, just so | don't appear to be much of a Simon
Legree, may | say that | 'm just as interested iniggttates down as anybody
else but | differ on the method for doing it.

Mr. Partee: Well, one way to do it is to crash thenemmy.

Mr. Black: Well that is not the method | am suggestiMg may have been a
little too tight last year [unintelligible]. (FederaleRerve Board, June/July
meeting, 1982, p. 44)

This was one of a number of seminal moments in mid - 198hwvehrules-based
strategy conflicted with the urge to impose a discretipshift. Over the next two
decades monetary aggregates became increasingly de-empfa$isiscepisode also
suggested that a contingency rule or framework was netessto implement policy.

% Thornton (2004) maintained that the persistence of monietaggting in the Federal Reserve lexicon
and published documents continued long after the adhei@aa@onetary target was discontinued.
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An important observation here is that much of reesdnomic history has been
framed around the cut and thrust of Open Market Committeatelebl he
freewheeling exchange seems to produce an important protefiscovery. The
dynamics of securing agreement within the committee streig$ pivotal in terms of
shaping not just rate adjustments but also in terms ofidgfand reinterpreting
strategy. Moreover, the role that is accorded to hagrman is significant in terms of
consensus fixing. In reality, it may not be practiwalmpose a binding commitment
to a rule by virtue that not enough is known regarding thetsire of the economy. A
rules-framework might also be seen as a way to eqmsliey makers agree and in so
doing, thwart the potential stalemate that could anséhé absence of a generally
acceptedmodus operandiln the early 1980s, both the authorities in the United
Kingdom and the United States experienced difficulties dheang to monetary
targets, fulfilling the prophecy of Goodhart’s Law.

Von Hagen (1999) asserted that central banks are notdiaift®rs. Interpreting the
rules and what constitutes appropriate contingenciesrisobviously contentious. In
this regard, the role of the committee is enormously maob. A nontrivial
consideration relates to the appointment of the coraaittchairman. When President
Carter decided to select Paul Volcker as Federal Resdnef, the appointment very
likely appeared highly unusual given the dissimilaritiesréspective profiled*
Rogoff (1985), a staff economist at the Board of Governllustrated analytically
that a President who appeared soft on inflation mayfibdreen appointing a reputed
“inflation hawk” as chairman to the central bank.eTémgmented inflation-fighting
credibility that such an appointment delivers, permits ni@netary authorities to
realise low inflation at a smaller cost than a nagddsle central bank. The public are
also more disposed to believe an inflation hawk whendmmits to contain inflation.
They appreciate that an appointee who possessed a gtistdste for inflation than

the societal norm, is less likely to renege on hisroiment®

Taylor (1993) expresses the view that modern macroecosop@sits clear
advantages to policy rules over discretion in ternis eahancing economic

34 See Bernanke (2004c)
% One might argue of course, that Arthur Burns also gsssea greater distaste for inflation than the
societal norm.
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performance. Indeed, Taylor (1993) attempted to combine aspEctboth
discretionary and rules based behaviour in to a sitmstructiort® A key objective
of his influential paper was to preserve the sensewfified or systematic strategy
where it was near impracticable to observe rules medgniét the same time
policy would not be crafted in a casual or random fashlaterestingly, what
subsequently became known as the Taylor Rule did ndt Ig&a explicitly as an
appendage of any particular school of thought. In factlof§1993) stressed that his

policy rule was very much the product of empirical anzheenetric evaluatiof,

1.3.1 Committee dynamics and preserving the escape clausegfie)

The absence of unanimity within the committee has gdpthat the chairman has to
keep policy options open. Having examined the transcripts dflGQOneetings,
Thorton (2004) concluded that the Board commenced targetirfgetheral Funds rate
when non-borrowed reserves were de-emphasised as ttaingp@rocedure in 1982.
Some members of the board may have wished not to tatgetshrates explicitly,
but were constrained given the purportedly uncharactebsti@vior of M1. At the
behest of Chairman Volcker, in 1982, borrowed reserves werainated the
operating objective. While some members of the Committdeocated simply
acknowledging that the board was targeting the funds thie was resisted by
Chairman Volcker who maintained that the borrowed reseogerating procedure
was distinct from Federal Funds targeting. This remaihedfficial position despite
challenges internally. The FOMC targeted borrowed vesefrom September 1982
and then subsequently switched to targeting the FederalsFrate. The latter move
was not announced sparking some debate as to precisely thike operating
procedure focused on the policy rate. With the adventnefiaFed Chairman, tension
continued between the board’s nominal and effectiveatipgr procedure. Thornton
(2004) points out that the FOMC did not explicitly tardet tunds rate once chairman

Greenspan was appointed and only in a gradual manner acquiescdiicially

% The prescriptions of interest rate rules are best asauseful adjuncts to policy implementation. A
deliberative strategy would stick firmly to the policy@uPresident Boehne, at the December, 1995
FOMC meeting, p.47 of the transcripts, used the terrfib&tative’ to describe conventional linear
policy. Don Kohn in the appendix to the December 1995 FOM#timg contrasted the ‘deliberate
strategy’ to the ‘opportunistic strategy’ by implementing@netary policy matrix.

37 By stressing the econometric basis of this type mdlysis Taylor (1993) avoided fostering
exclusively a Keynesian perspective. The Taylor Ruleccaldo loosely be viewed as an extension of
the Friedman money supply rule. Blinder and Reis (2005) cortbandhie lack of a formal model may
have reflected Chairman Greenspan’s own position.
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acknowledging the effective operating procedure. This mas heflected the fact
that the committee disagreed internally. Given thehamges observed from the
FOMC transcripts, Thornton (2004) contended that the Bwidca funds rate target
occurred shortly after September 1982Greenspan (1997) maintained that the
FOMC set the Fed Funds rate and this practice was swogha implemented since
1982. The slow recognition was desirable in that it permittedrOMC to maintain a
significant degree of latitude in driving poli¢¥lt also allowed the board some space
to maintain the facade of adhering to a consistent rideebarchitecture. An early
example of internal strain was evident at the Febrda888 meeting of the FOMC:
Governor Seger concluded that policy would be directedamitaining the Federal
Funds rate between 6.25 — 6.5 percent:

Governor Seger: ‘6-1/4 to 6-1/2 percent.’

Vice-Chairman Corrigan: ‘“You're calling a spade a spade.’

President Boehne: ‘You at least would pass a lie det{Ewderal Reserve
Board, February meeting, 1988, p. 73)

Only in a very piecemeal fashion over the period did Rederal Reserve adopt a
language consistent with its effective operating proceddngust 1997 marked a
switch in the policy directive prior to which the ditee did not explicitly refer to the
FOMC's target for the Federal Funds rate and wagsemrigxclusively in terms of the
desired degree of restraint on reserve positions. AtAtlgust board meeting, the
wording changed: ‘In the implementation of policy for timmediate future the
Committee seeks conditions in reserve markets consistéh maintaining the
federal funds rate at an average of around 5%%." (p.7@\idusly, the policy
directive did not explicitly make reference to targe¢ fFederal Funds raté The
1997 FOMC July transcripts carried the following directiverding (p.127): ‘In the
implementation of policy for the immediate future, themmittee seeks to maintain

the existing degree of pressure on reserve positions.’

3 Notwithstanding the fact that the Greenspan chairmamstsimlways been considered to have been
relatively open to financial markets and press.

%9 By proffering a monetary target the FOMC could distartselfi from interest rate hikes and
accordingly from political censure.

0 Commencing in 1994, at Chairman Greenspan’s behest, thCR@itiated a procedure of stating
policy actions upon making them. Previous to that, Feccheas would have had to await the
publication of minutes at the next FOMC meeting. Thesprelease did implicitly acknowledge the
Fed Funds significance by stating that “the action waeeted to be associated with a small increase
in short-term money market interest rates.”
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1.3.2 Institutional dynamics and preserving escape clauses ¢gle)

One explanation offered for preserving the choreographgssrve targeting for so
long is related to a desire to safeguard room for manoewative to political
institutions. An attractive feature of reserve targetwags the capacity of policy
makers to point to the market as being the real arbftérterest rates. Plausibly, as
the Chairman grew in confidence, he was more willing tceepicthat the FOMC
would be perceived as setting interest rates. This ehantanguage may have also
brought about or was accompanied by a desire to elabosyteanatised nonlinear
strategy. The lack of transparency up to August 1997 may, inheaexplained by a
desire not to render the Federal Reserve vulnerablelitca rebuke. In this sense,
nominally implementing monetary targeting offered sonwqation to policy makers
against criticism should interest rates have to risalsb lessened the need to burden
the FOMC with an inflation target that could easily hagerbmissed or would have
potentially divided the committée. The political process within which monetary
policy is framed can explain why nonlinearities are rafey Consider the following
remarks made by Chairman Greenspan at the FOMC in eceif89.

‘I would like just basically to raise the question ofahave develop political
support to do what it is we perceive is necessary faalleseconomy and
sound monetary policy. If there were a [law] out thevkich legally required
us to do something very specific about inflation or thaeyosupply, | suspect
we’'d all applaud that meaning, in effect, that we would éguired to do
something independent of the secondary consequences amotlnads that
some other institution or some other policy instrumenuld pick that up.
There is no way that’s going to happen, as I'm suramgeall. We all have to
live with the fact that the Federal Reserve is goindpdoin the eye of the
political system increasingly [unintelligible]. (Feder&eserve Board,
December meeting, 1989, p. 43)

This view is re-iterated at the December 1995 meeting, (pyBgn Chairman

Greenspan pointed out that even if Congress overwhelynemglorsed a policy rule
to contain inflation, afterwards this would not autoicaty marshal support as any
given rule started to bite. Herein, lies one candidatplanation for nonlinearity or
opportunism: it was feared that a mechanical pursuibftdtion containment would

not be tolerated by political institutions even if thgid¢ature had originally endorsed
a given time table for price stability. Thus proportionaiereases of the policy rate
relative to inflation were difficult to implement. Aaylor type rule may have to be

1 See the Babe Ruth Analogy explained in chapter 2.
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amended for local conditiorf8.In this sense, progress to a given target has to be
gradual to take account of political sensitivities. Aasequence, policy makers like
President Corrigan perhaps supported the looser definitipnce stability.

‘The idea would be that the stated policy of the Catte® would be couched
in terms of a goal of price behavior that would be brpadimpatible with

what we had, say, in the ‘50s and early ‘60s. In othedsjowe wouldn'’t get
hung up with one [indicator such as the] CPI or defldiot,we’d state a goal
in terms of trying to return to a pattern that had tharacteristics of that
[earlier period] and we could say that we were going tadrgchieve that in
the time frame of the mid- ‘90s. So, it would not betladit specific in terms of
a particular price index and it would allow for some wigfpe shocks.’

(Federal Reserve Board, December meeting, 1989, . 30)

This is not unlike the definition of price stability thatadommonly attributed to both
Chairmen Volcker and Greenspan: that is inflation idaaed when it stops being a
routine consideration in day-to-day decision-making for etlonomic agents.
Understandably no measure of price change can be perfalitcircumstances. In
this regard, an important aspiration of policy is to cnogiagents that they do not
need to presume prices are going to alter when they arnagrideir investment and
spending decisiori¥.In chapter 2, an insightful analogy is developed with esfee
to the baseball legend Babe Ruth and issues of cregilidht identifying an inflation
target it was feared policy makers were offering criiesmunition. Meyer (2004)
makes the point that during his tenure at the FOMC, ohlgnaseverely pressed did
chairman Greenspan once temporarily identify a workiefnition of price stability,

and then subsequently quickly withdrew it.

Plausibly, some members of the Federal Reserve sawhthapportunistic approach
as affording the possibility of conveying nonlinearities tpoditical audience while
still preserving the benefits of operating within a rutasnework. Don Kohn outlined

2 More recently, the Balance of Risks assessment issudidle FOMC press release allows the
committee to convey the direction of future rate mowdgside and downside risks replaced the
previous ‘tilt’ language which was deemed useful in desygiltiow far the policy rate was removed
from neutrality.

3 This definition of price stability implies making pregs over a longer time horizon of one or two
years. The gradual approach is somewhat akin totheiediate targeting of inflation as described by
Orphanides and Wilcox (1996) and Orphanides et al. (1997).

41t is worth remembering that this definition of the itiia goal predates the successful setting up of
most of the inflation targeting regimes.
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to the FOMC a policy matrix at the December 1995 meéfifidnis was calculated to
assist in explaining rate decisions, should the MackeB#r become law. Implicit in
establishing the matrix was a desire to communicate ustdyj nonlinearity. Just as
monetary targeting had afforded wiggle, the policy matas mtended to systematise
escape clauses that could be explained to a broad churchtlgogghout the
inference of rules being broken. In this regard, some meesrof the Federal Reserve
were preserving a strong semblance of a rules based fatewen though implicit
in that arrangement, rules could be potentially bent.eMecently, Greenspan (2003)
has expounded the risk management approach as affordinglcmgights into
implementing monetary policY. Both the opportunistic policy and the risk
management paradigm were intended to offer policy makitside for exercising
judgement by adhering to a contingency rule:

‘Some critics have argued that such an approach (the meskagement
approach) to policy is too undisciplined--judgmental, seelyidigcretionary,
and difficult to explain. The Federal Reserve shosddne conclude, attempt
to be more formal in its operations by tying its actiswely to the
prescriptions of a formal policy rule. That any approatdng these lines
would lead to an improvement in economic performancejekier, is highly
doubtful. Our problem is not the complexity of our modeis the far greater
complexity of a world economy whose underlying linkagegear to be in a
continual state of flux.

Rules by their nature are simple, and when significamtl zhifting

uncertainties exist in the economic environment, they aasuabstitute for
risk-management paradigms, which are far better suitegolicymaking.

Were we to introduce an interest rate rule, how woddjwdge the meaning
of a rule that posits a rate far above or below ¢beent rate? Should
policymakers adjust the current rate to that suggestedebsutd? Should we
conclude that this deviation is normal variance and disdetfea signal? Or
should we assume that the parameters of the rulmiaspecified and adjust
them to fit the current rate? Given errors in our ulytley data, coupled with
normal variance, we might not know the correct cowseaction for a

considerable time. Partly for these reasons, the ppésas of formal interest

“5 The Opportunistic strategy could be used to explain howdhel policy differed from deliberative
implementation.

“6 After the January 2000 meeting, the FOMC employed ‘balancisisf as opposed to the ‘ilt’ or
‘bias’ language which previously had been seen to be heipfalttaining consensus when rate
decisions were being made. The substitution to a balahdeks statement was intended to furnish
insights into the board’s perception of future real groatid inflation without providing full blown
forecasts as the BOE. The change in language was naaxpdrent by a press release which would
after every FOMC meeting be made available so that madeticipants could form a view of the
committee’s opinion concerning risks to the policy objegigoing forward. The Press Release of June
30, 2005 carried the following statement that: ‘The cotmmitperceives that, with appropriate
monetary policy action, the upside and downside risks &natent of both sustainable growth and
price stability should be kept roughly equal.’
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rate rules are best viewed only as helpful adjunciotizy, as indeed many
proponents of policy rules have suggested.” (Remarks byriGhai Alan
Greenspan, at a symposium sponsored by the Federal RBselvef Kansas
City, Jackson Hole, Wyoming, August 29, 2003.)

The risk management approach as outlined by chairman Greenspgdies
implementing rate changes that orbit around a given irtiperar standard. Much of
the literature to date has stressed the Taylor Rué) though it is clear that Taylor
(1993) p.197, concedes that ‘it is practically impossibléotiow mechanically any
particular algebraic formula’. In what follows, thehebretical rationale for
implementing a Taylor Rule is examined. In additionisk management paradigm is
set out. An option-based construct is implemented tomme the effects of
uncertainty. First, the theoretical basis for dimgtmonetary policy using a simple
policy rule is considered.

1.4. A New Keynesian Perspective on Taylor Rules: the apmitton of science

The Taylor Rule (1993) is consistent with an activiab#isation framework which

assumes that monetary policy can achieve real ecomutgomes. This arguably
implies that some form of nominal rigidity existsth@augh Taylor (1993) initially

advanced his rule on the basis of empirical wdrkhe New Keynesian framework
relies on nominal price rigidities to give the centtanks non-neutral effects.
Methodological advances in macro-economic modelling sh@ssed price frictions
assisted in providing a conceptual structure for monetaricypdd be relevant.

Following a decade of heavy emphasis on the role of nometary factors in the
business cycle, a series of empirical research setarmadicate that monetary policy
impacted on short-run real economy outcomes. Romer amdeR (1990) and

Bernanke and Blinder (1992) stressed that it was no lomqg@opriate to relegate
monetary policy as being peripheral. McCallum (1999a) pauatghat there exists a
convergence of thought in terms of motivating the polgle as being driven by

developments in inflatiorz, and the output gap. This format is similar to what

McCallum (1999a, 2002) describes as a nearly standard framewwgloyed at

*"In this sense, his rule might be described as beingartitularly reliant on any school of thought.
Analogously, Blinder and Reis (2005) refer to Greenspan’s model’.
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NBER and Riksbanks conferences in 189&he first component is an 1S-type
relation (or set of relations) that specifies howelast rate movements affect
aggregate demand and output. The second constituent, Phulips, comprises a
price adjustment equation that specifies how inflatiehavyes in response to the
output gap and to expectations of future inflation. Clar@ali and Gertler (1999)
apply this sort of construction. Their stylised basefiaenework, in part, represents a
post hocelaboration of how, from a purely theoretical perspecta Taylor type
policy rule can emerge. To chart out the key influengds necessary to describe a

particular form of economic process.

Y, =~¢li, ~Em.]+Eyes + 0, (1.1)

7= Ny, + FE T, +u, (1.2)
(1.1) represents an IS curve that relates the curréptiogap.y;, inversely to the real
interest rate and positively to expected developmentba real economyi, is the

nominal interest rate. This rate is used by the cebtaak to implement monetary
policy. The current expectation of inflation for thexhtime period is denoted by

Ez,,. (1.2) explains inflation in terms of a positive relasibip with the output gap
and future expected inflatiom, andu, are given here as disturbance terms.

9, = 9. + G,

u, = xu,_, +0,
where 0< y, xy <1 and where bothj, and 4, are i.i.d. random variables. This type

of construction characterises the application afuanber of broad principles that
underscore the basis of optimal policy adminisbrati

The preferences of central bankers are frequemyesented by assuming that
monetary policy attempts to minimise volatility tine output gap and inflation rate.
The central bank objective function reads the tangeiables into a measure of
welfare that shapes monetary policy. Consequettidyfollowing construct emerges:

Max —%Et{iﬁi w2, + 72, ]} (1.3)

8 McCallum (2002) stressed that there seemed to have baeansus between academic and central
bank economists both in terms of concerns and technigihés.convergence of opinion conceivably
encouraged Clarida, Gali and Gertler (1999) to entitle thegder: The Science of Monetary Policy: A
New Keynesian Perspective
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The [ weight, if less than one, can capture a form of toleeay where distant

observations are less significant and decline in impogtascthe horizon becomes
more distant. Implied in the loss function are tasdetr zero inflation and to align
output with its potential level. This representatiompolicy identifies a point targét.

In deriving the now near standard policy rule Clarida, Gald Gertler (1999)
simplify the algebra by assuming that the central ba@kert no influence over
expected value¥. In other words expected values are given. This impliedob®

function reduces to:
1
_E[Wtz + 2]+ F, (1.4)

where theS term is subsumed inté, . F, isolates the future observations of output

and inflation. (1.4) is optimised subject to

m= Ay, + f, (1.5)
where

F=y2E{Y A (W +7 ]} (1.6)
and

fo = fE T, tU,. (1.7)
The optimal policy rule is obtained from (1.8).

L, :—%[z/yf+nf]+ F +qp{71t v\ ft] (1.8)

Alternatively, a number of central banks have exjiadescribed policy objectives as
maintaining inflation within a comfort zone. Point taiggtconceptually could lead
to excessive policy activism. Opportunistic policy mighttiheught of as attempting
to maintain inflation within an acceptable band. Unlike (1tBjs might warrant a

non-quadratic construction of the loss function. Ushegjrtnotation, Orphanides and
Wilcox (1996, 2002) suggest the following as the starting-point:

9 This is a little different to the more common pieetof targeting an inflation zone. Issing (2004)
maintained that the Governing Council clarified its’ @tittn objective in May, 2003 stating that the

ECB would endeavour to maintain inflation rates ‘belowdase to 2 percent’ (p.175). The Bank of

England, as do a number of other explicit inflation tagetspecifies a zone.

*0 Clarida, Gali and Gertler (1999) maintain that the appr@am principles they invoke in terms of

deriving an optimal policy rule are sufficiently proven agaheralised to warrant the term ‘science’
being applied. This bolder lexicon conceivably denotgsowing consensus associated with the then
New Keynesian methodology.
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L = (=72 + w? + ¢y (1.9)
The notation is similar to (1.8) wheyestill denotes the output gap armienotes the
inflation rate. The inflation target;, can assume alternative magnitudes including
zero percent. The parametefsand y are the weights attributed to output deviations
from the natural rate. The key difference betwegr8)(and (1.9) relates to the

inclusion of the non-quadratic ter¢71y| for the output gap. This permits policy to be

implemented opportunistically or nonlinearfyln contrast, the linear solution that
satisfies the first order conditions for (1.8) segigd by Clarida, Gali and Gertler
(1999) gives:
Y, = —%m (1.10)

Clarida, Gali and Gertler (1999) describe (1.10)gsying that the optimal condition
enshrines a ‘lean against the wind’ approach toimdtar monetary policy. Policy
should operate so as to redress the effect of esieractivity on the price level. The
nature of the Phillips curve is important in thagard. The responsiveness of inflation
to changes in output governs the degree to whichetaoy authorities apply counter-
cyclical rate cuts or increases. Optimal policy iWddooperate in a manner that
contracts the output gap when inflation rises and-versa. The optimal policy rule is

obtained by substituting foy, in the IS curve (1.1) to give:

. 1
I = yﬂEtm+]_ t—0, (111)
¢
where
_1.d- 01
y, =1+—27" >1 (1.12)
XY

(1.11) constitutes the optimal policy rule giventhe parsimonious Clarida, Gali and
Gertler (1999) framework. One key finding of thnstrained optimisation exercise,
identifies the following significant benchmark foolicy activism>?

‘Under the optimal policy, in response to a risexpected inflation, nominal
rates should rise sufficiently to increase reaksatPut differently, in the

*1 Later, in chapter 2 the notion of committee voting stake is used to rationalise nonlinearity in the
reaction function.

*2 This policy recommendation is referred to as Resulh&.Benchmark spells out optimal policy to be
designed so as to contract aggregate demand, by raisingathiéederal Funds rate, when inflation is
above target andice-versa Result 3 provides a neat summary for what is nowrred to as the
‘Taylor Principle.’
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optimal rule for the nominal rate, the coefficient the expected inflation
should exceed unity.” (Clarida, Gali and Gertler, 1999, p. 1674)

Notably, this benchmark accords with Taylor (1993) who maiethithat the policy
response (the Fed Funds raiejs given by:

i =1+1577+ 05y (1.13)
where 71 is the rate of inflation over the previous fouagers andy is the percent

deviation of real GDP from a target. Issing (20024) ,way of a critique, has pointed
out that most advocates of inflation targeting amanvariably depend on a
parsimonious economic framework that is configuogdho more than three elegant
equations that sideline the role of monetary agapesy This omission he regarded as
being extreme and ‘a central bank can legitimatekystion the usefulness of [such] a
model for monetary policy setting.” (p.174). Blind@998) p.22 also questions the
realism of positing the decision making in termsraiximising utility:

‘My experience as a member of the FOMC left me vaitbtrong feeling that
the theoretical fiction that monetary policy is raady a single individual
maximizing a well-defined preference function mgss®mething important.
In my view, monetary theorists should start payatigntion to the nature of
decision making by committee, which is rarely meméid in the academic
literature.’

Subsequently, Blinder and Reis (2005), p.10 state:

‘All economists cut their teeth on optimization he@ques and feel most at
home in that framework. However, Greenspan has esigd a different
methodological paradigm for monetary policy — tbftisk management.’

1.5. The forward-looking policy framework and lags in the trarsmission
mechanism

A common modification applied to the Taylor Rule,(t.13), incorporates a role for
the target variable forecast of inflation as (1,199 thats;; become&, z,,. The
effect of lags in the economy points to using avérd-looking policy rule. Clarida,

Gali and Gertler (1998, 1999, and 2000) formuldie teaction function as being
forward-looking on the grounds of plausibiltyA policy maker can not reduce the

3 Svensson (1999) footnote 35, attributes the first printedessian of central bankers asserting that
the inflation forecast represented an intermediagetato King (1994): ‘The use of an inflation target
does not mean that there is no intermediate targdieRdhe intermediate target is the expected level
of inflation at some future date chosen to allow far kg between changes in interest rates and the
resulting changes in inflation. In practice, we useradasting horizon of two years.’
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current inflation rate because this, in effect, is alse an historic event. Central
bankers are accordingly obliged to set interest ratesrtain future imbalances. It is
generally understood that monetary policy requires a fahlleking dimension. In

the presence of transmission lags, delivering inflatiork Hactarget, immediately

after a shock, may necessitate incurring significantscdsstantaneously offsetting
the inflationary shocks may demand substantial moveniertse policy instrument,

precipitating unduly large output losses. One plausibleoggprto mitigate this type
of dislocation is to try to anticipate inflationary et® prior to them materializinty.

Reacting in a more pre-emptive fashion allows centrakdam contain these losses
by reducing the extent to which the instrument has to beethin the short run.
Policy makers may avoid ‘falling behind the curve’. Manytcanbanks, including
those of Australia, Canada, New Zealand, Sweden aridrtited Kingdom, adhere to
an explicit inflation target. In practical terms, ghisually involves ‘targeting’ the
conditional forecast of inflation - the inflationteaexpected to prevail in the future
given presently available information. The Bank of Endlafor instance, embraces
this framework in the design of their forecast-basdatypoules. According to Batini
and Haldane (1999), this approach confers tangible begefés the extent to which
transmission lags exist in the U.K. economy. The dasé targeting approach also
permits the practical inclusion of all information eednt to predicting future
inflation. This may appear trivial but importantly it@ils a large information set to
be incorporated into rate decisions. Batini and Haldane (198@)tamed that an
inflation forecast horizon of three to six quarteedivebred the best outcomes by virtue
that imposing shorter horizons risked increasing both owpdtinflation variability.
Conversely, longer horizons risked macroeconomic ingiabiRudebusch and
Svensson (1998) found when comparing a variety of diffespatational techniques
in the context of a two-equation model of the U.S. eoonand varying alternative
versions of their assumed loss function that fore¢asgeting rules performed
strongly. Although Rudebusch and Svensson (1998) were notgaliycconcerned
with detecting the optimal horizon length, the impiica of their results suggest that,

>4 Of course the timing of policy initiatives can be affl by other factors. Central bankers may
refrain from altering rates of interest during periodsew their likely impact could be construed to

political neutrality.
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in aggregate, economic (adjustment) costs were mitigétélde horizon for the
inflation target were greater than two years.

Imposing a simple forward-looking specification in thect&a function however
would suggest that central bankers are also inevitablykimgrwithin a risk
management framework, given the increased uncertaintyaofging future events.
In the United Kingdom, the Bank of England targets inflatad a horizon of two
years. The highly publicised fan chart, released by th& BaEngland, has become a
standard tool to convey policy maker expectations, the tamsr associated with
these expectations and the expected trajectory assoeudtiedeversing inflation
shocks. Similarly, as part of the jargon used to der@ete-emptive nature of Fed
Funds setting, policy makers in the United States frequesfdy to buying insurance
or staying ahead of the curveThe sense that policy is forward looking has been
proffered by a number of central bankers. An importasight as to why policy
makers hedge their position on expected inflation and outgubd@n suggested by
chairman Greenspan (1999).

‘For monetary policy to foster maximum sustainable eoctinagrowth, it is
useful to pre-empt forces of imbalance before they thneaconomic stability.
But this may not be possible - the future at times carobeopaque to
penetrate. When we can be pre-emptive, we should bayseanodest pre-
emptive actions can obviate more drastic actions atea tkate that would
destabilise the economy.’ (Cited Orphanides, 2003, p.5)

1.5.1 Opportunism and uncertainty — applying a risk managementémework

The opportunistic approach to policy has been, over the 1%@R®cated by a
number of key policy makers in the United States. As aftison strategy, it
specifies both an interim and a long-run objective focepstability. Proponents of
this policy framework maintain that when inflation rensawithin a zone of comfort,
central banks should concentrate more on stabilisingubwtnd employmentf. In
describing the FOMC'’s strategy in the 1990’s Blinder (1997) ramiat that:

“Under certain circumstances, the optimal disinflatstrategy is asymmetric
in the following specific way: you guard vigorously against arse rin

5 See Orphanides (2003) for forecast-based variants ofagiccrule.

*% Previously, the zone of comfort was motivated asre zif stalemate. The two appear contradictory.
The latter stresses disagreement between policy maketise board or between the board and the
legislature. The former posits that the central baethkaves as a unified actor and the loss function is
non-quadratic. In both cases, policy is found to be neafi and operate within zones. In chapter 2,
committee dynamics and stalemate are mainly stressed déveloping a nonlinear reaction function.
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inflation, but wait patiently for the next favourableflation shock to bring

inflation down. The opportunistic strategy makes the tieeded to approach
the ultimate inflation target a random variable. Wheras the Vice Chairman
of the Fed, | often put it this way: the United State®re recession away
from price stability’.” (cited Minford and Srinivasan, 2003)p.

In what follows, like Orphanides, Small, Wieland andld®k (1997) and Aksoy,
Orphanides, Small, Wieland and Wilcox (2006), this thesiss us definition of
opportunism that is akin to inflation zone targetih@one targeting is motivated, in
this thesis, by appealing to voting stalemate. The widthisfzione may be indicative
as to what level of accord exists between membersedbdlard or between the board
and Congress. As illustrated in chapter 2, a greatel ¢dvscord is associated with
a wider region of inactivity. The opportunistic approachuldsuggest that stalemate,
of itself, is not necessarily undesirable in thatrdiation can be induced either by
letting a recession occur via policy inaction or by refreg from stimulating the
economy when positive supply shocks materiafistn theory, the opportunistic
approach has the benefit of permitting policy makersefoain from immediately
imposing tough economic medicine of disinflation. A boaldirman may be in
favour of exploiting the economy’s own counter cydligawhen rate decisions are
contentious, internally at board level or externallghwother government agencies.
From the FOMC transcripts, it would appear that importal@ments of risk
management feature in policy making. In what followstfpbo option theory is used
to investigate the linkages between opportunistic policy risid management. In
chapters 2 and 3, ‘the Greeks’: delta, gamma, vega atd @re developed to
examine more formally the extent to which policy ratdtisg is sensitive to
parameters such as the volatility of the target vagjatile band width and the

targeting horizon employed to manage the target variable.

" Orphanides, Small, Wieland and Wilcox (1997) motivated oppanuniith a non-quadratic loss
function. The intrinsic payoff from an option is used totgyr the extent to which this approach offers
policy makers discretion.

>8 Disagreement between policy makers does not precludetisibility of harnessing positive supply
shocks or negative demand shocks in chipping away at inflation.

%9 Revealing the rule however may not be desirable fmliay maker who wishes to maximise latitude
for judgement by asserting a quasi-rules based formul&ioairman Greenspan may have privileged
a risk management approach over others because it appeaféet more escape clauses. Blinder and
Reis (2005) point out that Greenspan never fully spelledegattly what his risk management
approach entailed. This is not to say that Greensedmw&s not forward looking or pre-emptive.

60 See Abbreviations for individual explanation of terms.
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1.5.2 Opportunism and the hockey stick diagrams
The starting point here is to examine rate setting vatiard to some rudimentary
elements of option pricing. The basis of implementingnfiegion policy as set out
here, involves raising the Fed Funds rate when expenfledian E(7z) exceeds a
given targetk. Conversely, if inflation is below a particular t@ece level or upper
bound, monetary policy consequently abstains from comgademand. One way of
representing this type of policy is to consider Figure 1(dad of chapter). Ignoring
standard risk neutrality arguments, the policy reaction inflation may be
parsimoniously represented as:

¢ = E[max(7z, - k,0)]
Similarly, Aksoy, Orphanides, Small, Wieland and lé&x (2006) describe the
opportunistic central banker as combating inflatiwhen inflation is high, but
concentrates attention on stabilising output wimélation is low. Adjusting the upper
tolerance,k, and inflation forecast offers scope for discreti®ome of the basic
insights relating to the effects of uncertaintyapportunistic monetary policy can be
found by comparing Figures 1.1a and 1®1hinder uncertainty, the policy response

denoted by must respond to gf, the probability density function af:

¢ = Elmax7. -k 0)| = [ (7 ~k)g(m)d(7)

X C—y 8

This typically would imply policy responses are tbetdescribed by using a time
value parabola, similar to Figure 1.1b, as oppdsébe intrinsic value. In this regard,
central bankers when preemptive, exercise lessesioomliscretion because monetary
policy is forced to react even when inflation iddvethe upper toleranc&, Bernanke
(2004) noted that the Federal Reserve was notqrsterned with the average or most
probable outcome but also with the entire distidoubf feasible inflation outcomes.
This seems in line with Greenspan (2003). Portfadiption theory helps to
systematise aspects of polf%yPortfolio option theory is useful for examiningeth
linkages that exist between opportunistic policg ask management. When policy is
opportunistic and preemptive, it is possible tosider the circumstances that permit

interest rates to rise prior to inflatiow; prospectively exceeding a given tolerance

®1|In chapter 2, a more rigorous justification is offeiredationalising the application of option theory
employing a basic put-call parity relationship.

62 Systematising policy and elaborating it in terms ofeaplicit rule would not necessarily be a
desirable end for a policy maker who wished to maximosen for manoeuvre or discretion.
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level, k. A key insight is that the risk that inflation will @ed a given magnitude
produces a policy reaction that resembles the mappingfoatrying time valuations
on an inflation call or caplet. The time valuatioaprof an option is consistent with
policy acting pre-emptively when the upside risk to inflatimeachingk becomes
pronounced. So long as there is a calculable probabilityinRation will breach a
tolerance thresholdk, policy respond§® From the perspective of a policy maker,
even if inflation currently resides nominally within a roof comfort, policy can still
respond, so long as there is a chance that inflatitimeduture targeting horizon date
will exceed an upper acceptable critical level. One wéyumderstanding this
construction is to consider how monetary policy is camitated by the Bank of
England via fan charts. In attempting to keep inflatiathmw a zone, policy makers
consider the full spectrum of plausible inflation outes. To do this policy makers
specify the varying moments and the assumed probaHbiltyibution of expected
inflation extending over a given forecasting horizon.the case of the Bank of
England, this happens to be a two piece normal disiibuvhere the principal
moments of that distribution are made public. In ushig tonstruction, upside and
downside risks to inflation can be gauged by the levebétiity and skew reported
for the following eight quarters. Similarly, after eaBlOMC meeting the policy
statement, made available, also indicates the balahcmflation risks, (up to
November, 2007, economic forecasts were made availableveiok a year§? In just
considering the upper bound of the Bank of England’s ptaeilsy mandate, here
given ask, (the exercise on an option), it is possible to mapadirhe value parabola
as illustrated in Figure 1.1b. Even when inflation reside®w the upper bound,
policy makers must allow for the fraction of inflatimutcomes at the end of the
following two years or targeting horizon that will @ed k. In this regard, when
setting the short term rate, central bankers respmtite proportion of total outcomes
that randomly breach their inflation mandate. The fwece normal distribution

%3 Movements in inflation both above and below the comfanezare considered in chapter 2.

% The FOMC introduced six enhancements to the publicationtsofeconomic projections in
November, 2007. First, in order to provide more timelgiinfation, the projections are now published
four times a year rather than twice a year, as bef®eeond, the forecast horizon now stretches to
approximately three years. Third, the forecast includgsonly core price inflation, but in addition,
overall inflation. Fourth, a more exhaustive discussiorthef key influences shaping the FOMC
outlook is furnished. Fifth, that forecast discussion alsorporates the FOMC member’s qualitative
assessments of the level and balance of uncertalatingeto their respective economic outlook. Sixth,
the dispersion of forecasts among the FOMC participamsde available in more detail.
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employed by the Bank of England effectively assumes ttietrandom process is
Gaussian. The Gaussian family is also widely used iomgiricing and in what
follows, both a lognormal and non-standard distributiohaflation are developed
using Monte Carlo analysis. Monte Carlo has the adggnthat it provides flexibility
in terms of not privileging any particular distribution.dlso constitutes a discrete
estimator given that it can specify a number of stepsithéurn are iterated. The
Heston (1993) model is used to extend the Black-Scholeslnogmrtantly, Heston
(1993) permits varying measures of skewness and kurtosis. EBwenHaodel reveals
how pricing and indirectly monetary policy reactions banaffected by the third and
fourth moment§® This is relevant because varying distributional fornas be
incorporated into the analysis. Both positive and negatkewness in the inflation

forecast can be accommodated.

1.6. Risk neutrality: from Black-Scholes (1973) to Derman and dleb (2005)

The major insight of Black and Scholes (1973) relatesmifg a riskless portfolio
that can be dynamically hedged. Their key contributios teashow that it was in fact
not necessary to use any risk premium when valuing an ogtibject to the

assumptions (A.1) — (A.6) given below. This permits thavdeon of a theoretical

valuation formula using a risk free discount ratej.e. risk neutrality can be
established. The concept of market neutral delta hedgingbeatraced back to
Higgins (1902) and Nelson (1904), but is generally understood ve baen

rigorously developed by Black and Scholes (1973). Thorp andskag$967) and

Thorp (1969) outlined how risk neutrality could be establishetl immplemented a
practical working formula for pricing although this wasgkly considered to have
beenad hoc Black and Scholes (1973) pointed out that an option dosikledged by
applying a continuous dynamic stream of hedging positionkarunderlying. This

necessitated assuming that the underlying conformed to GéoBeiwnian motion

(GBm). In practice, this is impossible, although delta meyigype strategies have
enjoyed some degree of popularity. The significance ofriaarand Taleb (2005)
relates to establishing risk neutrality when a numbethefttaditional assumptions
break down including GBm. For the purposes of developing anrogtiramework

for monetary policy and elaborating a forward-looking oppastic reaction

% Black-Scholes is also adapted using the Gram-Charlidehto take account explicitly of skew and
kurtosis in inflation return.
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function, it is worth considering varying frameworks. Téhgossible approaches are
considered here:

(1) Disregard risk neutrality by setting arbitrarily theatiunt rater, in the valuation
formula (1.25) equal to zero. This might be termed a ‘zane decay’ approach
where central bankers regard future inflation with #nes disdain as current inflation
i.e. there is no benefit to postponing inflation. Thproach would imply side-
tracking in particular assumption (A.2) and much of theéhemaatical development
set out below. The ‘zero time decay approach’ focusiesapity on the collar option
construction, developed in Appendix A.2.1, which produces (a.2.%.1i&) forward-
looking opportunistic reaction function.

(2) Establish risk neutrality using the Black-Scholes (1@pproach.

(3) Establish risk neutrality using the Derman-Taleb (2@@proach.

It is worth considering approaches (2) and (3) in ordepreserve flexibility. The
logic here is simple. By developing explicitly risk neditconditions using (2) and (3),
it opens the possibility to use market data on inflatiotioap as an important
reference for policy. Despite rapid growth howevelatidn markets are perhaps not
sufficiently liquid or transparent to provide reliablersdg. In future however this is
less likely to be the case. With this in mind, the angligskept sufficiently broad to
accommodate market approaches (2) and (3). Risk neuisatibnsidered here using
both Black-Scholes (1973) and Derman and Taleb (2005). Ofnthethe latter is
substantially less restrictive in particular with regexdassumptions (A.2) and (A.5).
Setting out a market approach initially entails examinihg Black and Scholes
(1973) assumptions which lay down the basis for continumesdynamic replication
of a European option:

(A.1) The short-term discount rate is known and catsta

(A.2) The underlying asset adheres to Geometric Brownigdiom@GBm).

(A.3) The variance rate on the underlying is proportiomalthe square of the
underlying asset value.

(A.4) The underlying asset pays no dividends i.e. has non-ueghtit.

(A.5) Markets are frictionless i.e. transaction c@stszero.

(A.6) The variance rate of the return on the underlyingprsstant.

When considering monetary policy, the applicability afo@etric Brownian motion
to inflation is particularly difficult given that infton does not trade in a liquid spot
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market.?® ®” Jarrow and Yildirim (2003) and Korn and Kruse (2004) howevemass
that the inflation index follows Geometric Brownian Nest®® This would be
attractive from the perspective of imposing a workabéoiti but may lack intuition
given that the Consumer Price Index is a discrate tserie$? The customary
requirement to continuously dynamically hedge a portfobosisting of an option
and its’ underlying would seem especially difficult whéne underlying is inflation.
The classic risk neutral arguments only exist in a vatyai or idealised world which
is not easily attained in the absence of liquid markeditions. To understand this
and many other nuances that relate to the proposed nogti@t pricing model, it is
useful to set out how the Black (1976) differential equatnight apply to expected
inflation.” Initially, it assumed that (A.1) — (A.6) hold.The idealised stochastic
differential equation would represent the change in théerdying asset which is

given as expected inflatioB(r):

dE(77) = a E(m)dt + o E(77)dz (1.14)
where dzdenotes a Wiener process and the volatiliy, is constant. Over an
infinitesimally small perioddt, the change in asset pric (73, equals the product of
an expected drift rate of the assrt multiplied by both the asset pri&€7) anddt
plus a random magnitude proportional to the instantaneousasthdeviation of the
rate of change in the asset prigemultiplied by the asset price. It can be illustrated
by applying Ito’s lemma that a derivative contrdatyritten on the underlyingg(73
follows the process:

df = (%H)GSEOTH% " dg(z)z aZE(ﬂ)zjdt 2 ok

(1.15)

% Formalising previous work by Thorp (1969). See MacKe(2®93) and Derman and Taleb (2005).
7 Indexed linked instruments however do trade in a growimgbeu of markets with ever increasing
liquidity. These instruments relative to nominal instamts capture the expectation of inflation.

® This would imply that the logarithm of the inflation inde normally distributed.

89 A forward price based on inflation that would trade ligaid market should provide a stronger basis
for asserting risk neutral conditions than using purely atrirflation. The TIPS market implicitly
provides measures of inflation expectations and plausiblygegs\a means to hedge inflation options.
Some effort has been made recently to produce ameakgtice index.vijww.inflacionverdadera.com

0 Alternative risk neutral conditions using static poitfaleplication are proposed by Derman and
Taleb (2005).

"This construction including the stochastic differenégluation (1.14) implies stipulating both GBm
and frictionless markets to establish a dynamic hedgirt§ppiorand ultimately risk neutral conditions.
Given the real world absence of GBm for all underlyingk neutral conditions may be difficult to
justify. Derman and Taleb (2005) provide a more robust d@sivausing put-call parity so that
dependence on GBm can be relaxed.
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As with the Black-Scholes/Merton model the basishef Black differential equation
is that a riskless portfolio can be created by assyimilong position in the option and
a stream of short positions in the underlying with thees@xpiration dat& The
equity of the combined portfolid/ is just the value of the option, by virtue that the
value of a futures at inception is always zero. In viblldws, the termA denotes the
change that occurs in tirrte In discrete time (1.14) becomés:

AE(77) = aE(m)At + o E(m)0z (1.16)

and similarly that

_[ I O o1y, O 2p(ny I .
Af—(maSE(n)+E+/ﬂE(n)2 E(r) jAt+ E(m)az

(1.17)
By developing the BSM insight, it is possible to illustréhat a risk free hedge can be
obtained by combining a long position af /0E(77) in the expected inflatiorg(7),
with a short position in the derivative as&ét ° In discrete time the initial value of

the portfolio is given by:

=—f +dz_(ﬂ) E(n) (1.18)

However for a futures contract the value of thefpbo is:

V=-f
given that it costs nothing to initially take a pims in a futures contract. The change
in the value of the portfolio in a discrete timeipd At can be shown to be:

AV = -Af +iAE(n) (1.19)

IE(m)

By substituting the discrete versions into the @&bibvs possible to attain:

2 In what follows, expected inflation is modelled as a resuprice, in part reflecting market
developments. Cash settled CPI futures with a notionakipah of $1 million began to trade
electronically on the Globex platform of the Chicagerbantile Exchange in February 2004. Their
design was similar to the better known CME Eurodolfatsres contract. Eurozone HICP futures
contracts started trading on the CME Globex platfornséptember, 2005. Market expectations for
future inflation over the following year, as impliedtye Eurozone HICP futures contract, are reported
by the CME. Perhaps more significantly, expected inflatian be read from TIPS instruments. The
Federal Reserve of Cleveland use TIPSs’ prices to &stiaxpected inflation.

3 When applying Monte Carlo techniques the discreteneseafrtderlying process is made explicit.
"otI0E(7) is the measure used to dynamically hedge. This howewkpisndent upon assuming that
the underlying adheres to Geometric Brownian Motion.ni2er and Taleb (2005) illustrate how risk
neutrality can be developed using a static replicatindgbiort of/0E(7) is later employed in chapter 2
to motivate interest rate smoothing in an innovative.Vi8eg Propositions 2.3 — 2.3d.

> The BSM insight however is not completely intuitivelgmovides a highly idealised justification for
risk neutrality when applied to inflation.
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_(9f .., P°f orq v
AV = (d +/ﬂE(ﬂ)20 E(r) jm (1.20)

In a world where arbitrage cannot persist and adaptinghéjer insight of the Black-
Scholes/Merton model, it follows that the portfolionaaly earn the risk free rate:

AV =r VAt (1.21)
Thus, by substituting foAV

(i{w dE(]:) UZE(ﬂ)ZjAtzr(—f)At (1.22)
and by rearranging (1.22):

Of yry O°F oe(ny |-

(d o G el j n (1.23)

This is similar to the original Black-Scholes/Mertoiffetential equation. The
[0f/ E(m)|rE(77) term is omitted from the left hand side of (1.23) by virthat
expected inflation is treated like a futures contractd@eeloped by Black (1976), the
cost of entering into a futures contract is zero hetheevalue of the portfolio is
initially the value of the option. The differential etjoa has a number of solutions
contingent on the boundary conditions that are apphed.a European call option,

where the underlying is expected inflation the boundary tionds defined by:
c = e " E[max(rr, —k,0)] (1.24)

Where E denotes the expectation in a risk-neutral world. Adhdortpe literature the

time value of the call can be written as:

c=e ™I [E(mN(d,)-kN(d, )] (1.25)
where
4= In(E(n)/ k) +(0.502 )T -t) (1.26)
oNT -t
and
d,=d, -oJT -t

N(.) denotes the cumulative probability distributiafi the standardised normal

variable inside the parentheses. Replacing theateref byc

ac 12(()) d%c

4+ =

p SE(D? =rc (2.27)
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It will be illustrated, in appendices B.3 and C.3 of cka@ how the individual terms
in (1.28) can be obtain€.(1.27) is expanded by differentiating the varying terms to

give:

Jc 1 , 2 0°%C — (T ' g
a 27 (E(7) B {E(N)N (dl)(z T—tﬂ

-r(T-t) _ E 2 2 ) (T np 1
+re " TO[E(IN(d;) - kN(d, )] + 5 o (E() {e {N (dl)(E(ﬂ)a ﬂﬂ}
(1.28)

WhereN'(.) represents the normal probability density funcid the value inside the

parentheses. The following equality is found tcexi

1, 2 _—r(Tt ' 1 _r(Tt ' g
Lot ey e {N e ﬂﬂ el a2 |

consequently (1.28) reduces to:
re"TO[E()N(d,) - kN(d,)] = rc (1.29)

The formula for the call is seen to satisfy thedBI§1976) differential equation. By
positing expected inflation as a futures pricas ipossible to apply the same logic as
proposed by Black (1976). In a monetary policy ms&nagement context, the Black
(1976) and Black-Scholes (1973) construction idialift to apply directly when
inflation evolves discretely. More generally, theSM8 assertion that dynamic
continuous replication is possible outside a pumdalised world may not be tenable
when markets trade infrequently. The BSM risk rgluargument depends on the
feasibility of constructing a riskless portfolio dathis is created by holding a long
position in the option and a short position, instimstance, in expected inflation.
Moreover as time passes it must be possible tordiadly replicate the riskless
portfolio in continuous time. In reality, this walibppear to be difficult and a more
tailored approach when establishing risk neutrabtyworth identifying. Here, the
analysis is extended to take account of discrate tising Derman and Taleb (2005)
who provide a less onerous rationale for establgshisk neutrality. Their approach

® The mathematical notation is standard in the liteeatlihe subscripts somewhat exceptionally
however read differently. Thgl andg2 subscripts found in the appendices are intended to assign th
strikes associated with different players in the poliapgaHere the strike or exercise is denotedt,by

subsequently the strike is interpreted as a level ofetoter. 77, and n;z are developed in chapter 2 to
denote the tolerance levels for a hawk and dove wheatilely set the policy rate.
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permits a derivation for option pricing that does not ngtas reliance on GBm and
frictionless markets. This is consistent with thedaling two propositions:

Proposition 1.1The familiar Black-Scholes (1973) formulae for valuing options can
be extended to a range of underlying that violate assumptions (A.2) and g%..5),
outlined by Black Scholes (1973), see p.31. The well-known no-arbitragenshap,
implied by put-call parity can be used to establish risk neutrality.

Proposition 1.2Risk neutral conditions are attainable without resorting to dynamic
and continuous replication. The Derman and Taleb (2005) consistency argument,
(DT), posits that the time decay (or discount factor), which apptiea forward
position, will also apply to an option portfolio based on the same underlng.
central banker who is indifferent between the intertemporal craficeflation today

and inflation in the future applies a zero discount rate, (a ‘zero tincaydg to the
payoff from a forward position. As a corollary of (DT), the same ceraaker

would also apply a zero discount rate when valuing an option portfolio.

Derman and Taleb (2005) exploit a relationship known innfieaas put-call parity
that was observed by Nelson, as early as 1904. If tlasamrship did not hold an
arbitrage would be possible. Fundamentally:

Call — Put = PV(Forward Price — Strike Price (1.30)
A portfolio composed of a long position in a call and artsposition in a put with the
same strikek has exactly the same payoff as a forward contratt @xpiration time,
T and delivery pricek. If the forward price is configured as the expectatiofutifre
inflation then the value of a forward contr&gt

F, =c-p=PV[E(m)-K] (1.31)
One European call option minus one European put opticexpected inflation with
an exercise,k, equates to the difference between a discounted forwarelced
inflation rate, E(77)e"” and the discounted exercises™ . This can be generalised to
give:

F,=c-p=e"TY[E(S)-K] (1.32)
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The risk free discount rate is given hyS might be thought of as representing any
asset class and lower caséenotes the current time peridd’® The ‘time honoured
actuarial’ way to estimate the value of a Europeanveadire S can denote any asset
class including the present value of expected inflatiofvesngas:
c(St)=eI(E[s-K]|,) = e Ns¢:TIN(d,)-kN(d,)}  (1.33)
and analogously for a put
p(st)=eI(Ek - S].) = e THkN(- d,) - S&-TIN(-d,)} (1.34)
The pricing formula for the European call and mf6,) and p(S,), preceded the
Black and Scholes (1973) representation. Sprenkle (1961) andefsam (1965) in
the same vein both employed lognormality to model #t@abiour of stocks. Whaley
(1997) described the Sprenkle-Samuelson formulae for gatibro pricing as

assuming the form:

c=exd-a,(T -t)|(Sexdas(T - t)]N(d,) - kN(d, ) (1.35)
where
g, = In(s/k)+ (o +0.50% (T -t) (1.36)
oNT -t
and
d,=d, —oT-t (1.37)

os anda, are the expected risk adjusted rates of priceemgion for the respective
underlying and option assets. Lower cadadicates the current time periobl(.)
denotes the cumulative standard normal probabihfythe variable inside the
parentheses. To establish risk neutrality, it seaial to demonstrate thag = o, =r.
The major contribution of Black and Scholes (19%@)s to show that risk neutrality
could be obtained by creating a dynamic replicatpuytfolio. To extend this
framework beyond the idealised world assumed byckBland Scholes (1973),
Derman and Taleb (2005) intuit a formula that ekplstatic as opposed to dynamic
replication. By combining (1.33) and (1.34) thddwling emerges:

c(Sit)- p(Sit) = e s IN(d,) - kN(d, )} (1.38)

~e ™ kN(-d,) - s¢=TIN(-d, )}

" The generic notation for the exercise is giverk.dsater 77 is used to indicate the upper and lower
bounds of inflation zone targeting.

8 Unlike inflation, expected inflation can be seen asaded asset now, given the availability of
inflation indexed instruments in financial markets.
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c(Sit)- p(Sit) = e s IN(d,) - kN(d,)} (1.39)
— e K1~ N(d, )] - S¢-TV[1- N(d, )]}
By cancelling:

c(Sit)- p(Sit) =0} - e k] - s¢- 1]} (1.40)

c(Sit)- p(Sit)= e Nsg: —}
But this must be equal to:

F,=c-p=e""Y[E(S)-K] (1.40a)
Derman and Taleb (2005) illustrate that when staticicagbn of the put and call
using the put-call parity relationship holds, then:

F, =" I[E(S)- K]z s —} (1.40b)

The fact that both must equal the value of the forwandi@®s that bothas and a,
must equal the discount rate, This implies that the formulae given by (1.33) and
(1.34) are equivalent to the Black-Scholes pricing formuldee time decay or
discount factor that applies to the underlying also appli¢ke option. From a policy
perspective, a central banker who is indifferent to itheng of inflation will apply a
‘zero time decay’ or a zero discount factor to b dption and the underlyinghis
consistency argument holds even when assumption (h&)GBm) is violated. It is
still possible to apply the traditional ‘actuarialrfoulae (1.25)-(1.26). The Derman-
Taleb (2005) put-call parity specification provides a moreegdnconstruction to
ensure risk neutralit}’ Assets that do not trade continuously and can not be
replicated dynamically are, in particular, diffictidt price in a conventional option’s
framework. The static hedge proposed by Derman and T20€l5) establishes risk
neutrality for a wider class of underlying. It impliesthhe option’s framework for

" In reply to a number of questions marked in bold, Emabaghan outlined his views via email:
In reply: <emanuel.derman@mac.com> Tue, 10 Jul 2007 12:36:11 -04@&tSuke: Illusions

On Jun 22, 2007, at 11:03 AM, Brian Byrne wrote:

Dear Emanuel,

| have read your work: ‘The illusions of dynamic replicaion’. Does this imply when pricing an
option:

(1) thatitis not necessary to assume that a stock onderlying adheres to Geometric Brownian
motion

It's a fact that GBm doesn't hold, so one has to radkestments somehow beyond BS.

(2) thatitis not necessary that asset prices exist @ontinuous time.

That's what we were trying to argue

The main point is that our paper, as | see it, pointed autdifficulties with traditional options
valuation and how well/badly it works, and then made tiengpt to intuit a formula for option
valuation in more difficult circumstances.
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considering inflation risk is robust even when it is possible to verify that inflation
adheres to GBm. Alternatively, ignoring risk neutralnditions altogether, the
discount rate in (1.25) could be set arbitrarily to zero implying ‘zeirod decay’ i.e.
central bankers are intertemporally indifferent toathéin, whether it occurs today or
in the future. This is equivalent to making assumption (A)e restrictive so that
the short-term discount rate is known and constaaeai. The effect of zero time
decay however may be largely academic; as will bergbddrom (a.2.1.16), p. 183,
where r is found to cancel out anyway when considering the far@oking
opportunistic reaction function. In effect, all thr@@proaches: Black-Scholes (1973),
Derman and Taleb (2005) and the ‘zero time decay would amoeesistent and

produce the same reaction function.

1.7 The Fan Charts and risk management of monetary policy decisien

A number of inflation targeting central banks descrilmnetary policy as responding
to future inflation and to the distribution of expectedandn outcomes. By doing so,
they convey not only their forecast of central tengelmgt also convey anticipated
risks or uncertainty. If policy makers simply respondhat proportion of anticipated
outcomes that exceed an upper bokindthen becomes possible to describe policy as
responding to:

E[max(7z ~k0)| = [ (77 ~k)g(m)d(n) (1.41)

X C—y 8

where the probability density function of inflation isfided asg(7). No official target
for inflation has been made explicit in the United $ate date. In the United
Kingdom, an upper and lower bound for inflation has existedsdone time. If the
probability density function is known then it is possidéng Monte Carlo to value
c=e " E[max7z. - k)| (1.42)

Just as it was necessary to establish risk neutraitimplement Black-Scholes,
equally Monte Carlo uses the risk free rate to discéutntre payoffs. The Derman
and Taleb (2005) approach is advanced here to justifynasirality. Monte Carlo
analysis is developed here to show that the optionimdveork and inflation fan
charts construction are consistent. The Bank of Ewglamploys a two piece
Gaussian normal distribution to generate the fan chpuBlished in its Inflation

Report. When inflation risk is symmetric the two piedistribution produces a
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consistency in terms of the mean, median and modeén@dtion projection. This was
the case in 2007 Q2, where the following five quarter projpsthad zero skew i.e.
the risks to inflation were considered by the MPC to heghty balanced® The
standard distributions used for pricing options are also ys@alssian. This may
reflect the popularity of the Black and Black-Scholesdet® which assume
lognormality®® However as will be shown later, the option’s fravoek can be
adapted to accommodate many different types of distribuBackusfForesiand Wu
(2004), for instance, provide a closed-form solution fomesing the value of an
option that takes account of skewness and kurtosis imrterlying asset’s return.
The Heston (1993) model is developed using Monte Carlo kibl§eincorporate
departures from Gaussian distributions when pricing infiabptions and also to
generate inflation fan charts that embed upside, downsidesymmetric risks. See
Figures 1.8a — 1.8h.

1.7.1 Advantages of the lognormal model when applying a risk managente
paradigm to monetary policy

The lognormal distribution, when used to evaluate (1.443 a number of attractions
in describing inflation for policy purposes. The first redati® inflation as not
violating non-negativity; the second configures the underlyingadsering to a
random walk. These specifications are relaxed, in chdhteéo incorporate mean
reversion and deflation. In this chapter, Heston (1998%esl to extend the lognormal
model by taking account of both negative and positive skethe underlying, (in
monetary policy parlance, upside and downside risks). Spegilognormality is
conceptually useful when setting out a risk managemanework, in part because
this provides a non-negative baseline. Consider the gecesal wheres, implying
any asset price, respects the following no-arbitrage ttondi

E(S,)=gel (1.43)

8 The FOMC do not produce a consensus probability distoibufihey nevertheless indicate in their
policy statement, following scheduled FOMC meetings, whetlisks are upside, downside or
symmetric. This has the effect of communicating toghklic much of what is conveyed in the fan
chart that is published by the Bank of England. This corfeemsk provides the basis for considering
an option’s framework. Upside and downside risks can beayed using varying Heston generated
inflation charts. See Figures 1.8a — 1.8h.

81 Models that have a normal distribution e.g. Vasicek hadktended Vasicek models are commonly
specified for interest rate options.
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The notation is the same as before exdegnstitutes a dividend yield obtained from
holding the underlyin§? The trend growth rate in the underlying declinesdas
increases. This expression can be easily expanded to give:

a-Z 0 ey

E(S,)= S[e[r_ e’ (1.44)

From lognormal properties it is known that:

Elene)=e2 ™ (1.45)
wherez ~ NO,1), represents a standard normal random variable andavi#l & mean
of zero and standard deviation of one. Given the abbigepossible to rearrange:

2

E(S, )= ge[r_d_ 3 o Se[r-d-‘f]ﬁ—t)mmz

(1.46)

This relationship is used extensively for valuation. lldde motivated by applying
a no-arbitrage condition. It would imply instantaneoussichent in the price level so
that the current inflation rate reflects expectatidhslike the standard Phillips curve,
the output gap is not accommodated. Inflation spot marketsadoexist in the
conventional sense and an instantaneous no-arbitragemshap is perhaps unlikely
or even inappropriate. Spot indexed linked markets howeverdwarinmit expected
inflation to trade and this would suggest that the no+audmt relationship, as spelled
out by (1.46), is tenable. Alternative asset price procdesgis46) could incorporate
mean reversion particularly if central bankers flediyt could forecast future inflation.
(1.46) sets out inflation as being exogenous to monetaigypohflation could be
made endogenous to a given monetary policy regime by togpdor instance, a
Vasicek framework for option pricint.(1.46) could also be set out so that a forward
price of inflation is used instead of a spot price. Thisid@ossibly be inferred from
inflation indexed linked markets which are becoming increasieghablished. A

minor modification permits the following to emerge:

E(ST ) _ S[e[r—d—g;](T—t)ﬂf«/ﬁz _ FtTe[_a;](T_t)+gmz

Fit denotes here the forward or futures price of inflation quatethe current time

(1.47)

period,t for the periodT. Whend andr are set equal to each other, the drift in the

82 Ceteris Paribusthe dividend yield results in a decline in the valuehefunderlying asset.

8 This is considered in chapter 2. The degree to whitdtion mean reverts could be made a function
of policy. This endogeneity could be defined by both thedsy which inflation mean reverts and the
long term mean which inflation mean reverts to.
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asset becomes zero (otherwise referred to as drifjlesgth). From a policy maker
perspective, targeting a forward price of inflation deri®an government treasury
instrument such as TIPS is not unlike targeting an expewtat inflation*

Proposition 1.3:It is possible to simulate expected inflation by discretising the
stochastic process set out in (A.1) — (A.6). Only non-negativeianflatitcomes are
considered when applying the lognormal random walk process. This, new&sthele
provides a baseline analytic tool for central bankers who wish to hypothisisisks

to price stability from deflation as being minimal, yet do not wantl® out the risk

of hyperinflation for policy purposes. The variance rate of the returnthen
underlying is constant.

Three features are worth considering: (1) Lognormalilgysrout any violation of non-
negativity. (2) The lognormal random walk permits hypertidia when expected
inflation is given as the underlying. (3) The constaniavee rate implies that the
magnitude of inflation volatility grows with inflatiorThis parsimonious baseline is
useful when economists differ in terms of what theyglerstand to be the precise
structure of the economy but nevertheless want to fonuisk management issu@s.
(1), (2) and (3) are later relaxed when using the Vasicettemd@he imposition of
non-negativity is conceptually attractive, in large measbecause policy makers
often feel confident that they can reverse deflat®iven the experience of Japan,
this would seem to rule out a major macroeconomic rislkchvis not just academic.
While deflation can never be excluded as a temporarggrhenon and the Japanese
experience should herald a note of warning, Goodhart and atmfn(2003)
nevertheless point out that theoretically governmemts esort to the printing
presses:

‘It is remarkable that, under a fiat money system,ettsrould be any worry
about deflation at all. Under this system the authariten in principle, create
an unlimited amount of (base) money by buying anythirag they choose. So,
unwanted deflation should be inconceivable under such ensyst

(Goodhart and Hofmann, 2003, p.11)

8 Ppolicy makers would generally want to use a wider dataTéee Chicago Mercantile Exchange
(CME) currently reports the implied expectation of HICRaitibn up to one year ahead, derived from
futures trading.

8 Economists may not agree on the appropriatenessgivea economic forecasting model yet may
nevertheless agree on what constitutes a worst casarst
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Bernanke (2002) similarly contended that deflation iergible under a fiat money
systent® When policy makers are assumed to have imperfect kdgelef the
precise structure of the economy then the lognormalmanwvalk serves as a baseline
for risk analysi€’ The lognormal random walk model is fitting becauspeitmits
central bankers, perhaps counterfactually, to preserve ifita risk of hyperinflation
when evaluating (1.4%f It also constitutes the most intellectually modeshst that

a central banker can assume: what if her best fstiagamodel were no better at
predicting than tossing a coffi?lt may be impractical to assume inflation mean
reverts of its own accord to a knowable long term mPaficy makers must consider
how inflation would behave in the absence of theirgyodictions. In this regard, the
imperative ‘to keep plunging the stake’ suggests that tb& via theex-antelens
differs from the historical experience of mean reversm a low and stable inflation
rate. The qualitative features associated with the mandalk offer a powerful
analytical tool, not because there is a firm consetimighe random walk mirrors the
actual empirical experience with inflation, in the @ditStates or beyond, but rather
because it permits policy makers to consider hyper-iofisds a real possibility while
not privileging any structured forecasting model. Certbealkers may be conscious

8 Bernanke (2002) pointed out that acting together government ageraai always remove deflation
by simply printing additional money. Equally, equating a meivegnced tax cut with Milton
Friedman's "helicopter drop" of money suggests that chairBenanke believes there are a great
many policy options open to prevent a liquidity trap. Athey of a number of strategies that also
promote the Federal Reserve purchasing varying assete gvént of falling prices, has earned him
the unflattering nickname "Helicopter Ben". Greensf2003) however indicated that the risks of
deflation were significant in explaining the conducthadnetary policy. In fact, the risk management
approach to monetary policy has been expounded as a regpdediation. The purported need to take
preemptive measures against deflation however may besistent with the view that deflation is
easily reversible. Using the lognormal random walk @aule out deflation. This may not necessarily
be a weakness. The Vasicek model is developed, in chapteaddress explicitly the risk of deflation
within the option’s framework.

87 D'Agostino, Giannone and Surico (2006) contend that the th@sebeen a major decline in the
predictive accuracy of institutional forecasters, suchthasFederal Reserve's Greenbook and the
Survey of Professional Forecasters (SPF) and for rdethased on large information sets. Their results
implied that the informational advantage of the FedRemlerve and professional forecasters is, in fact,
limited to the 1970s and to the beginning of the 1980s. They fdwatdhb forecasting model, during
the last two decades, has been better thssing a coirbeyond the first quarter horizon in predicting
inflation and other macro-economic variables for thted States. Stock and Watson (2007) also find
that over the same period inflation has become much diffiailt to forecast, but only in the sense of
providing value added beyond a univariate model.

% If inflation is modelled as mean reverting this dieaty diminishes the risk of hyperinflation.

8 Atkeson and Ohanian (2001) find that since the mid 1980s, ecsisdnaive not produced a version
of the Phillips curve that makes more accurate inflafimacasts than those from a naive model that
presumes inflation over the next four quarters will be etuanflation over the last four quarters i.e.
the likelihood of accurately predicting a change in thatith rate from a number of models including
one from the Federal Reserve Board is no better thafikiihood of accurately predicting a change
based on a coin flip.
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that their capacity to predict inflation at any giveoint will not consistently
outperform a naive forecasting model. The option’s éaork can also be
generalised to accommodate other facets of policy makingumber of inflation
targeting regimes, for example, attempt to make thaeiechsts of inflation as
transparent, as possible, by reporting the anticipatedslefeskew and uncertainty
that they perceive. The Black-Scholes framework, a®setere, can be extended
using Heston (1993) to incorporate not just the first @odsd moments, but also the
third and fourth moments, i.e. skew and kurtosis. Within dpgon’s framework
many possible processes can be considered. For instaees reversion can be
incorporated by using the Vasicek model. This is applied in eh@pt

1.7.2 Lognormality, confidence intervals and Inflation Fan chars

It is worth considering how a series of lognormatd@am walk processes can be
generated using Monte Carlo simulation. The range otilated paths developed
iteratively using (1.48) could, in principle set out a disttion of inflation outcomes.
The visual mapping out of these paths is useful in muchatime svay as the Bank of
England conveys it’s uncertainty regarding forecastsfamacharts. To extend this
analysis to emphasise risk management features, trihwiewing how confidence

intervals forE(7%) can be developed using the lognormal distribdfion

E(rz,) = me[r-d-ﬂj]ﬁ_t)mﬂ

(1.48)
Arnold and Henry (2003) state that by iterating simulapaths using (1.48), it is
possible to generate the probability distribution functidrfuture asset prices. The
frequency of final asset prices within the simulationadean be used to construct
confidence intervals. Integrating all future outcomes wteid by their associated
probability (i.e. the generated expectation of future @uis) is akin to taking the
integral of a cumulative standard normal distributiam.al risk neutral world that
models inflation as adhering to the Black-Scholes apsans (A.1) — (A.6), the
probability that7z will exceed a critical levek is calculable. This is consistent with
In(E(7%)/7%) being normally distributed with a mean af £ d —¢%/2)(T-t) and a

standard deviation af(T-t)°°. °* A normal variable can be standardised so that:

% The relevance is considered here to be general mooalétary policy.
%1 Later, it will be illustrated that this probability related closely to the delta of an option.
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Lz In(77.)~In(7 )~ (r -d -0502 )T -t)
oNT -t

(1.49)

From (1.49) it is possible to determine the proligbof future inflation, at a given
point exceeding a critical leveq, by calculating:

o k) =In() - (r - d -0502 T -1)
Prob(rr. >k)=1-N o

Prob(7z, >k)=1-N[-d,]=N[d,]

The termN[d] is the same as that identified in the Black-Sekdbrmula. Assuming

a lognormal random walk, it is possible to geneaefidence intervals, akin to the
fan chart, simply by attributing varying values ofor specified time periods that
correspond to given levels of probability. For arste, if the probability level
associated withe(7g) was set at 95% then defined by lower and upper intervals,
would be given byN*(0.025) = -1.96 andN'(0.975) = 1.96. By substituting these
values forz in (1.48), given the appropriate sequence of tpeagods, it becomes
possible to trace out a lognormal fan chart. M&aelo simulation could also be used
to generate confidence intervals and equivalerdly ¢harts. This would require
generating a normally distributedrandomly, over a great many sample paths and
then ordering those paths values at given timezbos. Fink and Fink (2006) state
that Monte Carlo analysis is useful because it fisrrmany different types of
simulation to occur that engender varying typesisk and asymmetry. This type of
analysis is presented using Figures 1.8a - 1.8a.Hédston Monte Carlo approach, as
developed in the following section, has the berddflteing flexible and incorporates a
wide range of stochastic processes. These candserged as fan charts that exhibit
varying levels of skew and kurtosis. Monte Carlmisially used here to consider the
lognormal random walk in discrete time. That isscdete time steps can be made
explicit. Monte Carlo is used here to build, frohe tground up, varying approaches
that permit the valuation of inflation options ingil in monetary policy under
uncertainty - as set out by the broken red parabbl&igure 1.1b. Monte Carlo
estimation stresses the discreteness of the umagngriable and permits assumption
(A.2) to be relaxed i.e. reliance on continuoustisiunnecessary. The Derman-Taleb
(2005) static replication is invoked at each diserstep in order to establish risk
neutrality. In developing the varying Monte Carlaluation models, call option time
values are investigated. From Figures 1.5a and, it.%b found that time values are
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equal to or exceed intrinsic values, i.e. uncertainty ise®dhe value that can be
attributed to options. This leads to the following obseovat

Proposition 1.4Under uncertainty, Central Bankers can increase the policy rate even
when expected inflation is below the upper bound of an opportunistic or zone
targeting monetary policy framework. Once the probability distributioimftdtion is
made explicit, the policy response can be represented by the optiioe’svalue
developed using (1.35)-(1.41). This is consistent with the parabola raefpatse
given in Figures 1.1b and with the Black-Scholes (1973)/Monte Carlo estimations
outlined in Figures 1.5a and 1.5b. It will be observed that greater uncertints to
produce a more preemptive policy and limits the extent to which tistrdefined by

the upper tolerance, moderates policy activism.

The impact of uncertainty is examined, more formallgh@apter 3, using parameter
sensitivities known as ‘the Greeks’. Much of the dyr@miassociated with
conventional inflation zone targeting and opportunistic godce encompassed in
Proposition 1.4. Initially, expected inflation is assunedonform to (A.1) — (A.6),
although the process is permitted here to be discretbelUnited States, no explicit
target, (official upper bound), has existed during the Greenspammanship.
Nevertheless, it would seem that the opportunistic framievas elaborated by a
number of policy makers shares a number of parallels inftation zone targeting. In
both instances, the same analysis can be appliedtinttsame conclusion being
drawn. Under uncertainty, whether defined by fan chartsa dbalance of risk
statement, policy makers are unlikely to remain inactwthin the zone of defined

price stability.

Boyle (1977) pioneered Monte Carlo for option pricing, idfgimg its key advantage
as being flexibility. Monte Carlo is sufficiently adapte to simulate a diverse range
of stochastic processes. The simulated paths thamapped out in Figures 1.3a -
1.3g provide a valuable optic when comparisons with the Bankngtand’s fan
charts are made. If risk neutrality can be establishedvdlue of any security paying
some amount, at dat&€, can be discounted using the risk free rat€alculating the
time value of an instrument using Monte Carlo, impliesutating a sample of values
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for the random variabler and forming the expectation by averaging the sample
values. The sample generated should be representative pbplulation; otherwise
Monte Carlo fails to provide an accurate estimatiore Shmplest or most vanilla
option value that might be ascribed to inflation is dpear’> Before fully
implementing the option’s framework, it is worth conmipgra sample of 50 simulated
paths generated by (1.48). Each path is divided into disametesteps so that:

At=T/m
where the time period@ = 2 years andn = 24. 7z is the initial inflation rate set here
arbitrarily at 2%. With each successiyea new inflation rate emerges until the
terminal value is reached producimg m:

m

2
3 [rj -‘in]mm,. Jay,
E(r.)= e

(1.50)

The level of growtlr is deterministically set here at 5% for the simulatidhis was
close to the average one-year yield on Treasury Bills theeGreenspan period.is

set equal to zerS. ois assumed to be constant at 25%. Constant volatdity
consistent with the Black-Scholes model. Later, th@ianption is relaxed, permitting
central bankers to take into account volatility changirige volatility does not change
here going from one time stepto the next. This is relaxed when the Monte Carlo
Heston model is applietf. The magnitude of 25% represented the lower range of
annual volatility estimated by a recursive GARCH(1,1) fastdor the Greenspan
tenure®® (1.50) by itself, generates only a single path for thaiterl inflation level.
This would yield a singl€&(7z), at year 2. A monetary authority that responded only
to values oE(7%) in excess ok can be interpreted as reacting to a call option where:

~ zm: [rj —f]AHai Jatz,
c=e " E[maxrz. -k0)|=e"" " max 7e"

-k0 (1.52)
To generate a sample that more closely corresponti® toopulation, it is necessary
to consider many more paths. A simulation generated usirg50 paths, would

generalise to give:

92 See Hull (1996) or McDonald (2003) for an explanation of this.ter

% Whend is set equal to, the Black Scholes model time values are equivalefitet®tack model time
values.

% Likewise a Heston (1993) type model is developed to tat@uac of changing volatility.

% See chapter 2 for the GARCH appendix A.2z3denotes the standard deviation of the return on
inflation. In this instance, the volatility is given lasing constant.
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m 2.
-r(T-t) n z; [r” _U; ]AH”J itz
=
> max e

-k0 (1.52)

Eachi denotes an individual terminal value of expected inffat® limited sample of
50 terminal values would not consistently generate aceutahe values®
Nevertheless, this small sample is useful for the p@pas illustration. Only the
terminal values in excess kfare used to calculate (1.52). When the terminal values
are less thak, from a policy perspective, this would imply that thentimal inflation
rate is within the band of tolerance. Terminal valess thark are arbitrarily put to
zero by virtue that they elicit no monetary policy reggonThe mean of the 50 is
discounted using.’” Terminal values of inflation less than would produce a
negative difference. However, the effect of imposihgags a value of zero or
otherwise the positive difference, implies that theetivalue equivalent to a call
emerges. Central banks that respond to that propafierpected inflation outcomes
which are in excess &f implicitly are responding to the value of a conventiaadl
option. To see this, and the link to setting out confidemtervals, compare the
simulated paths and the fan chart in Figure 1.3a. The fogewerates 50 separate
paths as described by (1.50). The latter is a Bank of Eshgéanchart as reported in
May, 2005. The dotted line in the fan chart identifies the-yaar horizon forecast
with confidence intervals that cover 90% of expected tiofta outcomes. If we
remove the five most extreme observations from #rapse paths in Figure 1.3a, it
would appear that both graphs are projecting outcomes #habaghly in the same
range. The dark red interval, of course, meanders anteflasts the best judgements
made by members of the MPCKkIfs set equal to 3%, the value®talculated using
(1.52) is found to be equal to 0.056%. This calculation capeo®rmed manually
taking the terminal values in Tables 1.1. From a policy petispethis implies that
even if the initial inflation is well below the uppeound of 3%, policy would not
necessarily remain inactive, although it is clear tregmitude of reaction could be
tiny. While quantitatively small (and likely incorrect) givthe small sample size, the
positive magnitude of 0.056% and subsequent estimates wgér laample sizes,
(reported in Table 1.4), provide results consistent Rrtbposition 1.4.

% See Table 1.1 and Figure 3.1a.
" This is assuming risk neutral conditions hold. In ApperdB 1, chapter 2, it will be argued that the
discount termr, is not required. A ‘zero time decay’ approach could bhésadopted.
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Proposition 1.5: A the number of sample paths for the lognormal random walk
simulation increase, the Monte Carlo time valuations converge to #ekf8choles
(or Black) time values when option pricing. The discrete-time huatherges to the

continuous-time Black-Scholes model valuations.

Using 50,000 paths instead of 50 and the same parameters£i@02,k = 0.03,r =
0.05,0=0.25,T = 2,n = 50,000) a more computationally intensive estimation for
(1.52) produces a value af equal to 0.0875%. By increasing the number of
simulations, accuracy increases. Using the Black and |&cH{@973) formula to
calculate c, the same result of 0.0875% emerges. In effect, as tinaber of
simulations multiplies, the value of the Monte Carstimation converges with Black-
Scholes. In this regard, the parsimoniously specified logabrandom process (1.50)
computed intensively using 50,000 simulations provides the samatgtiamtresults

as the Black Scholes model, supporting proposition 1.5.didoeete model provides
estimates of the call's time value that are congishgth a continuous time model.
Figure 1.3b traces out 50 inflation paths using the same panavadies but starting
with the initial inflation value of 3%. The values of seepaths and associated time
periods are reported in Table 1.2. In responding to inflatipportunistically or
otherwise targeting a zone, the relevance ofktimeagnitude relative to the current
inflation expectation is enormously significant. Thigl@etermine the likelihood of
policy responding to expected inflation outcomes, as oightnalso expect with
Black-Scholes. It is clear from Figures 1.3b, ¢ and takk increases, the proportion
of outcomes, (i.e. terminal values), that fall beyohe tone of tolerance declines.
From a central banker’s perspective: the probabilitynohetary policy responding
preemptively would seem to decline as a central banketé&ance for inflation

increases. Using (1.52), the time values falk axreases.

Figures 1.3e, 1.3f and 1.3g each illustrate 50 sample paths ofasaoh inflation
where three volatility measures are useg= 0.25, = 0.35 andos = 0.15. The
parameter values are otherwise the same as befomg@larSito the fan chart
construction, it is easily observed that as volstiticreases the dispersion of terminal

values for inflation also increases. Using the sampléspfiom Table 1.3, it is
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possible to calculate time values for a one-year aneygmo forecasting horizon. It is
found that raising the level of volatility and foregagthorizon engineers a greater
likelihood of breaching the upper bounrd,Using (1.52), it is clear that increasing
volatility, g, from 0.15 to 0.25 to 0.35, produces successively a highewéiaation.
Likewise, as the forecasting horizon is extended rgultant greater inflation
dispersion precipitates marginally higher time valuaiolThese observations would
seem consistent from the fan chart construction whapeeasing values for
uncertainty,g, and extending the forecasting horizon have the etiéctltimately
widening the confidence intervalseteris paribus One drawback associated with
using samples of just 50 simulated inflation paths reladethe possibility that the
sample does not reflect fully the population. The vaeaof time values generated by
(1.52) can be reduced by increasing the number of simulatesl @ath way to gauge
the level of accuracy is to compare the Monte Carloutation directly against the
Black-Scholes or Black model (1.25). Consider the paramepets: 7z = 0.03,k =
0.03,r =0.05,0=0.25 andr = 2 years. These are the same as those used fimsthe
time value calculation of Table 1.3. Figure 1.4 demonstrdizisas the number of
simulations multiplies the Monte Carlo valuation cages increasingly to Black-
Scholes. By increasing the number of simulations to 50,080etrel of variance is

seen to fall and accuracy improves.

Table 1.4 reports call time values using both Monte Cartbthe Black-Scholes (or
the Black) formula. The underlying expected inflation sparthedange of 0.25% to
8% in intervals of 0.25%. The Black formula provided idettirae valuations as the
Black-Scholes formula where the dividend yield was set leguthe risk free rate.
Each is generated with the Black-Scholes parameter valoe®: 7z = 0.25% to 8%,
k=0.45T=1,r =0.05,d = 0.05, ando = 0.25 (alternatively the Black parameters:
E(78:1) = 0.25% to 8%k = 0.045,T = 1,r = 0.05 ando = 0.25). The Monte Carlo
simulation employed 50,000 simulations using the Black-leshmarameters. Figures
1.5a and 1.5b trace out the call time value parabolasewthe time horizons are
respectively 12 months and 24 months. This implies the dimataused respectively
12 time steps and 24 time steps which were, in turn, ittEA@00 times. Only minor
differences are observed between Monte Carlo and Bleo&l&s (or Black)
valuations. This suggests that convergence between #wk-Btholes model and
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Monte Carlo is quite robust with 50,000 simulated inflatiothgaA key point to note
relates to the intrinsic value of the option and tineetvalue. Under conditions of
certainty, policy makers respond to expected inflation arign it exceeds the upper
bound i.e. the policy response mimics the intrinsicuaabn. If Central Bankers
realise that inflation outcomes can differ from theiiginal forecast, then policy
makers will not remain unresponsive to expected inflaBeen when expected
inflation is below the upper bound of a zone targetinghéaork. Using an option’s
framework, the time value is positive even when expeictitation remains below its
exercise implying thaProposition 1.4is best understood from a risk management

perspective.

The Monte Carlo approach discretises the diffusion m®oadefined by (1.21).
Significantly, simulated discrete (monthly) observasiari expected inflation can be
used to implement Black-Scholes equivalent time valuatiofihat is, option
valuations can be performed without a strict adherenc&dometric Brownian
motion. (A key conclusion provided by Derman and Taleb (200%))imiplement
Black-Scholes, it is sufficient to assume that thdeulying adheres to a lognormal
random walk. Later in chapter 2, using the Vasicek modelpftion’s framework is
adapted to incorporate mean reversion. This model extkadsption’s framework to
a policy context where central bankers can predicatioth outcomes better than a
coin toss. It also provides a means to endogenise thetatrif’® In this chapter, a
Heston Monte Carlo model is also employed to exteracBEcholes so as to
incorporate stochastic volatility. This, in turn, providesi@ans by which to account
for the likely effects of varying levels of skew and ksito A key disadvantage to
using Monte Carlo relates to it being computationakpensive. The Black and
Black-Scholes models conversely are convenient in that hevide instantaneous
output and this, in part, explains the popularity of thesedels when pricing

generally’® The most established segment of interest rate opitishsdes over-the-

% In chapter 2, it is shown that the option’s framewark be developed so as to take into account the
effect of policy on inflation. Mean reversion modelsuld also imply that the risk of hyperinflation is
minimised.

% This author contends that the Black-Scholes andkBisadels offer central bankers analytical tools
to interpret inflation risk, particularly where & difficult to implement reliable forecasting models and
where central bankers are forced to consider countealfic what would happen in absence of
appropriate monetary policy.

51



counter caps/floors and swaptions and bond opt¥irishe standard market models
for valuing these instruments are versions of Black's (18¥&)el. This model was
initially used for valuing options on commodity futurbst has evolved to have many
other applications. When Black's model is used to valgaplet (one constituent of
an interest rate cap), the underlying interest ratesaraed to conform to Geometric
Brownian motion. Traders, nevertheless, have comeet@dmfortable with these
assumptions, in large measure, because the Black, oraooextly Black-Scholes
construction, is often used as an interpolation toadhnFrmidely available broker
qguotes of implied volatilities a trader can verify thataption is valued in line with
market prices of other actively traded instrumentsthe.option is smile-consistent.
This particular application of the Black-Scholes moddbs explain the conventional
heavy emphasis on volatility surfaces. Of course, tioflaoptions to date are not
traded with the same liquidity. Calibration may beidiflt by virtue that markets are
not extremely liquid. Backus, Foresi and Wu (2004) identfst systematic biases
which occur in Black-Scholes can be accounted for by incatipg deviations from
the lognormal distribution model. This could be importanta risk management
context particularly when inflation targeting centrahkers provide explicit estimates
of volatility and skew. This is often formalised in tlem of a fan chart that is
periodically published. In this regard, it is worth consia pricing models that take
into account the likely views of central bankers imtgrof not just the first and
second moments but also take into account the skew andsikudb expected

inflation.

1.7.3 Adjustments for stochastic volatility

Stochastic Volatility models help describe in a selisistent way how options,

possessing varying exercises, have different implied B&atloles volatilities. The

volatility smile often observed in option markets, retfedepartures of the underlying
security from the lognormal distribution. Similarly,key feature of conventional fan
charts, as published by central banks, relates to teetidin of risk, i.e. whether

expected inflation is negatively or positively skewedwhat follows, the effects of

100 According to Deacon, Derry and Mirfendereski (2004) idtatderivatives contracts have
developed in a similar fashion to interest rate derivatbreracts.
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skew and kurtosis are examined using the Heston mdddbnetary policy decisions
examined using the option’s framework can incorporate vargrgld of skew and

kurtosis by allowing the assumption of constant volgtitit be violated.

Kruse (2007) constructed several closed-form solutions usasgoH (1993) to price
inflation options where the underlying was the ConsumiereRAndex. Here rather
than using the Consumer Price Index as the underlyiegactual inflation rate is
used as the underlyin§® The approach adopted here also relies on Monte Carlo
simulation’®® Gatheral (2006) maintains that stochastic volatilitydete such as
Heston (1993) are employed widely to price options. A kerathge to using Heston
(1993) relates to its ability to incorporate stochastéihaviour that can be associated
with varying measures of skew and kurtosis. This implias tiie options framework
developed here can be made robust to violations of theodogth distribution. In
effect, upside and downside risks and fat tails can bepocated into the analysis.
The Black-Scholes model assumes volatility to be temtsIn contrast, the Heston
model, which is a generalisation of Black-Scholes, $jigscihe underlying security's
volatility to be a random process. This process isathct by state variables such as
the price level of the underlying, the tendency of viitatto mean revert, and the
volatility of the variance process itself. Stochastlatility models address many of
the simplifications associated with classic optioiitipg models that assume the
underlying security's volatility to be constant up to expiratBlack-Scholes type
models are conventionally understood to produce anomai@sas volatility smiles
and surfaces. The Black model which is referred to aSragket model’ for pricing
interest rate options is commonly reversed enginesoethat quotes are given by
brokers in terms of implied volatility. By assuming tthidoe volatility of the
underlying price is a random process rather than constalpécomes possible to
widen the analysis to incorporate asymmetries thatatestrictly lognormal. This

leads to the following propositions:

11 Two motivations are advanced for undertaking such arcieger(1) The Bank of England formally
considers distributions that have varying population mosie(2) The option’s framework is
sufficiently flexible to accommodate differently spesdfidistributions.

192 By setting inflation as being the underlying in thiseexted Black-Scholes framework, the Heston
model is useful for developing a number of risk managenmaigtits that permit skew and kurtosis.
This approach also preserves the non-negativity aditiofi consistent with Proposition 1.3. This is
equivalent to assuming that central bankers feel conftiahthey could easily reverse deflation yet do
not dispel the prospect of hyperinflation.

193 Time values are verified against a closed-form solution

53


http://en.wikipedia.org/wiki/Volatility

Proposition 1.6aDepartures of expected inflation from lognormality can be captured
within the option’s framework. Monetary policy decisions that apply a risk
management paradigm can incorporate varying levels of skew and kurtasis int
forecasts by allowing assumption (A.6) to be violated.

Proposition 1.6bBy permitting volatility to be stochastic, it is possible to captbee
effects of altering the higher moments of expected inflationopten’'s framework,
as applied to monetary policy, can account for a wide range of distributional
asymmetries. Upside and downside risks, as outlined in Figures 1.8k —can be
represented using Heston Inflation Fan charts. The effects of thesenasries on

preemptive zone targeting can be made explicit and do not prefadipesition 1.4

A number of central banks target expected inflation iflengy explicit forecast
measures of volatility and skew. Departures from thes&au distributions constitute
part of the formal analysis now regularly reported pmber of central bank8? To
understand how this risk analysis may influence pobggjon pricing models would
appear to offer a variety of approaches to link rate messo asymmetric forecast
distributions®® The techniques developed to make pricing smile-consistdnvhich
focus heavily on biases that are understood to exist éoBldck-Scholes time values,
would appear also potentially useful for appraising thecedfof skew and kurtosis of
expected inflation on monetary policy. The Heston (1993) ipdemits many
probability distributions, dependent on the assumed magnidtigarameter values.
Heston (1993) adapts the lognormal model to take accounbdiastic volatility.

The lognormal model, consistent with Black-Scholess gisen before as:

opesd T

To make volatility stochastic it will be necessary germit volatility to change

(1.53)

between time steps. As before, it is possible to taleluthe terminal value of each

inflation path using the simulation:

194 The Bank of England publishes five numerical paramegéased to the annual rate of CPI inflation

(mode, median, mean, uncertainty and skew) for the Mp@jected probability distributions. Fan
charts are now regarded as a standard feature for aoicating policy.
195 Upside and downside inflation risk.
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Expressed as the log difference of inflation in disztene, the simulation path could

(1.54)

be generated from either Black-Scholes or Heston (199%) thare the same

stochastic process:

2

o

dbglrz(r—d——zidt+0\kkz (1.55)

Heston'’s result can also take account of the preseheeconstant dividend yield,
d.’°® The Heston (1993) model extends the Black-Scholes modgiasorolatility,
o is allowed to adjust. It evolves through time implyingttithe volatility measure
a(t) fluctuates so that:

dv(t) = k@ - v(t)ldt + y/V(t)VdtZ (1.56)

where

a(t)=JMt) and z=2z,7 = pz, +/1- p°2,
The random variablezs~N(0,1) and z ~N(0,1) are standard normat. andz have a
constant correlationp. The variance procesgt), given by (1.56) is similar to a Cox,
Ingersoll and Ross (1985) procegs> 0, > 0 andy > 0. k is a mean reversion
parameterd is the long run mean of the variangés the volatility of the variance.
The mean reversion terr{& - v) will be negative when > 8 and positive wher <
6. The variancey(t), will tend to migrate toward#. The speed of this migration is
dictated byx.'®” The lower the value o, the longer a given shock to volatility is
likely to persist. The correlation between shocks to the inflation level and shooks t
the variance can be negative or positive. A pasitralue forp would precipitate
positive skewness in the underlying inflation digition, implying that a positive
shock to inflation will help precipitate a positighock to its variance. A positive
inflation shock, induces an increase in the vagapcedisposing inflation to increase
even more. From a policy perspectiyges useful in that it can be manipulated so that
option valuations can be investigated for varyiegels of skew. The fan chart
construction, set out by the Bank of England, idiexst levels of skew and volatility

1% whenr is set equal td, this produces a zero drift.
197 To see the link between the Heston model and GARGHilad distributions, see Back (2005) and
Hull (2003).
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for varying horizons, implying inflation risks can be to theside or downside. The
Heston (1993) model extends the Black-Scholes model sthdsd asymmetric types

of risk can be examined within the options framework.

The Heston (1993) model is popular amongst market praeispm part, because it
represents a generalisation of the well-understood Blatioles (1973) model. To
apply Monte Carlo valuation, the same framework asrkeeis developed. The key
innovation relates to updating volatility each successiv®@geVolatility is adjusted
at each time step over a horizon of 24 months. Toempht the simulation it is
necessary to discretise the diffusion processes @yéh.55) and (1.56), so that:

log 7(t,,,) = log ﬂ(ti)+(r -d —#jm + Mt )Vatg (1.57)
vit,,) = vlt) + «[6 - vt )|at + y\/ﬂﬂ\/ﬁ(pzi +41- p? 22) (1.58)

Here the random shock,, influences both the underlying; andthe variancey. z
only influencesr. Taking the natural logarithm of (1.53) producesguivalent form,
except here volatility changes going from one pkto the nextz ~ N(O,1) creates
the possibility of a negative variance process.ehsure that (1.58) remains non-
negative, practitioners often adopt the absorbssymption that: i/ < 0 thenv = 0.
This leads to the following condition being imposed

v(t..) = maslu(t, ) + {8 - vit,JJat + yvit Wt oz, ++/1- p22,) 0] (1.59)

This implies that the simulation never incorporadesegative variance. To calculate
the time value of a call, it is necessary to caltrib large number of inflation paths,
n, each possessing 24 time steps,mes 24. The number of iterations, is set at
50,000. The value of the call can be calculated\wraging the terminal values in the
usual way'®®

m 2

o2
e‘r(”) n )y [r“ _;]A“”Jvi Vatz ;)

—_ j=1
c= > max e

-k,0 (1.52a)

As will be observed later, relatively small diffaces ultimately emerge between
Black-Scholes and many of the Heston time valuationTables 1.5a and 1.5b. This

is true for a variety of parameter inputs presemteithe sensitivity analysis proposed

198 The call time values are also verified against aeddorm solution.
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in Tables 1.6 and 1.7. Of course, in a monetary policy gbritee appropriate
parameter values to select for Heston time valuatepend on how central bankers
view the future. This may not be directly observablehiasorical data points anekx
ante impressions can be very differéflt.In other words, a predominantly positive
skew in historical inflation rates should not preclude #xistence of negatively
skewed inflation forecasts. Historic values for theaeables only offer a starting
point. Some sensitivity analysis is useful to investigdie effects of alteringr and

p on the generated moments of expected inflation. Byridfey and p, varying
Heston Fan Charts can be generated. Figures 1.8a - 1mipb®th the histograms
associated with terminal values of expected inflationthedfull two year fan charts
for a variety of proposed distributions. Tables 1.6 and le/Mante Carlo simulated
paths to calculate descriptive statistics for a rarfgeelected parameter values. It is
possible to recover the generated moments from disendistributions generated
from each of the Heston models and make comparisonssagaist inflation data.

To implement the Heston model, it is worth notingttt@ increase kurtosis, (the
likelihood of more extreme events), higher valuegafe used. Equally, to reduce
positive skew, smaller values pfare necessary. As a baseline and consistent with
Heston (1993), the value @fexamined here will be given initially as both positive
and negative 0.5 and zero. See Figures 1.6a and 1.6b. It instesthed in Figure 1.6¢
that as the value gf approaches zero, the Heston time valuation gets dlogdack-
Scholes time valuatiolt® To make the analysis comparable to Black-Scholes, the
variance termy and @ are approximately given by squariogs the Black-Scholes
volatility.*** This implies thav and@are given, at first, as 0.0625. In Tables 1.5b and
1.7 a variance of 0.1225 is considet&dk represents the speed with which variance
reverts to its long term mean. For policy analysiss worth imposing a value that is
low. Persistence in the variance implies that cenbatkers cannot depend on
accelerating inflation to immediately correct of @&n accord, once deviations from

the long-term mean occur. Imposing a low value #Aomplies that without policy

199 This would be less true for the Bank of England wtikesfan chart makes explicit a number of
parameters including the mean, uncertainty and skeweddsted inflation.

119 The degree of convergence also depends on the magnitudarobg&ee Table 1.5a and 1.5b.

1 The volatility and variances are roughly matchedterBlack-Scholes and Heston models.

Y2 This is equivalent to a Black-Scholes volatility p.50.35.
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intervention, deviations from the long term varianég, are reversed but only
slowly. Again, from a central bank risk perspective, thisdential specification
seems sensible in that inflation volatility would not dpackly contained, left to its
own devices. By settinge to a mean reversion speed of 0.01, policy makers are
accepting that shocks can persist, although not inddyinierther analysis, of course
could be used to examine this counterfactually and simylates with faster

adjustment.

The U.S. Consumer Price Index (Series i.d.: CPIAUCS8&3$ downloaded from the
Federal Reserve Bank of St. Louis to calculate thetMiby of inflation return
variancey, over the period 1958:7 to 2007:5, which was slightly less ¢ha'*® By
lowering or increasing this magnitude, the likely effeckaftosis on policy reactions
can be gauged in Tables 1.5a and 1.5b. Figures 1.6d and 1.6e usitlatdl that
ceteris paribus an increase in kurtosis produces a greater divergence Biatk
Scholes:** Parameter values fgrand,o however are probably best considered jointly.
A key advantage to using Monte Carlo simulation rsldte it being capable of
generating a sample estimate for skew and kurtosis éourterlying inflation paths
when values fory and p have already been selected. Equally, fan charts can be
constructed. By altering’ and p, Heston simulation permits additional analysis to
verify the effects on the first, second, third and foumoments of the distribution. In
using Heston Monte Carlo, it is possible to transposenpeters inputs into
distributional outcomes for both time horizons of gear and two years. Tables 1.6
indicates that the ranges of generated skew and kurtgdied by o andy in models
1.2(T.1) and 1.3(T.1) seem sufficient to reflect the achistbrical norm over the
period 1989:12 — 2007:5. Tables 1.6 and 1.7 outline these descriptigticstat
generated using a varyingly specified Heston model. Theskelmaevith differing
combinations of parameters are classified as model 1delrdid@....model 1.8 and as
model 2.1, model 2.2....model 2.8. Descriptive statistics a@ileaed from the 1-
year (T.1) and 2-year (T.2) forecasts of the simulatiwhere the initial value is set at
m = 3%. These descriptive statistics are referred tdhasgenerated moments.

Histograms for the terminal values for model 1 are mapps#dnoFigures 1.8a to

13 The GARCH appendix in chapter 2 uses quarterly data.Henthly data was used.
114 Assuming that under uncertainty the Black/Black-Scholesleh captures policy responses to
inflation breaching an upper bound.
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1.8h. Inflation Fan Charts are included with confidence wiaierestimated from the
Monte Carlo forecasts stretching over 8 quarters. Theseuseful for considering
varying types of risk and asymmetry and the quarterlyrehtens were constructed
from monthly time steps. From Table 1.6 and Figures 1.8,at-s possible to verify

the effect of changing and yover varying forecasting horizons. Tables 1.6 and 1.7
provide some sensitivity analysis in particular for changes and y. The moments
which are generated using Heston simulation, can be a@t@gainst the historical
measures of mean inflation, standard deviation, skew andskuriThree periods are
selected: 1958:7 - 2007:5, 1958:7 - 1979:8 and 1989:12 - 2007.5. Respectively, thes
are the full sample period, the pre-Volcker period and ‘tls management /
opportunistic’ period of Greenspan-Bernanke. The starting dat1989:12 is used
because it coincides with an important debate sponsorechdiyman Greenspan
relating to a proposed implementation of an inflatiarget. This theme is further
developed in chapter'2® The debate that ensued constituted a seminal discugsion o
the ‘opportunistic’ approach, although the early parhdf period predates the actual
use of this term by central bankét8.All three periods display a good deal of
variation in terms of the moments implying that theesbn of parameter inputs for
the Heston model can be largely an exercise in judgewl@m considering monetary
policy responsel.’ The parameter inputs of the Heston model (1993) can betestle

to produce an enormous range of probability distributidlsétng market data is also
possible but somewhat problematic, by virtue that thereaiin of parameters would

be limited by the absence of a liquid inflation optiorarket''® To get around this
the Backus, Foresi and Wu (2004) model is considered belbvg. germits the
incorporation of historical measures of skew and kurtosectyr into a modified
Black-Scholes option’s framewofk® In contrast, the Heston parameters used here

are intuited by working in reverse.

115 At the 1989 FOMC December meeting chairman Greenspan pasgdetion: ‘are we looking for
zero inflation or are we willing to accept, say 4-%2 pat®’ FOMC Transcripts, Federal Reserve
Board, 1989, p.28.

118 Kohn however dates the genesis of the opportunistioapiprback to the Volcker period. The term
‘opportunistic disinflation’ was only popularised in thedi990s.

17 Indeed the fan charts as set out by the Bank of Englantased on the MPC's best collective
judgement about the most likely paths for inflation, andatsumed uncertainties surrounding those
central projections. Not all members will even &goa each of these assumptions.

118 ith financial market innovation, this may be lessdhse in the future.

119 The Backus, Foresi and Wu (2004) model however uses themt®wf inflation return.
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Table 1.5a and 1.5b report time values using Heston simmland the parameter
values associated with Heston models 1.1 — 1.8(T.2) and Hesidels 2.1 — 2.8
(T.2) respectively. The parameter input values for thleedels can be obtained in
Tables 1.6 and 1.7. Black-Scholes closed-form estimatéseaime values are also
given for inflation varying from 0.25% to 8%, in interval§ @25%. The Black-
Scholes parameter valuaee: 7z = 0.25% to 8%k = 0.03,T = 2,r = 0.05,d = 0.05,
and g = 0.25 for Table 1.6 andr = 0.35 for Table 1.7, (alternatively the Black
parametersiE(7z.1) = 0.25% to 8%k = 0.03,T = 2,r = 0.05 and ¢ = 0.25 for Table
1.6 ando = 0.35 for Table 1.7)Significantly, relatively small differences seem to
apply when the time valuations are compared direatytHe full range of Heston and
the Black-Scholes models. Figures 1.6a and 1.6b map outdHfsences, (i.e. the
Heston time values minus the Black-Scholes time valag)estimated in Heston
Model 1.2 (T.2) and Model 1.3 (T.2) respectively. It is appardmat as the
correlation, p, becomes increasingly negative (i.e. as the leftdhithe expected
inflation distribution thickens), the Heston Monte Caslonulation produces time
values that fall relative to the Black-Scholes valwativhen the call option is out-of-
the-money. The Heston call time values increase vis-&dei Black-Scholes call time
value when the option is generally in-the-money. €hgifferences from the Black-
Scholes model can be modest. When all the models givéable 1.5a and 1.5b are
compared, it would appear from Figures 1.6d and 1.6e that tlezedifes do not
exceed 8 basis points. The magnitudes of these discrepauggest that by altering
the third and fourth moments that the effects on moygtalicy would appear to be
marginal, (although cumulatively this may be less ttéfe)n this regard, the mean
value of the distribution would seem to have a gresffect on the valuation than the
third or fourth moment of the distributidfi*

Tables 1.5 a and b, illustrate that the Heston modeld.2)2Gnd model 1.3(T.2)

produce broadly similar call time values to Black-Scholesmwp is given as 0.5 or -

120 The discrepancies that exist between Black-Scholesttendelected Heston model time values
would appear to be, on the whole, inferior to 8 basistpoiThe monetary policy response
discrepancies mapped out by (1.41) for the varying modelsaathype small. This would suggest that
the Black-Scholes framework represents a relativabyst baseline however for larger absolute values
for skew and kurtosis greater discrepancies arise. Tiss@pancies may also be more apparent when
a collar portfolio is considered.

121 See Tables 1.6 and 1.7.
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0.5 andy is equal to 0.1%> Table 1.6 illustrates that for parameter values given by
Model 1.2 and Model 1.3, the generated moments for the earehyflation forecast
reflect the historic moments over the period 1989:12 — 2007:5.68idu6a and 1.6b
trace out the differences in time values as estimftethese models. At most, the
discrepancies between Black-Scholes and Heston tilmesvare small, 1.5 to 2 basis
points. By comparison, policy interest rate changpE#jly are in the order of 25 to
50 basis points. This would suggest that over the 1989:12 — 20008,dbg Black-
Scholes model constitutes a relatively robust baselihen considering monetary
policy responses. Of coursex anteestimates of skewness and kurtosis may not
always reflect the historical norm. In addition, theHhar long-term historical
measures of the moments may have coloured the thinkingioy peakers, implying
that upside and downside risks may have been more pronmniget minds of central
bankers. Statements regarding upside and downside resksabably most important
because of their anticipated effects on the mean thetpected inflation. Table 1.5a
provides estimates of Black-Scholes time values and #&stod Model 1.8(T.2). It is
clear that there is an increase in the divergence ket®kack-Scholes and the Heston
model; when the absolute values pfand pincrease. From Figures 1.7a, the
differences appear to be small. Figures 1.7a maps outviaes for the Black-
Scholes model and the Heston model using the paramgtgisiof Model 1.8(T.2).
The discrepancies between the two time value paratiasfound to be small
although more substantial than those with smaller alesolatues of skew. The
Heston inflation paths and descriptive statistics repomedable 1.6 for model
1.8(T.1) suggest that even when the generated kurtosis andaskemwore negative
vis-a-vis the historic norm for the period 1989:12 - 2007:5 an€uthsample period,
the Heston model, which corrects bias for skewnesskartdsis, appears to provide
time values that are quantitatively similar to the dRt&choles model. This would

suggest that Proposition 1.4 is robust to departures tsgnotmality.

1.7.4 Using empirical estimates of skewness and kurtosis

In setting out a risk management paradigm, the seihgitimalysis of Tables 1.6 and
1.7 would suggest that incorporating skewness and kurtosis wadldseem to

compromise materially Propositions 1.3 and 1.4, when uradelisiy the effect of

122 The time values graphs for models 1.2(T.2) and 1.3(T.2) wetencluded because visually the
Black-Scholes and Heston parabolas are not easilgglisshable for standard scaling.
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uncertainty on rate decisions. In so much as histogistinates of skew and kurtosis
can inform us of how central bankers can perceive upmnde downside risks to
inflation, a more direct approach relative to Hestb®93) was outlined by Backus,
Foresi and Wu (2004F? The latter however implement estimations using the one
period returnx.1 = logS+1 - 10g§ whereS is the value of the underlying security.
The skewness and kurtosis can be defined in terms of antsyk; of a random
variablex. Backus, Foresi and Wu (2004) use the following: the fistnent isk; =
E(x), the second moment is = E(x-x1)?, the third moment i = E(x-x1)° and the
fourth is k3 = E(x-k1)* — 3(k2)°. If the returns are i.i.d., then tAeperiod return has the
mean and variance given by:

M =Tu
and

ot =To

Backus, Foresi and Wu (2004) set out the one-period skeanddsairtosis as:

- E[[ s~ yﬂ - (1.60)

and
4

y2=E[(Xt%,”j ]_3:(%)2 (1.61)
The T-period skewness and kurtosis are given respectively by:

yir = INT (1.62)
and

Vor =¥oIT (1.63)

Using a Gram-Charlier expansion up to the fourth orderardistribution of returns
of the underlying security, Backus, Foresi and Wu (2004) shwav a call option

pricing formula can be given approximately as:

e 05E () - Ke " TN(G,)+ S TN (hJor| A (207 -) - K - + 30 307
(1.64)

The notation here is the same as before. A key adgardf using the Backus, Foresi
and Wu (2004) approach relates to being able to estimatglglingstorical measures

123 Unlike Heston (1993), Backus, Foresi and Wu (2004) assume tladilityoto be constant. The
Backus, Foresi and Wu (2004) approach however is useful betaesenits the direct incorporation
of historical estimates of skewness and kurtosistigaalculation of option time values.
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of skewness and kurtosis of inflation return and inpese¢hinto the calculation of the

option time value.

The risk free rate and dividend yield are quoted per periddaengiven respectively

asr, andd;,. The density of the standard normal distribution is gigeiN’(d;) =

exp(-d%/2)/(2r9*°. d; and d; are identical to Black-Scholes, although these are
implemented on a month-to-month period basis. Herepdmodicity is taken as
monthly, as this coincides with the release of CPI.dasang Haug (2007), (1.63) is
generalised so that by setting the cost of carry eguaéro, (i.e.r, - d,, = 0), the
model can be applied directly to price options on futui@s expected values).
Monthly CPI data was downloaded from the Federal Redgawk of St Louis (series
id: CPIAUCSL). This was used to calculate inflation and monthlyaidin return over
the Greenspan incumbency 1987:9 — 2006:1. To implement (1.68))ecessary to
calculate a number of parameter inputs: the monthlytiliglaof inflation return, the
monthly skewness of inflation return and the monthly kustad inflation return.
These are given respectively as the one-period vofatdi = 0.1038 (i.e. the
annualised ggs = 0.359574), the one-period skewngsgs,was found to be
equalto 0.632169 and the one-period kurtosig, was found to be equal to 1.542505.
Using these, a series of call values are calculatedtbe range of inflation 0.25% to
8% in intervals of 0.25%. To implement (1.63) and (1.25), fdllewing Black-
Scholes parameter valuase usedzz = 0.25% to 8%k = 0.03,T = 2 (or 24 months),

r =0,d =0, andoss = 0.359574. The time values for both Black-Scholes and Backus,
Foresi and Wu (2004) are mapped out in Figure 1.9a. Only mincnedancies can
be detected between the two. The difference is miza&rlg discernible in Figure
1.9b. It would appear that using historical measures of slsswvaed kurtosis,
calculated over the Greenspan incumbency as a whole, podatatively small
differences that remain, on the whole, inferior t6 fasis points. More importantly,
the key insight of Proposition 1.4, that policy remansvist when inflation remains
below the upper target, is preservéd.

124 The Greenspan chairmanship coincided with the Great mmmter The ex-ante estimated
magnitudes of these moments were subject to change gangeoiod to the next from 1987 to 2006.
This would imply that larger differences, in-sample fa Greenspan tenure, were possible.
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1.8. Conclusion - The Central Bank as a Risk Manager

Some historical perspectives concerning rules-based typey ppére examined in
this chapter. As already explained, a large swathe ofitdrature has extolled the
virtues of committing to a given policy rule. Given gractical difficulties associated
with adhering to a strict rule, policy makers aréeofobliged to implement a
contingent rule. On the whole, policy makers publiclydtemdescribe policy from the
perspective of a given strategy, but this can be comflb&. Volcker-Greenspan
incumbencies seem to fit the description of advocatimgsrbut preserving room for
‘wiggle’. Central bankers have appeared to be conflicteagrms of elaborating and
implementing policy by virtue of internal dissension (ecoitbee dynamics) and by
virtue of potentially external opposition (institutionalynémics). Opportunistic
monetary policy has been described by Svensson (1999) asdpeiqge anadd hoc.

It is asserted here that opportunistic policy attemptedetmncile some of the
contradictory imperatives forced upon policy makers whaaeavre between rules
and discretion. Central bankers frequently resolve pdement a contingency rule. In
the United States, this has assumed the form of gshimggcrto an evolving
unannounced zone target or bafilAs Figure 1.1a makes clear, the discretion that
policy makers are accorded by using this framework, mayepeesented as the
intrinsic payoff to an option. Central bankers, nevded® both at the Federal
Reserve and Bank of England, have stressed that r@tgeh are designed to respond
to expectedinflation outcomes. Greenspan (2003, 2004) maintained thatefutur
outcomes are essentially unknown and monetary paigyg consequence, is reliant
on risk management® The fan charts, as published by the Bank of England, ge som
way to provide formal measures of this uncertalffyMonte Carlo inflation paths
were used to simulate the effects of changing theevalf different population
moments and to construct inflation fan charts thatewewnsistent with pricing
options. Aksoy, Orphanides, Small, Wieland and Wilcox (2006ycriee the

opportunistic central banker as fighting inflation whefiation is high, but focuses

125 Of course, opportunistic policy has never been foyratidorsed by the Federal Reserve Board.
This approach also provided policy makers with greatepescfor discretion. Later, committee
dynamics are used to rationalise zone targeting.

%6 The risk management strategies advocated by chairmanspezeare interpreted here as strategies
that respond to the uncertainty of future inflation omtes.

127 The Federal Reserve also has come some distanfferingga communication device to the public.
Since November, 2007, the Federal Reserve has publishedhanced range of forecasts that are
similar in substance to the fan charts.
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on stabilising output when inflation is low. The impligdlicy rule is nonlinear,
similar to the intrinsic payoff to a call. In a worlthat is forward looking,
opportunistic central banks respond to the likelihoodxpketed inflation breaching
an upper bound. The time valuation parabola is appropriagéeewdolicy makers are
responsive to expected inflation even when inflation i®vibethe upper bound.
Consistent with Proposition 1.4, this implies thatertainty would limit the extent to
which policy, defined by the upper tolerance, can be distraty. The payoff from a
call option or from a portfolio of options constitutesuaeful policy variable in
construing nonlinear reaction function dynamics and thecesffof uncertainty. This

conceptual framework is developed more in chapter 2.

Portfolio option theory permits the risk management agg@rdo monetary policy to
be structured more formally. Options are priced varyinglyeiher intrinsic or time
valuations depending on whether outcomes are certaincertain. Monetary policy,
when described as responding to the certain positiver@liie in inflation over the
upper bounck, may be represented as the intrinsic valuatioa:E[max(rz, —k,0)].
When inflation outcomes are unknown, then the polariable is better described by
(1.41). Using Black (1976) or Derman and Taleb 804 is possible to establish risk
neutral conditions, although the latter would appeare robust. A ‘zero time decay’
approach could also be applied where central bardeer indifferent between inflation
today and inflation in the future. The continuouset closed-form solutions and
discrete Monte Carlo techniques are found to predime values that converge for a
large number of iterations. The lognormal randontkvaasumptions, associated with
Black (1976), are initially used as a baseline xangine policy reactions in the
absence of a reliable forecasting model. Both dgndrmality and random walk
assumptions however can be relaxed. The Black-8shivthmework is extended,
using Heston (1993), to incorporate the effectdistfributional asymmetries. This is
useful where central bankers commonly refer to depsand downside risks.
Importantly, these asymmetries can be made exphcithe option’s framework
without prejudicing Proposition 1.4. Using Backé&sresi and Wu (2004), it would
appear that the estimated skewness and kurtosihdofzreenspan period failed to
produce large discrepancies relative to the Bladke®s model.
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Table 1.3 o = 0.25] Difference o = 0.35| Difference| o = 0.15] Difference
k =0.03 |2years 0.00528 0.00602 0.00456
k =0.03 |1year 0.00340 0.00188 0.00372 0.00230 0.00270 0.00185
k =0.04 |2years 0.00166 0.00303 0.00080
k =0.04 |1year 0.00053 0.00113 0.00140 0.00162 0.00000 0.00080
k =0.05 |2years 0.00018 0.00148 0.00000
k =0.05 |1year 0.00000 0.00018 0.00050 0.00098 0.00000 0.00000

Table 1.3: reports 3 sets of call time values calculagdg (1.52) for three upper
bounds:k; = 0.03,k; = 0.04 andks = 0.05. These estimates are only approximate,
given the small sample size and the analysis providezl idargely intuitive. More
formal measures of parameter sensitivity are developechapters 2 and 3. Each
sequence of 50 sample paths is generated using paramaketes:vr = 0.03 and =
0.05. Two time periodst; = 2 years,T, = 1 year and three standard deviatioms=
0.25, 0> = 0.35 andosz = 0.15 are used. Figures 1.3e, 1.3f and 1.3g outline the
underlying samples and terminal values of inflation whiah @sed to calculate the
time values here. It is found that as volatility are tforecasting horizon (i.e.
uncertainty) increases, the value generated by (1.52) ponéisgly increases. In
other words, as the parameters are engineered to produasatardikelihood of
terminal inflation breaching, the value of the Monte Carlo call increasgspanding
the forecasting horizon from one year to two yeas the greatest effect on (1.52)
when the initial inflation rate is closest ko In market parlance, this is the at-the-
money (ATM) point. Parameter sensitivities are lateveloped in chapter 3, in the
shape of ‘the Greeks’. These can be used to investigateffects of the volatility of
inflation and the time horizon of target on rate deass.

m

2.
() y [rj ; -%]mmj Btz

> max 7z e -k0 (1.52)
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Table 1.4

Expected MC Black
Inflation Model
E(n) MC BS

0.0025 0.0000 0.0000
0.0050 0.0000 0.0000
0.0075 0.0000 0.0000
0.0100 0.0000 0.0000
0.0125 0.0000 0.0000
0.0150 0.0000 0.0000
0.0175 0.0000 0.0000
0.0200 0.0000 0.0000
0.0225 0.0000 0.0000
0.0250 0.0000 0.0000
0.0275 0.0001 0.0001
0.0300 0.0002 0.0002
0.0325 0.0004 0.0004
0.0350 0.0008 0.0008
0.0375 0.0013 0.0013
0.0400 0.0021 0.0021
0.0425 0.0031 0.0031
0.0450 0.0042 0.0043
0.0475 0.0056 0.0057
0.0500 0.0073 0.0073
0.0525 0.0090 0.0090
0.0550 0.0109 0.0109
0.0575 0.0129 0.0129
0.0600 0.0151 0.0150
0.0625 0.0172 0.0172
0.0650 0.0194 0.0194
0.0675 0.0217 0.0217
0.0700 0.0240 0.0240
0.0725 0.0262 0.0263
0.0750 0.0286 0.0286
0.0775 0.0309 0.0310
0.0800 0.0333 0.0333

Table 1.4

Table 1.4: reports call time values calculated using badtht® Carlo and the Black
formula. Each is generated with the parameter valiven gs:7z = 0.25% to 8%k =
0.045,T =1,r = 0.05 ando= 0.25. Monte Carlo uses 50,000 simulations. Only minor
differences are observed between Monte Carlo and Blekki&s (Black) valuations.
See Figure 1.5 for a graph of the output.

Black-Scholes parameter valueg:= 0.25% to 8%k = 0.045,T = 1,r = 0.05,d =
0.05, ando = 0.25 (alternatively the Black parametd£érz.;) = 0.03,k = 0.045,T =
1,r =0.05 ando= 0.25 produce equivalent time values).

o= E[maxrz -k0)| = [ (7 -k)g(m)d(7)

X C—y 8
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Expected Black Heston Heston Heston Heston Heston Heston Heston Heston

Inflation Model 1.1(T.2) 1.2(T.2) 13(T.2) 1.4(T.2) 15(T.2) 16(T.2) 1.7(T.2) 1.8(T.2
E(m) BS

0.0025 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.0050 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.0075 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000
0.0100 0.00000 0.00000 0.00001 0.00000 0.00000 0.00001 0.00004 0.00000 0.00000
0.0125 0.00001 0.00002 0.00005 0.00000 0.00000 0.00003 0.00010 0.00000 0.00000
0.0150 0.00006 0.00008 0.00014 0.00003 0.00000 0.00010 0.00022 0.00002 0.00000
0.0175 0.00020 0.00022 0.00032 0.00011 0.00003 0.00024 0.00043 0.00009 0.00000
0.0200 0.00048 0.00049 0.00063 0.00034 0.00021 0.00050 0.00075 0.00025 0.00003
0.0225 0.00097 0.00096 0.00111 0.00079 0.00063 0.00094 0.00121 0.00061 0.00024
0.0250 0.00168 0.00165 0.00179 0.00150 0.00137 0.00160 0.00185 0.00126 0.00094
0.0275 0.00263 0.00258 0.00269 0.00248 0.00240 0.00250 0.00267 0.00224 0.00206
0.0300 0.00381 0.00376 0.00381 0.00371 0.00369 0.00366 0.00370 0.00352 0.00347
0.0325 0.00520 0.00515 0.00514 0.00517 0.00518 0.00506 0.00496 0.00505 0.00509
0.0350 0.00677 0.00673 0.00666 0.00680 0.00685 0.00666 0.00645 0.00675 0.00684
0.0375 0.00849 0.00846 0.00834 0.00857 0.00864 0.00842 0.00814 0.00859 0.00871
0.0400 0.01034 0.01032 0.01017 0.01045 0.01054 0.01030 0.00999 0.01052 0.01066
0.0425 0.01228 0.01228 0.01211 0.01242 0.01252 0.01228 0.01197 0.01252 0.01267
0.0450 0.01430 0.01431 0.01414 0.01445 0.01455 0.01433 0.01403 0.01457 0.01473
0.0475 0.01638 0.01640 0.01623 0.01654 0.01664 0.01643 0.01616 0.01667 0.01683
0.0500 0.01850 0.01853 0.01837 0.01866 0.01876 0.01857 0.01833 0.01880 0.01895
0.0525 0.02066 0.02069 0.02055 0.02081 0.02090 0.02073 0.02053 0.02096 0.02110
0.0550 0.02285 0.02288 0.02276 0.02299 0.02307 0.02292 0.02274 0.02313 0.02327
0.0575 0.02505 0.02508 0.02498 0.02518 0.02526 0.02512 0.02497 0.02532 0.02545
0.0600 0.02727 0.02730 0.02721 0.02739 0.02746 0.02734 0.02721 0.02752 0.02764
0.0625 0.02950 0.02953 0.02945 0.02961 0.02967 0.02957 0.02946 0.02973 0.02985
0.0650 0.03174 0.03176 0.03170 0.03184 0.03189 0.03180 0.03171 0.03195 0.03206
0.0675 0.03398 0.03401 0.03395 0.03407 0.03412 0.03404 0.03396 0.03418 0.03428
0.0700 0.03623 0.03625 0.03621 0.03631 0.03636 0.03628 0.03622 0.03641 0.03651
0.0725 0.03849 0.03850 0.03847 0.03855 0.03860 0.03853 0.03847 0.03865 0.03874
0.0750 0.04074 0.04075 0.04073 0.04080 0.04084 0.04078 0.04073 0.04089 0.04097
0.0775 0.04300 0.04301 0.04299 0.04305 0.04308 0.04303 0.04299 0.04313 0.04321
0.0800 0.04525 0.04527 0.04525 0.04530 0.04533 0.04529 0.04525 0.04538 0.04545
Table 1.5a

Table 1.5a: reports call time values using both the Blatic®s formula and Monte
Carlo Heston (1993). The Monte Carlo estimates usegat@neter inputs associated
with Model 1.2 — 1.8 (T.2) reported in table 1.6. The Blackdles parameter values
are: 7z = 0.25% to 8%k = 0.03,T = 2,r = 0.05,d = 0.05, ando = 0.25 (alternatively
the Black parameters arg(7z.1) = 0.25% to 8%k = 0.03,T = 2,r = 0.05 ando =
0.25). Monte Carlo Heston uses 50,000 simulations and 24 tmps. sHere, the
variance parameter is given as the squargef The long run mean of variana®,is
also set equal to the initial variance= 0.0625.« is set equal to 0.01. Gamma is
estimated to be approximately 0.1. Figure 1.6a traces ouliffaeence between the
Heston 1.2(T.2) time value and the Black-Scholes timeeval closed-form solution
was used to verify results.
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Expected Black Heston Heston Heston Heston Heston Heston Heston Heston

Inflation Model 21(T.2) 22(T.2) 23(T.2) 24(T.2) 25(T.2) 26(T.2) 27(T2) 28(T.2
E(m) BS

0.0025 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.0050 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000 0.00000
0.0075 0.00000 0.00001 0.00002 0.00000 0.00000 0.00001 0.00004 0.00000 0.00000
0.0100 0.00003 0.00004 0.00008 0.00001 0.00000 0.00005 0.00013 0.00001 0.00000
0.0125 0.00013 0.00014 0.00021 0.00007 0.00003 0.00016 0.00030 0.00005 0.00000
0.0150 0.00034 0.00035 0.00046 0.00024 0.00014 0.00036 0.00058 0.00017 0.00002
0.0175 0.00071 0.00071 0.00085 0.00056 0.00043 0.00071 0.00098 0.00043 0.00016
0.0200 0.00125 0.00124 0.00140 0.00108 0.00094 0.00123 0.00152 0.00089 0.00057
0.0225 0.00199 0.00197 0.00213 0.00181 0.00168 0.00194 0.00223 0.00159 0.00129
0.0250 0.00292 0.00289 0.00303 0.00276 0.00264 0.00284 0.00309 0.00253 0.00230
0.0275 0.00403 0.00400 0.00410 0.00389 0.00382 0.00393 0.00411 0.00369 0.00354
0.0300 0.00531 0.00527 0.00534 0.00521 0.00516 0.00520 0.00529 0.00504 0.00497
0.0325 0.00673 0.00669 0.00672 0.00667 0.00666 0.00662 0.00663 0.00655 0.00654
0.0350 0.00828 0.00825 0.00823 0.00827 0.00828 0.00818 0.00810 0.00819 0.00823
0.0375 0.00994 0.00991 0.00986 0.00997 0.01001 0.00986 0.00970 0.00994 0.01002
0.0400 0.01170 0.01168 0.01159 0.01176 0.01182 0.01164 0.01141 0.01177 0.01188
0.0425 0.01354 0.01352 0.01341 0.01363 0.01371 0.01349 0.01322 0.01368 0.01381
0.0450 0.01545 0.01544 0.01530 0.01556 0.01565 0.01542 0.01512 0.01564 0.01578
0.0475 0.01742 0.01741 0.01726 0.01755 0.01764 0.01740 0.01708 0.01764 0.01780
0.0500 0.01943 0.01943 0.01927 0.01957 0.01967 0.01943 0.01910 0.01969 0.01986
0.0525 0.02148 0.02149 0.02132 0.02164 0.02174 0.02150 0.02117 0.02177 0.02194
0.0550 0.02357 0.02358 0.02341 0.02373 0.02384 0.02360 0.02328 0.02387 0.02404
0.0575 0.02569 0.02570 0.02553 0.02585 0.02595 0.02573 0.02542 0.02599 0.02617
0.0600 0.02783 0.02784 0.02768 0.02799 0.02809 0.02787 0.02758 0.02814 0.02831
0.0625 0.02999 0.03000 0.02985 0.03014 0.03025 0.03004 0.02976 0.03030 0.03047
0.0650 0.03216 0.03218 0.03203 0.03232 0.03242 0.03222 0.03196 0.03247 0.03263
0.0675 0.03435 0.03437 0.03423 0.03450 0.03460 0.03441 0.03417 0.03465 0.03481
0.0700 0.03655 0.03657 0.03644 0.03670 0.03679 0.03661 0.03639 0.03685 0.03700
0.0725 0.03876 0.03878 0.03866 0.03890 0.03899 0.03882 0.03862 0.03905 0.03920
0.0750 0.04098 0.04100 0.04088 0.04111 0.04120 0.04104 0.04085 0.04126 0.04140
0.0775 0.04320 0.04323 0.04312 0.04333 0.04341 0.04326 0.04309 0.04347 0.04361
0.0800 0.04543 0.04545 0.04536 0.04555 0.04563 0.04549 0.04534 0.04569 0.04583
Table 1.5b

Table 1.5b: reports time values for the Heston and B&adtoles calls using the same
parameter values as Table 1.5a except here the value oftlance parameter is
given as the square oks = 0.35 The long run mean of varianc®,is also set equal
to the initial variancey = 0.1225. A closed form solution was used to verify the
Monte Carlo estimates.

Black-Scholes parameter values= 0.25% to 8%k = 0.03,T = 2,r = 0.05,d = 0.05,
and o= 0.35 (alternatively the Black parametdférz.1) = 0.25% to 8%k = 0.03,T =
2,r =0.05 ando=0.35).

m gjzi
T-t) PRLT - At+ay Dtz i)
-k0

71



Model Heston Heston Heston Heston Heston Heston Heston Heston
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Initial Inflation Rate 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
v 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625
Risk Free Rate 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Dividend Yield 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Number of Steps 24 24 24 24 24 24 24 24
Number of Simulations 10000 10000 10000 10000 10000 10000 10000 10000
[’ 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625 0.0625
K 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
y 0.10 0.10 0.10 0.10 0.20 0.20 0.20 0.20
Yo, 0 0.5 -0.5 -0.9 0 0.5 -0.5 -0.9
Forecasting Horizon Yrs 1 1 1 1 1 1 1 1

Descriptive Statistics for terminal inflation generated using Monte Carlo Heston Simulation. Heston input
parameters are given above.

Model Heston Heston Heston Heston Heston Heston Heston Heston
1.1(T.1) 1.2(T.1) 1.3(T.1) 1.4(T.1) 1.5(T.1) 1.6(T.1) 1.7(T.1) 1.8(T.1)
Mean 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
Median 0.029 0.029 0.029 0.030 0.029 0.029 0.030 0.030
Standard Deviation 0.008 0.008 0.008 0.007 0.008 0.008 0.007 0.007
Kurtosis 1.258 1.936 0.262 -0.127 2.317 4.350 0.479 -0.413
Skewness 0.810 1.051 0.466 0.234 0.899 1.516 0.286 -0.249
Range 0.065 0.063 0.054 0.050 0.085 0.074 0.071 0.047
Minimum 0.010 0.013 0.010 0.009 0.010 0.012 0.008 0.003
Maximum 0.075 0.076 0.064 0.059 0.095 0.086 0.079 0.051
Count 10000 10000 10000 10000 10000 10000 10000 10000
Forecasting Horizon Yrs 2 2 2 2 2 2 2 2

Descriptive Statistics for terminal inflation generated using Monte Carlo Heston Simulation. Heston input

parameters are given above.

Model Heston Heston Heston Heston Heston Heston Heston Heston
1.1(T2) 1.2(T.2) 1.3(T.2) 1.4(T.2) 1.5(T.2) 1.6(T.2) 1.7(T.2) 1.8(T.2)
Mean 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
Median 0.028 0.028 0.029 0.030 0.028 0.027 0.030 0.031
Standard Deviation 0.011 0.011 0.010 0.010 0.011 0.012 0.010 0.009
Kurtosis 4.079 5.404 1.441 -0.343 5.479 19.803 0.977 -0.611
Skewness 1.350 1.704 0.765 0.240 1.487 3.022 0.434 -0.353
Range 0.115 0.115 0.108 0.063 0.126 0.181 0.093 0.056
Minimum 0.006 0.009 0.003 0.004 0.004 0.009 0.003 0.002
Maximum 0.121 0.124 0.111 0.067 0.130 0.190 0.096 0.058
Count 10000 10000 10000 10000 10000 10000 10000 10000

Descriptive Statistics using historical monthly observations of annual inflation data for varying periods

1958:7 - 1958:7 - 1989:12 -

2007:5 1979:8 2007:5
Mean 0.041 0.044 0.029
Median 0.032 0.036 0.028
Standard Deviation 0.029 0.031 0.010
Kurtosis 1.984 -0.308 1.529
Skewness 1.523 0.778 1.027
Range 0.142 0.119 0.053
Minimum 0.003 0.003 0.011
Maximum 0.146 0.122 0.064
Count 587 254 210
Table 1.6

Table 1.6: a variety of Heston parameter values outlinetl. 5Y) and (1.58) are used
to generate 8 Heston models each implementing 10,000 somufzaths. For each
Heston model 1.1, 1.2...1.8, descriptive statistics (i.e.géerated moments) are
calculated at the one-year forecasting horizon anldesatwo-year forecasting horizon,
Heston (T.1) and Heston (T.2). Descriptive statistics the historic moments) for
actual inflation data are also provided for varying timegaks since 1958:7. The U.S.
Consumer Price Index (Series i.d.: CPIAUCSL) was usezhlculate inflation.
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Model Heston 2.1 Heston 2.2 Heston 2.3 Heston 2.4 Heston 2.5 Heston 2.6 Heston 2.7 Heston 2.8

Initial Inflation Rate 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
v 0.1225 0.1225 0.1225 0.1225 0.1225 0.1225 0.1225 0.1225
Risk Free Rate 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Dividend Yield 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Forecasting Horizon Yrs 2 2 2 2 2 2 2 2
Number of Steps 24 24 24 24 24 24 24 24
Number of Simulations 10000 10000 10000 10000 10000 10000 10000 10000
[ 0.1225 0.1225 0.1225 0.1225 0.1225 0.1225 0.1225 0.1225
K 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
y 0.10 0.10 0.10 0.10 0.20 0.20 0.20 0.20
Yo, 0 0.5 -0.5 -0.9 0 0.5 -0.5 -0.9
Forecasting Horizon Yrs 1 1 1 1 1 1 1 1
Descriptive Statistics for terminal inflation generated using Monte Carlo Heston Simulation. Heston input parameters are
Model Heston Heston Heston Heston Heston Heston Heston Heston
2.1(T.1) 2.2(T.1) 2.3(T.1) 2.4(T.1) 2.5(T.1) 2.6(T.1) 2.7(T.1) 2.8(T.1)
Mean 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
Median 0.028 0.028 0.028 0.029 0.028 0.028 0.029 0.029
Standard Deviation 0.011 0.011 0.011 0.010 0.011 0.012 0.010 0.010
Kurtosis 3.556 3.696 0.954 0.483 3.024 13.509 0.947 -0.320
Skewness 1.244 1.421 0.838 0.664 1.186 2.188 0.696 0.281
Range 0.137 0.105 0.075 0.074 0.093 0.212 0.101 0.060
Minimum 0.007 0.007 0.007 0.005 0.006 0.008 0.004 0.005
Maximum 0.144 0.113 0.082 0.078 0.099 0.220 0.104 0.065
Count 10000 10000 10000 10000 10000 10000 10000 10000
Forecasting Horizon Yrs 2 2 2 2 2 2 2 2
Descriptive Statistics for terminal inflation generated using Monte Carlo Heston Simulation. Heston input parameters are
Model Heston Heston Heston Heston Heston Heston Heston Heston
2.1(T2) 2.2(T.2) 2.3(T.2) 2.4(T.2) 2.5(T.2) 2.6(T.2) 2.7(T.2) 2.8(T.2)
Mean 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030
Median 0.027 0.026 0.027 0.028 0.027 0.026 0.028 0.029
Standard Deviation 0.016 0.016 0.015 0.014 0.016 0.018 0.014 0.013
Kurtosis 6.244 7.901 2.534 0.812 11.640 23.770 2.198 -0.555
Skewness 1.802 2.121 1.258 0.836 2.209 3.403 1.005 0.276
Range 0.187 0.175 0.131 0.114 0.217 0.302 0.134 0.075
Minimum 0.003 0.005 0.002 0.003 0.003 0.004 0.001 0.001
Maximum 0.190 0.180 0.134 0.116 0.220 0.306 0.135 0.076
Count 10000 10000 10000 10000 10000 10000 10000 10000
Table 1.7

Table 1.7: the generated moments are calculated in thewagnas Table 1.6 except
a higher value fov and@ is used. Here they are set equal to 0.1225 (i.e. the sofuare
0.35).
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f
Conventional
Figure 1.1a \
Opportunisr
under certainty.
Intrinsic Payoff.
m
0 k
f =[max(7z, —k0)] Intrinsic Payoff
f
Conventional
Figure 1.1b

Opportunisr
under uncertainty.
Time Value Payoff.

n

= Elmas{m, ~k0)]= [ (m ~K)g(m)d(x) Time Value Payoff

Figure 1.1a illustrates how the policy rate (or gdgnrate),f may be adjusted in an ‘opportunis
framework with regard to inflation. Only after a given tolerance level of inflatidnis breached wi
monetary policy respond. The hockey stick configiaramimics the payoff from an ‘intrinsictall

option where the strike is set lat The intrinsic value given byf = [max(lTT —k,O)] implies tha

policy remains unresponsive to increases in irdftatio long as inflation remains within the targate
The true extent to which policy can be allowed éaulbresponsive however is more curtagécden tha
central banks tend to target a forecast oegpected value. The effects of uncertainty mighbbs
described in Figure 1.1b, by the ‘time value’ of tball option.The broken curve depicts how
interest rate decision is affected by uncertaifitye longer the targeting horizon (amdthe higher th
level of volatility for the underlying observed gt variable), the closer the opporturistipproac
resembles the conventional approach, (i.e. the despe thereexists for policy makers to remi
inactive.) The conventional approach is given glaysby a linear Taylor type rule or inflatigmoint
targeting rule. Importantly, the parabola consinrcindicates that policy makers are not unrespol
to expected inflation even when inflation is belthe lower boundThis is consistent with Propositi
1.4. It is clear that uncertainty limits the exteatwhich policy makers can use didtma wher
working within a zone targeting or opportunistiarfrework.
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Frequency Distribution for Quarterly Inflation (1958 -
2007)
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Figure 1.2a: sets out a histogram that illustrates thdance of percentage inflation
rates expressed in decimals for year on year quarteaiygels in the CPI. See table
3.1 in chapter 3 for data sources. Figure 1.8i sets outtaghasn using monthly
observations of inflation.

Inflation and Federal Funds
Since 1958
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Figure 1.2b: maps out the quarterly year on year inflatade and Federal Funds rate
over the period 1958 — 2007. All data series were downloaded tientederal
Reserve Bank of St. Louis.
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Fgure 1.3a: Ffty inflation path simulations Inflation Report: May 2005
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Figure 1.3a: compares 50 inflation paths (starting at 2%) gedeby the lognormal
random walk with 24 steps against the May, 2005 fan chai€Ririnflation. Table
1.1 reports the numerical values for Figure 17/8&.0.02,T = 2,r = 0.05,0= 0.25.

Figure 1.3b: 50 simulated paths starting at 3%using the Figure 1.3c: Terminal Values that exceed Figure 1.3d: inflation paths with terminal
lognormal random walk 3% values in excess of 4%
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F ng H
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Figures 1.3 b, ¢ and d: present the simulated inflatiohspstarting with inflation
equal to 3%. All the other parameter values are the sanbeforesz = 0.03,T = 2,r

= 0.05, ando = 0.25. Each path is divided into discrete time period24okteps,
corresponding to 24 months over two years. Figure 1.3 lemiesall 50 paths. Figure
c presents all those paths with terminal values in exafe3%. Figure d presents all
those paths with terminal values in excess of 4%.dleigr that as the upper boukd,
increases, the probability of terminal inflation beingekcess ok, declines. If central
bankers respond to that proportion of outcomes thateebtGehen ask increases the
probability of a pre-emptive policy response declines. (dlier parameters being
equal).
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Figure 1.4: Convergence of Monte Carlo and Black Scholes

0.0060 -
0.0059

0.0058 |

0.0057 | /\
0.0056 1 \/

0.0055

Time value

0 . 0054 T T T T T
0 10000 20000 30000 40000 50000 60000

Number of Simulations
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Figure 1.4: illustrates that as the number of sanohs increase, the continuous time
Black-Scholes model and the lognormal random wadkieh estimated using discrete time
Monte Carlo, converge. Parameter valuesrare0.03,k=0.03,T=2,r =0.05,d=0,0=
0.25,n = 1,000, 5,000, 10,000, 15,000, 20,000, 25,0000C&N 35,000, 40,000, 45,000,
50,000 and 55,000.
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Fgure 1.5a: The Time Value Parabola using Monte Carlo and the
Black model
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Figure 1.5a: generates call time values using Muthte Carlo and the BS formula. Each is
generated with the following Black-Scholes parametdues:7z = 0.25% to 8%k = 0.045,
T=1,r=0.05d=0.05, andr = 0.25 (alternatively the Black parametéférz.1) = 0.25%

to 8%,k = 0.045,T = 1,r = 0.05 ando = 0.25). Monte Carlo uses 50,000 simulations. No
clear visible difference is observed between Mo@Gelo and the Black-Scholes time
valuation. See Table 1.4 for numerical values.

Fgure 1.5b: The Time Value Parabola using Monte Carlo and the
Black model
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Figure 1.5b: generates call time values using timte Carlo and the Black-Scholes
(Black) formula. The same parameters values ard, wseeptl = 2. The call valuations
are equal using either numerical or closed fornr@ggh.
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Figure 1.6a: Heston minus Black Scholes where p =0.5
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Figure 1.6b: Heston minus Black Scholes where p =-0.5
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Figures 1.6a and 1.6b trace out the differenceslhtime values as estimated by Model
1.2 (T.2) and Model 1.3 (T.2) respectively minue Black-Scholes. It is clear that as the
correlation, p, becomes increasingly negative (i.e. as the levetkew becomes more
negative), the Heston Monte Carlo simulation pregutime values that fall relative to
Black-Scholes valuation when the option is outftd-money and increase when the option
is in-the-money. Significantly, these discrepandiesveen Black-Scholes and Heston are
here relatively small, 1.5 to 2 basis points, usimgparameters in Table 1.5a. The policy
interest rate changes, in contrast, are generélthe order of 25 to 50 basis points. The
impact of the discrepancies would seem quite maeera
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Figure 1.6¢c: Heston minus Black Scholes where p =0
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Figure 1.6¢ reports call time values using bothBleek Scholes formula and Monte Carlo
Heston (1993). The parameter inputs associatedrk@gion Model 1.1 (T.2) are used. The
Black Scholes parameter values ame= 0.25% to 8%k = 0.03,T = 2,r = 0.05,d = 0.05,
and o= 0.25 (alternatively the Black parametdf€rz. ) = 0.25% to 8%k = 0.03,T = 2,r

= 0.05 ando = 0.25).p is set at an initial baseline of 0. It is cleaattivhen the level of

correlation, p, is set equal to zero, the differences betweenH#ston time values and
Black-Scholes time values decline markedly.
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Figure 1.6d: the time value differences between Heston model 1
(T.2) and Black-Scholes
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Figure 1.6e: the time value differences between Heston model
2 (T.2) and Black-Scholes
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Figures 1.6d and 1.6e trace out the differencewdmt the time values for each of the
Heston models and the Black-Scholes models wheredlatility magnitude was matched.

The parameter inputs for each of these models wjeeeified respectively in Tables 1.6

and 1.7. The time values that are used to calctitetdHeston models minus the matched
Black-Scholes models were given, respectively ibhlds1.5a and 1.5b.
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Figure 1.7a: Black Scholes and Heston Model 1.8(T.2) Time

Valuation (using arbitrarily high input values)
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Figure 1.7b: Black Scholes and Heston Model, y=10.2, p = 0.9

0.050000

0.045000

0.040000

0.035000

0.030000

0.025000

0.020000

Time Valuation

0.015000

0.010000

0.005000

0.000000 T T T T T T T
0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Expected Inflation
—— Heston
—— Black Scholes

Figure 1.7a presents time values for the Black-fshmodel and the Heston model that
use the same parameter inputs as Model 1.8(T.2atiRdy small discrepancies emerge
between the two time value parabolas. The Hestitation paths and descriptive statistics
reported in Table 1.6 for model 1.8(T.1) suggeat #ven when kurtosis and skew are high
relative to the historic norm suggested by peri®@89t12 - 2007:5, the Black-Scholes
model appears to provide time values that are dloddeston. Figure 1.7b also produces
Heston and Black-Scholes time values that areivelgitclose.

m 2.
e'f(T'l) n 2 [fj,i _%JAHJJJ Vitz )
j=1
D max e

Heston c= -k0 (1.52)
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Figure 1.8i: maps the frequency distribution of actual monthly inflation

over the period 1958:1 - 2007:5
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Figure 1.8i traces out the frequency distributiéactual monthly inflation over the period
1958:1 — 2007:5. The U.S. Consumer Price Index i€Serd.. CPIAUCSL) was
downloaded from the Federal Reserve Bank of Stid, dtom which the percentage annual

change was calculated.
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Figure 9a: Backus, Foresi and Wu (2004) and Black-
Scholes Time Values
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Figure 9b: Backus, Foresi and Wu (2004) - Black
Scholes
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Figures 1.9a and 1.9b illustrate that only minoffedences would appear to emerge
between Black-Scholes and Backus, Foresi and Wo4{2tme values. The skewness and
kurtosis parameter inputs were estimated on ioftatreturn over the Greenspan
incumbency. These historical estimates however heye been different frorax ante

estimates. The inflation returns were calculatechfthe same data reported in Figure 1.8i.
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Chapter 2

Opportunistic Policy under uncertainty.

‘Uncertainty is not just an important feature ofetimonetary policy landscape; it is the
defining characteristic of that landscape. As assmuence, the conduct of monetary policy
in the United States at its core involves cruclahgents of risk management, a process that
requires an understanding of the many sourcessif and uncertainty that policymakers
face and quantifying of those risks when possiblalso entails devising, in light of those
risks, a strategy for policy directed at maximizihg probabilities of achieving over time
our goal of price stability and the maximum sustbie economic growth that we associate
with it.” (Remarks by Chairman Alan Greenspan, at a sympospumsored by the Federal
Reserve Bank of Kansas City, Jackson Hole, WyomAagyust 29, 2003.)

2.1. Introduction

The proliferation of financial derivatives sinceetii970s has been unprecedented. The
expansion in broker and exchange traded contr&etls @mbed greater complexity has
brought many welcome and unwelcome developmentsctrdral bankers are now forced
to understand and deal with. From the remarks nigd&ey central bankers, it would
appear that risk management techniques have cdlaihee thinking and vocabulary of
pivotal policy makers for several years. What mecelements of risk management
influenced monetary policy has however never béearly enunciated. In this chapter, the
Black (1976) model is used largely as an interpmtetool to consider opportunistic policy
under uncertainty. This approach, developed in t&ap, makes explicit the relevance of
parameters that normally the literature has ignombden analysing rate decisions. The
volatility of the underlying inflation, the targag horizon of policy and the ease with
which consensus can be achieved by rate settingndtees are examined by applying a

standard option’s framework.

The advocacy of the ‘opportunistic’ strategy bydHRasiders’ and the explicit adoption of
zone targeting elsewhere would suggest that mongtalicy is nonlinear, at least in
conception. The opportunistic model developed bydk Orphanides, Small, Wieland,
and Wilcox (2006) is extended in this chapter bylgpg portfolio option theory to

consider the effects of uncertainty. The opportimisonstruction, set out in (2.5), is
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investigated using an option’s framework and frotmatvFederal Reserve officials have
expressed at the policy table. FOMC transcriptsnftbe late 1980s are examined to see
how central bankers devise and implement monetaligypin the context of moderate and
stable levels of inflation?® Several officials have explained quite publiclydaat FOMC
meetings that interest rate decisions were theymtodf an opportunistic approach. This

would imply that ignoring all other factors, polisyas nonlinear?®

In Section 2.2 the early evolution of the opporstini strategy is traced out and its impact
on the policy debate, during the initial phaseh&f Greenspan chairmanship is considered.
Option pricing theory is used in Section 2.2 an8 t&. exploit further the opportunistic
models proposed by Orphanides and Wilcox (2002)Aksby et al. (2006). Option theory
is developed to examine the effects of uncertaimtymonetary policy. A combination of
two put-call parity relationships is exploited txpeess inflation in terms of long calls and
short puts. It is shown that if policy is inactiweer a given range of inflation, the two put-
call parity relationships can be aggregated to fariong position with a call, with a higher
exercise, and a short position with a put, wittowdr exercise on inflation. The option
portfolio that underpins this collar construction useful in describing inflation zone
targeting when monetary policy is subject to uraiaty’** A number of nonlinearities,
that are found to exist in policy, are explainethg®ption theory. Different option pricing

models are also proposed to take account of vatgitegion behaviour.

In Section 2.3 monetary policy decision making tt@atceptually apply a risk management
approach is developed using portfolio option theditye Black model is used to estimate
the time value of the collar and the likely poli@sponse under uncertainty. Importantly,
the long-established delta, associated frequenity \Wwedging, is calculable for this

portfolio of options. Delta is one of a number Giréeks’ that is used innovatively to show

128 The transcripts are available in the public donfiaim the Board of Governors website.

129 Of course the term opportunism is relatively navd anly has gained common parlance since the mid
1990s. The earlier FOMC transcripts during the @span tenure make no explicit reference to oppstun

or use the term opportunistic. Here, it is assutnedean implicit flexible zone targeting.

130 see McDonald (2003) for definition. Here, the aplefers to the purchasing (longing) of a calimpand
selling (shorting) of a put option on inflation tvia lower strike (exercise). The collar width ie ttifference
between the call and put strikes. The use of the tellar is not meant to imply that inflation caat exceed

or fall below the designated strikes.
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that interest smoothing or inertia is dynamic asddependent on a number of factors
including the width of the upper and lower targetibds. The delta metric is also used to
illustrate that as the target zone for inflatior®ns, monetary policy becomes increasingly
nonlinear. Section 2.4 draws on the transcriptsi¢ntify to what extent, this type of risk
management reflects the broad thrust of commente bg central bankers. In part, this is
intended to demonstrate the effects of policy makksagreeing. This leads to considering
how divergent opinions amongst voting committee Imers curtail precipitated interest
rate moves. Section 2.5 widens the analysis to idenshow the risk management
framework is affected when inflation is considetedmean revert. Using the Vasicek
model, it is possible to incorporate both mean r®va and deflation. The asymmetries
associated with the Black model are also viewednaga number of metrics; including a
Vasicek delta. In Section 2.6, several nonlineactien functions are set out and estimated.
A key result relates to how well nonlinear ruleattbperate lower bounds (i.e. with a 1 —

3% target range), serve to improve upon the stantaylor Rule appraisal of rate setting.

2.2. The Federal Reserve and the advent of Opportism

Opportunistic monetary policy was largely conceiwethin the Federal Reserve as a
framework for Fed Funds rate setting during theiopethat is referred to as the Great
Moderation. From the mid 1980s as inflation stabili, policy makers were confronted
with continuing the disinflation process while r@jgravating losses in output in the United
States. The Federal Open Market Committee (FOM@) &aumulated a considerable
measure of credibility in reducing inflation duritige Volcker years. At the outset of the
Greenspan tenure, inflation was moderate relatvihe previous decade. Any immediate
future triumph in containing prices would be natiyrdeemed modest by comparison with

what went before.

It may have been felt that to elicit further sugpibom political institutions to carry on
pushing inflation down would be problematic, partagly, if it implied a short-term
opportunity cost in terms of output and jobs. Indiidn, monetary aggregates were

gradually being de-emphasised so the capacityntb golitical cover became increasingly
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constrained®* Conceivably, the lack of consensus at committgel land institutionally,
discouraged robust monetary intervention, althoygkviously during the Volcker
incumbency robust monetary policy was judged necgsand beneficial. A number of
studies suggested that preferences could be diterlyadefined by a non-quadratic loss
function. Orphanides and Wilcox (1996, 2002) ands@yk Orphanides, Small, Wieland
and Wilcox (1997, 2006) pointed out that it is pokesto motivate the central bank’s policy
rule by a non-quadratic loss function. This typansfovative specification configured the
central banker as an agent who is more preoccupitdsmall departures of output from
target and less so relatively with small incipidepartures of price level from stabilityer
contra, the marginal trade-off between inflation and atitpabstracted from a quadratic
loss function, were found to be linear. Only in@@zin inflation over a critical range/point
spur policy makers to supply robust rate changhbs. dppeal of this type of central banker
profile is that it makes her less a creature ofithal so much as, she opportunistically

responds in a nonlinear fashion to changes intiafid*

It could also be asserted that when inflation fellquite moderate levels, relative to the
early 1980s in the United States, the FOMC membecsame less decidedly resolute in
continuing to push inflation down. Attempts to daoe lowering inflation were made all
the more difficult when it was inevitably acknowtgstl that the operating procedure had
switched to targeting the Federal Funds rate. Kdl996) pointed out that once inflation
had fallen to moderate single digits, policy makesponded differently. While the gains
from containing inflation during the Volcker yeansere clearly apparent angbst hoc
generally applauded, the exercise of increasingmpieyment above NAIRU was
considerably more contentious when inflation wass lehan 4% or 5% per annum. The
evolution of policy-making culture that occurredrn the mid to late 1980s feasibly saw

politicians and society generally less willing txapt a restrictive monetary polit?

131 See Thornton (2004).

132 See the policy debate as recorded in the Decerh®88, FOMC transcripts, p.18.

133 See President Forrestal's comments at the FOM@rbieer meeting 1989, page 14. ‘The parallel to 1979-
80 time frame, it seems to me, is not quite appledecause we were coming from double digit irdtat
and | think people clearly recognise that that evéarribly insidious thing that was happening....... '
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2.2.1 Defining Opportunism

During his tenure at the FOMC, Alan Blinder subedttthat if inflation is close to an
acceptable optimum, policy should not forcefullyusgze demand to contain prices.
Instead it should adopt what has subsequently donfse described as the ‘opportunistic’
approach. One of the more striking features ofrdeent debate is the notable number of
central bankers who perceive this approach as beingt policy makers collectively
instigated and implemented. Don Kohn (1996) fornepde, previously secretary and long
standing economist to the FOMC and subsequentlgmaber of the Board of Governors,
characterised the nonlinear reaction function ashnng:

“different modes of behaviour on the part of thetcal bank depending on the
prevailing level of inflation. When inflation is difa, an opportunistic policy maker
would actively seek to bring it down. The periodl®79 to 1982 is an example of
this sort of situation. Inflation in 1979 was clgaioo high, and the Federal Reserve
fought it, opening an output gap. On the other hahdn inflation is already low or
moderate, the opportunistic policymaker does nke &ctive measures to reduce it
further. Once inflation had fallen into the 3.54t® percent range in the mid-1980s,
people observing the Federal Reserve thought theld aot detect steps to lower it
more.” (Kohn, 1996, p.303)

This describes one of the principal elements ofoojpmistic interest rate setting, that is,
policy is path dependent. The concept however @ilsbraced a somewhat broader remit
where the objective of policy is not just the pemfance of inflation today but examines
the behaviour of inflation over the economic cycle.

“...it [policy] leans very hard against increasesinflation. Examples of this in
recent years would include the tightenings of 19B288-89, and 1994. In these
cases when inflation threatened to exceed its pusviange the Federal Reserve
firmed policy to prevent the uptick or bring infta back into the range again.”
(Kohn, 1996, p.304)
This implied that the target range for inflationgimi have evolved through time and over
the economic cycle. It also suggested that if amithreshold were breached, policy
accommodation would be removed at an accelerated. pehe approach described by
Kohn (1996) seemed qualitatively very different ttee conventional Taylor Rule or
inflation point targeting strategiéd’ A number of FOMC members have used the term

‘opportunistic disinflation’ to describe the strgyeemployed by the Federal Reserve during

13Bomfim and Rudebusch (1997) contrast the oppottierépproach to the conventional monetary policy
advocated by Leiderman and Svensson (1995) anthhial(1995).
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the early 1980s and 1998%.In retrospect, early proponents of the opportimipproach
advocated, in the late 1980s that while inflatioaswnot exceeding 4%2% but still perhaps
above the long-run target, the monetary policy cattesn should refrain from aggressively
fighting price increases. A longer-term perspectarevisaged either favourable supply
shocks or inevitably recession to deliver progresgard the desired target. If inflation
were increased above a given threshold level adraoce, the opportunistic approach
would only then attempt to curtail price rises evfethis involved a sacrifice of output and

jobs.

This, it was felt, also constituted a strategy dasinflation because it exploited the next
recession or positive supply shock to lower inflatover time. The timeframe envisaged
was ultimately governed by the business cycle. &mepts of this strategy sometimes have
described the approach as reducing inflation byingp¥om cycle-to-cycle. A common
interpretation fostered the notion of disinflatiggadually or being one recession removed
from price stability. Opportunistic policy nevertees purportedly defines aggressive
policy responses to any acceleration beyond anpéaige zone of inflation. The central
banker also is seen as being capable of capitglsmthe likely disinflation that would
occur, going from peak to trough. In the appendithe December 1995 FOMC meeting p.
10 — 11, Don Kohn spelled out how the opportunistionetary policy would be
constructive when dealing with other branches ofegoment. A political gain secured by
implementing opportunistic strategy related to temtral bankers’ capacity to be less
evidently tarnished when removing the proverbialiph bowl'. Recession would shoulder
more of the blame. This would have been made alhibre welcome given the gradual de-
emphasis of monetary aggregates in operationaligpagcy over the Greenspan
incumbency. Arguably, this reading of policy is mam line with what some policy makers
have said in the U.S., rather than deduced fronexgaticit mandate or from legislation
pertaining to the Federal Reserve. Interestinglg,dontemporaneous Canadian experience

where an explicit strategy has been implementezkbsli®91, suggested that range targeting

13° See Remarks made by Governor Laurence H. MeyeheANational Association of Business Economists
38" Annual Meeting, Boston, Massachusetts, SeptemtEIFs.

13¢ The intermediate target can only be defined fgivan period. The term opportunism was not empldged
describe nonlinearity until the mid 1990s.
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became the basis for formulating monetary poli‘yThe definition of opportunism
developed in this chapter resembles inflation Zangeting. The Federal Reserve however

never clearly spelled out an inflation target dgrihe Greenspan years.

2.2.2 The Taylor Rule and Opportunism

The Kydland-Prescott and Barro-Gordon literatureenttfied the importance of
commitment to a given policy rule. Taylor (1993ppded a benchmark that spelled out a
form of conventional deliberative monetary polityt seemed in line with the Greenspan
chairmanship. As a primer to understanding oppdsticnpolicy setting, the Taylor Rule
represents an intelligible grid reference for déssicg point targeting or targeting without
zones. In this regard, it can be seen as a norengtiide to appraise decision-making. In
empirical work, the Taylor Rule is frequently nekte a forward-looking reaction function.
A key advantage of this specification relates ® Tlaylor Rule being measurable through
time and across regimes. The Taylor rule maps eliietative systematic patterns in terms
of implementation. In this respect, outlining thaylor rule is a useful starting point when
considering the opportunistic reaction functionisTis the approach adopted by Aksoy et
al. (2006).

A generalised Taylor Rule that does not of itspiéafy weights for output and inflation

gaps but captures the broad thrust of linear padigiven by:

= ) alr -7 ) y) (2.2)
In a forward looking context this becomes:
rt :r*+Et(n;+l)+a)l(El(nt'+1)_nf)+a)2(yt) (21a)

Alternatively,

371n 1991, the Bank of Canada targeted inflationddive-year period. The inflation rate then wa89%.
The original goal was to reduce inflation to grdbjuwer levels, first to 3%, later to 2.5% ancethto 2%.

By December 1993, inflation had fallen to 2% anel dentral bank extended the period of inflationtaan
target range to 1998. The target range was exgressa band from 1% to 3%. In the same year tlyettar
range was extended to 2001. In 2001, the 1% toa#¥per was imposed again and made applicable taothe e
of 2006. Monetary policy was intended to be aimeReeping inflation at the 2% target midpoint. Bamf
and Rudebusch (1997) however contrast the FedexsérRe’s opportunistic approach with the Bank of
Canada’s implementation of inflation targeting. miton (2007), using FOMC transcripts and minutes,
conjectured that that the targeting zone rangeddwst 1% and 3.5% with a 2.25% mid-point.
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r=r +7 +(1+cq)(Et(n;+1)—ﬂ*)+w2(yt) (2.1b)
The policy stance spelled out by (2.1), (2.1a) @ntlb) is independent of the inflation path
in that the objective of policy ignores the histatimovements of the consumer price index
and of the real economy. The parameter weightscarnstant and independent of the
inflation level. The short-term interest ratés determined by an equilibrium interest rate

and the contemporaneous inflation rateor its expectationk(7z). The weightsaw; and
ay respectively, are applied on both the contempomaseoflation gap, 7z —77 and

output gapy:. Taylor (1993) arbitrarily applied the weight ab(n each of the gaps in the
classic rule-*® 7T represents the rate of inflation over the previfus quarters, andr

represents the inflation target. By relaxing thesgghts broader interpretations can emerge

permitting wider latitude for describing differgmolicy stances®

Significant advantages of the rule relate to itspdicity and robustness. Clarida, Gali and
Gertler (2000), for example, estimate the rule aage policy activism for pre- and post-
1979 Federal Reserve regimes and Clarida, GaliGerdler (1998) estimate the rule that
applied in several countrié® Their analysis suggests that (2.1) is not onlynative, it
also furnishes a means to measure policy in vefferdnt contexts. This flexibility is
important given that the Federal Reserve has alifisosal open market operations, the
discount window and reserve requirements to implemenetary policy. It has not always
been clear which lever the FOMC has been usingvfoch end. Historically, by exerting
varying levels of pressure on bank reserve postitimee FOMC exercises control of the
Fed Funds rate. Broadly speaking the Federal Ressreapable of assuming one of two
fundamental postures. It can control the price @nay or the quantity (in terms of
reserves) but not both simultaneously. The Fedeeakrve has adopted both perspectives
of policy over the past three decad&sTargeting the Federal Funds rate however has been

more usual. Importantly in terms of robustnessnewtaen policy is designed to control

1% These magnitudes were representative of a nunilstudies Taylor had reviewed in the early 1990s.

1391f the weight on the output gap fell to zero fammple, (2.1) could be construed to define a puilation
targeting regime.

14 The G7 minus Canada.

141 Goodfriend (1991) maintained that even during eéley Volcker years there was an unarticulated or
implicit Fed Funds target. This accords with Thom¢2004) who analysed FOMC transcripts.
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money supply there is by default an implied rateimtrest.** In this regard, the
formulation specified in (2.1) is flexible and ctihges a useful point of reference in
understanding the conduct of monetary policy.

Interestingly while (2.1) has provided a good dipsmm of policy behaviour, particularly
in the early Greenspan years, it does not accamkebnwith what policy makers say they
have actually put into practice. Kohn (1996) exifcdepicts Fed Funds setting as being
conditioned on wider inflation path dynamics. Thimaplies that the policy rule is
nonlinear/dynamic and that is somewhat out of kiltéh the classic Taylor Rule. Aksoy et

al. (2006) for instance amend the Taylor Rule ke taccount of opportunis?
rt=r*+7Tt+f(71t—71f)+a)2yt (2.2)
where
T =0-Nr" +An (2.3)
In this formulationsz, constitutes an intermediate target which is coegpts a weighted

average of the long-run targef” and of the inherited inflation ratez", representing a

retrospective moving average of actual inflationsiApler formulation originally posited
by Orphanides and Wilcox (1996, 2002) has the lemg: target potentially equal to
zero** This makes the intermediate target a functionast finflation and might be thought
of as a special case of (2.3). In light of moreer¢canalysis, this might be considered
overly restrictive in terms of setting poli¢y? The magnitude ofl, lies between zero and
unity implying that progress towards the inflati@nget can be gradual. This configuration

also permits the target rate to rise:

142 The corollary is that even if a central bank eififf uses money as the nominal anchor of monetary
policy, its stance can still be evaluated usingagldr type reaction function. Clarida, Gali and Gaer(1998)
estimate the same policy rule for the Greenspansyea the Volcker years, despite the fact that atjvey
procedures changed from targeting non-borrowedveseo targeting the Fed Funds rate.

143 Meyer (1996) compares both the Taylor Rule ando@ppistic policy and makes the point that the two
work in tandem. ‘This [opportunistic policy] is juanother rule, though a more complicated one than
simple Taylor Rule.’

144 See the explanation given regarding equation$ éh8 (1.9).

145 The Boskin Commission (1996) generally has adentér a bit more slack for policy makers in thhag
CPI may not fully reflect tangible quality and tedhogical improvements. Changes in the CPI have
historically tended to overstate changes in the trost of living. One implication of this type afiaysis is
that the Federal Reserve accordingly may find sirdéle to have a target inflation rate slightlyeixcess of
zero. This suggests that (2.4) is perhaps ovedlyictive and (2.3) provides a more credible degiom of
how the inflation target evolves.
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T =An (2.4)
Policy makers may be conscious of varying biased tccur with regard to CPI
measurement and consequently perceive price $yatnlibe in a region higher than the
zero percent point target. This may provide somdegxe supporting the contention that
71" >0. Aksoy et al. (2006) propose the following relathip where the interest rate
penalty is defined by:

kg -7 -6) it m-7 >6

- ]1=40 ifozm—-m=-0 (2.5)

*

>
k(-7 +0) if n—;trt <-3

*

Eh
[
N,

K represents the parameter value applied to thetioril@gap when inflation moves outside
the threshold bantf® The policy rule spelled out by (2.1) differs fraf®2) in that the
former is independent of inflation path dynamicéeTatter however implies the policy
rule is contingent upon the inflation context.Hétdifference between the inflation rate and
its target is less than or equal &g (a given level of tolerance) the short-term poliate
component, derived from the inflation gap, remainshanged. In other words, if inflation

does not move outside a given defined interval therfraction ofr, owing to the inflation

gap (i.e. the inflation penalt} in (2.2) does not actively drive inflation clogerits long
run target. A larger magnitude df, permits the monetary policy committee to refrfaogm
intervention for longer. This may have an advantagéhat a wider target zone allows
inflation to rise without the board having to reésmechanically to restraining the economy.
Conversely, a wide band may erode the central kaciedibility in that policy reactions
may be perceived to be sluggish. A narrowing of ba&d would also seem to signal a
greater capacity for rate adjustment. The centiakbr may set so that the appropriate
balance is struck between choosing a band width éffectively stabilises inflation
expectations but not so narrow as to precipitatuarevels of policy intervention. Later,

J is seen as a measure of disagreement on the MypReiticy Committeg:®

1 This portrayal of policy posits the central barskaaunified actor. Later in this chapter, the potiecision
is described in terms of a committee that can dégroducing occasionally stalemate - when iiffecdlt
to marshal a definite consensus for an increaseaease in the policy rate.

147 This is the term used by Orphanides and Wilco®§).9

148 The width of such a band may vary, as heterogenéiopinion varies. A supply side shock is likety
produce greater disagreement internally amongstypolakers than a demand side shock. The effettiof
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Conceivably, the zone width that was explicitly Ieypented by the Bank of Canada may
have reflected practices employed elsewhere. Aks@/l. (2006) used a magnitude of 1%
for 6, which is consistent with the 2% bandwidth emptbpy the Bank of Canada since
1991. The magnitude od for convenience may be taken to be constant. Algughock
could plausibly widen the zone simply because paiiakers would find it more difficult
to agree. The effect of widening is examined ingésition 2.3c. Heterogeneity of opinion
can vary in degrees of intensity as macroeconoweats unfold. Kohn (1996) asserted that
when inflation had fallen to the range 3%2% to 4%%the mid-1980s, Fed watchers could
not detect additional resolve to lower inflationrther. This suggests that alternative
bandwidths were practicable add could have conceivably been as low as %:%. Figure 2

juxtaposes the inflation response associated whin dpportunistic rule against the

*

conventional linear inflation gap respori8&The interest penaltyf (ﬂt —ITI) increases in a

nonlinear fashion. Only when inflation passes tgm(77+ 5) will the interest penalty take

effect.

It is noteworthy, that Kohn's explanations of thedfs policy actions can be only
understood as arising from nonlinear reactionsnftation. Opportunistic disinflation is

described as representing an accurate account liiC-Dterest rate determination during
the earlier years of the Greenspan tenure. It @arclfrom Kohn (1996) that his

understanding of policy was very much conditioned these wider price dynamics,
represented in Figure 2.1. In the following sectithe opportunistic policy rule is

motivated differently. Nonlinearity which is a thendeveloped in a broader literature is
examined here where disagreement between commteey members is used as a
motivational device. It is found that by incorpangt an option portfolio, it is possible to
describe policy in a manner akin to Aksoy et al0@). It is also found that the effect of

uncertainty can be gauged using time valuationthisf portfolio. The policy inaction or

would be to produce periodically contracting ang@asding target bands, as the nature of economitksho
change.

149 Figure 2.1 describes the representation of oppistia policy as offered by Orphanides et al. (1987d
Aksoy et al. (2006). This constitutes a form of edargeting, not unlike the Bank of Canada’s apgrpa
where an intermediate target evolves within a sgige set of downward floating bands. The Federal
Reserve has never explicitly stated an inflatiogea
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stalemate feature associated with the nonlinearoagp is analogous to other types of
nonlinearity found in the literature. For exampie,the Purchasing Power Parity (PPP)
debate, Taylor and Taylor (2004, p. 147) pointtbat>®
“The qualitative effect of such frictions is sinmilm all of the proposed models: the
lack of arbitrage arising from transaction costshsas shipping costs creates a
‘band of inaction” within which price dynamics ihd two locations are essentially
disconnected.”
While transaction cost models have been used téaiexghe PPP puzzle, the ‘band of
inaction’ has less formally been motivated by Kiliand Troy (2003) suggesting that
nonlinearity emerges from the lack of agreementragabtraders. The policy stalemate as
described below regarding interest rate decisiax®rals with the rationale advanced to
explain nonlinearity in the International Economiitsrature. Heterogeneity of opinion in
the foreign exchange market implies that only ertrevalues of the nominal exchange rate
generates a sufficient degree of consensus amdragirs concerning the appropriate
future direction regarding exchange rates. Heee jitipact of stalemate is considered also
when inflation outcomes are uncertain. This progittee basis for looking at policy using

an option’s framework.

2.2.3 The Put-Call Parity Relationships

Proposition 2.1:Under opportunistic interest rate setting, the nmtang policy response to

inflation (E (77..) - 7;) can be modelled as the intrinsic payoff from atfadio of options,

when future inflation is known with certainty.

Put-call parity constitutes one of the most sigaifit defining relationships in option
theory. A synthetic forward with inflation as thaderlying can be developed from a short
European put and long European call on expectdatiori where the strike is the same for
both contracts. The difference between the valiee @dll and put must be equivalent to the
present value of the difference between the forwande (expected inflation) and the

exercise. From chapter 1, the following relatiopshias identified:

150 Taylor and Taylor (2004) point out that Heckscti®16) allowed for the possibility that absolutePRiRd

not always hold by virtue of transaction costsniteinational transactions. Nonlinearities can avsgause it
is not worth arbitraging and correcting price diffleces if the anticipated profits do not exceeddtsts of
shipping goods and administration between the twations.
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Call - Put = PV(Forward Price — Strike Price (1.30)
Put-call parity opens the possibility that an optmortfolio can be nested in the reaction
function. By combining two parity relationships,pexted inflation can be shown to be
modelled similar to a collar constructiot. In this instance, the collar is comprised of a
single call and a single put with initially the samtrike. Consider the following two

portfolios:

Portfolio A: one European put option on inflatioittwan exerciserz, plus the discounted
forward or expected inflation rat&()e™ .
Portfolio B: one European call option on inflatinth the same exerciseg, . plus the

discounted exerciserze" . Both are worthmax(n,nj) at expiration. Using put-call
parity the portfolios A and B must have identicalues given that the strikes and time

periods of the contracts are the same. Thus:
c,+me™ =p +E(me (2.6)
Likewise consider two similar portfolios but wittha&yherexercise than observed in (2.6):

Portfolio C: one European put option on inflatioithaan exerciserz, plus the discounted
expected inflation rateE(rr)e™ .

Portfolio D: one European call option on inflatisith an exerciserr,, plus the discounted

T

exercise, ;e " . From put-call parity it is possible to establibk identity:
c, +me™ = p,+E(me” (2.7)
From chapter 1 the following general relationshgsviound to exist:

c-p=¢TIH9- K (1.32)

WhereS constituted the underlying asset &dkenoted the exercise or strike. This implies

that the following must hold:

[E(7)-7]=[c-p]€& (2.8)

151 Deacon, Derry and Mirfendereski (2004) have doaitetbthe rapid growth of inflation derivatives.the
U.K., inflation collars are common in the pensiamds industry by virtue of a regulatory quirk: Lied
Price Indexation (LPI). Pensions paid by an ocdopat pension schemes, and protected rights paid by
personal pension schemes must increase by atdegigén rate each year. This rate is the less#renfwo:

five per cent or the increase in the Retail Primdek. Pension payouts are related to the LimitécePndex
(LPI), which has a floor of 0% and a cap of 5%sHould be noted that when nesting a collar in #aetion
function here, it is not implied that inflation cant move beyond the upper and lower bound.
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[E(m)-7]=[c;- p] € (2.9)
Itis clear from (2.1a) and (2.1b) that inclusidrttee option portfolio[c2 - pz] into the

Taylor Rule is possible.

Proposition 2.1a:Under opportunistic or zone targeting interest ratdting, the monetary
policy response to inflatiogiven by(2.5), f(ﬂt —IT:), can also be modelled as the payoff

from an option’s framework?

Proposition 2.1b: Even when individual members of the board or s#ing committee

have individually adhered to linear rate settingetdynamics of majority voting, when

policy makers disagree, permit their collective dabur to be characterised H}(}Tt —ITI)

Proposition 2.1cWhen expected inflation is known with certai't’rtgxnf(ﬂt —ITI) can be

modelled as the intrinsic payoff from the optiopéstfolio.

Propositions 2.1b - 2.1enply that disagreement between policy makers, ipitates a
policy stalemate, over a range of expected inffatiddditional rate decisions can only be
implemented when a majority of votes are achiewedafgiven policy action. This will be
characterised below as expected inflation movirtgide the zone defined by the upper and
lower exercise. Disagreement may not be solely gmtesat the committee, wider
institutional disagreement with political agenameay also produce stalemate.

Proposition 2.1diIf expected inflation is not known with certainpgolicy makers can
invoke risk management principles, developed fromeadix A.2.1. This permits the time
valuation of the option’s portfolio payoff to bepied tof(ﬂt —ITI) As a result, the pre-

emptive raising and lowering of the policy rate wrexpected inflation resides within the

upper and lower bounds can be explained using stahdption theory.

1521t is assumed that (2.5) can be made forward fapki
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Later, it will be shown that increased uncertainigkes policy increasingly linear. Time
valuation can be used to examine the effects oémiaimty and gauge the level of policy
activism when standard risk management principles employed.When applying the

option’s framework td (ﬂt —IT:), the portfolio is composed of a long call and shmut

where the exercise on the former is specified toeed the latter. The higher exercise
corresponds to the target rate of expected inflaissociated with the marginal hawk
whose voting intentions secure an outright majofotyraising the policy rate. The lower

exercise is the target rate of expected inflatessociated with the marginal dove whose
voting intentions can secure an outright majoray lbwering the policy rate. This analysis

can be applied to both the nominal and real pabty:

Proposition 2.1eThe zone of stalemate (or disagreement) can benglyyspecified so

that the nominal rate or real policy rate respondg2.5).

Proposition 2.1e permits alternative rate dynartocbe considered below respectively, in
scenario one and scenario two. From (2.5) it iarcleat the opportunistic terrﬁ(ﬂt —nf)

constitutes a policy behaviour which pivots aroarzbne of inaction. Aksoy et al. (2006)
motivate this from non quadratic preferences. Tbise of inaction is alternatively derived
from the observation that rate setting is achiet@djuently in the absence of total
agreement between policy makers. This can be gignifwhen a clear majority can not be
achieved to back a given rate change. Policy s&tle@rises over a zone of inflation where
policy makers have disparate views at committeelley across institutions regarding the
appropriateness of policy actions and inflatioryéas. In the absence of formal upper and
lower bounds, monetary policy must then be shapadthe interaction of committee
members who often disagree and who do not work firthh explicit inflation targets that
would assist in attaining consensts.In this regard, the FOMC have collectively
negotiated the upper and lower bounds in a framkewonilar to zone targeting without

any disclosure of inflation targets. As rate degisiare dependent on majority voting, this

153 At least, this was the case during the Greenspamibency. The FOMC transcripts are later examined
provide some archival evidence for this observatidhat is, heterogeneity of opinion, internally and
externally, was important in shaping the policyerdécisions.
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would imply a degree of nonlinearity. Initially, bascenarios related to voting practices are
defined and considered, namely: nominal and redé¢state. Using a dual put-call parity
framework, rate decisions can be appraised usirgpton’s construction and subsequently

the effect of uncertainty and inflation risk candaiged when time values are considered.

2.2.4 Scenario One: Nominal Stalemate

Nominal stalemate implies that under conditions@tainty the policy rate will not adjust
to changes in expected inflation so long as expeit#ation resides within the zone of
disagreement i.e. when no clear majority decisiars be achieved. Consider a Monetary
Policy committee that is composed of two membersowimplement similarly
deliberative/conventional forward-looking Taylodest*>* If their inflation targets differ in
magnitude, it can be shown that rate setting belavs similarly nonlinear in the manner

described by Aksoy et al. (2006). The reaction fioms may be represented by:
ty =1+ 70, + (L4 @ )E (m.,) - 770 ) + 0, (v,) (2.10)
for Governor (1) and by:
ty =t +77, + (L4 @, )(E (77.,) - 77,) + 0, (y,) (2.11)
for Governor (2) or Congressman (1). Another way podfiling this scenario is to
characterise rate setting as being implemented iaw& and a dove for Governor (1) and

Governor (2), respectively®> *® Using the result obtained from Proposition 2.1 the

inflation gap is reconfigured in the form of an iopt portfolio.
[E ()~ 7o =y~ by (2.12)

and

%4 This analysis could easily be extended teraember committee. It can also be extended to aakeunt
of both committee and institutional dynamics wh#re upper target is influenced by external politica
agencies.

155 With m, < m,. If the zone of stalemate is influenced by pdiitiagencies, the upper threshold may come

to be defined by Congressman (1) instead of Govef2ip assuming that political agencies have a drigh
tolerance for inflation.

158 profiling policy makers using these labels maystibate an over-simplification of actual rate seiti
behaviour. Goodhart (1999a) suggests that the nuadieatures of policy makers with these labels heay
to confusion and distort the true picture. The beha of policy makers can be more random and thay
not faithfully belong to either supposed camp.Ha &nalysis provided here, it is possible thatsrbecome
reversed. It is sufficient to motivate nonlineardsising because consensus can not be permanéailyeal
over a given range of expected inflation.
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[E ()~ 73l = ¢~ Py (2.13)
If we take the average of the two Taylor Rule rates

e 0y _ r +”;1 +r +”;2 +(1+ wl)l.(cgl_ pgl)+(092 ~ ng)JerT + wz(yt)"'wz(yt)
2 2 2 2
(2.14)

The average of the two rules is meant to refleetatiect of a chairman steering a middle

course where agreement can be sectifddere it might be thought of as the chair posing
the question should the strategy hinge on 0% of#ldad hoping the committee finds an
acceptable middle ground. (2.14) can be re-expdessgive:

My ¥1y =|:I‘* + n;l 42-”;2}+(1+a)1)[(092 B pgl)+(cgl B pgz)]

2 2

e™ +aw,(y,)

(2.15)
For a forward-looking policy rule the collar can talued intrinsically when expected
inflation is known with certainty. However time vations using standard pricing formulae
can be implemented when expected inflation is mawn with certainty. By invoking the

following stalemate conditioft®

C, =O0when r, < E(n)s My, = Cy =C

9 (2.16)

Py, =0when 7z, < E(m)< 71, = Py, = Py,

the following emerges:

My "2'r21 - l:r* + Ty ;ﬂgZ } + (1+ aﬁ)(cgz - Py T+ w, (yt) (2.17)

By virtue of not achieving consensus when inflatfalls between the strikes, the policy

board does not respond by altering the nominatésterate.® This implies thatc,, and

157 The chairman here is not allocated a casting Vidtis assumption can be easily relaxed if the catesmi

is extended to a more general case afembers.

%8 The key restrictions set, to be equal tay, andpy, to be equal tqg,. These are imposed to capture the
behaviour of the ‘collectively’ opportunistic or @ targeting central bankers. If interest ratesnatanoved
immediately higher as inflation increases aboveldher strike and not moved immediately lower beln
upper strike of the collar, then policy assumesdtigbutes of opportunistic rate setting. Thisvides the
basis for propositions 2.1a and 2.1b, where castaggarding expected inflation applies.

159 Of course when nominal stalemate occurs the etaladjusts in line with changes in the inflatiater
This is somewhat different to the nonlinearity pyepd in (2.2). It also suggests that if the poliopasse
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Py, assumes a form given by the collétrgi2 - pgl). In a world of certainty, they can only

intrinsically procure a payoff when inflation resgloutside the zone of disagreement, as

outlined by Proposition 2.1c and demonstratedgarg 2.1. When this occurs,, andp,
replicate the payoffs front,, and p,,, respectively. The immediate effect of stalemate,

when inflation outcomes are known with certaintguid be to postpone the interest rate
decision until the next meeting or more importanthtil the inflation forecast lies either
above the upper target or below the lower targehefrespective board members. When
inflation outcomes are uncertain, policy makers dan seen to act pre-emptively.
Proposition 2.1d provides the basis for considethmg distinction between intrinsic and
time valuations. (2.17) implies that, even if indivals on a committee consider themselves
to be deliberative and on an individual basis artset rates in accordance with a
conventional Taylor-type Rulesollective behaviour can be incidentally opportunistic. If
interest rate decisions can only be achieved bywesus, the different inflation targets
imply that there exists a zone of inaction whereagrent cannot be secur@d Scenario
two below considers how stalemate affects theregalas distinct from the nominal rate.

2.2.5 Scenario two: Real Stalemate

If a monetary policy board or committee focussedlmnreal interest rate, as opposed to
the nominal rate, this would imply the nominal rateuld always adjust automatically to
take account of inflation developments. This woulgan that an increase in inflation
would mechanically lead to an increase in the nainmiate. It would also imply that policy
inaction would only apply to the real rate of imst: To illustrate this, it is necessary to
consider a Taylor Rule formulation closer to (2.tt&n to (2.1b). Real stalemate is a less
restrictive form of policy inaction in that it dtipermits nominal adjustments to occur,

commensurate with fluctuations in purchasing pov@hanges to the real policy rate can

permits inflation to rise, without nominal adjustmt® the board are perversely stimulating the ecgnbyn
virtue of the inaction.

190 see Proposition 2.1b. Conceivably, if a centraikbattains independence from the legislature, tiese
greater likelihood that the monetary policy comesgtachieves consensus more easily. There is E3mnd
guessing’ as to what the political masters woulefgy; perhaps implying some compression in thedalse
levels. See also President Forrestal's commentifablain the December 1989, FOMC transcripts, p.14
Independence can also be related to the dynamitioeato inflation shocks. A central bank gaining
independence might be modelled here as the barfuwidttracting (i.e. the differential between theket
falls).
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however be curbed by a lack of agreement betweanbmes of the board. This implies
that, at all times, policy makers adjust the polieye so that increases or decreases in
inflation cause proportionate offsetting changeghs nominal policy rate. In this type of
construction, members of the board only wrangle adgustments to the real fed funds rate
but acquiesce to adjustments to the nominal rateotmter inflation. This depiction of
policy suggests that nominal fine-tuning is autamddut real rate changes depend on
where expected inflation is relative to the respectnflation tolerance$®* The Taylor
Rule given by (2.1b) can be re-written so that:

=1+ E () + @B () - 77 )+ oy, (2.18)
Note here that the nominal ratg, adjusts automatically to take accoun&gfz.;). Using
(2.18), it is implicitly assumed that policy disagments only influence adjustments to the
real rate'®> Members of the board are agreed that the nomataladjusts mechanically in
line with inflation but changes to the real rate aubject to differences of opinion that can
emerge regarding the appropriate inflation toleeangain in a world of a two-member
board, stalemate occurs only when the real Fed $~uaie is being adjusted. As before
Governors (1) and (2) have different tolerancesrfiation:

fow =1 +E () + (B, () - 7, )+ @, () (2.19)
and
fooe =t +E () + (@)E () - 70 )+ @ () (2.20)
From (2.12) and (2.13) it can be shown that therames of the two reaction functions
becomes:
Fou + Pz _ 1"+ E (77.,)+r" +E (m.,) +(a)1)l(cgl ~ P+ cy2 - pQZ)JerT + @, (y.)+ @, (v,
2 2 2 2

(2.21)
The average of the two rates is intended to capheeeffect of a non-voting chairman
weighting the committee members equally. In a woffldertainty, stalemate occurs when
policy makers differ. Discord between board memberbkely when expected inflation

remains between the upper and lower targets. Ceatnlyi the impact of not immediately

161 This reflects more the opportunistic policy odatibn zone targeting as described by Aksoy et24106).
192 The rationale is that if policy makers passivetymit the nominal rate to remain unchanged in trene
of not responding to increases in inflation, theg m effect stimulating the economy despite that the
nominal rate has been locked in stalemate.
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securing agreement leads to stalemate in whichntieeest rate adjustment is postponed
until the next meeting. Policy is more likely taog in real terms as the inflation forecast
moves out of tolerance. Invoking Proposition 2.td €.16), (2.21) can be re-expressed to
give:

=1 +E () ey, — T wu(y,) (2.22)
The committee-agreed nominal policy rafe,when expressed as an expected Fed Funds
real rate becomes:

T, =T ~E () =1 +alc, - pyle™ +a(y,) (2.23)
This representation of policy hypothesises thatréa policy rate as adjusting to an option
portfolio. The real case is less restrictive thea hominal stalemate equivalent. Policy
decisions are agreed to adjust automatically themimal Fed Funds rate even when
agreement can not be secured to adjust the redFiiads rate. The tendency for the board
to be depicted as a unified actor is understandadtause, in public, policy makers are
perceived to be mostly in agreement. In terms adtvidoard officials convey, however, via
the FOMC transcripts, there seems to be compeklimglence that quite discernible
differences have existed on an on-going basis dagawhat constitutes an appropriate

inflation target:®®

2.2.6 Certainty and Uncertainty: Intrinsic and Time Valuations
The analysis in (2.17) and (2.23) can be extendethpture the effects of uncertainty on

the policy decisior® By applying time valuation to the collar option rffolio,

(cgz - pgl), it becomes possible to take account of bothekellof inflation and inflation

risk.*®®> Should expected inflation stand marginally beltv tipper threshold, policy would

not in practice, remain inactive. The intrinsic ualof the collar provides the basis to

163 Meade (2005) found that the official dissent ratesoting was much lower than actual differences of
opinion when surveyed via discussions in the FOM@<cripts.

14 Orphanides and Wilcox (1996, 2002) model uncetyaising probability distributions for inflation ebks
and aggregate demand shocks. A key advantage rof ascollar option portfolio to describe nonlinégari
relates to the very natural distinction betweenirisic and time valuations which in turn allow mglito be
examined under conditions of certainty and unaeafyai

1% The inflation risks might be summarised by a flart or Monte Carlo analysis proposed in chapter 1,
where the risk to inflation is seen as the propartf forecasted inflation paths that produce teahvalues
outside a specified inflation targeting zone.
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analyse policy reaction under conditions of cettaifime valuation for option pricing
furnishes a more general framework that permitigtioin risk also to be considered. Thus,
the probability density function of inflation thean be made a defining driver of policy in

a similar way as Black-Scholes permits continggryments to be priced.

When the collar’'s time value is considered usingtandard option pricing model, many
diverse aspects of monetary policy can be subsumedan integrated risk analysi€
Option theory provides a unified framework to examinflation tolerances, uncertainty
and parameter sensitivitié¥. The volatility of the underlying and the time hmm over
which the inflation target must be preserved caffialbtored into understanding the policy
decision. Parameter sensitivities related to iiffat/olatility and targeting horizon can be
elaborated in much the same way as are convengomrgiplied in terms of risk
management. In fact, the well-established ‘Greeks’the finance literature, can be
measured and provide additional insights into golithien implemented under uncertainty
for the collar option portfolio. In this regard,etlisk management framework implied by
option theory may prove beneficial in gauging howoligy makers respond to expected
inflation. As inflation changes relative to theilstss, central bankers can be seen to adjust
the Fed Funds rate in a dynamic fashion. To apgiee¢he impact on policy of forecast
targeting, the next section considers the time evafithe collar in conjunction with the

uncertainty regarding expected inflation outcome.

2.3. Risk Management and Opportunism

This section provides an innovative and flexibleragch to modelling the policy rate
response to inflation under uncertainty. Implicilyreaction function is set up, that nests a
collar portfolio in the classic Taylor Rule. The papach incorporates risk from the
perspective of a central banker seekiéixganteto realise price stability goals. Rather than
use inflation directly in the reaction function,paoxy is modelled using a portfolio of

options as described before. In essence, the mxiatalysis provided in Proposition 2.1,

166 pifferent option pricing models will be considered

%7 The typical parameters used by Black-Scholesasglat the spot, the strike, the risk free rateythatility

of the underlying and the maturity of the optiomiract. All these parameters have the capacityeto b
interpreted in terms of policy rate setting.
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2.1a, 2.1b and 2.1c is extended to take into a¢cabeneffects of uncertainty. To this end,

the time valuation oi(cgz— pgl) is initially calculated using the standard Bladl976)

model. Mean reversion is considered later by cangpthe Vasicek model. The choice of
option pricing model, in large part, will be detened by how central bankers wish to

characterise inflation behaviour and the naturenckrtainty they must deal with.

As a starting point; the Black model is attractimethat it assumes that the underlying
adheres to a lognormal random walk. From chaptethig, was observed to be useful
because it allowed policy makers to preserve inthet risk of hyperinflation, while
minimising the risks of deflatioH?® It also constituted an intellectually modest seatitat
central banker could assume, i.e. what if the fesicasting models were no better at
forecasting inflation than a naive modé&'#From chapter 1, it was found that by co-opting
stochastic volatility into the behaviour of the enlging, it was possible to consider many
different types of distributions. Heston Monte ©@antas found, for a given range of skew
and kurtosis, to produce relatively small depaduf®m Black time valuations. More
importantly these departures do not prejudice Fibpa 1.4. Hull and White (1990) also
found that the Black model can still be used whenunderlying mean reverts. So long as
an adjustment to the volatility input is made, B8kack model can be used for pricing
options. It can be shown that as the speed of meaarsion to a given long term inflation
mean increases, the appropriate volatility inputo irthe closed form solution
correspondingly declin€$? Time valuations are implemented initially using tblosed
form Black model, and then the Vasicek (1977) maglebmputed numerically to examine
the effects of relaxing some of the Black assummgtiosing inflation data from the
Greenspan incumbency. Of course, by using altemafption pricing models that are now
well established in the literature, central banleasld adopt time valuation to deal with a
wide variety of inflation behaviour and risks. ThMasicek (1977) model for instance

1% The Bachelier model could be used if policy makeighed to attribute the same level of risk to akéfin
as inflation.

159 This may be particularly desirable in a world afigthian uncertainty.

170 This would suggest that the Black model is qudbust for varying inflation behaviour. The option’s
framework developed here however does not prechul@pplication of other option pricing modelsfaat,
this is probably how best to approach zone targetipected inflation when central bankers are veh sure
which type of risk they confront.
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permits the analysis to be extended to take intowat the following: (1) deflation, (2)
predictability or mean reversion and (3) normaldf the underlying, as opposed to
lognormality. Relaxing lognormality and random walksumptions permits a more varied

risk analysis of inflation.

Using the Black model, it can be shown that thecgahte adjusts dynamically as inflation
changes. The time value of the long call and shotts sensitive to the relative proximity
of inflation to the inflation thresholds as desedbin Figure 2.1/* In addition, volatility
and timing are important parameters inputs thatassly interpreted in a monetary policy
context. A delta measure on the collar portfolion d&e estimated and this offers an
additional metric to gauge how policy theoreticalgponds to a path dependent inflation

variable. Implementing the risk analysis necessitéitst computing the time values.

2.3.1 The Black Model, Time Valuation and Uncertaity

Proposition 2.2Using the Derman-Taleb (2005) result reported iamier 1 and applying

a standard derivation of the Black model as devatop appendix A.2.1, the time values of
the call option and put option on expected inflatman be estimated using the standard
Black (1976) formula.

Proposition 2.2a:A risk management approach to monetary policy iesplihat rate
decisions are not only influenced by the proximftgxpected inflation to a given target but
also by the volatility of the underlying target iabsle and the time horizon over which
price stability must be contained.

Both the volatility and time horizon are necesgaayameter inputs into the Black (1976)
model and into most other time valuation moddlsne valuation using a parsimonious
Black (1976) model leads to:

cpo =€ [E(IN(dyg, )~ 77,,N(d, ) (2.24)

171 The inflation thresholds values become the defgtiles for the collar valuation.
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where IT;Z represents the upper tolerance for inflation tigigers a monetary policy

response ancé(n) denotes the expectation of inflation in a Derman-Faliek neutral

world. The difference in squared brackets is discoutdellow for time decayT denotes
the time horizon over which the inflation target is intendebe preserved’” In a forward-
looking world Proposition 2.2a invokes the Black modelgauge the effect of risk and
uncertainty. In so doing, the standard notation applierepresents the continuously
compounded risk-free yield on a government treasury bith whhe same maturity as

defined by the expiration date of the coll4tThe risk neutral probabilities are given by:

N(o,,)- N{In(E(ﬂ)/;T:g/zT_)+ alezJ
(2.25)

n(E(n)17,,)- o>TI2

N(d,,, )= N{ s J

N(x) here represents the cumulative probability fatandardised normal distributiow:
measures the standard deviation per annum of eegbémfiation returr’* This notation is
standard for the Black model and standard for wglunterest rates caps and floors. The
time value of the call option is given by (2.24)heT forward-looking specification is
consistent with the literature. Clarida, Gali anert®r (1998) configured the central banker
as targeting a future rate of inflation. The fordidooking nature of recent Taylor Rule
specifications makes the time value option constn@menable to risk analysis given the
uncertainty implicit in targeting a forecasted wahie. Bernanke (2004a) compared
‘forecast-based policies’ and ‘simple feedback q@e$’. He asserted that the Federal

Reserve depends primarily on the forecast-basesbapip for setting policy.

Proposition 2.2bThe time value of the put option on inflation candstimated using the

Black model. Using put-call parity it can be shothat:

172 See Appendix A.2.1 for motivation of formulae fratre perspective of a central banker implementing
inflation forecast targeting.

173 The inclusion of is not strictly necessary, but is preserved herdtfe sake of maintaining consistency
with the standard Black model. The interest ratmuld be ignored because ultimately it does npeapon
the r.h.s. of the reaction function. See (a.2.1.Afpendix A.2.1.

7 See chapter 1 for more discussion of these irmdsmplementation of valuations, using closed-famd
numerical estimation.
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Py = e lﬂ;lN(‘ ngl)_ E(”)N(_ dlgl)J (2.26)
where IT;l represents the lower tolerance for inflation th@jgers a monetary policy

response. In effect, as expected inflation fallgnetary policy is driven by the relative
proximity to this lower threshold. The usual nadatapplies:

N(-d,,;)=1-N(d,,,) and N(-d,, )=1- N(d,,,) (2.27)
For the put option the risk neutral probabilities aalculated with a different magnitude for

the lower strike,z, :

N(dy,)= N[In(E(ﬂ)/]T:Jl)-'- UZleJ

T

2.28
N ):N[In(E(ﬂ)/ﬂ;l)—azT/ZJ (229

oNT

An important distinction lies between the time whnd intrinsic value of the collar. The
payoff configuration from a collar that matures imently, or is at expiration, is akin to
the hockey stick shapes defined in Figure 2.1. Tyye of payoff or monetary policy
response is ascribed to the interest rate detetimmander certainty. If, however, the
central banker is assumed to adjust current irttee#es to respond to expected future
developments in inflation, it makes more sensestorate the value of the collar with a
time horizon extending one or two years. The shapé¢he policy response changes
considerably when compared to Figure 2.1. FiguPed2monstrates the contrast between
the intrinsic and time values of the collar. Theimsic value is computed by taking the
difference between the intrinsic value of the lazadl and short put with the respective

exercises at 4.5% and 2.5%:

o T
(Cr[ 0045 _ pglzo.ozs) (2.29)

g2

When expected inflation is uncertain, the cokaestimated using the Black Formula:

. T:l,a:0.25*
(C52:0.045 _ pgl:0.0ZS) (230)
The time valuations of a collar agreement basedifberent levels of expected inflation are
estimated using the Black formula as described2i®4) — (2.27) and then by aggregating

into the portfolio(c2 - pl). Taking expected inflation starting at 0.5% ancreasing to 7%
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in increments of 0.25%, the combined value of theglcall and short put are calculated
using the Black model as set out in PropositioBa 2nd 2.2b, see table 2.1. The parameter
values are set at= 5%, ¢ could be set arbitrarily to zero although herset close to the
average one year yield on Treasury Bills over thhee@span period)y=0.25 (the lower
range of volatility estimated using a recursive GR1,1) forecast for the Greenspan
tenure}”™, T = 1 year (the forward looking specification used ®larida et al. (1998)),

T, =25%, and 77, = 4.5%.7"° Table 2.1 presents the time and intrinsic values df bot

the call and put, including risk neutral probabilities. Bynbining these into portfolios, it

is possible to calculate the time value of the payoff.

A key insight from Figure 2.2 is that under uncertainty @olnoves very gradually as
expected inflation remains inside the strikes. It does hmwever remain dormant as
depicted initially in Figure 2.1"" Generally, as the expected value of inflation moves
outside the thresholds, the policy response appears to becdocneasingly more
pronounced. This portrayal of policy suggests that undeditons of uncertainty,
distinguishing between the deliberative and opportunistite rsetting may not be
straightforward since policy makers do not wait for expécinflation to breach the
thresholds before adjusting the policy rate. This tesurrors quite closely the finding of
Orphanides and Wieland (2000a) when describing zone targeting:

‘In a world with uncertainty due to unforeseen shocks ethisr always some
probability that a shock pushes inflation outside the eaofjinflation gaps over
which the policymaker with zone-quadratic preferencescgies no relevant
welfare loss. To reduce the likelihood of inflation fadji outside this zone, the
policymaker is willing to open up small output gaps evesugi inflation is still
inside the zone. This result is very much consistent tith practice of central
banks, who target ranges but typically emphasise that thesges are not
implemented in a mechanical manner.” (Orphanides and Wdgl999, p.29)

17> The calculation relating to the GARCH(1,1) recuesforecast of inflation volatility is described in
Appendix A.2.3.

7 The upper tolerance appears in the comments madebmber of Federal Reserve officials. See pf14 o
the December 1989 FOMC transcripts. The lower éolee is given here as being 2% lower. This is ptege
as a baseline but other magnitudes are also condideksoy el al (2006) maintained the width of dome of
inaction fixed at 2%. Other specifications arecafirse, possible.

177 Orphanides and Wilcox (1996) also argued thatop@ortunist central banker, when facing uncertainty
would not be entirely inactive between the inflattbresholds. See Orphanides et al. (1997) page 6.
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Consistent with Proposition 1.4, policy under utaiaty is unlikely to remain dormant
when expected inflation resides inside the comfadne. In this regard, the
nonlinear/opportunistic representation as set nwigure 2.1 can only be regarded as an
extreme case where inflation outcomes are knowh weatrtainty. The collar construction
when estimated using time valuation is very simiarhedging or purchasing insurance.
Indeed that phrase is commonly used in the FOMGstrépts'’® A decrease or increase in
inflation does not immediately precipitate a comswate move in the policy rate.
Uncertainty, here, is thought to increase as tHatiity of inflation increases and as the
targeting horizon extends. Portfolio option thearguld suggest that uncertainty would
reduce nonlinearity and the existence of nonlimgani the reaction function is shaped by
the ebb and flow of inflation volatility and targeg horizons. Equally, policy is likely to

migrate between varying levels of nonlinearity.

2.3.2 Expressions of nonlinearity inside and outselthe FOMC

The public utterances of a number of policy malsrggest that for a number of central
bankers, rate setting is path dependéhiThe opportunistic approach gradually targets
price stability once inflation falls within a zooé tolerance. The distinction between policy
being set under conditions of uncertainty or catyais then clear. Figure 2.2 suggests that
under uncertainty (where uncertainty relates saielyot knowing inflation outcomes in
advance) nonlinearity is mitigated. One importargight here is that inflation risk helps
shape the extent to which policy implementatiogrsduated. Inertia in a Taylor type rule
is often incorporated by adding a lagged dependeaniable. Smoothing is generally
denoted in estimations by a coefficient value nedty for the lag that is constant over a
given timeframe. Option theory as described by ypgl the collar option portfolio,
permits the inertia to be dynamic. Figure 2.2 igfulsin communicating how policy
activism evolves as the underlying expected irflatand inflation risk evolv&® This

178 The notion of gradually moving the policy rataisalogous to hedging when conditions are unceftia.
metaphorical reference to buying insurance wasufetly used in a number of FOMC meetings. See
President Forrestal comments on p. 77 of the Deeet®B89 FOMC transcripts. Likewise, Governor Kelley
p. 87, President Boehne p. 92, President Syrob pf the same meeting.

179 See Kohn (1996).

189 policy activism is meant to imply how quickly pojitightening/accommodation is added/removed.
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sketch of monetary policy is similar to the viewgressed by Governor Johnson at the
December 1989 FOMC meeting, (p. 44).
‘So, my view is that we have to be sensitive to i@ economy. We have to be
patient enough to pursue our goals consistent \waitbiding recession unless
inflation accelerates. If inflation starts to aerate, we don’'t have any choice.’
(Federal Reserve Board, 1989, p.44)
The nonlinearity appears to arise from policy makeanting to protect jobs and output
when inflation is moderate, yet being preparedwdch gear when inflation threatens to
rise above a given acceptable thresHldlhe opportunistic approach is closely linked to
interest rate inertia, in that central bankers db move to squeeze inflation immediately
while in the zone. This also suggests that smogtbught to be dynamic. The notion of
‘chipping away’ at the inflation objective impli¢isat the ultimate objective is cumulatively
much greater than the intermediary steps. The aoppistic approach however does not
necessarily sanction a diminished concern for tioilabut rather influences the timing of
rate adjustments. President Boehne, at the Dece38& FOMC meeting, (p.18), outlined
this relationship between opportunism and gradomlis

‘One thing that | get out of this is that we gebimflation and we tend to get out of
inflation not so much in a straight line route buer a period of time over different
cycles. Some one made the point earlier that ioflahas built up over the 15-year
period because it would peak out in a subsequetie @t a higher rate than the
previous inflationary peak and it wouldn’'t dropla#/. And | wonder if that is not
instructive in terms of how one gets out of it. el Reserve Board, 1989, p.18)
In the opportunistic strategy, the Fed Funds adjasts are applied incrementally. When
inflation is moderate, policy moves in a graduahian. The measured adjustments to curb
rising inflation indicate that the opportunisticgapach can not be fully described by Figure
2.1. Portfolio Option Theory, when applied, wouldggest that opportunistic central
bankers can indeed respond to inflation within tioderance levels. The effect of
uncertainty is to place the policy rate along atomum of activismt® In an uncertain

world, policy makers may be prepared to effect auionary changes to thwart incipient

181 An important consideration here seems to be theeped acceptability in the public eyes of differe
courses of action.

182 policy activism may be thought of as the speedh wihich policy becomes accommodative or tight. If
policy activism is high, this implies there is lésterest rate inertia.
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moves in inflation even though inflation remainshii the thresholds of tolerant®. It
should be kept in mind that in the late 1980s oppustic policy had not yet been fully or
formally elaborated as a strategy for containinigepincreases. The views expressed by
these Fed insiders plausibly reflected their pcattexperience. President Boehne and
Governor Johnson seemed, nevertheless, to be prg\adrelatively complete description
of the then embryonic opportunistic approath.

Bernanke and Mishkin (1997) refer to a strateglirdfation zone targeting” which shares
much in common with Aksoy et al. (2006). This aca®es keeping inflation within a given
range rather than specifying an exact point tafjgthe Federal Reserve did not during the
Greenspan chairmanship have an explicit targetishatalogous to those attributable to the
monetary policy regimes in the U.K., Canada, or ENMuich of the Humphrey-Hawkins
Act however did stress credit and monetary aggesgdthornton (2004) in reviewing the
FOMC transcripts has found that the board, in ¢ff@cgeted the Federal Funds rate since
1982, but has allowed the fiction of monetary/resetargeting to persist since it
expediently provided ‘political cover’ to officialwhen wanting to raise interest rates. In
discussions, the FOMC preserved the lexicon obtireowed reserves operating procedure
until January 1991. Even when monetary policy dismns de-emphasised reserves and
the board was internally aware that they were targehe funds rate, they did not fully
describe the funds rate targeting operating praeeguofficial announcements. Thornton
(2004) maintained that the Greenspan FOMC did leairly acknowledge an explicit target
for the Federal Funds rate in the policy directiveil December 21, 1999. This lack of

'3 The strike levels may reflect the heterogeneolisfbeof policy makers, inside the committee ancbas
institutions. Bandwidth is also plausibly influedcky the chairman’s capacity to achieve consensdsbg

the nature of any economic shock. For instanceinthetion thresholds could potentially widen iretlevent

of a supply shock by virtue that consensus mayhbeoso easily attained. If policy makers were digide
between those who subscribed to a hierarchical atarehd those who attributed equal importance to bo
gaps: inflation and output, this could thwart réaghagreement easily.

184 Compare President Boehne’s view here, in Decem@®9 with that of Don Kohn’s appended comments
to the September 1995 FOMC meeting. ‘....the Fedeeakrve does not seek to raise the unemployment rat
above the natural rate, but effectively leans hamafgainst shocks to the economy that would increase
inflation than those that would decrease it. Tisailténg pattern would be successively lower inflatrates at
cycle peaks and troughs.’ (Federal Reserve Bo@WE, September, 1995, p.6, Appendix)

1% This is not for the want of trying. Proposed Iéafion: the Neal Amendment and Connie Mack Bill
failed to culminate in explicit targets being sat the Fed.
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clarity may have reflected, at a deeper level, kigal unwillingness to tackle economic

imbalances precipitately.

Most explicit inflation targeting central banks pide some room for manoeuvre in
achieving price stability®® In this sense, the opportunistic or zone targefiegime
provides for a dynamic set of responses. It is iptesghat a significant motivation for the
Federal Reserve over the 1990s, in developing pp®rbunistic approach, was to enable
Fed officials to describe their actions, in the eale®e of an explicit inflation targeting
mandate, in a language accessible to other putdittutions. It constituted a form of
contingency rule where transitory departures fronlinaar progression towards price
stability could be explained in the context of gmig short-term output objectives.
Inflation zone targeting, as implemented in otheurdries, contains many elements that
can be observed from Figure 2.2. It effectively lieg targeting inflation more
aggressively when inflation moves outside a givanget range. Figure 2.2 summarises
some of the dynamics described by central banicialsi from other countries. The New
Zealand Reserve Bank widened the target zone flation from 0% to 2% to 0% to 3% at
the end of 1996 to reduce the need for activisicpakesponses. In 1997, Governor Brash
pointed out:

“The tension is between, on the one hand, choastagget range which effectively
anchors inflation expectations at a low level bhick is so narrow that it provokes
excessive policy activism and risks loss of crditiyoby being frequently exceeded;

186 Following the United Kingdom'’s departure from th&change Rate Mechanism in October 1992 the
Bank of England switched to a new policy of infettitargeting. The adoption of an inflation targettie
U.K. was accompanied by the publication of an bidla Report. In May 1997, the Bank of England was
granted operational independence. Originally thé&ddnKingdom set out a target range for inflati®mnce
receiving independence the target has been conwaeyed point but with 1% symmetric thresholds. From
1997 to 2003, the inflation target was 2.5% peruamnmeasured using the retail prices index exclydin
mortgage interest payments (RPIX). Thereafter, thrget was amended by the Chancellor to be the
Harmonised Consumer Prices Index, (HICP), andt®¥aagain retaining the 1% symmetry.

The Bank of Canada adopted inflation targeting 9811 Its target definition is stated as a rangdamyet
range of +/- 1 % was set around a midpoint of 3%hatend of 1992, thereafter 2.5% by mid-1994 &td 2
since the end of 1995. In November 2006, the 1 per3cent target range was renewed to the end df.20
Monetary policy will continue to be aimed at keapinflation at the 2 per cent target midpoint. Thte of
change in the CPI represents the official target “bmderlying CPI”, excluding food, energy, and the
contribution from changes in indirect taxes is uag@n operational objective.

The Governing Council of the ECB targets “the twitlaps”: money supply and inflation. The Council
decided to specify a quantitative range for prieditity in the Euro area as being: ‘a year-on-yiearease in
the Harmonised Index of Consumer Prices of belgveZzent’. The wordncreaseis used advisedly in that
the term excludes negative rates of change inribe mdex. See Diewert (2002).
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and on the other, a target range which does adésstive job of anchoring

inflation expectations, but requires less policyivaem and protects credibility by

being rarely breached” (cited in Bernanke et a§9%. 113)
There is an obvious parallel with the opportunisiiproach in that the inflation thresholds
give the monetary authority a wider span for manozuln both cases, there is an inverse
relationship between the width of the policy barad=l policy activism. This can be
illustrated using a delta metric developed belowp@rtunistic policy and zone targeting
both imply that central bankers are not compeltetie unrelenting when inflation remains
within tolerable thresholds. This paradoxically chelp maintain credibility in that it
permits inflation shocks to be accommodated withmetipitating automatic sacrifices in
output. Zone targeting permits central banks tcam@ competing demands. Activist
stabilisation is managed in a manner that permitsespolitical economy in achieving long

term institutional objectives.

2.3.3 Policy inertia and activism using delta
Proposition 2.3Delta is the partial derivative of the time valuetbe option with respect
to expected inflation. This partial derivative repents an innovative metric that captures

monetary policy inertia/activism.

Proposition 2.3aPolicy inertia/activism can be gauged by estimatthg Black delta

where the option portfolio is given bﬂﬂ:gz - pgl) .

Proposition 2.3bThe portfolio delta is normally estimated to be imised, when expected
inflation resides within the strikes. This is catent with policy being least active or most
graduated when expected inflation falls betweerughyger and lower targef’’

Proposition 2.3c:A widening of the zone between the exercise rates reater

disagreement between policy makers), precipitateatgr nonlinearity.

87 When volatility is elevated this tends to push foint of minimum policy activism to a lower levef
expected inflation. This asymmetry is describedrlat propositions (2.4) and (2.5).
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Proposition 2.3d:Policy inertia/activism can be otherwise gauged dstimating the
Vasicek or Heston deltas using the option portfdlased on |nflat|on( pgl) This
implies that the delta framework can be extendedawsider a large variety of policy
contexts where the lognormal random walk modeha@ight to be less appropriate or

where central bankers feel confident they can makeargument that privileges mean

reversion and departures from lognormality.

Consider the time value of the call:

Cyo = € M|E(m)N(dy, ) - 77 N(d,g, ) (2.31)
If this is differentiated with respect to expectefiation, this yields a measure for the call's
delta®®

acy,
0E( 1)

. 0d,g,
= e‘f(”){N (dlgz)+ E(7)N' (dlgz)aas(lj;) =71, N’ (dzgz )Fj.[)} (2.32)

From the appendix C.3 in chapter 3 it can be shitanh
E(m)N' (d,,)= 7,N' (d,,) (2.33)
and since the standard normal density functiom is\een function:
0d,, _ ad,,
O0E(7T) OE(m)

The implies that the delta, for the call optiorthe portfolio can be estimated to give:

(2.34)

Jc
92 _ 4r(T)
e N(dy, ) (2.35)
Likewise
=& I N(- dyg )~ E(AIN(- dy, ) (2.36)

When differentiated with respect to expected imdla(2.37) emerges:

188 Note that the normal cumulative probability>obccurring is given byN(x). N'(x) denotes the standard
normal probability density function

N'(x)—ieX7 IN

Vo
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Py _ e-r(T-t{n*lN' - dzgl)a(_ T~ - dlgl)a(_ ) _ N(- dlgl)}

O0E( ) ’ 0E( ) O0E( 1)
(2.37)
From (2.19) and (2.20) it can be shown that:
0
P _etron(-d,,, )= [N (dy,,)-1] (2.38)

oE(7)
The risk neutral probabilities for the put and dadive different strikes. The delta of the
collar portfolio can be calculated from the deltak the individual options in the
portfolio *%°

0Cy,  0py

0E() 0E(m)

The collar represents a portfolio of a long calll @short put on the same underlying. The

(2.39)

delta of the portfolio is obtained by taking a wergd sum of the deltas of the individual
positions. (2.39) calculates the delta of the cdika subtracting the delta of the short put
from the delta of the long call. The same rangexpected inflation values as Table 2.1 is

considered when computing the portfolios’ deltase portfolio delta:

T=10=025
77 =0.045 77 =0.025
0 (ng Pg1

6E(7T)

) =e"MIN(d,,,)-e"™|N(d,, ) -1 (2.40)

represents the slope on the coll - at varying levels of expected inflation. It
42 pgl

measures the rate of change in the monetary podisgonse with respect to a change in
expected inflation, where the collar captures goliehaviour. The delta curve has the
capacity to map out policy responsiveness overexiipd range of expected inflation.
Figure 2.3 shows that as expected inflation mowgsiae the policy bands 2.5% to 4.5%
delta rises. This confirms the economic intuitioroypded before. As inflation moves

beyond the thresholds, policy becomes more robiugiire 2.3 maps out the delta curve for

the portfolio. It is lowest when expected inflatities inside 77, and 7,,, the inflation

189 The respectivél(d,)s for the put and for the call are not equal gitreat the strikes.’T;1 and IT;2 for both
options are different.
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thresholds. Likewise, as the underlying departsiftbe band defined byfgl and IT;Z, the

value of delta rises close to 1.

Advocates of opportunism hold that while expecteflation remains within tolerable
levels, the monetary policy makers should refraiomf unremittingly containing price
increases. This version of events seems to accelldwih the risk analysis implied by the
delta curve of Figure 2.3. That is, policy makesaat to inflation in a more attenuated
fashion between the strikes. In this sense, tha délthe collar traces out policy activism.
If policy was conventional or deliberative this vidilead to a constant deft Figure 2.4
shows that if the band is widened for the samebagiprtfolio the delta drops further. This
seems to be consistent with the assertion madeoler@or Brash that narrowing the band
has the capacity to provoke additional policy astiv (i.e. the speed at which the output
gap is opened is accelerated). A very narrowlyngefizone target may test more severely
the reputational capital of policy makers who avecéd to more hastily sacrifice jobs to
preserve price stability when compared with cenbeaikers who more loosely define the
zone target™ A very widely defined zone however may underminedibility by virtue
that policy makers are seen to respond to inflatlevelopments too sluggishly. Figure 2.5
provides a more complete overview of six zone tiimgebands that abound 3.5%. Delta is
calculated using the collar. 0.0025 correspondféanflation band going between 3.25%
and 3.75%, i.e. 0.25% either side of 3.5%. 0.0l@%esponds to the inflation band 2.25%
and 4.75% etc.. In all cases the arithmetic mddaheoupper and lower band is 3.5%. It is
clear that delta declines as the bands widen. Ehahere would appear to be greater

smoothing. There would also appear to be asymnmeegch of the delta curves.

2.3.4 Asymmetry in the Delta curve
A key feature of the Black delta curves is thatytlae asymmetric, i.e. the expected
inflation rate associated with the minimum deltduealies below the mid point or

199 This is illustrated later in Proposition (2.4) a@db5).

191 Ultimately, policy opens the output gap to contaifflation. The delta describes the pace with whteht
output gap is opened. As the zone target widessirtiplies that output gap is opened at a more giadte,
all else being equal.
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arithmetic mean of the two inflation thresholds. ilfgstrate this, it is useful to employ the

gamma of the collar portfolio. This leads to th#ofwing propositions:

Proposition 2.4The gamma of the collar portfolio can be used tadsh the level of
expected inflation at which policy is least respeado a change in expected inflation or
where the policy rate adjustment is most graduatésing the Black model, it is found that
the expected inflation rate, associated with thedst delta, is inferior to the arithmetic
average of the thresholds. This implies that théadeurve for the Black model is
asymmetric.

Proposition 2.51f the upper and lower thresholdstrikeg are equal this implies gamma
is zero and delta is constant for all levels ofeotpd inflation. That is, using gamma it is
possible to show that an agreed inflation poingtty produces a linear policy.

To estimate gammd, , it is first of all necessary to determine itseddgaic form:
- e d’cy,  0°py,
0E(m)* OE(1)?

(2.41)

This in effect, implies taking the second derivatof the difference between the call and

put with respect to expected inflation.

|n(E(lT)/lT;2)+ o°T/2 In(E(ﬂ))—In(ﬂ;2)+ o°Tl2
[ oT-t J [ oT-t

When d,, is differentiated with respect to expected inflatthe expression in (2.43) is

N(dy,)= N

J (2.42)

obtained.
c?dlg2 1
= (2.43)
0E(1) E(m)oNT -t
This can be substituted into (2.44)
d%c ad
922 - e—r(T-t) N'(dlgz) 192 (2.44)
0E(m) 0E(m)
to become
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a’c 1
2 =™ N'(dy,)————— 2.45
E()? {N 0 E(maT -t } (2:49)

(2.45) gives the gamma expression for the call.il&ity, it can be shown that the put’s
gamma is equal to:
(?Zpgl od 1
R EIENT 191 | _ -r(TO)| ngr
——=e N'ld,, ) ——|=e N'\dy ) ———————
aE(ﬂ)Z ( lgl)aE(ﬂ) ( lgl) E(ﬂ)U /T —t

where

(2.46)

od,, 1
OE(M)  E(moT -t

Combining the short put and long call, the portdgigamma,l, is obtained by taking the

difference.
d%c, 0°py 1
— — —r(T-t) [ _ 1
- =l =e N'{d N'\d, . J|———
OE(m)?  OE(7)° [N {e2)- (o) E(m)ovT -t

By setting (2.47) equal to zero and solving forextpd inflation, the delta is optimised. In

(2.47)

this instance, delta is being minimised. Given \2-22.5) and Proposition 2.2, policy is
least activist when delta reaches its minimum. Tdasurs whenl” is equal to zero. By

taking (2.47) and setting out the first order coinds for attaining the minimum delta:

o) (dlgz) 1

PTC| INT 1 _
E(IT)O'\/T—'[} © {N (dlgl)E(ﬂ)a\/T—t

By collapsing (2.48), two possible outcomes emdmause taking the square root implies

0 (2.48)

there is both a positive and negative root. Thislmaillustrated by observing that:
lN'(deZ)J = lN'(dlgl)J (2.49)
The first outcome assumes that both roots simuliaslg are positive or negative. The

delta is optimised when:
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1 |n(E(IT)/IT;2)+0'2(T—t)/2 ’ )
Umex{—( T J 120 ]

1 ex{_{m(E(n)/n;l)mz(T—t)/2J2/202]

o~2m oJT-t
|n(E(IT)/7T;2)+0'2(T—t)/2 ’ ~ |n(E(lT)/IT;l)+0'2(T—t)/2 ’
e R e

Taking the square root of both sides it is fourat:th

|n(E(lT)/iT;2)+ o’ (T-t)/2) |n(E(lT)/lT;1)+ a*(T -t)/2
[ aJT-t J_[ aJT-t

The second outcome assumes that both roots haeeedif signs. Again delta is optimised

J (2.50)

when:

|n(E(lT)/lT;2)+0'2(T—t)/2 _ |n(E(lT)/lT;l)+0'2(T—t)/2
[ adT-t J_ [ aJT-t

(2.50) holds when the upper threshold and lowesstiold of the inflation targeting zone

J (2.51)

are equal. This is a special limiting cd&When the upper and lower thresholds are equal
the delta is constant, so no single minimum dekste In other words, the delta is
optimised for the entire range of expected inflatio
In(EEﬂ)/ﬂ;f) =In(E(n)/,) 252
=TTy, =My
When the strikes are the same it is found thadgi& is constarlf® Correspondingly, for
the entire range of expected inflation, gamma isaétp zero when the strikes equate. The
delta magnitude remains constant implying no simgileimum or maximum value can be
identified. This is consistent with Proposition 2\When the upper and lower thresholds
converge, the monetary policy response is conseélguea longer path dependent. This
might be thought of as an important limiting cask apportunistic smoothing. If
alternatively, E(77) is derived from square roots that have differégims as described by

(2.51) the following emerges:

192\When policy makers agree this implies policy iekr and the delta as a consequence is constant.
193 This would imply policy makers are fully agreedtbe inflation target.
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* * 05
TT,,.1T,
E(n)=|: 92 gl} (2.53)
a?(T-t)
e
and this outlines a geometric mean type formulapkamits the calculation of an expected
inflation level that minimises deltd8’ Once the inflation thresholds, time horizon for
targeting inflation and volatility of the underlgnare known, it is possible to deduce the
extent to which policy is most graduated or leaslicg activist due to the uncertainty
regarding the underlyintj” It is clear from (2.53), that the delta curve symmetric given
that:

* * 05 * *
T, T, T, + 7T, .o
E(]T):l: 92 91} < 912 2 wherer,, # 1, (2.54)

It is also clear that as the volatility and matufite. targeting horizon) increase, the delta
curve becomes more asymmetric for a given setrestiolds. If the product of the variance
and time go to zero, the expected inflation ratsoaated with the minimum delta
converges to the geometric mean of the threshdié implies that the expected inflation
rate associated with the minimum delta wilvaysbe less than the arithmetic mean. This
asymmetry is a key feature of the Black/Black-Sebahodel. From the price behaviour
implicit in (1.14), it is clear that as expectedflation increases the effect of volatility;, is
greater. If central bankers accepted that inflatiolatility increased as inflation increased,
this would imply that policy makers using this typkrisk analysis would respond more
aggressively to inflation as inflation increasétiin this regard, the Black model has built
in more upside risk than downside risk. This featigr particularly useful to inflation risk
analysis that weights the uncertainty of accelegainflation differently to disinflation.
The asymmetry implicit in the Black model is exaednin more detail when the Vasicek
model is developed in Section 2.5.

194 See appendix A.2.2 for derivation.

195 The application of (2.53) would appear to havedevapplicability.

198 This would also imply that a policy maker, whogmved the risks of deflation as being minimal, igou
better describe their policy responses as beingistamt with the time valuations associated witckl
model.
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2.4 Explicit zone targeting and the desire for ‘wigle’: arguments for an opportunistic
FOMC policy response

During the early discussions of monetary policyatggy at the Greenspan FOMC,
members frequently identify the need to presertiutie. This notion of providing leeway
was significantly developed by President Corriganthe December debate (FOMC
transcripts, p.30, 1989) which also proved impdrtarterms of understanding the origins
of the opportunistic debate. President Corrigarcdesd leaving some ‘wiggle for shocks’
in much the same way as Governor Brash describeskpring a sufficiently wide target
band. Providing a timetable seemed to be diffigifen the array of possible exogenous
shocks that could derail policy actions. Presidgatrigan indicated an unwillingness to
gamble the Feds hard won reputational capital ly poecisely flagging the Federal
Reserve’s target for inflation. If the inflationr¢eet was very precisely signalled and that
target subsequently was not met, it was feared ttmatFederal Reserve would loose
credibility by virtue that a highly activist polioyas not politically feasible. In the context
of both explicit ‘inflation zone targeting’ and thiesser well defined opportunistic
disinflation strategies, Propositions 2.3 — 2.3ovae an innovative approach to
understand how policy becomes more graduated owewngentious range of expected
inflation. By avoiding excessive policy activismr@bust political economy stance may be
assumed. Figure 2.4 shows that widening the tazgaee is associated with the delta
declining. This is consistent with providing extriggle’ room for rate setters. It also
provides some insight into understanding why ceriamkers may advance a somewhat
fuzzy or vague inflation target. Finding the optin@ndwidth marries two institutional
requirements of (a) preserving discretion over goknd (b) maintaining a sufficiently
tight grip on inflation expectations. The followirmxchange between chairman Greenspan
and Governor Laware at the December 1989 FOMC ntgep. 29-30 of the transcripts,
identifies the pitfalls of too precisely identifgra point target.

Mr. Laware: ‘If Babe Ruth had hit that home rurthe 1932 World Series, whether
he pointed to the center field stands or not wouldave made any difference. But,
[after pointing to the stands], if he hadn’t hih@'d have been seen as a fool.’

Chairman Greenspan ‘No, if he hadn’t hit it, he erewould have been seen as the
ball game’s....’
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Mr. Laware: ‘But having pointed, | think we run tlastinct danger of [losing]
credibility as well confidence and then we get itlte position, politically, where
we as an institution become more vulnerable.’(Faldeeserve Board, 1989, p.29-
30)

The Babe Ruth analogy demonstrates an understandalctance by central bankers to
construct a benchmark against which policy coulddginely criticised. By not positing a

point target, policy makers had more scope for ghég™®’

That ‘wiggle’ of course has
become a point of criticism for a number of ecorgimiSvensson (2004) maintained that
Greenspan has always sought to maintain maximuaonetien. Conversely, Aksoy et al.
(2006) maintain that a central bank dealing withderately accelerating inflation may not
be able to freely impose a conventional anti-imdlafpolicy. The likely political acrimony

occasioned by lost output may thwart central basketheir efforts to control inflation.

So the Greenspan FOMC, at least with regard to sowbers, interpreted policy as
nonlinear. There implicitly existed discernible mlnts of opportunism even though the
term had not yet been coined. The desire for ‘vaggbnstituted a form of pragmatic
central banking in so far as policy makers weresgir to reconciling short-term
objectives. Portfolio option theory provides the ame to describe opportunism under
uncertainty using delta and other measures of Mfalesident Boehne’'s words at the
December meeting portray a significant elementyoiahic behaviour that seems to accord
with the delta framework:

‘| think we have to be careful here that we doettperfection become the enemy of
improvement. | would be happy to see us pursuesaafdisinflation over time and
not necessarily in a straight line.” (Federal Resdoard, 1989, p.33).
Importantly, opportunistic policy indeed affordedom for manoeuvre in terms of how
policy could be orchestrated and articulated. Tésird to avoid pointing, to continue the
Babe Ruth analogy, suggests that the origins obdppism were tied to retaining some

discretion over balancing short-run objectives.

197 The wiggle might be thought of as a discretiorzge target that policy makers can collectivelynge
as need be and do not disclose to the public.
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2.4.1 Heterogeneity of opinion: a zone of stalemate

Reading the FOMC transcripts, shows that in conemittiscussions, policy makers rarely
achieve complete agreement. There are time-honaaettloversies on the role of money,

the inflation target and on the appropriate inflatitargeting strategy. Members of the
FOMC frequently hold patently divergent views.The role of the chairman is important in

securing accord wherever possible, and this magecancumbents to lean towards a more
vague definition of price stability even in the abse of a formal zone target. Attaining

agreement often implies steering a middle couraettie majority of members can accept
as being reasonable and for which they would emdersen voting for changes in the

policy rate. Paradoxically, this task may be maalger when the future path of inflation is

uncertain:*°

In the absence of an agreed target, policy mak&reinces may affect the dynamics of
implementing rate decisions. Without explicitly mé@ig the mechanics of inflation
targeting, policy can be significantly influencey fpersonality, suggesting that consensus
fixing depends enormously on the skills of the lkésachairmarf®® Agreement internally
and externally is important if policy is to minireisstalemate, particularly where rate
decisions comes down to majority voting. The deliave and the associated risk analysis
shows however how disagreement dynamically inflesmate decisions.

2.4.2 Heterogeneity of opinion: committee and indtitional dynamics
A number of Fed insiders have maintained that tedeFal Reserve has implemented
policy within an opportunistic framework over thereBnspan incumbend)* The

conceptual development of opportunism can be traeed to the late 1980s when inflation

198 1n so much as policy makers are willing to buyuimice and increase the policy rate even when tgec
inflation remains within the thresholds.

199 By increasing the volatility of inflation, it isgssible to illustrate that policy becomes increglgitinear.

200 Meltzer (2005) makes the following observationotican not end inflation (i) if you don’t agree loow

to do it, (i) if you and the public think it isde costly to let it continue, and (iii) if you aveerly influenced

by politics. The Federal Reserve was better abledotrol inflation when the President was named
Eisenhower or Reagan instead of Johnson, Cartdixon.’ (p. 172)

201 A number of former and current policy makers idahg Alan Blinder, former vice chairman of the Boar
of Governors (BOG), Edward Boehne, former Presidérthe Philadelphia Federal Reserve Bank, former
Governor Lawrence Meyer and Governor Donald Kohretset out arguments in favour of the opportunistic
approach.
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moderated to levels where policy makers turnedesingly their attention to containing
unemployment. Central bankers may target inflaless aggressively during periods of
modest price rises simply because of difficultiesaaintered in marshalling any form of
sustained consensus amongst members of the BoasddedVi(2005), using a dataset
constructed from the FOMC transcripts, found thegpite only an official dissent rate of
7.5 percent, the level of discord was of the magigtof 30 percent for opinions expressed
regarding the Fed Funds rate in internal discussidhe effect of committee dynamics
may be more significant than that suggested pubglyoting patterns. Blinder, Goodhart,
Hildebrand, Lipton and Wyplosz (2001) maintainedttmembers of the committee do not
invariably vote their true preference. Meade (20@8kes the point that during discussions,
opinions are much more diverse and that, as ddoabnsensus building, the chairman has

been able to use the bias statement in the paliegtie.

The chairman may also feel obliged to ensure thityshould not elicit political censure.
Divergent opinions not just between members oBbard but also between the Board and
the legislature influence substantially the delvesf policy decisions. The FOMC
transcripts from the late 1980s tend to corrobothé&e view that the incumbents of the
board sought not to markedly antagonise their ipalifpeers. Institutional dynamics may
also be used to motivate a zone of policy stalemtesident Forrestal of the Federal
Reserve Bank of Atlanta outlined one key stumbbiark in reducing inflation rapidly to
its desired level, during the FOMC meeting in Debem1989:

‘There is an acceptance now-- rightly or wronglyda think it’s wrongly—that 4-
1/2 percent inflation is not all that bad. As itiften goes up, there comes a point
where people get concerned about it; | think peamald be willing to suffer some
sacrifice to go from, say a 7 to 8 percent ratenfdation to something lower than
that. But to go from 4-1/2 to zero, | think raisasquestion about the political
consequences of getting from where we are in 16880965. I'm not saying that |
disagree with the concept of moving in that directiBut | think a question that we
need to ask ourselves is whether 7 percent unemelotywill be accepted by the
public at large and, particularly, by the CongréSederal Reserve Board,
December, 1989, p.145

202 president Forrestal's view did not seem overlyrare by reference to comments that followed.
Interestingly Chairman Greenspan’s immediate respdn President Forrestal short discourse was“that
(the chairman) think that is a crucial question #iscbviously implicit in everything we do”.
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President Forrestal is clearly indicating thatitngbnal or political dynamics influence the
policy response to the inflation gap and this \v&oger different levels of inflation. The
delta curve, as outlined by Figure 2.3, providesne@ans by which to capture this
nonlinearity. President Forrestal comments wouldnsdo suggest that there exists an
asymmetry in monetary policy, in that increasingvels of inflation warrant
disproportionately greater levels of concern. Ntiat the definition of opportunism,
proffered here, should not be confused with thditipal opportunism’ spelled out by
Persson and Tabellini (1999). This latter envisageretary policy being crafted to deliver
economic growth and low interest rates just befelections so as to cast political
incumbents in a more favourable light. Opportuaigiblicy, as elaborated in this chapter,
iS meant to convey policy responses that are iafiapath dependent. This may have a
political dimension but not to the extent that F@MC sets interest rates to alter the
outcomes of elections. Opportunism does not exjli@nshrine an electoral cycle in

inflation.

2.4.3 More on committee dynamics: early attempts atefining the upper threshold
Two years into the Greenspan incumbency, a cognitpper threshold seems to be 4 ¥2%.
No theoretical argument was advanced to explain thigylevel of inflation is significant

from the public or policy maker perspective. Oneywéviewing this 4%2% level, is that it
represents the sum of the intermediate targeaind the tolerance leveél. Interestingly, in

what follows, this magnitude appears to be a raugithreshold level, at least, in what has
been said by a number of policymaké&sWhen investigating the notion of opportunism,
the December FOMC transcripts of 1989 provide #&gr&sting point of departure, namely
because Chairman Greenspan (p. 28) explicitly pdkedquestion: how should central

bankers respond to inflation when price increasesgenerally moderate? The resulting
discourse, revealed a somewhat divided commfitte&he December 1989 meeting was
also significant in that it pre-dated a formal défon of opportunism and its inclusion in

the literature. From the transcripts the approggeared to evolve over time and probably

culminated with a reasonably clear exposition irc&aber 1995. The December 1989

293 |t may have also reflected where inflation stobtha time of the December 1989 meeting.
204 The relevance of this division was developed iopBsitions 2.1a — 2.1e.
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meeting however was representative of a numbetGME discussions where the policy
makers were seen as grappling with how to discerapgropriate course of setting interest
rates when inflation was already moderate. Thetegji@s considered for attaining price
stability reflected the views of individual membefsthe committee. Nonlinearities can be
detected in the way the chairman defines with tranittee the region of price stability.

The debate on this occasion was substantively atetiv by two questions posed by
Chairman Greenspan (in the December FOMC transgript

‘Do the committee members believe that there agmifstant advantages in
targeting stability in the general price level ggosed to seeking to establish a
steady low rate of inflation? That is, are we lowkifor zero inflation or are we
willing to accept, say 4-%2 percent? (Federal ResBoard, 1989, p.28)

and

Is a precise timetable for moving to the ultimalbgective important either as a self
discipline or for expectational reasons or woultat sufficient simply to focus on
maintaining progress in the disinflationary direat? (Federal Reserve Board, 1989,
p.27-28)

The discussion that ensued from the chairman’stiumessis instructive in that a number of
the committee members interpret monetary policgeasg much more subtle than a unified

conventional linear rule would imp#y?

The discussion seemed to lay the foundations faptuy a particular strategy to curb
inflation when price level changes are modest. @oearring theme that comes through the
December discussion is that objectives are attammcalways in a straight line. Not all
around the table shared President Forrestal’'s @pinihe transcripts reveal a mosaic of
views and deliberative anti-inflationary rhetoriasvby no means absent. Governor Laware
pointed out that he was not prepared to accept gaesitory departures from the goal of
price stability in the December FOMC transcripts.

‘I have been repeatedly shocked, or guess dismdyethe level of nonchalance
evidenced by some of my colleagues in my previogarnation on how they felt
about the current level of inflation. We have satehat the Federal Advisory

20% Cukierman (2000) suggests that political institusi tend to interpret the costs incurred by cotita@s
exceeding the benefits that flow from economic espan. In a representative democracy autonomous yet
accountable central bankers cannot be totally rechénom the wishes of their political peers.
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Council meetings and talked about the economy &ndst had to drag out of them

some level of concern about inflation.” (Federas&ee Board 1989, p. 29)
Views differed substantially in terms of what pglimakers regarded as constituting the
correct approach to implementing monetary policgu&tion (2.1) with a low inflation
target, probably better describes Governor Lawadesire to restore price stability as a
matter of urgency. This impetus to lower inflatisnmanifestly not conditioned on levels
of tolerance around an intermediate target. In thgard, the type of policy one would
suspect Governor Laware would advocate would lmngly deliberative. In addition, his
immediate inflation target seems to have been niowler than a number of his peers.
Likewise, Governor Angell at the December 1989 mngemakes the point that the resolute
anti-inflation type stance is the most ‘honest’ iaeh.

‘Finally, it seems to me that there’s basic intggmvolved. | just don’t understand
why anyone would want to say they wanted to pgaic in a lack of integrity,
meaning we’re just making promises. It's our jobrake promises in regard to the
purchasing power of U.S. dollars. To me it's a rhapaestion of integrity. And |
cannot participate — | cannot serve on a BoardeenBOMC that doesn’t have this
integrity. Excuse me for being so extreme! But h'tlknow how else to deal with
it.” (Federal Reserve Board 1989, p. 35)
This position would certainly seem at odds with thews expressed previously by a
number of his colleagues. There appears to be Hiatdoetween adhering to a rule of
systematically lowering inflation or alternativetgking on board other considerations. A
logical question to ask then is, given the promagenf formidable deliberative policy

makers, could policy ever be feasibly describedeasg opportunistic?

The nominal and real stalemate scenarios as prdppseviously, suggest that the
opportunistic approach can be viewed as the defaolte for implementing policy when
no defined target for inflation is legally mandatedndering the target vague. So, even
when two deliberative policy makers set interesegdinearly but have very different
inflation targets, policy can beconmllectively opportunistic®® Here, disagreement in

voting intentions between policy makers is usedexplain stalemate. Heterogeneity of

208 No explicit inflation target was spelled out byetRederal Reserve during the Greenspan incumbency.
Opportunistic policy (or flexible inflation zonertgeting) is developed here from the perspectivé tha
single durable point target was shared by a mgjofifOMC members.
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opinion is used as a motivational tool, just asldiagnd Taylor (2004) use a ‘band of
inaction’ to explain anomalies in the PurchasingvB®oParity (PPP) relationship. Kilian
and Troy (2003) also explain nonlinearity in PPPbagg a consequence of a lack of

agreement amongst foreign exchange traders.

2.5 The Vasicek Model: deflation, mean reversion ahnormality

In chapter 1, the lognormal random walk was foumdée a useful analytical tool when
examining inflation risk®’ The options framework as already set out can Borro
techniques that are now well established in pri@ang appraising risks. Central Bankers
may wish to incorporate alternative features irtte tisk analysis. The Heston (1993)
model was used to take account of varying measoieskewness and kurtosis for the
underlying asset price. The Vasicek (1977) modetckwis commonly used for the time
valuation of interest rate derivatives will be udeele to investigate the effects of: (1)
negative inflation outcomes and (2) predictability mean reversion in the underlying
behaviour and (3) normality. The parameter valuestlie Vasicek model can also be

selected so as to render expected inflation torbermlogenous variable as opposed to

being exogenous. The application of other time at@dun models to(cgz - pgl) suggests

that the analysis offered in (2.17) can be madeemély general and flexible to

accommodate a wide spectrum of behaviours and gd&Eums.

Proposition 2.6The option’s framework can be extended to incormor wider set of

inflation behaviours than that suggested by Blackefs. The parameter values of the
Vasicek (1977) model can be selected to reflecyingr degrees of central banker
uncertainty and the speed of adjustment to a l@mmtmean inflation rate given that a

particular regime is understood to exist.

Proposition 2.6aThe option’s framework as set out Byopositions 2.1a — 2.1d, can be

extended to a policy context where expected infidad considered to be predictable.

207 proposition 1.3.
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Proposition 2.6bThe option’s framework as set out by Propositiorfsa2- 2.1¢ can be

extended to incorporate negative inflation.

Unlike many of the standard models, the Vasicek ehagpens the possibility that the
underlying asset price becomes negatVe-or most applications of option pricing, this
would be perceived as a major disadvantage. In metagy policy context considering
negative values (i.e. deflation), could constitatepractical counterfactual analysis. If
central bankers believe that they can use exigtaiterns in the data to forecast future
outcomes, then their risk analysis may be enhabgeslso incorporating mean reversion,
which is common in many interest rate option pdcmodels. Alternatively, they may be
satisfied that they know, (given their proprietarprmation), the effect that a given policy
stance will have on future inflation and that thifect can be accurately estimated. Another
advantage of the Vasicek model is that it can bedu® make expected inflation

endogenous. The Vasicek model when applied totioflaakes the form:

d7(t) = a b-72( 1) ] dt+ o/ dtz (2.55)
where the change in inflatiorujn(t), is dictated bya, b and g, which are constants. The
current change in inflation in this simple modelinfuenced by the distance the current
inflation rate is from its long-term medm The speed of adjustment is given dySuper-
imposed upon this adjustment is a normally distadustochastic termg+/dtz. Note that

the level of inflation does not impact on the babaw of volatility. This is quite different

to the Black/Black-Scholes model of asset priceab@&ur outlined in chapter 1. In the
Vasicek model, wherrz(t) > b, the drift term will be negative and will drive(t) down
towardsb. When 7z(t) < b, the drift will be positive and will pustz(t) up in the direction

of b. Importantly, it should be noted that the volatiierm hereg, denotes the volatility of

dsras opposed to the more customary volatilitgafrused in the Black model.

These parameter values b and o are generally obtained using the term structure of

interest rates or alternatively by making use iktiseries estimation. In a monetary policy

208 The Bachelier model could also be used to achtggesnd.
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risk management context, it maybe more naturahtoiti these parameters from a view
regarding the appropriateness of policy, the effeoess of a given regime and from an
appreciation of how successful a given policy willmately be?*® When implementing the

Black model, it is commonly assumed that the cursgnt price constitutes a good forecast
of the future pricé® The Vasicek model permits more subtle forms ofv&ur where the

asset price, over the life of the option, can m@&dong a given path. In a monetary policy
context this enables the forecast to depend upepdlicy instrument and perhaps on the
confidence policy makers have that an agreed glyatan push inflation in a particular

direction. When using an option’s framework, it net necessary to assume that the
inflation process is exogenous to the policy inskeat, although this is what the Black
model approach would normally impiy* In this regard, if central bankers believe that
their policies will drive inflation in a given dicgion and are confident that this progression
can be correctly calibrated and parameterised, thervVasicek model offers a means by

which to implement these additional features inrtsleanalysis. This leads to:

Proposition (2.7):The Vasicek model permits the drift of the inflatiprocess to be
dependent on the policy instrument. In other woskgected inflation can be made to be

endogenous to the rate decision.

2.5.1 Estimating the parameters of the Vasicek motle

Typically, to estimate interest rate behaviour ggine Vasicek parameteis, b and o are
inferred from market bond prices. Alternatively,ihisstrated by Back (2005) it is possible
to estimate the parameters using Ordinary Leasai®quThe linear regression used here is

given as:

209 The Vasicek parameters are likely to change dépgrah macro-economic conditions.

219 This arbitrage condition can however be relaxed.

21 A more ambitious approach links the behavioun@ifition to the policy instrument. This goes to tresart

of a key debate in monetary economics: what prapoutf the recent moderation in inflation and itifa
volatility can be ascribed to better monetary pobic alternatively to favourable trends such abalication?
The Vasicek model has the benefit of not imposingragman (1991) type relationship, where in an
exchange rate setting, the value of a currencybi&rocted from moving outside a target band usimg a
option’s framework. The Vasicek model, in contrg&mits a relatively large proportion of inflatipaths to
exit outside the zone target, although it acts éikeaded dice in that a given inflation traject@ yrivileged.
This could be a useful device when policy makeet éenfident in their forecasting abilities and gaine
regarding the risk of hyperinflation.
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-, =a+prn_ te (2.56)
Where ¢ is a normally distributed random variable. Orges and £ are estimated, it is

possible to infen, b ando from the following equations:

a=(1-e*)b (2.57)

B=-(1-e) (2.58)

var(e)= M (2.59)
2a '

Monthly CPI data downloaded from the Federal Resé®ank of St Louis (series id:
CPIAUCSL). This was used to calculate inflation over the&sispan incumbency 1987:9 —
2006:1. Ho and Lee (2005) illustrated how (2.55) edso be calculated directly using
Maximum Likelihood estimation. Using both Maximumkélihood and Ordinary Least
Square approaches, outlined respectively by HolLaed(2003) and Back (2005), yield the
same parameter values far b and g The linear regression model of (2.56), estimated
using OLS, had however B of just 13%. Botha and S estimates were statistically
significant at 5% Using (2.57), (2.58) and (2.59) it is found ttmt= 0.03636,b =
0.03052 and the Vasicek volatilitygra.s = 0.00286. These monthly parameters are

annualised before being used numerically to cateulze time value of the following collar

T=2,0,,,5=0.00286

option portfolio:(c5°%* — pt=2%)

2.5.2 The Monte Carlo Vasicek model
Monte Carlo is used to calculate the value of thgom portfolio similarly to what was
outlined in chapter 1. A path is first defined bynean reverting process given by (2.55).
Each path is then divided into discrete time stepthat:

At=T/m
where the time period@ = 2 years andn = 24. 7z denotes the initial inflation rate. Here a

series of rates are considered ranging from - 5.4p%0 12% in intervals of 0.25%. It

22The lowR? would suggest that a mean reverting model, suthaggiven, may not reliably predict future
changes in the inflation rate. This is not to rolg the possibility that central bankers could hawe

proprietary information that would permit a bettenfiguring ofa, £ ando, when compared to a historical
estimation.
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should be noted that the paths should converghkerdirection ob, the long-term mean.
These produce average Monte Carlo terminal valaagimg from -0.43% to 6.6%. The
mean terminal values are necessary if the Vasiaedteinis to be compared directly with
the Black model, by virtue that the appropriateuinpnto the Black model is the
expectation of inflation. With each successjva new inflation rate emerges until the
terminal value 7 is reached producirjg= m:

=7 +Zm: a(b- 7, )At+ o, Atz, (2.60)

i=1

z ~ NO,1), represents a standard normal random variablevélhlave a mean of zero and
standard deviation of one. The parameter estimatiesady given fora, b and g, are
necessary to carry out the calculation. This defipath would yield just a single terminal
7. For many different paths, i.en = 50,000, an improved mean estimatemfE(7z) can

be made so that:

E(m) =230, (2.61

n
E(7%) constitutes a forecast of future inflationsimulations are also run to calculate the
value of the call and the value of a put for a give To calculate the call, this implies

taking the terminal values, subtracting the exerdi§ given here as 4.5% and then

summing only the positive values. This is thendid byn = 50,000. The continuously

compounded rate is given here at 5%.

_ -y lgn _
c=¢e nzlzl[max(ﬂni I{O)J (1.51)

Likewise, the value of a put can be calculated &emeously so that:

p= e_r(T_t)%Zle[max( K=, Oﬂ

where k"= 0.025.

Figure 2.6a maps out the time valuations of theidékscollar using the parameter values
as described above. A key point to note here istthenake the Vasicek collar comparable
with Black time valuations, it is necessary to infee average terminal values of the

inflation paths from the Monte Carlo estimationisThas the effect of compressing the
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range on the horizontal axis aroundl'hen using an iterative technique, that minimises
RMSE between the Vasicek and Black collar time @ajwa Black volatility is found. This
is computed to be close to 22%, over the rangexpéeed inflation considered in Figure
2.6a. Significantly, this volatility estimate is otusmaller than what would normally have
been considered the mean Black volatility estinmats the Greenspan incumbency, which
was closer to 35%. One consequence of imposing mean reversion istigate the effect
of volatility when pricing an option contract. This consistent with the closed form
solution derived by Hull and White (1990) for the¢ended Vasicek model. They showed
that as mean reversion increased, the appropridaility parameter input declinéd? #*°
Figure 2.6b compares the results demonstratedgmr€i2.6a against a set of Black collar
time valuations having the same parameter inputSadde 2.1, the exception being that
volatility is set at 22% and the maturity is exteddo two years. Interestingly, it is found
that the collar valuations differ. In particulany the call option, the Black model attributes
a higher value than for the put where the undeglymin-the-money and commensurately
different from the exercise. The Vasicek model wloappear to provide approximately
equal time valuations when considering the invgrssitions of the call and put. This

would imply that the Vasicek model produced a nymmetric collar.

2.5.3 The Vasicek model and asymmetry
The difference in Black time valuations of the cal-a-vis the put is reflected by the
asymmetry observed in the Black delta curve. Téisspecially apparent when compared

to the Vasicek delta curve, illustrated in Figuré. 2

Proposition 2.8The Black model engenders a proportionately grept#icy response as
the underlying expected inflation rate increasekisTcan be benchmarked against the
Vasicek model where policy responses defined bgetta are found to be symmetric.

213 Keeping in mind, that the Vasicek parameter inpeie estimated over the Greenspan chairmanship.

214 Jamshidian (1989) also found a corresponding trésaleveloping a closed form analytic pricing faria

for bond options, using the Vasicek term structnoglel.

215 Heuristically, Lo and Wang (1995) found that poealbility, in general, decreases option prices. An
increase in predictability in some cases is eqeivato a reduction in the asset’s residual uncegtadr
prediction-error variance. Option prices monotolycancrease with the volatility of residual uncairity in

the Black-Scholes case. Reducing this uncertaghityuld in turn reduce the option’s premium.
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The asymmetric Black model as developed before rmpésition 2.4 becomes more
apparent when the Black delta is compared to trseceék delta curve. This is illustrated in
Figure 2.7. The Vasicek delta curve was computedenically for each expected inflation
rate, given in Figure 2.6a, whe&ér), > E(7) > E(7)q, andE(7)y - E(7) = E(7) - H7)y =
0.0025 The numerical delta can be estimated using:
a(ng - pgl) _ Collar, - Collar,
OE(m  E(m), - E(),

where theCollar, denotes the value of the collar when expectedtioft is E(7), and

(2.62)

Collarq gives the value of the collar when expected irdlatis E(7)4. The Black delta

curve is computed from the collar parameter inpssociated with Figure 2.6b. The Black

parameters are as follows(7z.1) = 0.25% to 6.5%,7,,= 0.045, 7, = 0.025,T = 2,r =

0.05 ando = 0.22. The usual analytical delta formula is used

602 _ apl — —r(T-t) _ —r(T-t) _
e 9E(m) © N{diy )& N(dg,)-1]

It is clear that the Black delta curve is less swtrio than the Vasicek delta curve in
Figure 2.7. This is discernible given the relatpesitions of the respective expected
inflation rates associated with the minimum del@ues. The expected inflation rate
associated with the minimum Vasicek delta, is 3.5%hereas the expected inflation rate,
associated with the minimum Black delta, is lesstB.5%, implying an asymmetff A
key difference relates to the stochastic behaviogtficit in each model. The Black model
posits that as the level of the underlying increatige volatility of the underlying increases
correspondingly. This specification may be usefal dentral bankers who wish to
characterise the upside risks of inflation as begngater than the down side risks to
inflation.?!” This would imply a Black model risk analysis woutdecipitate a more
aggressive policy response when expected inflasioising above the upper threshold. The
Vasicek model characterises volatility as remainingariant to the level of expected
inflation. From Figure 2.6b, it is clear that whealuing the options portfolio, the Black

model is asymmetric. Other things being equal, &hoantral bankers possess the insight

1% proposition 2.4.
27 particularly, if policy makers believe that infat can get close to the zone of falling pricesrnttgo
into that zone.
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that volatility increases as inflation increasdss tview would be better co-opted into the

risk analysis by using the Black model. In the daling section, the time valuation of

(cgz - pgl), estimated by the Black model, is investigatednfithe perspective of offering

a better empirical description of monetary poli®gioconventional linear reaction function

estimation.

2.6 The nonlinear reaction function

From Figures 2.8 and 2.9 it is clear that Fed Fuatks setting behaviour was subject to
change, particularly after 2002. This would sugdhat it is worth initially providing an
analysis that considers varying specificationstif@ policy rule which are both linear and
nonlinear. The latter would have likely entailedemolving zone target, given the extent to
which inflation had fallen over the Greenspan inbancy. Initially, a linear Taylor rule is
estimated in Table 2.3a and this is then compagadnat several zone targeting rules,
reported in Table 2.3 b — f, using the option’snfeavork and Black modeals outlined

before.

2.6.1 Estimating the linear and nonlinear reactiorfunctions

Table 2.3a estimates the Taylor Rule in the usumy wsing OLS, where a constant,
inflation and the growth gap are independent vée&h® Both independent variables
appear to be statistically significant and theiefticients are comparable to the classic rule.
The constant is estimated to be slightly less @i or 1%° These parameter weights
will be used in both Figures 2.10a and 2.10b teeraut the estimated linear rule. In
addition, nonlinear rules are initially considereith varying Black volatility parameter
inputs. To make the graphical analysis comparabéegrowth gap in each rule is assumed
to be in balance at 0% when tracing the scattetsplbhis permits a two dimensional
representation to describe each rule. The Restual of Squares, (RSS), reported in the
Tables, will be used initially to compare goodne$sfit. This preliminary analysis is

intended to detect how best the option portfoligmmihelp explain rate setting over the

18 see Appendix A.2.4 for estimation of growth.
29 The fed funds, growth gap and inflation ratesimit@lly expressed here in decimal form.
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Greenspan period. More formal estimates of the atdeprovided later. Applying the usual

notation the parameters,, S, and S, are calculated using OLS for the linear rule

o=y + [+ a)7) + ey ) (2.63)
where
ay,=w, = (r* —a)lﬂ*), B =1l+w, B, =w, (2.64)
Likewise, the parameters estimates fay, £, and 5, are calculated using OLS for the

nonlinear rules:

T=1,0=0. 25

= a,+(8) (6o pr ol + ) (2.65)
T= 10—035
n=ao+(ﬂ;)(c” 0045 _ prf = ) +5,(v) (2.66)
T=1,0=0.25 T=1,0=0.35

The Collar time values( 7 =0.045 _ pgl 0025), (c” =0.045 _ pgl 0025) are calculated using the

Black model, as outlined before. From the GARCHeaqajix A.2.3, it would appear that the
historic norm for volatility was closer to 0.35 th@.25 over the Greenspan incumbency. From
Tables 2.3b and 2.3c the estimated constant teyn{given in square brackets below), tends to
be higher for the nonlinear specification. This wdabe expected given that, represents the

arithmetic mean of the inflation targets plus theilbrium interest raté

. T, +TT r
r, :{r +91792}+(1+ a)l)(cg2 ~ Py T +a)2(yt) (2.67)
where
. Ty + 1T,
a,=r +——, B, =1+w, and B, = w, (2.68)

It is found that agrincreases, the nonlinearity of the policy ruledduced. This is illustrated

in Figure 2.10a and 2.10b where the parameter at8nonce obtained, are used to map the
policy rules over the range of expected inflatiggarsning 0.01 to 0.065, in intervals of
0.0025%! These minimum and maximum rates were close taitteric high and low over the
period,1987:4 — 2007:3The Residual Sum of Squares (RSS), reportechiotinear rule in

220 The intercept will increase as both the upperlangr bounds increase.
2! Inflation and the fed funds rate are initially exgsed in decimal form.
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Table 2.3a, is less than the respective Residual &uSquares reported in Tables 2.3b and
2.3c, implying that the zone specification of 0.645.025, provided a poorer historical fit for
rate setting when compared to just applying thedinTaylor type ruleFigure 2.10b
superimposes a scatter plot where inflation is cmeg directly against the
contemporaneous fed funds rate for the same pefibd. is intended to provide some
historical backdrop, in that, the quarterly fed darrate is viewed against the quarterly
inflation rate. It would seem clear from Figure @blthat using the 0.045 — 0.025
specification, does not visibly yield any improverhever the linear specification for the
full period: 1987:4 — 2007:3.

Using OLS, Table 2.3d provides estimates for theupaters,a,, £, and S8, where the

zone target and nonlinear policy rule are speciiéférently as:

T=1,0=0.35
L=+ (B)le % - P e + y) (2.69)
Likewise, Table 2.3e reports estimatesdgy 5, and 3, where:
T=L0=035
=ay + (B - Pl +,(y,) (2.70)
As the upper and lower bounds are lowered from 42&0-to 3.5% - 1.5% the Residual

Sum of Squares would also seem to decline. TabB8#s@pplies parameter estimates for:

T=1,0=0.35
= a,+ (B e + Ay (2.71)
Again, it is noticeable that as the upper and lob@unds fall in magnitude, the nonlinear
specification provides an improved fit, in part@ubver the linear specification. The RSS,
reported in Table 2.3f, would appear to fall substdly when the upper bound is 3%,
suggesting that policy makers in general respondede aggressively to inflation as it
threatened to exceed 3% over the 1987:4 — 2007i8dx€ne might expect however that
the zone evolved over time, as was the case in daamdere the zone was publicly
announced® The parameter weights estimated in Table 2.3fusesl in Figure 2.11 to

map out the nonlinear policy rule. The same scaitetr as before is super-imposed to

#22This is consistent with opportunistic theory whareintermediary inflation target is initially proped and
declines, as inflation declines. From (2.3), itclear that opportunistic policy spells out an imediary
target.
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provide some historical background. The nonlinede that applied the 0.03 — 0.01 zone
specification would appear visibly, to provide thest fit. Significantly, the Residual Sum
of Squares (RSS) reported in the tables for thealimule and other nonlinear rules were
higher. Figure 2.11 combines the policy fit for theear rule, the nonlinear rule and a
disaggregated scatter plot of the fed funds rdégive to inflation. The scatter plot is made
to be time-discriminating and this seems to capthees policy accommodation that was
forthcoming over the period 2001:1-2005%4 From Figures 2.8 and 2.9, it is clear that
rates were cut from 2000:4, when the effective fadds rate had hit a high of
approximately 6.5%. In setting out varying timenfiess, the 2001:1 quarter is a useful
starting point for tentatively identifying the pedi when monetary policy became
increasingly accommodative. It is apparent fromuFég 2.8 and 2.9 that over the period
2001:1 — 2005:4, the federal funds rates were dspcerelative to both inflation and the
growth gap. This may have reflected concerns thrae@pan (2003) expressed regarding

deflation.

2.6.2 Capturing the effect of policy accommodationsing dummies

To measure the extent to which policy was relaXeghle 2.4a reports estimates of the
nonlinear rule above with the addition of a dumnariable over the period 2001:1 —
2005:4. Tables 2.4a reports OLS parameters essnatey, 5;, B-and (s using:

T=1,0=0.35
r=a, +(131) (Cg*z:o.os_ pg*lzom) 'y +,32( X) +,33( D200 2005:)1 (2.72)

whereD denotes a dummy variable having a value of 1 f20@i:1 to 2005:4 or otherwise
0 over the complete periog@; was found to be negative; supporting the hyposhtst
policy was more accommodative over the 2001:1 -52D@eriod, when compared to the
rest of Greenspan and Bernanke incumbencies. Fgu2za maps out the effect of the
dummy used in (2.72). The period from 2001:1 i®easded with sharp rate cuts. Figures
2.8 and 2.9 also provide evidence that policy acoodation was supplied in an
unparalleled fashion deep into 2004 and then wdostantially removed prior to the
appointment of chairman Bernanke. The dates fodtlramy are refined in Table 2.4b to

produce:

223 Different episodes are denoted by varying coloBes legends.
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T=1,0=0.35

r=a, +(,81) (Cgfz:o.os_ p;fl:o.m) iy +,82( ){) +,83( 20024 2006)2 (2.73)

The dates for the dummyp®*%* 2°°* \were obtained by iteratively estimating a sedés
regressions and then calculating the RSS. Figurah2llustrates the effect of the dummy,
given in (2.73). The easing of policy would appeéarbe very significant. The dates
associated with the dummy that produced the loR35 were used to implement the
estimations in Table 2.4b. These dates closelyespond with a period of policy
accommodation, identified by Taylor (2007). The at@ge co-efficient estimate for the
dummy variable supports again the view that moggpaticy was more relaxed over the
2001:1 — 2005:4 period. Taylor (2007) p.2 found:tha

“...during the period from 2003 to 2006 the federalds rate was well below what
experience during the previous two decades of gamhomic performance - the
Great Moderation - would have predicted. Policyerguidelines showed this
clearly.”

This may have purportedly reflected fears concernifeflation’* As it turned out,

inflation did not ultimately move into the zone faflling prices and indeed, re-ignited

partially on the back of global commodity pricesvén the significance of the dummy and
the observable effects of policy accommodation réselts obtained in Tables 2.3 a — f are
now tested for the shorter time frame that lead$oup002:1. In particular, the nonlinear

specification is compared against a linear rules fiound that the nonlinear specification
that contains 1 — 3% bounds provides a better gi¢mar of policy.

2.6.3 Nonlinearity with a non-constant volatility.

In making additional estimations that focus oné¢héier period, the option’s framework is
refined to take account of other factors. The amtsBlack volatility input parameter is
relaxed and is permitted to vary over the periodstimation by incorporating a recursively
estimated GARCH(1,1) model. This provides a sudeelysupdated volatility forecast of
inflation, using only past observations of inflatfd® Tables 2.5 a — e provide estimates for

the Greenpsan incumbency prior to 2002:1. The ogtivamework, here, would also

224 Other central bankers however have not sharedatree concern regarding deflation particularly given
that most modern economies are based on fiat sgstémoney.
225 gee appendix A.2.3 for explanation of GARCH esteaa
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appear to be useful in extending and improving ugfen monetary policy analysis. The
comparison with a linear rule, for the same perisdparticularly telling. In providing
additional estimations in Tables 2.5 a — e, itosnd that while parameter estimates may
have changed when the results are compared tosTal8ea — f, the specification of a 3%
upper bound remained most significant regardlesghadhever time frame or methodology
were being applie®®

Given the quite visible change in fed funds ratérge behaviour from 2002, Tables 2.3 a,
b, c, d, e and f are re-estimated excluding thegdrom 2002:1 onwards. In addition, the
assumption of a constant volatility level is reldxso that an updating GARCH(1,1)
volatility estimate can be used. This is explainedmore detail in appendix A.2.3. A
Taylor Rule is initially estimated in Table 2.5athva marked improvement in fit when the
R-square is compared to Table 2.3a. This wouldhéursuggest that treating the post-
2002:1 period differently helps to describe aspaaftshe Greenspan monetary policy
regime. The nonlinear rules, examined in Tablesb2-5e, regress a constant, an inflation
collar and an output gap on to the effective Fddeuads rate in much the same way as
before except inflation volatility is not assumedbe constarf?’ Each of the independent
and dependent variables is expressed in perceteags. Newey-White robust estimation
is implemented to correct the t-statistics and daah errors for positive serial correlation
and, as a consequence, estimates of these shauld nompared directly with Tables 2.3 b
- f. Table 2.5a reports estimates for a Taylor typle similar to Table 2.3a, however the
time period relates only to 1987:4 — 2002:1. BotlSGnd Nonlinear Least Squares (NLS)
produced identical results for parameter estimfme$ables 2.5 a - e. This is true for both

the linear and varyingly specified nonlinear estiedarules.

Parameter estimates for (2.74) are presented ile Pabb,

T=1,0=GARCH

= a,+(B) (¢ P )¢ + 8 ¥) 2.74)

228 In comparing Tables 2.3a - 2.3f and Tables 2.8&e it is found that the inflation option portfhvith
the 3% upper bound specification has the highstit

#2" The estimation covers the Greenspan incumbendy tige end of quarter 1, 2002. This date was sslect
on the basis of best fit offered by a varyinglyafied dummy.
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where the upper bound/strike is equal to 4.5% haddwer bound/strike is equal to 2.5%.

These exercise rates are assumed to be unchangetheeriod considerét’

The dynamic zone targeting typically associated wiflation targeting frameworks may
provide some insight regarding the Federal Ressroe/in strategies. The advocacy of an
opportunistic strategy by a number of Fed officialay similarly shed some light. In
practice, the 4.5% threshold as suggested by Guaansn the December 1989 FOMC
transcripts, may have reflected an internationahm@r the upper tolerance at that time.
From policy statements of several inflation tanggtcentral banks, it would appear that the
upper thresholds would have progressively declined inflation declined.
Thresholds/boundaries other than those that wastdincorporate 4.5%, would appear to
be worth contemplating. For practical reasons, éhttsesholds may be difficult to pin
down exactly, given that the upper and lower boundan opportunistic framework are
largely discretionary. Using theollectively opportunistienodel, they are arrived at, in the
absence of agreement and are likely to be compiegngthat the bounds would
intermittently converge and diverd€. The regression estimates developed in the Tables
ignore this nuance but are nevertheless still rifidy The collars are uniformly assumed to
conform to a 2% zone gap over the entire Greensgambency. This was unlikely, but
nevertheless the explanatory power of the nonlingdion’s framework is greater than a
linear rule. Several nonlinear formulations are sidered with varying upper and lower

bounds being implemented:

T=1,0=GARCH

L=a,+ ﬂ(cg;:”“ - pr )e +B(y:) (2.75)

228 Orphanides and Wieland (2000) point out that dutime 1990s as inflation targeting frameworks were
being established in a number of countries, targegies were generally more common than point target
New Zealand's first Policy Target Agreement (PTAasned 3% - 5% inflation in 1990. In December 1991,
the upper and lower bands of the PTA fell to 2.5846%. Ultimately, this declined to a hard floodazeiling

of 0% - 2%. A similar pattern of evolving targetscorred in the United Kingdom, Canada and Sweden.
While the Federal Reserve has never explicitlydatlid it employed inflation targets, it sometimas been
depicted as being an ‘implicit’ inflation targetdornton (2007), using the FOMC minutes and trapts;
has identified a lower bound of 1% for inflationitftwan upper bound likely to be between 3.1% aT®%.
These bounds have never been formalised and irdeledpecificity in terms of which measure of itifia

is guiding policy.

229 Before, it was suggested that the inflation bouadslikely to diverge when confronting a supplgesi
shock.
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T=1,0=GARCH

r=a, +,31(Cg;:0'035— pg;:oms)erT +ﬁ2(yt) (2.76)
_T=10=GARCH
=+ B - e +,(y,) (2.77)

Tables 2.5 a — e illustrate that the nonlinear i§igations particularly those with the least
elevated bounds have the greatest statistical fisignce®* It is noticeable that as the

strikes fall the statistical significance improv@ie consistent improvement in the results
over varying time frames when compared to lineamegions implies that the collar

construction provides a significant reference idenstanding monetary policy. How might
this result be changed by applying real time foseckmta? In what follows the real time
forecasts of the GDP deflator and GDP growth aeslus determine whether the linear or

nonlinear construction provides a better descniptibpolicy.

Table 2.6a reports estimates of the Taylor typeti@a function similar to Table 2.5a using
the same time period as before 1987.4 - 2002:Z8)iffers however by making the

forecast of inflation and growth gap explicit.

=y + [+ @)E (7.,) + 2E(y,) (2.78)
Greenbook projections for both inflation (4 quasteahead) and growth (the current
projection) were used instead of revised data usdgebrto. The real time forecasts are
worth examining because they help to capture elesneh policy that are essentially
forward-looking. The Greenbook projections of realtput growth and inflation are
available at the Federal Reserve of Philadelphie Greenbook projections are released
with a lag of 5 years and differ in a number ofpexgs from the Federal Reserve of St.
Louis data used in previous estimations. As a aqnsece, direct comparisons with the
results obtained in (Tables 2.3a — 2.5e) mightheostraightforward to make with Tables
2.6a and 2.6b. More explanation of this data cafobed at:
http://www.philadelphiafed.org/econ/forecast/gresmitrdata/phila-data-set.cfm.
The growth gap was obtained using the trend gromgthodology described in Appendix
A.2.4. (2.78) is estimated using Ordinary Leastags. A Newey-White correction to the
standard errors with a lag value of 4 is appli¢ds found that the statistical significance

#%The t-stats fop3, improve as the bounds fall. See Tables 2.5b, 2.5d, and 2.5e.
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for the parameter values, reported in Table 28¢5 Wvhen compared against Table 2.5a,
suggesting that these particular measures of ioflaand growth provide a poorer
description. The inflation forecast and growth gdgta are used again to calculate
parameter values for (2.79), reported in Table 24D inflation collar is calculated as
before using the recursive GARCH estimate for vdlgtoutlined in Appendix A.2.3. The
parameter values are estimated using OLS, withveea&Vhite correction being applied.

T=1,0=GARCH
w=a+ (B - Pl e +BE(Y)  279)

Table 2.6b produces a small deterioration in fitewhcompared against Table 2.5e.
Interestingly, the nonlinear construction reporitedable 2.6b would appear to offer some
improvement over the linear model, reported in &abl6a. Using either the real time

forecast data set from the Federal Reserve of ddighia or the revised data set from the
Federal Reserve of St. Louis tends to produceteestiich favour policy being described

using the collar structure to replace inflatiorthe reaction function.

These results provide evidence that taking theee@reenspan incumbency or in part up to
2002, monetary policy responded more robustly wihéation threatened to exceed three
percent. The 1% — 3% targeting specification appéaroffer an improvement over the
linear representations of policy for real time foasts and historic data sets that were
subject to subsequent revision. This nonlineariyrhe largely symptomatic of inflation
generally declining during the Greenspan incumbersy inflation moderated over the
period, the 3% upper strike may have served agaifisant conceptual threshold for
FOMC members. This is mirrored in the results otgdiin Tables 2.3a to 2.6b. These
results would also appear to be robust for the -pe62 period when policy
accommodation was vigorously supplied. The uppegstiold may however have been
much higher in early stages of the Greenspan ineam perhaps as much as 4 1/2 %
when the December 1989 FOMC transcripts are takenaiccount.

150



2.7 Conclusion

In this chapter, option theory was exploited toaatbe a theoretical framework that brings
together both risk management and opportunistiacypoperspectives. The analysis
presented here borrows heavily from a conceptwhdwork that emphasises inflation
risk. It was also shown that it was not necessargttribute any special preferences to
individual central bankers in order to observe oppustic behaviour. Even, in the

presence of linear rate setting members, commaiteeinstitutional dynamics can serve to
produce opportunistic type policy responses. ligyotan only be implemented by first

achieving consensus, where opinions differ reggrdirhat constitutes an appropriate

inflation target then rate setting can still bellectively’ opportunistic.

A number of propositions were advanced in this tdérapnd were largely motivated by
viewpoints expressed by policy makers at the FOMNet In particular, the December
1989 meeting was examined from the context of mifetentative first steps in setting out
realistic policy maker objectives. The put-calliparelationship and voting dynamics were
exploited so as to nest an option portfolio in teaction function. This was contingent on
policy being inactive within thresholds over a givange of expected inflation. Using the
standard Black formula for option valuation, it waso possible to gauge policy reactions
under uncertainty. If the reaction function wergwudated to be forward looking, then
portfolio option theory becomes particularly instive. Variables such as volatility, time
horizon and the relativities of differing inflatiotargets that are generally ignored in
conventional monetary policy analysis can be inocafed into the risk management

framework.

The genesis of opportunistic strategy was mappédnothis chapter. Option theory was
applied in Section 2.2 and 2.3 to develop key imsigof opportunistic disinflation as
outlined by Orphanides and Wilcox (2002) and Aksbwl. (2006). An option’s framework
was employed to investigate the impact of uncetyadm monetary policy. A combination
of two put-call parity relationships was developadd combined with a zone of
disagreement to form a long position with a callma higher strike and a short position

with a put with a lower strike on expected inflatiol his option portfolio captured key
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aspects of inflation zone targeting when monetardicy is subject to both known inflation
outcomes and to unknown inflation outcomes. A nundfenonlinearities were examined
using option theory by applying standard paramseesitivities such as delta and gamma.
A major attraction of using option theory relatesthe availability of proven models that

can feasibly handle varying conceptual inflatiohde&our(s).

The Black model was used in Section 2.3 to estirtf&etime value of the collar and the
likely monetary policy response under uncertaifitye Black ‘Greeks’ can be estimated
for this portfolio. Delta was used to demonstratevhpolicy becomes less active when
inflation resides between the upper and lower tabgeinds. It was also found that as the
target zone expands; monetary policy becomes isitrgly nonlinear or less activist for
that range. This helps to establish the link betwie¢erest rate inertia and opportunistic
policy. The transcripts were used in Section 2.4illiostrate how risk management
permeated FOMC policy discussions. Disagreementédest policy makers were used to
explain how divergent opinions thwart precipitateteérest rate moves. This analysis was
extended in Section 2.5 to take into account hoterrative inflation behaviour can
influence risk management. The Vasicek model wasdoto be useful for incorporating
mean reversion and deflation. The asymmetries,achanistic of the Black model, were
also judged against a number of metrics; inclu@dingasicek delta curve. Several nonlinear
reaction functions were estimated in Section 2&dWRed bounds specifying the 1 — 3%
target range, served to improve upon the standaedrl Taylor Rule construal of rate
setting.
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Table 2.1: Presents estimates of the option partfol varying levels of expected inflation.

: : = = :
S ) = £33 58 2@
g8 R :8 §3F £33 sss
) 35 5§35 §3g ESg 333
§ & a az N@i) Ny  nvay N SEF ESF ESRE O SSE O S§éE
0.0050 -6.313 -6.563 0.000 1.000 0.000 1.000 0.0000 00190 0.0000 0.0200 -0.01902
0.0075 4691 -4.941 0.000 1.000 0000 1.000 0.0000 00166 0.0000 0.0175 -0.01665
Q0100 3540 -3730 0.000 1.000 Q000 1.000 0.0000 00143 0.0000 00150 -0.01427
a012s 2648 -2.898 0004 0.996 0002 0998 0.0000 ao119 0.0000 0.0125 -0.01189
0.0150 -1.918 -2.188 0028 0.972 0015 0,985 0.0000 0.0095 0.0000 0.0100 -0.00953
Q0175 -1.302 -1.552 0.097 0.903 0.060 0.940 0.0002 0.0073 0.0000 0.0075 -0.00731
0.0200 0768 -1.018 0221 0779 0154 0.846 0.0005 00053 0.0000 0.0050 -0.00529
Q0225 0296 -0.548 0383 0617 0292 0708 00013 0.0036 0.0000 0.0025 -0.00363
0.0250 0125 -0.125 0.550 0450 0450 0550 0.0024 0.0024 0.0000 0.0000 -0.00234
0.0275 0.506 0.256 0.694 0.306 0.601 0.399 0.0039 00015 0.0025 0.0000 -0.00140
0.0300 0.854 0.604 0.304 0.196 0727 0.273 0.0056 0.0009 0.0050 0.0000 -0.00069
Q0325 1174 0.924 0880 0120 0822 0178 00076 Q0005 00075 0.0000 -0.00010
0.0350 1471 1.221 0929 0071 0889 0111 0.0098 Q0003 0.0100 0.0000 0.00049
0.0375 1.747 1.497 0.960 0.040 0,933 0.067 00121 0.0002 0.0125 0.0000 0.00118
0.0400 2.005 1.755 0978 0.022 0960 0.040 0.0144 0.0001 0.0150 0.0000 0.00199
Q00425 2248 1.998 0988 0012 0977 0.023 00167 0.0000 00175 0.0000 0.00301
Q0450 2476 2226 0993 0.007 0987 0013 00190 Q0000 0.0200 0.0000 0.00423
0.0475 2.692 2.442 0.99¢ 0.004 0,993 0.007 0.0214 0.0000 0.0225 0.0000 0.00565
0.0500 2.898 2.648 0,998 0.002 0,996 0.004 0.0238 0.0000 0.0250 0.0000 0.00726
00525 3093 2.843 0.999 0.001 0998 0.002 0.0262 0.0000 0.0275 0.0000 0.00902
0.0550 3279 3.029 0299 0.001 0999 0.001 0.0285 Q0000 0.0300 0.0000 001092
Q0575 3457 3.207 1.000 0.000 0999 0.001 0.0309 Q.0000 00325 0.0000 001293
0.0800 3.627 3.377 1.000 0.000 1.000 0.000 0.0333 0.0000 0.0350 0.0000 0.01503
0.0625 3790 3.540 1.000 0.000 1.000 0.000 0.0357 0.0000 0.0375 0.0000 0.01720
0.0850 3947 3697 1.000 0.000 1.000 0.000 0.0380 0.0000 0.0400 0.0000 001942
Q0675 4098 3848 1.000 0.000 1.000 0.000 0.0404 Q0000 00425 0.0000 002169
Q.0700 4243 3.993 1.000 0.000 1.000 0.000 0.0428 Q.0000 0.0450 0.0000 0.02399
: : = =
R 3® 3 g

T OB & = = ‘; I‘I-r E N q

‘E é [ (o] g < : g :- :

£ s83 ¢33 £3L £41]

S a1 az N@i)  Nedl)  N@)  Nedzy SEF &5F 58 SE8

©.0050 8.664 8.914 0.000 1.000 0.000 1.000 0.0000 0.0380 0.0000 0.0400

0.0075 7.042 7.292 0.000 1.000 0.000 1.000 0.0000 0.0357 0.0000 0.0375

Q0100 -5.891 -6.141 0.000 1.000 Q000 1.000 0.0000 00333 0.0000 0.0350

a012s 4999 -5.249 0.000 1.000 Q000 1.000 0.0000 0.0309 0.0000 0.0325

0.0150 4269 -4.519 0.000 1.000 0.000 1.000 0.0000 0.0285 0.0000 0.0300

00175 -3.653 -3.903 0.000 1.000 0000 1.000 0.0000 0.0262 0.0000 0.0275

0.0200 3119 -3.389 0001 0.999 0000 1.000 0.0000 00238 0.0000 0.0250

Q0225 2eds -2.898 0004 0.9986 Q002 0998 0.0000 00214 0.0000 0.0225

0.0250 2226 2476 0013 0.987 0.007 0993 0.0000 00190 0.0000 0.0200

Q0275 -1.845 -2.095 0.033 0.967 o018 0,982 0.0001 a0167 0.0000 00175

Q0300 -1497 -1.747 0.067 0933 Q040 0960 0.0002 00145 0.0000 00150

Q0325 -1.177 -1427 0120 0.880 Q077 0923 0.0004 00123 0.0000 0.0125

0.0350 -0.880 -1.130 0189 0.811 0129 0.871 0.0008 00103 0.0000 0.0100

0.0375 -0.604 -0.854 0273 0727 0196 0.804 0.0013 0.0085 0.0000 0.0075

0.0400 -0.346 -0.596 0.365 0.635 0276 0,724 0.0021 0.0068 0.0000 0.0050

0.0425 -0.104 -0.354 0459 0.541 0362 0.638 0.0031 0.0054 0.0000 0.0025

00450 0125 -0.125 0550 0450 0450 0.550 0.0043 00043 0.0000 0.0000

Q0475 0341 0.091 0634 0366 0536 0ded 0.0057 Q0033 00025 0.0000

0.0500 0546 0.296 0708 02392 0617 0383 0.0073 Q0025 0.0050 0.0000

Q0525 0742 0492 0771 0229 0688 0312 0.0090 Q0019 0.0075 0.0000

0.0550 0,928 0.678 0.823 0177 0751 0.249 0.0109 00014 0.0100 0.0000

0.0575 1105 0.855 0.866 0.134 0.804 0.196 0.0129 oool0 00125 0.0000

0.0800 1276 1.026 0899 o101 0847 0153 00150 0.0008 00150 0.0000

Q0625 1439 1.189 0.925 0.075 0883 0117 00172 0.0006 00175 0.0000

0.0850 1.596 1.34¢ 0.945 0.055 0911 0.089 0.0194 0.0004 0.0200 0.0000

Q0675 1.747 1.497 0.960 0.040 0.933 0.067 0.0217 0.0003 0.0225 0.0000

0.0700 1892 1.642 0971 0.029 0950 0.050 0.0240 0.0002 0.0250 0.0000

Table 2.1 : The Black model 1s used to calculate the time value of of the call and put where expected mflation is the underlyme.

Intrinsic values are alse calculated. Expected Inflation ranges between 0.5% and 7.0%. The strikes Rk are equal to 2.5% and 4.5%,
producing two sets of valuations respectively. The parameter values are explamed i more detail m the text. tk denotes maturity and
is expressed in years but set at 1. The Volatility mput constitutes the annual standard deviation of the return on inflation, set at 0.25.
The C rate and P rate gve the tune values for each of the options. Otherwise the notation is standard. The Collar valuation denotes

the difference between the call and put which has respective strikes of 0.045 and 0.025. The risk-free rate is set at 5%.
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Table 2.2: Data Summary and Sources.

Real Gross|Consumer |Federal One year |One year | Inflation Growth Gap

) (generated |[(generated
Domestic Funds Rate|Treasury Treasury
from from

Product Price Index [% Bill rate % |Bill Rate % |JCPIAUCSL) |GDPC96) %
Periodicity |Quarterly Quarterly Quarterly Monthly Quarterly Quarterly Quarterly
Start Date  |1957 Q1 1957 Q1 1957 Q1 1957 M1 1987 Q4 1987 Q4 1987 Q4
End Date 2007 Q3 2007 Q3 2007 Q3 2007 M5 2007 Q3 2007 Q3 2007 Q3
Series ID GDPC96 CPIAUCSL [FEDFUNDS |TRS1Y
Source Federal Federal Federal Federal Federal

Reserve Bank |Reserve Bank |Reserve Bank |Reserve Bank |Reserve Bank

of St. Louis of St. Louis of St. Louis of St. Louis of St. Louis

Table 2.2 provides an overview of data and the sofor each of the series. See Figures
2.8 and 2.9 for a graphical illustration of the Haahds rate, the Inflation rate and the

Growth Gap over the period 1987:4 — 2007:3.
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Table 2.3a: OLS estimates of Taylor Rule 1987:4 - 2007:3

Coefficient St. Error T-Stat Significance
a0 0.688 0.557 1.24 0.22
p1 1.401 0.176 7.97 0.00
B2 0.380 0.144 2.65 0.01
R-Squared  0.453
RSS 205.168
D.F. 77
DW 0.232

Table 2.3a estimates the Taylor Rule co-efficiergsieg inflation and the growthag
as independent variables. This preliminary analy&sald suggest thatabh inflatior
and output gap parameters are statistically sicpniti. The estimated afficient
values would appear reasonably faithful to theinagTaylor Ruleparameterisatic
but slightly less than 1.5 and 0.5. The constatimase is slightly less that%
suggesting that the inflation target may have edede2%, as wasriginally
developed in the classic Taylor Ruléhese parameter weights are subsequently
in Figures 2.10a and 2.10b to map out the estimigtedr rule although the grow
gap is assumed to be in balance at 0%, for purpafsssmparisonThe Residual Su
of Squares is given by RSS.

o=y +(1+aw)7) + wly,)

where

a, = w, =(r* _a)lﬂ*)! B=ltw, B, =w,
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Table 2.3b: OLS estimates of Policy Rule 1987:4 - 2007:3 using
Ck =4.5% and Pk =2.5%, g =0.25,r=0.05, T=1 year

Coefficient St. Error T-Stat Significance
a, 5.221 0.203 24.63 0.00
51 2.781 0.407 6.83 0.00
B 0.361 0.153 2.35 0.02

R-Squared 0.378

RSS 233.137
D.F. 77
DW 0.254

Table 2.3c: OLS estimates of Policy Rule 1987:4 - 2007:3 using
Ck=45%and Pk =25%, ¢ =0.35.r=0.05.T =1 vear

Coefficient St. Error T-Stat Significance
a, 5.200 0.203 25.59 0.00
51 2.616 0.351 7.46 0.00
B 0.378 0.148 2.55 0.01

R-Squared 0.421

RSS 217.230
D.F. 77
DW 0.254

Table 2.3b: calculate the parametarg, £, and 3, using OLS:
T=1,0=0.25

r=a, +( A, )(052:0.045 _ p;%l: 0.025) a4 ,82( ){)

Table 2.3c: calculate the parametarg, £, and S, using OLS:
T=1,0=0.35

r=a, +( A, )(052:0.045 _ p;%l: 0.025) a4 ,82( ){)

Pk andCk denote the lower bound and the upper bound raspbgti.e. 77;1 and 77;2. The Colla

time values are calculated using the Black modeé donstant term tels to be higher than 1
the Taylor Rule estimates by virtue that the relahip is given as:

Y
r :{r +ngg2}+(1+ a)l)(cg2 - pgl)erT +w(y,)

where
. Ty + 1Ty,
@y =1+ =00 B =1+ and f, =,

It is found that agrincreases, the nonlinearity of the policy rulemigigated. This ionfirmec
in Figure 2.10a and 2.10b where the parameter estiratitained here are used to may
policy rules over the range of expected inflatio10to 0.065 (or 1% to 6.5%M intervals o
0.0025. These rates weskse to the historic high and lows over the pridotice that the RS
on the linear rule is leghan that of the nonlinear rule implying that thee&r rule capture
better policy behaviour.
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Table 2.3d: OLS estimates of Policy Rule 1987:4 - 2007:3 using
Ck =4% and Pk = 2%, ¢ =0.35,r=0.05, T=1year

Coefficient St. Error T-Stat Significance
ao 4.510 0.196 23.01 0.00
51 2.852 0.354 8.05 0.00
B 0.423 0.144 2.93 0.00

R-Squared  0.458

RSS 203.240
D.F. 77
DW 0.287

Table 2.3e: OLS estimates of Policy Rule 1987:4-2007:3 using
Ck =3.5% and Pk =1.5%, 0 =0.35,r=0.05, T =1 vear

Coefficient St. Error T-Stat Significance
a, 3.945 0.213 18.48 0.00
51 2.757 0.321 8.59 0.00
B 0.455 0.141 3.23 0.00

R-Squared  0.490

RSS 191.151
D.F. 77
DW 0.297

Table 2.3d: calculate the parametars; £, and 3, using OLS:

X T:1,J:0.3§
=+ ()l - e + ()
Table 2.3e: calculate the parameters; S, and 3, using OLS:

T=1,0=035

= a, +(8) e - proes)e 4 g (y,)

As the upper and lower bounds are decreased from 2% to 3.5% - 1.5% the Residual
Sum of Squares declines marginally.
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Table 2.3f: OLS estimates of Policy Rule 1987:4-2007:3 using
Ck =3% and Pk =1%, g =0.35,r =0.05, T=1 vear

Coefficient St. Error T-Stat Significance
a, 3.597 0.232 15.53 0.00
B, 2.397 0.271 8.83 0.00
B, 0.460 0.139 3.31 0.00

R-Squared 0.504

RSS 185.946
D.F. 77
DW 0.287

Table 2.3f: calculate the parametess;, S, and 5, using OLS:

T=1,0=0.35

=, +(B)e 2 - g =) + By

As the upper and lower bounds decrease, there @ppeae an improvement in the
explanatory power of the relationship, suggestimgt policy may be better described as
being nonlinear. The RSS falls as the bounds ahecesl, suggesting that over the period
policy makers applied greater force to policy adation threatened to exceed 3%. The
parameter weights estimated here are used in FRjlifeto map out the nonlinear policy
rule.
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Table 2.4a: OLS estimates of Policy Rule (1987:4-2007:3) with dummy
(2001:1-2005:4) using Ck =3% and Pk =1%, ¢ =0.35,r=0.05, T=1 vear

Coefficient St. Error T-Stat Significance
a, 4.463 0.210 21.297 0.000
B, 1.789 0.221 8.091 0.000
B, 0.146 0.113 1.291 0.201
B3 -2.566 0.338 -7.593 0.000

R-Squared 0.718

RSS 105.739
D.F. 76
DW 0.344

Table 2.4a: reports the parameters: 5, £, and 5, using OLS:

T=10=0.35

r=a, +(131) (Cg*z:o.os_ pg*lzom) 'y +,32( X) +,33( D200 2005:)1

whereD denotes a dummy variable having a value of 1 f20@i:1 to 2005:4 or otherwise

0 over the complete period. These dates coincitle thé period of rate cuts that occurred
from 2001:1 up to the beginning of the Bernankaumbency when much of the policy

accommodation was removed. See Figures 2.8 andT&®.dates are refined in the
following Table 2.4b. Of interest here is the c@ieg#nt estimate for the dummy variable,

which is significantly negative, supporting evidenthat monetary policy was more

accommodative over the 2001:1 — 2005:4 period wbempared to the rest of the

Greenspan and Bernanke incumbency. This may hdleeterl fears concerning deflation.

It may have also been consistent with a greaterdate for inflation over the period. The
parameter estimates given above were used todrdadbe policy rule fit in Figure 2.12a.
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Table 2.4b: OLS estimates of Policy Rule (1987:4-2007:3) with dummy
(2002:1-2006:2) using Ck =3% and Pk =1%, ¢ =0.35,r =0.05, T=1 vear

Coefficient St. Error T-Stat Significance
a0 4.431 0.176 25.115 0.000
B1 1.972 0.186 10.582 0.000
B2 0.343 0.093 3.669 0.000
B5 -2.812 0.286 -9.830 0.000

R-Squared 0.782

RSS 81.863
D.F. 76
DW 0.627

Table 2.4b: reports the parameters: g,, 8, and 3, using OLS:

T=10=0.35

*

r=a, +(131) (Cg*z:o.os_ pglzom) 'y +,32( X) +,33( D202 2006:)2

where D denotes a dummy variable having a value of 1. @ates for the dummy,

D200+ 2008 \yere searched iteratively until a minimised RealdSum of Squares emerged

from running a series of regressions. The datescdsely correspond with Taylor (2007)

who identified a period of rate relaxation. Theutessreported above support the view that
the Fed acted to contain inflation when inflatibneaitened to exceed 3% but policy was,
nevertheless, more accommodative over the peri®@2:20- 2006:2 when compared with

other periods. The dummy and other parameters a&strhere were used to produce the
policy rules in Figure 2.12b. The inclusion of ttkemmy for the period 2002:1 — 2006:2

helps to provide a better explanation of eventsnMbemparisons are made with Table
2.4a. The parameter coefficients estimated hersurgequently used to map out the policy
rule fit in Figure 2.12b.
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Table 2.5a: OLS estimates of Taylor Rule 1987:4 - 2002:1

Coefficient  5t. Error T-Stat Significance
g 1.203 0.956 1.35 017
B 1.372 0.261 5.26 0.00
B2 0.426 0.082 317 0.00
R-Squared  0.611
R55 74.954
D.Ww. 0.311
D.F. 55

Table 2.5a estimates the Taylor rule as beforeald2.3a. The final date howeve
restricted to 2002:and the fed funds rate, inflation rate and grogah are express
as percentages. The same parameter estimates tareedbusing both Linear and
Nonlinear Least Squares. A New®jhite correction to the standard errors
applied using a lag value of 4. Both inflation aodtput gap parametergmair
statistically significant.

ro =y +(1+a)7) +awyy,)
Where

a, = W, =(r* _a)_lﬂ*)' B=1l+w, B, =w,
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Table 2.5b: OLS estimates of Policy Rule 1987:4 - 2002:1 using
Ck = 4.5% and Pk = 2.5%, o = GARCH, T = 1 year

Coefficient  5t. Error T-Stat Significance
oy 5.686 0.364 14.60 0.00
B 2.567 0.544 472 0.00
Jif) 0.410 0.051 4.50 0.00
H-Sguared  0.566
RS5 83.573
D.Ww. 0.353
D.F. 55

Table 2.5c: OLS estimates of Policy Rule 1987:4 - 2002:1 using
Ck = 4% and Pk = 2%, o = GARCH, T = 1 year

Coefficient  5t. Error T-Stat Significance
oy 5.048 0.362 13.96 0.00
B 2735 0.471 5.80 0.00
Jif) 0.440 0.088 5.01 0.00
R-Sguared  0.617
RS5 73.6570
D.Ww. 0.457
D.F. 55

Table 2.5d: OLS estimates of Policy Rule 1987:4 - 2002:1 using
Ck = 3.5% and Pk = 1.5%, o = GARCH, T = 1 year

Coefficient  5t. Error T-Stat Significance
oy 4.577 0.376 12.18 0.00
B 2.568 0.418 615 0.00
Jif) 0.451 0.086 5.37 0.00
H-Sguared  0.650
RS5 67.337
D.Ww. 0.508
D.F. 55
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Table 2.5e: OLS estimates of Policy Rule 1987:4 - 2002:1 using
Ck = 3% and Pk = 1%, o = GARCH, T = 1 year

Coefficient  5t. Error T-Stat Significance
oy 4.283 0.401 10.69 0.00
B 2218 0.336 6.61 0.00
B2 0.472 0.087 5.46 0.00
H-Sguared  0.657
RS5 66.069
D.Ww. 0.500
D.F. 55

Tables 2.5b — 2.5e: report parametersdgr £, and S, .

=1,0=GARC

=, +(8)Con ~ Po)e™ +Bi(y,)

A recursive GARCH(1,1) volatility estimate is usadthe calculation of the tin
value of the collar. See GARCH appendix (A.2.3he updating GARCH(1,
forecast input is more realistic than assumingrestamt valuend attempts to capti
the ex antenature of volatility - typically used in optionsafmeworks.Ck and Pk
denote the upper and lower bounds respectividybefore the nonlinear rule can
expressed as:

S P I
2

}+(1+w1)(cgz ~ Py i +a)2(yt)

where

Ty, + 1T

a,=r’ +Tg2,,8l =1+w, and f, = w,

Nonlinear and Ordinary Least squares provide thmesgarameter estimates
Newey-White correction is applied using a lag valfe4 to adjustfor seria
correlation. The Fed Funds rate, the inflation ratel the growth gap are e
expressed in percentage terms. Consistent withe$&hBc - fit is found that as tl
bounds fall, the explanaty power of the nonlinear policy rule improv
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Table 2.6a: OLS estimates of Taylor Rule 1987:4 - 2002:1

Coefficient 5t. Error T-Stat Significance
g 1.670 0.956 1.69 0.09
B 1.508 0.301 5.01 0.00
Bz 0.115 0.078 1.47 0.14
R-Squared 0.552
RSS 86.170
D W 0.432
D.F. 55

Table 2.6a reports Ordinary Least Squares estinuditdge Taylor type reaction function (2.78) for
the time period 1987.4 - 2002:1.

r, =+ L+ @) (77.,)+ @E (y,) (2.78)
wherea, = w, = (r* —a)lﬂ*), B, =1+w, B,=w,

Greenbook projections for both inflation (4 quastethead) and growth (the current projection)
were used. The projections of real output growtth imfiation are available at the Federal Reserve
of Philadelphia and are released with a lag ofd&yeThe growth gap was obtained using the trend
growth methodology described in Appendix A.2.4. Awey-White correction to the standard
errors with a lag value of 4 is applied when estinta(2.78). The statistical significance for the
parameter values, falls relative to Table 2.5a.

Table 2.6b: OLS estimates of Policy Rule 1987:4 - 2002:1 using
Ck = 3% and Pk = 1%, o = GARCH, T = 1 year

Coefficient St. Error  T-5Stat Significance
@ 4504 0.412 11.15 0.00
fif] 2.848 0.391 7.29 0.00
Bz 0.111 0.087 1.13 0.26
R-Squared 0611
RSS 74.946
D.W. 0.559
D.F. 55

Table 2.6b reports OLS estimates for (2.79). Atatidn collar with strikes of 1% and 3% is
calculated as before but using the real time Gregkbnflation forecast in conjunction with the
recursive GARCH estimate for volatility, outlinea Appendix A.2.3. The same growth gap that is
used in (2.78) and Table 2.6a is used here. The f@2it&meter values are estimated with a Newey-

White correction having 4 lags:
T=1,0=GARCH

= a, (B - P )e T +BE()  @79)
Table 2.6b produces a small deterioration in fiewltompared against Table 2.5e. Nevertheless
Table 2.6b would appear to offer some improvemeet the linear model, reported in Table 2.6a.
These results favour policy being described asimeat and favour the collar structure replacing
inflation in the reaction function.

164



. - Conventional
Figure 2.1 Opportunistic

Figure 2.1 illustrates how an opportunistic centrahker operates under certai
Only when inflation exceeds a given threshold diescentral banker activate
interest rate penalty. See Aksoy et al (2006) fdieicent levels of 77. Figure 2.:
corresponds closely to what Kohn (1996) has desdriéds representing Fede
Reserve policy, importantly this depiction of pglievould attribute a substant
measure of incisiveness to a forward looking rag#tirey committee where t
underlying variable was expected inflation.
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Figure 2.2: The Collar valuation under certainty and uncertainty

0.030 1 = Opportunistic Intrinsic (Certain) = Opportunistic Time (Uncertain)
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Payoff (Policy Response)
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Figure 2.2:compares the intrinsic and time values of theacollt is observed tr
opportunistic policy under uncertainty does not agncompletely inactive between
threshold levels of inflation. That is, policy iremeral moves gradually as expezct
inflation resides inside the strikes and the polienctions become increasingly n
pronounced as inflation moves outside the bandslefance. Under certainty the po
response resembles the collar construction giveffignre 2.1. Here the infisic valu
can be obtained by calculating the difference betwee intrinsic value of the long c

and short put where the upper inflation target #%land the lower bound is 2.5%:
T=0
(Cg’zzo.ms_ p;fl: 0.025)

When expected inflation is uncertain, the collar:
T=1,0=0.25
(Cg2:0.045_ pgl: 0.025)
is valued using the Black Formul&o calculate the time value it is necessary tdunte
an estimate for volatilityo and the expiration]. It is found that under uncertainty
policy does not remain inactive between the thriesho
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Figure 2.3: The Delta of the Collar and Policy Activism
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Figure 2.3 illustrates that as Expected Inflatiaitsethe policy bands 2.5% to 4.!

the delta measure:
T=1,0=0.25
P (Cn' =0.045 _ 77 =0.02

92 pgl 5) —r(T-t —r(T-t
oE (1) =e"IN(dy.) - € N(g,.)-1]
increases. This bears out the economic rationaterded before: opportunis
monetary policy genergllentails a more elevated response to rates dctiofl tha
moves outside the inflation band. Figure 2.3 tramatsthe delta for the long call €
short put. It is most conspicuously minimised wieepected inflation resides ins
the inflation band defined byr,, and 77,. The delta is not minimised however at

arithmetic mean of the thresholds, whialould be here 3.5%. The Black mo
attributes higher levels of risk to higher inflatiorhe Black modehay be useful the
in capturing asymmetric aspectsmbnetary policy where the upside risk to infla
generates a bigger policy response than downske to inflation
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Figure 2.4: Increasing the Band Width

= Delta of Portfolio 2.5% - 4.5% = Delta of Portfolio 2% - 5%

1.00

0.90 -

0.80 -

0.70

0.60 -

0.50 -

Delta

0.40 -

0.30 -

0.20

0.10 -

0.00 T T T T T T T T T T T T |
0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065 0.070

Expected Inflation

Figure 2.4: maps for varying strikes the followithgjta values:

| T=lo=025 | TeL0=025
P ( C§;172:0.045 _ pgl: 0.025) P ( Cgz:o.os _ pgl: 0.02)
B T EMm

The figure shows that as the bandwidth increasms #.5% - 4.5% to 2% 5% the
delta measure falls for nearly the entire rangdlation zone targeting al
opportunism both appear to be broadly similar is thgard. If increased uncertai
results in an increase in the zone of inactivitg. (ihe inflation threshold band wide
policy becomes more inactive.
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Figure 2.6a: The Vasicek collar,estimated with upper and lower thresholds of
2.5% and 4.5%
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Figures 2.6a: maps out the time values of the followingacddir values of expected
inflation ranging from 0% to 6.6%. Monte Carlo simwatiwas used to generate both
the time values and the expected inflation range. Thec®lasnodel incorporates mean
reversion behaviour so that an underlying can be seengeebtetable:

dr(t) = af b-72(1) ] dt+ o/ dtz
a, b and o can be estimated using regression. Here, they wersatstl empirically for
the Greenspan incumben@/= 0.03636)b = 0.03052 and the Vasicek volatilitg,s=
0.00286. (They might also be inferred from a given poliepst. For instance, the risk
analysis could be extended to incorporate the speed ah maversion to a long run
mean. The Vasicek approach provides scope to permit ifh@fdinflation to be made
to be dependent on the policy instrument. This however beayery ambitious if
forecasting accuracy is limited.) The other parametkregavere given as= 5%, T =
2, mm,,= 0.045,71,=0.025, the Vasicekr= 0.00286.

T=2,0,,5=0.00286

k=0.045 k=0.025
(ng Pg1
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Figure 2.6b: The Vasicek and Black Collar
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Figure 2.6b: superimposes the Black time valuations focoliar as described before,
using:
T=1,0=0.22

(Cg2:0.045_ pglz 0.025)
The parameter inputs are the same as before howevBtabk model does not uaer
b as inputs. The volatility input is estimated differenBfpr the Greenspan incumbency,
the Black volatility was close to 0.35 whereas, theid&ksvolatility was just 0.00286.
To make both comparable, a grid search was used to fin@lduk volatility that
minimised the root-mean-squared-error (RMSE). This wasdfdanbe close to 0.22,
well below 0.35. A key feature of Vasicek models is tmthe speed of mean reversion
increases volatility declines. In the monetary policynteat this implies that as
predictability increase volatility declines. Anothertie@@ worth noting relates to the
asymmetry associated with the Black model. It is clese that as expected inflation
increases the policy response increases in magnitude.eTthisemore clearly, it is
necessary to consider the deltas examined in Figure 2.7.
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Figure 2.7: The Vasicek Delta and the Black Delta

Delta
o
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L

Expected Inflation

Black Delta Vasicek Delta

Figure 2.7: illustrates the asymmetry of the Black modkis 1s particularly evident
when comparisons between the Black and Vasicek delmsmade directly. It is
noticeable that the expected inflation rate associatgdthe minimum delta is not at

0.035. In fact, delta is computed using:
T=1,0=0.22

d Céfzzo.o45_ pg*lzo.ozs e o
| o () _erana)- e 4

is lowest when expected inflation is equal to:

« _x 7105 0.5
E(7) {n‘”'”ﬂ {(0'043 ( o.ozﬂ =0.03195629-

eaz (T-1) e0.222( 2

This magnitude is lower than the arithmetic mean of the ruppe lower bound: 0.045
and 0.025.
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Figure 2.8: The Federal Funds rate and the Growth Gap
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Figure 2.9: The Federal Funds rate and the Inflation rate
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Figure 2.8 and Figure 2.9 provide an overview of the Fed Furelsthat inflation rate
and growth gap (see Appendix A.2f6r the Greenspan and Bernanke incumbencies.
From Figure 2.8, it is clear that the recursively estadatrend growth does not
substantially affect the variability of the growth gapanltompared against the original
annual growth rate.
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Figure 2.10a: Linear and Nonlinear Policy Rules
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Figure 2.10b: Linear and Nonlinear Policy Rules
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Figure 2.10a maps out a linear rule using the estimated tseaptained in Table 2.3a.
The growth gap is set to zero for purposes of illustratiofrhe range of expected
inflation considered is from 0.01 to 0.065, close to thehésminimum and maximum
over the 1987:4 — 2007:3 period. In addition, the estimated vge@ttained for the
nonlinear rules (given below), obtained in Tables 2.3b 28c, are also used to map
the nonlinear rules. Figure 2.10b superimposes a scattdoplatlation and Fed Funds
quarterly rates for the same period 1987:4 — 2007:3. It was fdwdHhe nonlinear

policy rules underperformed relative to the linear rule.

T=10=025

*

T=10=035

*

174

r=a, + ( ,81)((::2:0'045 _ pgl =0.025) erT + ﬁz(Yt)

r=a, + ( ,81)((::2:0'045 _ pgl =0.025) erT + ﬁz(Yt)




Figure 2.11: The Historical Fed Funds Rate for the Greenspan
and Bernanke Incumbencies
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Figure 2.11 maps out the nonlinear rule using weights estihfedm Table 2.3f. The
same linear rule as before is mapped out using paraesierates from Table 2.3a.

The nonlinear rule:
T=1,0=0.35

n=a,+ (:81)(097112_0'03_ pgl_O'Ol)erT +:82(yt)

outperforms the linear rule and other nonlinear rulesttie whole period 1987:4 -
2007:3 based on the Residual Sum of the Squares (RSS).sBlggréigated scatter plot
of the fed funds rate relative to inflation suggests thtt setting behaviour changed
from 2001:1. Over the period 2001:1 — 2005:4, the Feds Funds ratesagppegssed
relative to inflation when compared to the other pgibetween 1987:4 — 2007:3. This
episode coincides with the series of rate cuts app#@mt Figures 2.8 and 2.9. This
may have reflected concerns regarding deflation duringpém®d that ultimately did
not materialise. Table 2.4a estimates the nonlinearwitkethe addition of a dummy
variable that specified 1 over the period 2001:1 — 2005:4 and oleemero. This
dummy was found to have been negative supporting evidentgdhey was more
accommodative relative to what had been implemented the previous decade and a
half. It also suggests that there is some empiriceistfar disaggregating the fed funds
time series.
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Figure 2.12a: The Policy Rule with a dummy 2001:1 - 2005:4
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Figure 2.12a uses the parametess, [B,, [, and [;,estimated in Table 2.4a, to
produce the policy fit;:

T=1,0=0.35

r=a, +(,31) (C(;T*Z:o.os_ pg*lzo.m) 'y +,82( 3{) +,33( D200%L 2005:)1

where D denotes a dummy variable having a value of 1 from 2001:1 to 2005:4 or
otherwise 0 over the remaining period. These dates itgiyatapture the period of
policy relaxation discernible from Figures 2.8 and 2.9. Tegative co-efficient
estimate for the dummy variable, from Table 2.4a, confitma$ monetary policy was
more relaxed over the 2001:1 — 2005:4 period. This construction pgumispective
breaches of the upper threshold of 3% inflation to triggenonlinear reaction as
described by the collar, even with policy accommodaiidwe. lower threshold/bound of
1% was never violated implying that the put is less visibliglent in the options
framework. The dis-aggregation of the fed funds rate, {he application of varying
legends for corresponding time periods), would appear o dygblain the statistical
improvement evident in Table 2.4a. Fears concerning deflat@mealised in the data,
may help explain policy behaviour over the period.
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Figure 2.12b: The Policy Rule with a dummy 2002:1 - 2006:2
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Figure 2.12b: uses the parametets: B,, B, and S, from Table 2.4b to trace out the

nonlinear policy rule given b
T=1,0=0.35

r=a, +(,31) (C(;T*Z:o.os_ p;flzo.m) 'y +,82( 3{) +,33( D20024 2006:)2

where D denotes a dummy variable having a value of 1. The daiesthie
dummy,D?°%%* 2% \were changed from Table 2.4b and Figure 2.12a. The criteria
applied to select the dummy dates were based on minionisatithe Residual Sum of
Squares for the specification above, starting 2001:1. Tdtestgal significance and
improved fit offered by the dummy reported in Table 2.4b #uodtiated here suggest
that the Fed became more accommodative over the p26i6d:1 — 2006:2 when
compared with other periods. These dates would seeno&alliprcoalesce with Taylor
(2007) who uses a counterfactual policy rule to make aaimimparison. Taylor
(2007) maintained that the federal funds rate, from 2003 to 20&6well below what
one would have predicted, given successful policy reactionsg the two previous
decades. The inclusion of the dummy for the period 2002:1 — 20668 to capture
this easing in policy, while also preserving nonlinearitsha policy rule.
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Appendix A.2.1: Interest rate setting under uncertainty

Proposition 2.2a developed the monetary policy responsdlation as an option time
valuation where expected inflation was not known witttatety. The configuration of
the option’s framework is based on the monetary poeagtion, outlined in Figure 2.1.
This construction can be motivated by Aksoy et al. (2006)alernatively by
considering committee and institutional dynamics. Hamesk management approach is
adopted by equating the opportunistic policy response tonthesic value of an
option’s portfolio, when future outcomes are certéimowever, the reaction function
were set, such that interest rates were determineg todasponse to future levels of
inflation that are wuncertain, the exercise of implatimg policy, changes
fundamentally. It is generally accepted that economiicypolperates in a domain that is
forward-looking so that policy makers try to discera &mergence of pricing pressures,
in advance, and react in a pre-emptive manner. Claridh,a@d Gertler (1998, 1999,
2000) formulate the reaction function as being forwarditm®** Indeed, as part of the
jargon used to denote the pre-emptive nature of Fed Fundsgseatblicy makers
frequently refer to buying insurance or staying ahead otunee?*? In this regard, the
upper strike of the collar relative to inflation does notstitute the only determinant
that drives policy. The probability of inflation exceeaglian acceptable tolerance is also
fundamental to precipitating a policy response. Thidigaghat even when the current
expectation of inflation resides within a comfort zommlicy makers will not
necessarily remain inactive. So long as there is aaptebinflation outcome that
exceeds an acceptable limit, the board will, at thegmate prepared to adjust the
policy rate?*® Previously, it was noted that traditional Black-Schok973)
assumptions have involved stipulating; that the shont-t@te is known and constant,
that the underlying asset follows a random walk in contisuane with a variance rate

%! The Bank of England publishes quartethe Inflation Reportwhich sets out detailed inflation
projections. In theory, any deviation between thgeptmn and inflation target constitutes the primary
basis for the Bank'’s rate setting decision. A simdaproach is adopted at the Bank of Canada, the
Reserve Bank of New Zealand and other central bariesFederal Reserve since November, 2007 also
publishes forecasts on a quarterly basis. Enhanced FQ@imic projections were released with the
FOMC minutes of the October 30-31 meeting in November, 2600". panels displayed the Q4-to-Q4
percent changes in real output (measured by real GDRQ4te-Q4 percent changes in overall and core
prices (measured by the price index for personal consumptipenditures), and the Q4 level of the
unemployment rate. Central tendency projections that efbfithe range of FOMC participants'
projections were also innovatively provided.

432 See Orphanides (2003) for forecast-based variants ofasiccrule.

233 This appendix appeals to a widely understood body of knowledgeaince. In this regard, Neftci
(1996), Hull (2003), McDonald (2003) and Whaley (2003) provide usefukdround to the Black-
Scholes/Merton model. The derivation proposed by Hull (2083adapted here specifically for its
application to monetary policy.
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proportional to the square of the underlying asset value, thatl markets are
frictionless. In chapter 1, static replication, proposgdDerman-Taleb (2005), was
applied - permitting (A.2), and (A.5) to be relaX&dUsing these, the policy response is

set out as:

E|max7z,, - 7, 0) (a.2.1.1)
where 77;2 denotes the upper tolerance for inflation which if excdedeggers a
monetary policy respons&, denotes the current expectatignit will be assumed that

expected inflation is lognormally distributed and thendead deviation oin(7) is s.
Given that policy is forward-looking, a probabililensity function (pdf) of inflation
can be defined ag{7). The pdf construal is not dissimilar to how the ®IP

communicates its inflation expectations using a ¢aart. The BOE has published a
probability distribution for future inflation outcees up to two and three years ahead in
its Inflation Reportsince February, 1996. Prior to this, th8ation Reportdescribed in
text, the risks associated with the forecast distion?*® One would expect that any
deviation of the forecast from the mandated tavgmald trigger a policy respongg’

To keep the analysis consistent with a baselin@oricing model, it is assumed here
that expected inflation is lognormally distributéd.As outlined in chapter 1, the
lognormal random walk neatly captures a numbeiséf management perspectives. To

this end a probability density function can be exgpd to describe the likelihood of

inflation exceeding a given threshold;

42, With these risk management perspectives

taken into account. When considering only the ufyoemd, the following would apply:

Elmaz,, - 7,,.0)| = I(ml—ﬂ;,z)g(ﬂ)d(ﬂ) (2.2.1.2)

234 Otherwise, assumptions (A.1) — (A.6) set out in Sedtlod) still apply. As before, it is still assumed
however that the variance rate is proportional to theuse of the underlying asset value. The Vasicek
model permits the asset’s variance to be constant.

235 Goodhart (2003) allows for the possibility that the BanEwfjland targeted the forecast mode. If the
distribution is skewed, it then becomes a consideratteether policy should target a measure of central
tendency other than the mean expectation. The Heston (48838ackus, Foresi and Wu (2004) models,
developed in chapter 1, permit considerations relating tbiglieer moments to be taken into account.

%3¢ Hence the fan charts represent an important innovation

%37 The practice of peering into the future using pdfs, eitiglior implicitly, provides a useful starting
point for considering the option’s framework. CentralKsado this in different ways although parallels
would appear evident. The Federal Reserve releases itsfiation staff forecast but only after a lag of
five years. The information contained in the Greekbisosupplemented however by ranges for the
forecasts. These were released twice a year in tiretdry Policy Report to the Congress. In 2007, they
started to be released quarterly.

238 Other stochastic processes were considered in chapter 1.

179



Under conditions of certainty, the opportunistic cenbahkers, as described before,
only moves to increase the policy rate should inflatiseabh a given threshold,
otherwise policy remains inactive. In this regard, the daglefined by the call is
analogous to the opportunist’'s or zone targeter's positidre natural logarithm

variable In E(IT) is normally distributed. From the properties casated with the

lognormal distribution, the mean &f(77) can be expressed as.

=In[E, (7,,)] - s%/2 (a.2.1.3)
By taking the natural log of expected inflation thew variable becomes normally
distributed. This can be standardised by subtrgctire mean and dividing by the
standard deviation to compute (a.2.1.4)
_In(7)-m

<

<=

(a.2.1.4)

With a mean of zero and standard deviation of tme probability distribution of can
be read directly from the standardised normal cativd distribution. This implies

(a.2.1.2) can be re-expressed to give:
Elmax7z 7 ,0)| = Im ym/s( = n(2)dz-77, jm b h(z)dz (a.2.1.5)

where h(z) denotes the normal density function far. If it can be shown that

=e%"" then (a.2.5) becomes:
E[max(nt 77,0 )] ems ’2.[("]( h(z - s)dz-77; .[m h(zkz (a.2.1.6)

(a.2.1.6) displays the main features associatel thi¢ traditional Black and Black-

Scholes formulae. The economic interpretationas #s expected inflation rises relative
to the boundary, the probabilities associated With integrals increase. Option pricing
provides the valuable insight that as the undeglyimcreases the normal cumulative

probabilities, denoted below bj)\l(dlgz) and N(dlgz) also increase.N(dlgz) is the

cumulative probability that a variable, that possssa standardised normal distribution,

will be less thand,,,.?* N'(d,,,) represents the probability density function for a

standardised normal distribution. In other words:

2

d1g2
Nl(dlg2) ; 2

J2(38. 141593

239 |n considering the probability of expected inflatioringein excess of a given threshold, it becomes
necessary to calculateN(d;g,).
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and

N(dlgz):jN'(dlgz)
The fan chart and Monte Carlo analysis considerecchapter 1, provides some
intuition. Both here and in the Monte Carlo anaydi is found that as the expectation
of inflation rises above a given level in this mste, n;z, the probability associated
with a given monetary policy response also riseg.sBbstituting for m, the first
integral of (a.2.1.6) can be written als(dlgz):

J(:(ﬂ;z)_m)/sh(z_ SKz=1- N(w _ Sj _ N(('”(E(”)/fz)J’ sZ/Z)J -n(d,,,)

(a.2.1.7)
Likewise, the second integral associated with ugptarance in (a.2.1.6) can be re-
expressed to give:

N(d,,,)= N(In[E(ﬂ)/ ’EZ]_ s/ 2} (2.2.1.8)

By applying a risk neutral valuation (a.2.1.6) tenrewritten.

Elma(r7,,0) = €™ 2N (d,,,) - 77,N(d,) (@.2.1.9)
The analysis assumes the familiar shape of a paithro by substituting fom. (a.2.1.9)
can be re-written as:

c,, =€ TElmarz,, - 77, 0)| = e [E(DIN(dy,) - 7N (dy,)]  (@2.1.10)
By substituting form, the expectation that inflation will exceed a givievel of
tolerance can be calibrated if a mean and stardfandtion are ascribec denotes the
expectation in a risk neutral world. This impliésit the European call can be computed

by discounting withe™™ wherer denotes the risk free rate amddenotes the forward-

lookingness of the central bafi¥.If the standard deviation of the natural logaritlsm

240 By invoking the BSM insight, it is possible to showtthaisk free hedge can be created by combining
a dynamic long position @ic/0E(7) in the expected inflatiorE(7), with a short position in the derivative
asset. Alternatively, it is possible to establish a risk maliposition using the static hedge identified by
Derman and Taleb (2005). A third possibility here is tovalr to be arbitrarily set equal to zero. This
could be justified by simply proffering that central bankersradéferent to the timing of inflation. That

is, central bankers are equally hostile to inflatidremever it occurs along the time line. They would not
seek to trade off today's inflation for future inflati@mnd they would not apply time decay nor risk
premia. This would eliminate the need to establish relktmality either using the classic Black-Scholes
dynamic replication approach or using the static hedgeopeal by Derman and Taleb (2005). The same
actuarial formulae however would still apply.
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taken to be equal ta/T then the call structure assumes a form that resertides

Black model. More specifically:

N(d,,,)= N{In( E(”)/;TE/ZT_)+ UZT/ZJ (a.2.1.11)
and

N(d,,) = N[In( E(’T)/;TE/ZT_)_UZT/ZJ (@.2.1.12)
Using put-call parity it can be shown that the put caexpressed as:

Py =€ |77 ,N(=d,y,) - E(N(-d, ) (a.2.1.13)
or

P =€ |7 N(-d,y, ) - E(mIN(-d, ) (a.2.1.14)

where the lower threshold level of inflatiorr,, is substituted forz,,. This constitutes

an ‘actuarial’ derivation of option pricing formulae. By &§ppg Derman and Taleb
(2005), risk neutrality can be established without assumiegnttric Brownian
Motion or frictionless markets. By setting the strilqéﬂ, to be lower thanngz, it is

possible to engineer a collar structure (i.e. a longara short put on inflation) to

capture some of the nonlinearity of opportunistic monegarlcy. From (2.17) the

reaction function was given as:

M+l -

> l:r* +@:‘ +(1+ cq)(cg2 - pgl) e +w,( y) (2.17)

or
* ]7;k +]f
[ *%}w)(cgz—pgl)e” +a(y)

By incorporating (a.2.1.10) and (a.2.1.14) theofwihg emerges:

a{rw%}(m){e”[E(n)N(%z)—n;ZN(dzgz)J- liN-4)- &) ¥ 4)] el
(a.2.1.15)

By collecting the exponential terms it is possibderemove any reference to the risk

free rate,r, on the r.h.s.. This produces the forward-lookowportunistic reaction

function:
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th{r* + @1;77;2}"'(14'“1)['5 (”)(N (d192)+ N(_dlgl))_H;ZN( d292)_7fg1N(_ ngJ)]i-wi )

(a.2.1.16)

This result implies that the risk free rate,can be eliminated. This has the effect of
simplifying and removing some circularity in the relatioipsas spelled out by (2.17).
The opportunistic reaction function, that makes unaantaxplicit, can be established
without any dependence on the risk free rate. The risk geamant paradigm is adapted
here to monetary policy and made practicable using bo2hl(46) and the forward-
looking opportunistic framework. (a.2.1.16) could also be abthimore simply by
ignoring risk neutrality and stipulating thats arbitrarily set to zero from the outset. As
explained in Section 1.6, the ‘zero time decay’ appraachd be asserted by imposing
the assumption that central bankers are indiffei@the timing of inflation i.e. they do
not extract any pecuniary or reputational gain by postgomnifiation or trading future
inflation for current growth. In chapter 3 however thiscount rater, is preserved in
the analysis to maintain the standard notation. Whileeeo time decay’ approach is
attractive and would simplify the algebra (i.e. it @#ghaving to establish risk neutral
conditions), it would also limit the analysis. Altngh equivalent to (a.2.1.16), the
estimated forward-looking opportunistic reaction functicgh6%) — (2.79) made explicit
r. This perhaps was not necessary as (a.2.1.16) provideseageneral template. The
application of portfolio option theory to monetary pglwas developed here using the
classic Black-Scholes framework and more robustly by usargnan and Taleb (2005).
The advantage of applying these market frameworks largédyes to preserving the
flexibility to use market traded inflation options when dadesng (a.2.1.16). In this
regard, market variables and market uncertainty may Helysgnters for setting out
policy. The analysis developed here however can anddalbe applied independent of
market variables, especially when markets are illiquglpBeserving in the analysis,
presented in both chapter 2 and 3, it neverthelessmemassible to consider the likely
effects of central bankers falling short of the zeéme decay bar (i.e. the risk
management paradigm can be made more flexible, generaharket oriented). This
would suggest that the Derman and Taleb (2005) approachtipleesd to offer a
greater range of applications with less taxing assumptioribe following chapter, the
option’s framework is considered largely from the perspecaf how monetary policy
can assume both linear and nonlinear forms. This thealrétamework illustrates the

conditions that lead nominally nonlinear policy to bedingr almost linear).
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Appendix A.2.2: the level of expected inflation at whichpolicy activism is
minimised
As illustrated in the text, two scenarios are plaesib the event that:

[N (o )| = [N (el ) (a.2.2.1)
The first scenario optimises the delta where agreeiseattained. This implies the
upper and lower strikes are found to be equal. The moreaerase is considered

here?* If the square roots have different signs the followinlgié:

{In(E(n)/n;2)+ o?(T —t)IZJ _ _[In(E(n)/ﬂ;l)+ o2(T —t)IZJ

ovT-t ovT-t
(a.2.2.2)
By taking the sum and setting equal to zero the equalityrbes:

{In(E(n)/ngi)%Z (T —t)IZJ . {In(E(ﬂ)H;;i)%Z (T —t)IZJ

(a.2.2.3)

By multiplying both sides by the denominator the equalityces to:

n(E(r)/ 7, )+ In(E(m)/ 7, )+ o?(T -t) =0 (a.2.2.4)
Express each of the terms in logs and re-arrange to give:

2In E(77)~In 7z, ~In 77, +In|e”" ™| =0

(a.2.2.5)

2inE(m)=In7, +In 7, - In[e”z(T‘t)]
To obtain (5.17), implement the following algebraic mal@gpan so that the delta is
optimised:

2In E(7) = In[7z .77, | - In[e”"

7T I, (a.2.2.6)
In E(77)? :In{ - gl}
ea (T—t)
]T* ]f 05
E(n):[ 92° 91} (a.2.2.7)
ea (T—t)

This expression denotes the level of expectedtiofiaat which policy activism is

minimised.

I\J‘XN

241 Noting that: N'(x) =

g~
3
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Appendix A.2.3: Using GARCH(1,1) to update the Black volatity parameter input

A key input to pricing an option is the forecast of theumtised standard deviation of
the return on the underlying. Equally, the estimate of egoeannualised volatility is
critical in determining the value of the inflation collModelling and forecasting the
volatility of returns on financial time series has b#®n subject of a large and growing
literature. Engle (1982) produced an autoregressive conditibledéroscedastic
framework used to estimate conditional variance. Hmirsal paper incorporated a
model of U.K. inflation. Bollerslev (1986) pointed out thastimating totally free lag
distribution often will lead to violation of the nongaivity constraints.” To avoid
going back a large number of lags®fand prevent negative volatilities from emerging,
Bollerslev (1986) suggests an alternative process: GARCH (&leseel Autoregressive
Conditional Heteroskedasticity) and applied this to quigrteflation data over the
period 1948-1983 period. The simplest formulation is given by GAR,1) which
takes the form:

h? =g +@e2, +@h?, (a.2.3.1)
The variance of the error term can be described as hdwieg constituents: a constant,
last period’s volatility and the previous period’s variariceattempting to estimate the
volatility or forecasted volatility that permits ctesing, the GARCH and ARCH
processes are particularly useful. To value the ioftatollar, it is necessary to estimate
the volatility of the annualised percentage return fi&tion. This can be accomplished
by taking:

o =In(m)-In(7_,) (a.2.3.2)
Subsequently, equations for the mean and variance aréiesgie

O = U+ELE ~ N(O,hf)

ht2 =@t wl‘gtz—l + {02ht2_1 (a.2.3.3)
A log-likelihood function [LLF) is established:

L= —%Iog(Zﬂ) —%Zlog(hf)—%Z(pt —u) I (a.2.3.4)

and maximised using the Berndt, Hall, Hall and Hausman (1974)HBHIgorithm
under a normality assumption for the disturbances. Thaeime useful here because it
can be used to describe the volatility of a seriesutiitdime and more important from
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the perspective of option valuation, can be used to dstam|atility>** It is possible to

calibrate one of the key Black formula inputs by estingaparametersyg,, ¢ and ¢,.

Thus the forecast:

W, =@ +@e + gh? (a.2.3.5)
can be deduced for the upcoming period. Although, the ARCH #RICBl processes
were initially conceived to deal with economic timeiesgr much of the subsequent
applications have been directed towards Value at Risloptidn volatility modelling.
The anticipated annualised standard deviation can be estlirbgt taking the square

root.

F
Na =+ +@e?+ah’ (a.2.3.6)
The forecast,h[ﬂF then represents the annualised volatility estimate tes@tput into

the Black formulae s@ = GARCH(1,1), when estimating the collars for (2.74)7%2.
(2.76), (2.77) and (2.79). To avoid the end-of-sample probleetwarsively estimated
volatility is computed by updating the GARCH(1,1) parametexsheperiod. The
GARCH model is estimated from 1957 up to 1987. Therein thgarameterisation
occurs each successive quarter. This avoids including leadsvétat policy makers
would not normally have known in &x antecontext. Figure A2.1 outlines an updating

forecast of volatility over the Greenspan incumbency.

Figure A2.1: Ex ante Volatilty 1987:4 - 2003:4
Recursively Estimated using GARCH(1,1)
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242 The GARCH(1,1) model is intended to provide estimatethienolatility of the annualised percentage
return of inflation. An exponentially weighted moving awea EWMA) model could also have been
used. The GARCH construction recognises that volaidlityot constant and permits a systematisation of
how expectations regarding volatility were formed by@pen Market Committee.
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Appendix A.2.4: Estimation of the Growth Gap
The output gap is estimated atheoretically using GDPditatmloaded from the Federal
Reserve Bank of St. Louis. Tlg given in (2.63), is generated by using the seasonally
adjusted real GDP (rebased with 1996 prices to 100) and comphb&nguarter on
quarter growth rat&® This is annualised and compared against actual annual growth.
The time series commences in Q1, 1957. This data seedstasgenerate a chain of
successive geometric growth rates (one for each newegua@entral bankers are
posited as taking a long-term trend into account when sisgethe extent to which
potential is available in the economy. The geometric ngramth rate is calculated
recursively by regressing, in succession, a constant megitton the natural logarithm
of the GDP using OLS.

In(GDR)=a + B (t)+ ¢,

IN(GDR.,) =a + B3 (t+1)+ £,

(a.2.4.1)

IN(GDR.,)=a +BF(t+n)+¢,.,
where

a =In(GDR))
The coefficient estimates on time produce a se&feontinuous end of sample growth
rates for each quarter over three decades. Thetiontuadvanced to explain this

approach is that the initial observation of r€&sDP, if compounded by the correctly

estimated continuous growth raf@°™", will yield GDPw;. The chain of regressions

given by (a.2.4.1), are calculated recursively dach quarter up to 2007:3. The first
estimate is made for Q1, 1967 using 10 years od.datch successive estimation

produces a new end of sample continuous growth gf€, for each subsequent

guarter, (the start date of the data being 195/fiked). A vector of continuous growth
rates: B is converted to discrete annual growth rates lyueetially quadrupling,

°PPand then calculating the exponential function oé tbroduct. One is then

subtracted from each observation to make compartbla discrete annual GDP
percentage growth rate. For the Greenspan yeardréinel growth rates may be
represented by (a.2.4.2)

243 5ee the serig8DPCY6 given in Table 2.2.
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T GDP
G1987Q4 eXF( 1987Q4 ) 1

x100 (a.2.4.2)
Clams| || exeB5x4)] |1
The trend growth, denoted by supersciiipis meant to represent a historic norm that

the central banker recursively estimates. Thus thel tieeatheoretical. The actual year

on year GDP growth rate can be estimated using (a.2.4.3)

G =| GPR~CGDR. |, 100
GDR,,
Gu. = GPR.. ~GDR. 1,100
GDR_,

(a.2.4.3)

GDR,, ~GDR,,
Gt+n -
GDR,, 4

4}QOO
(a.2.4.3) constitutes the magnitude of annual increaserveldsen a quarterly basis.
(a.2.4.2) is successively subtracted from the yearean gercentage GDP growth rate
obtained in (a.2.4.3). This provides an end-of-sample growghngzasurey:. In this
regard, it consistently uses only lagged and contemporangdoisnation. The
difference between the two rates is given by (a.2.4.4):

y, =G, -G/ (a.2.4.4)

Figure 2.8 illustrates the growth gap and the Fed Funds rete¢tm/Greenspan years.
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Chapter 3

Reverse-engineering the Taylor Rule.

‘I would like to take the opportunity to talk a bit about monetary poli@tegy and in
particular about a memo that we all get called “Monetary Policy Rulegich |
hardly ever hear referred to. It relates to the Taylor Rule,ctvhs actually quite a
favorite among the academic economists. | have been looking at that rathethisard
year and, in my view, it has not been that helpful. For most of #reif@ne looked at

its various predictions, it could have been interpreted as arguing firehior lower
interest rates, depending on how one estimates the equation and some other
technicalities. Now it seems to be saying that we should be ramargst rates when
one could make a case that interest rates are about right. | thirgeoldem here is the
output gap term. And the deeper problem is that to apply this rule, vig maue point
estimates of our targets for both inflation and unemployment. At thdgsty think we
have bands; we do not have point estimates. As one listens to the wayall talk
about monetary policy, you seem to have different approaches to how to thinktabout
Suppose for the sake of argument that inflation and unemployment are reasonably
within their target bands if not at one’s point estimates. As longféetion is neither
accelerating nor decelerating, we seem to be striving to maintastirex conditions.
Partly this involves watchful waiting on acceleration or decelerationneoessarily on
inflation as such but on leading indicators of inflation such as those on thet®idle.
And in part this involves aiming policy so that future growth in aggregeteadd
equals the trend growth in aggregate supply, which is roughly 2% percent onogér
models. At the last meeting, | said that the trend growth in aggregatandewas too
low and that the economy needed some further stimulus. At thisgngdtioks about
right--at least to me, maybe not to some others. But | think that shas have this
more informal way of keeping things on an even keel for stable noninflatigreah.

| believe this is what most of us do and | think it is working. Tlyank (Governor
Gramlich, Federal Reserve Board, FOMC TranscriptsgbBéer, 1998, p.45)

3.1 Introduction

Increasingly during the 1990s central bankers at the US &leldeserve appear to be
describing more coherently what was understood by the ‘tpgstic’ strategy.
Orphanides and Wilcox (1996) explored the theoretical founmkabf the opportunistic
approach. Their paper accompanied an internal debate dbaadserted a nonlinear
stance and arguably captured some pragmatic aspects séttaig. Many of the earlier
expressions that endorsed nonlinearity since the late 1880sitlined before in chapter
2, were tentatively developed into a more lugiddus operandby December 199%5"
The Greenspan Federal Reserve, to paraphrase its ahaiatiopted a price stability

%441n the accompanying appendix to the December 1995 FOMG:tipiiss Don Kohn delineates using a
policy matrix the implications of employing alternativéiye deliberative and opportunistic approaches.
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objective that was intended to lower inflation over eswtcessive cycle. Significantly,
the then secretary and economist to the FOMC Don Kahrthe December 1995
meeting, submitted to members an opportunistic blueprintegyaNot unrelated, the
FOMC from January 2000 started to elaborate its policgrstin terms of a ‘balance
of risks’ assessment that the committee could perdeviee upside or downside in
attaining the goals of both sustainable growth and pricdistabi

The political/social context within which such monetaryligyo is formulated is
important. Board dynamics in securing consensus, aegedvby Governor Gramlich
at the December 1998 FOMC meeting, suggests that the vaotlist was relevant in
terms of how policy was implement&. Orphanides and Wilcox (1996, 2002)
suggested that a non quadratic loss function provided a tlwabrdiasis for
opportunism. Nonlinearity can also result from hetereggnof opinion within the
board or between the board and the legislature asedtin chapter 2. Since policy
makers operate with different models and preferenceseosus may not always be
easily attained. Meade (2005) makes precisely this pointh&pt@r 1, it was suggested
that the opportunistic disinflation strategy also furnishéed officials with an
alternative way to communicate nonlinearities, in agyodinvironment where monetary
aggregates were being slowly de-emphasised. The lattevabmmt is somewhat

tactical, in that target bands afford, as Presidentigzoriput it, some ‘wiggle’.

Ironically, given the broad endorsement of nonlineaggpecially by Board members,
no significant empirical evidence has emerged to confinat monetary policy is
opportunistic, or path dependent. Kim, Osborn and Se(&i$)2), for example, find
little evidence to support nonlinearity in the post 1979 pefardthe policy rule.
Equally, the linear estimations of the type set out byldr (1993), Clarida, Gali and
Gertler (1998) and Orphanides (2002) tend to define the status qutardard
approactf*® One possible explanation is that the linear TayloleRand opportunistic
policy outcomes are similar when one takes into acchentargeting horizon, volatility
of the underlying and bandwidth within which the risk managenfeamework

operates.

245 See p. 48 of the December, 1998, FOMC transcripts.
246 Conversely, Dolado, Pedrero and Ruge-Murcia (2004) findestinates indicate that US monetary
policy can be characterised by a nonlinear policy rfier 4983, but not before 1979.
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In this chapter, the importance central bankers at&iboitpolitical institutions when
framing policy, is investigated. Changes in the inflation targgndwidth, in the
volatility of inflation and in time horizon over whicn inflation target is applied, are
examined via portfolio option theory. Risk managemesiias are used to explain the
factors that influence the linearity of the reactionction. A number of propositions
using the delta, theta and vega of an option portfoliedas inflation, are put forward
to illustrate that opportunistic/zone targeting policykera can routinely behave in a
linear fashion when setting the Fed Funds rate despiterhib®oric endorsing
nonlinearity?*’ Likewise, it can be illustrated that policy becorireseasingly linear as
agreement between central bankers and with other exedartanches of government is
attained. An ESTAR or Exponential Smooth Transitiarniakegressive model is used in
this chapter to track the autoregressive structure of residbédined by subtracting the
linear Taylor Rule rate from the actual fed funds @ater the Greenspan years. It is
found that there is some empirical evidence to supportahé&ention that policy was

nonlinear.

3.2. The Taylor Rule Supreme

The opportunistic approach is not generally used in emaflyigauging the tenor of
policy. Typically, there is little empirical work irhé literature that identifies anything
but the deliberative policy for interest rate determoratExamples of Federal Reserve
economists who have used linear constructions to a&sithe reaction function include
Judd and Rudebusch (1998), Hetzel (2000), Kuttner (2004) and impo@aptignides
(2004). At first glance, the prevalence of the lineamesion approach might not be
expected given that many policy makers have been prepared tolyw@nldorse the

opportunistic policy as an integral part of the ratérgpproces$?®

Even though policy is described as path dependent, intemtstdetermination is
generally treated as linear for estimation purposesmfiteto detect nonlinearity in the
reaction function during the post 1979 period have generallybeeh successful.

247 These measures are conventionally used in risk maremgemcope with uncertainty. The vega of a
portfolio of derivatives is the rate of change of thtugaof the portfolio with respect to, (w.r.t.), the
volatility of the underlying asset with all else remagithe same. The theta of a portfolio of options is
the rate of change of the value of the portfolio wthé passing of timeeteris paribus

248 FOMC members however have never described the opmiitupbdlicy as being the official policy of
the Federal Reserve.
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Likewise, the continuing ability of the fairly minimsi Taylor Rule to describe
monetary policy has helped contribute to its pre-emieeser other more elaborate
specifications. In what follows, the approach develope@idyor (1993) will be treated
as a limiting case of a more generally specified rude tan incorporate inflation target
thresholds, timing adjustments and the second monientiation. The collar structure
is sufficiently flexible to permit both linear and nordar policy to co-exist. This way of
presenting the policy rule may help resolve a number @ingistencies between what

some central bankers describe and the linear form exapastimation tends to assume.

3.2.1 Institutional dynamics and tactical considerations at th&reenspan Fed
The opportunistic strategy has been described by Don KolimeaSeptember 1995
FOMC meeting as where:

‘..the Federal Reserve does not seek to raise the lmamgnt rate above the
natural rate, but effectively leans harder against shtxkhe economy that
would increase inflation than those that would decré@a3ée resulting pattern
would be one of successively lower inflation rates alecpeaks and trough.’
(Appendix September, 1995, p.6)
An important hallmark of this kind of policy is to opporéy profit from the usual
reversals in economic growth or from favourable suppbcks to contain inflation. For
instance:

‘A drop in oil prices, for example, may be used to movéwer inflation under
an opportunistic strategy, but it could be just as wellazen in the form of a
transitory gain in output, leaving inflation where it wgg&ppendix September,
1995, p.7§*

These comments are akin to the approach elaboratedphades and Wilcox (1996,
2002). That is, within defined thresholds policy becomes Iggseasive and inflation
targeting becomes more grad@®l.This type of policy structure was echoed in the
comments of Alan Greenspan, at the previous Januatfyl895 meeting where he
outlined how the then proposed legislation to give thieFad Reserve an explicit target
for inflation was somewhat dual edged. While Fed officreéécomed the clarity that a

legislative mandate offered, there appeared also sameptigsm regarding the

4% The term ‘Opportunistic’ is employed more generallpaticy discussions. While the language used
to express the nonlinear stance is similar to that uséueal989 December FOMC meeting: the term
‘opportunistic’ is still relatively new. It is frequegtlused at the September 1995 meeting and this
suggests that the conceptual framework that underpins meanpolicy was understood and had gained
currency, at least in parlance, amongst a number @ipolakers.

250 gee Vice - Chairman McDonough’s endorsement of the tpgistic strategy at the December 1995
meeting p.8
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steadfastness with which this type of policy rule wouldaensupported by the then
members of Congre$s Implicitly, there appeared to be an acceptance thanflation
objective could not be perpetually implemented in an traeed linear fashion
because political institutions would not steadfastly gmes such a mandate, even if
initially they had conceived and put into law an expliitation target>?

Pages 57 to 59 of the January 1995 transcripts see chairmansan concluding a
debate by members of the FOMC regarding the then propegediation to set an

inflation goal. Two key points emerge from the chairmaissussion. First, the actions
of central bankers were understood to be circumscribechdypolitical and social

environment within which they operate. Second, targeting tiflacould not be

implemented without reference to the short-run conataers of output and

employment. In that regard, at moderate levels of oflatshort-term objectives are
attributed greater importance than allowed for in a purdlgtion targeting framework.

This inevitably prejudiced a linear progression to a partiquige goal.

‘What strikes me about where we are is that even ththglfrederal Reserve is
an independent institution in the legal sense, meaning thatezigions are not
subject to further evaluation by other authorities weiaract very dependent
on the culture and the philosophy of the society in whicHumetion.” (Federal
Reserve Board, January, 1995, p.57)
The Fed chairman, p.57 — 59 of the same transcripts, wetd onake reference to
policy failures in the past and explained that centrakées are as much a product of
the cultural/social milieu within which they operate,tlsir political masters. Meltzer
(2005) pointed out that a key weakness during the 1960s refatdue texcessive
emphasis chairman Martin attributed to achieving consenghm the FOMC prior to

implementing determined dis-inflationary actfon. In addition, the presence of

%1 Meyer (2004) made the point that the specific Bills introdiine@ongress to move the Fed in the
direction of inflation targeting, in fact, ultimatelyflected a minority position. Legislation of this kind
would be most likely to succeed, only after a period ofatbl inflation or following a period when
monetary policy had been insufficiently disciplined. Is bpinion there was no chance that ‘Congress
would accept a regime with a hierarchical mandate thsgdahe profile of price stability and diminished
the responsibility of the FOMC for stabilization pglicp. 154. Bernanke (2004b) conversely maintained
that Congress would accept a Federal Reserve espolsfiatibn targeting as being within the remit of
existing legislation.

%2 The extracts that follow come from pages 57 to 59 ofi#maiary 1995 meeting transcripts. From the
perspective of understanding where committee members #ieipolicy game, an opportunistic type
stance seems to provide latitude or ‘wiggle’. The commemsle by chairman Greenspan strongly
suggest that central bankers are obliged to respond flegiblysomewhat capricious political juggernaut.
%53 This would seem to point further to the importancecofmmittee dynamics when making rate
decisions. Equally, other branches of government cahendiscounted.
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institutional arrangements that promoted policy co-ordimatbetween fiscal and
monetary policy weakened significant aspects of Fed®eakrve independence during
the 1960s and 1970s. Political factors, according to Meltzedehed the Federal
Reserve from moving promptly to contain prices. The Grgamssiew of political
dependence seemed to apply to chairman Martin, who belieaethe Federal Reserve
could not unilaterally negate the effects of budget defititd were proposed and
congressionally approved by an elected administrationil&ly, the same cultural and
political realities confronted Arthur Burns. At the Jayud®95 meeting, Chairman
Greenspan, made the point that central bankers, regardfehow averse they are
personally to inflation, can only be as effective as pblitical context permits them to
be. The ease with which the inflation target can Heiezed changes through time.
Learning from policy mistakes may have constituted an itapocatalyst in triggering
the determined action of the Volcker years. If certteadkers and politicians are unable
to resolve policy differences, this can lead to inacti8 Chairman Greenspan pointed
out how very pronounced anti-inflation instincts can lveatied:

‘I remember Arthur Burns, with whom | used to visit quitéeafand whom |
had known from graduate school would speak against inflikemone of us
here is used to hearing. If one looks at what the Fe@Raserve did in that
period that anti-inflation attitude is scarcely to berse(Federal Reserve Board,
January, 1995, p.57)
The change in psychology that had occurred in the pléieena by the mid 1990s was
very stark. A younger generation of elected politicimught to legislate for ever lower
inflation. The world had moved on from the 1970’s but Woike-facewas not regarded,
by the chairman, as being entirely etched in stone. Twaserecognition that the then
current policy framework was less predisposed to exptpithe traditional trade-offs
but there was also a sense that this consensus betiveedifferent branches of
government might be fragile and likely to be reversectrga change in economic
fortunes. The lessons that had been learned from theléace of the 1970s were not
complete safeguards and the FOMC and the legislature cwaiye in the future in
terms of identifying an appropriate inflation targeting framoek. The zeal to curb
inflation might not persist. Chairman Greenspan had sogservations about the

permanence of any congressional endorsement for aispefidtion objective:

%4 This sense of tension is not confined solely tolhiéed States. Goodhart (2005) offers the following

insight: ‘Combine slower growth with perhaps a mistak@dging the transmission mechanism, and it is

easy to see how a populist politician might choose noagainst central bank independence.’ (pp. 301 —
2).
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‘I would not even take as a given, if the Congress gavauti®ority to have an
explicit goal, that we really would be able to adheré t... | tell you that if we
could get 80 percent of the Congress to vote for that §6glercent would take
a different position when the world changes.’ (FederaleRes Board, January,
1995, p.58)
This is consistent with comments made by chairman G 5 years previously at
the December 1989 meeting, p. 43. The secondary consequenteseathry policy
would not be handled by fiscal policy given that fiscaigohad already ‘fumbled the
ball. Regardless of the legislated mandate, the Fed®eaerve would be held to
account for the other economic ramifications of adhetmga price stability rule.
Greenspan proposed a policy approach:

‘... where the inflation rate is going to be lower at eacbgressive cyclical
peak and lower at each cyclical low. But that objedsveot being implemented
in a straight line because we have recognised, and | taniectly, that the
Congress would not give us a mandate to do that.' (Fe&esdrve Board,
January, 1995, p.58)
Greenspan’s success over a long period and with differimgnétrations, in no small
way, reflects a tacticaavoir-fairegiven the institutional dynamics in plat®.

‘There still is a short term Phillips curve. Peoplepmesl to it; they are aware of

these trade-offs, and to deny them, | think, is a misustaleding of how our

political system works.’ (Federal Reserve Board, Janu®95, p.587°
This frank statement concluded a FOMC discussion on thgoped inflation targeting
legislation then under consideration in 1995. The committae somewhat divided
whether an explicit inflation mandate should be adopte@drygress. Some members
felt it contravened the 1946 Employment Act. Others itedimplified the task of the
Federal Reserve in achieving its ultimate objective afratig price stability. In light of
this and possibly to defuse tension, the chairman suggistethe benefits of inflation

55 From the FOMC transcripts, it appears that analyséiseopolitical milieu absorb the committee from
time to time. Chairman Greenspan is not unique in consglérow political institutions impact on the
economy and other government institutions. Governordagdp. 21 of the 1995 August meeting gives
an intriguing commentary regarding presidential candidatésbadget deficits. Governor Blinder p. 30
in the September meeting of the same year makesilarsargument to the chairman that interest rate
decisions have to be politically and socially accegtaklice Chairman McDonough of the July 1997
meeting p. 68-69 discusses the effects of political cermutiee Federal Reserve.

¢ Goodhart (2005) makes a similar point: ‘The analytical ephof the vertical Phillips curve is not one
that lends itself easily to the public imagination. Tthea that an increase in interest rates to safeguard
price stability may be the best way to maintain long-gtmwth is not self-evidently obvious, especially
to indebted business men.’ (p. 301)
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targets may have been somewhat illusory in that, galisupport for any proposed
course of action could waver through tifié.

The chairman seemed to adopt a strategy of taking ayatf the economic cycle’s
natural rhythm and this seems intimately linked to the ipalitbackdrop. No matter

how strong the impetus was to contain prices, there aggbedarbe some degree of
scepticism as to how far the FOMC could test the theyposed mandate going
forward. For a number of policy makers containing inflativas conceivably best
achieved when the opportunity presented itself and the apperattaged by some,
spelled out a stance to chip away at the inflation goalewgriéserving other short run
objectives. These extracts illustrate that part of thementum generated for
opportunistic policy incorporated consensus fixing anddakctesponses to maintaining
price stability?®® If political institutions possessed a very differentaitibn target to the

FOMC and the committee is answerable to the electewtlhbraf government, then it is
understandable that policy inevitably moves cautiotSly.

3.2.2 Tactical considerations: a more formal evaluation of opportusm by Fed
insiders

The December FOMC meeting of 1995, in contrast to sonmt@eokarlier meetings,
explicitly alluded to the opportunistic strate®}§. Opportunism at this meeting was
clearly defined by Don Kohff* In the briefing (which is included in the accompanying
appendix to the December 1995 meeting), he spelled out, usinficg patrix, the
implications both the deliberative and opportunistic appresetould have in shaping

%7 0Of course, had Babe Ruth not got the home run afistipg, he may have been viewed to have failed
in achieving his objective, despite what otherwise heaxe been considered a stellar performance.

%8 \/on Hagen (1999) argues that the adoption of any particuliay stance is frequently related to how
central bankers perceive they can best play the pghoye. Many of the observations made by Von
Hagen with regard to the Bundesbank’s adoption of mon&aggts have parallels with how Chairman
Greenspan espoused strategy. Indeed, as mentioned prgvimeslerving the language of monetary
targeting in policy directives long after this operatinggedure became ineffective plausibly constitutes a
case in point.

%9 Navigating between different points of view provides mstiiutional motivation for graduating the
Federal Funds rate adjustments.

260 Alan Blinder joined the Board of Governors in 1994, iae ¢hairman. In his testimony to the Senate
Committee prior to taking office Blinder outlined an ogipaistic type strategy to implement disinflation.
%1 n the appendix to the December 1995 meeting p. 10 — 11, Dondésienibes how the opportunistic
monetary policy feasibly could be implemented.
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monetary policy’®? The briefing was meant to clarify ambiguities thad baisen in the
previous November meeting relating to varying interpretatming/hat opportunistic
disinflation constituted. To some degree this briefing tuted a synthesis of a
number of long-term strategy discussions and commentopsty made by members
of the FOMC?®® Significantly, the FOMC secretary and economisticndgusly spelled
out a thoroughly delineated set of proposals for intergrethonetary policy. He
juxtaposed conventional and opportunistic strategies mstef their respective impact
on the economy. The briefing clarified views held by sqrokcy makers into a form

capable of becoming a monetary policy game-pian.

Both strategies, as Kohn saw it, presupposed that pricditgtal@as the correct long-
term goal of monetary policy. In this regard, for a givange of expected inflation
there was parity in terms of force applied whether liyear nonlinearly implemented.
The opportunistic strategy was defined in terms of a tdctead to communicate with
political agencies, particularly as the cover or shaffdrded by monetary aggregate
targeting was being slowly removed. Don Kohn identifieddpportunistic strategy as
a tool to communicate given the institutional dynamiqgglay:

If the Mack bill ever becomes law, the Committee widled to confront these
issues: Why are you doing this deliberately? Why are youdoeatg this
deliberately? Why do you have the opportunistic approachmsrth going to
price stability? Why not get there? This question of fyisig this opportunistic
strategy in a fundamental underlying sense of societyligywtill, | think it will

be very much on the table if we have to confront gaaticular bill. (Federal
Reserve Board, December, 1995, p.35)

Indeed the path dependency implicit in Greenspan's January 168%nents,
correspond closely to Kohn’s views. Kohn appeared to furnisieehanism by which

the committee could define itself relative to other poptayers and that the strategy of

nonlinear type responses would not blur the goal of attaipiiege stability. In this

%2 The focus on strategy at this point, is to some deg@apied by political developments. Just as the
impending legislation triggered some soul searching at the 1@®@niber meeting, the Mack Bill
similarly was forcing policy makers to ask the samesgons.

%53 see comments made by Presidents Stern and Melzer, pagad 89 respectively of the November
1995 meeting. President Stern at the September 1995 meetidginmicated that in setting out a time
horizon to achieve a price stability target, the oppostic strategy afforded a useful alternative means to
explain the Fed'’s position to outsiders. This is remimiscé Von Hagen (1999) where the merits of the
Bundesbanks’ pursuit of monetary targeting related largelhé institution’s need to communicate
Eolicy to outside players.

® Not all policy makers perceived themselves to be oppistian
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regard, the policy matrix was meant to assist poliakens to explain what President
Boehne at the previous September meeting in 1995, descrilsduste:

‘In other words, whatever we do in the short run oughtetednsistent with this
longer-run objective, and | think the Mack bill does givahat latitude. It does
open up the question of what the strategy is. It is easi@aper to explain that
we are going to move toward stable prices year after ya# we get there. In
practice, | think we have to take into account the busiagsle in getting there.
We got ourselves into this inflationary problem cycle yole. We have gotten
out of it marginally cycle to cycle, taking advantagecg€lical developments.
So, as we go forward, if this bill becomes legislatioi® need to take into
account the cycle-to-cycle progress even though it camde difficult to
explain. (Federal Reserve Board, September, 1995, p.44)
Orphanides and Wilcox (1996) attributed different types ofraébank responses to
different levels of inflation, to produce a nonlinearctean function. The inflation path
dependency of policy can be demonstrated by Figure 3.1 d€histion of rate setting
that is conveyed in Figure 3.1, seems to accord better viaet shairman Greenspan
enunciated at the January 1995 FOMC meeting and with GamveBnamlich’s

December 1998 comments than the simple Taylor Rule IspeEanification.

Depending on where inflation was relative to critidaksholds, varying reactions were
envisaged. As in, the policy matrix set out by Don KohthenDecember 1995 briefing
page 10 — 11, both the comments of the chairman in January(4885he policy
matrix as developed by Federal Reserve economist®r fostponses that are largely

defined by the inflation context.

3.2.3 The gulf between what central bankers say and what@womists estimate
There is empirical evidence available to question nonlityedt would appear that
discerning nonlinearity is not straight-forward. Kim, ©sb and Sensier (2002) find
that while there is evidence that the Fed operated aneanlmonetary policy rule
during the pre-Volcker period (1960-1979), the same is not truagdtite Volcker-
Greenspan er&’ Perhaps linear and nonlinear stances co-exist, even wlititime-

%51 reply to some questions via email Denise Osbdiered the following insights:

(1) Were you somewhat surprised by the lack of nonlibearithe policy rule during the Greenspan
years given ostensibly the evidence in the transcripts?

Yes, we were. | have also spoken at various timesdoanists working in various Fed offices, and their
feeling supports the hypothesis that the Fed's policgriéinear.

(2) More generally, are you aware that other people lexpressed surprise/intrigue at the paucity of
results supporting nonlinearity?
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frame of a single Chairman. If this is true, it is rtheritical to tease out the
circumstances under which both linear and nonlinear pabkeybe mutually relevant.
This leads to a key research question: how can the opmiitumodel produce linear
monetary policy responses? In what follows using paetfoption theory, | show that
monetary policy can appear to be operating linearly amdingarly within the same
framework. Alternatively one might describe this as peimg, across a whole
spectrum of possible opportunistic policy rules, a linearsaténg policy subsét® To
see this, it is first necessary to see how by admidtie parameters used in option
pricing, the baseline Black formula can produce linear aad hnear reactions. In the
remainder of this chapter, the factors that drive pdticgssume varyingly linear or near
linear forms will be discussed.

3.3. Resolving the gulf: when opportunistic policy becomes kar

Three candidate explanations are submitted here tdveethe gulf that seems to exist
between the rhetoric and econometric evidence. Theate red the inflation target
horizon, volatility of the underlying and to factors ttlletermine threshold inflation
rates, as described in Figure 3.1. Each of these takewidudlly could lead an
opportunistic policy rule to assume a more deliberdtve. The Greek measures: theta
and vega that are used conventionally to manage portption risk, can be also used
to examine the effects on pricing of time horizon anthtddy. The Taylor reaction

function (1993) offers a good point of reference for urtdeding the conduct of

Yes, though we know that nonlinearity can be ratiétle.

(3) In your estimation technique if, let us say, tha& plolicy rule was linear from time to time but

subsequently nonlinear would your empirical tests have gitthis up? In other words if the true policy

rule was dynamic moving from being linear or nonlneéthin the Greenspan years would you have
picked this up in your tests?

The Hamilton technique used in the paper with Dong Heon IKisn\arianne Sensier implicitly assumes

that the equation is stable (though nonlinear) over.time

(4) Do you think there can be found any empirical evidéncsupport the hypothesis of nonlinearity
/opportunism during the Greenspan years?

In the attached paper (with Marianne Sensier & a redekbtstudent of mine, Mehtap Kesriyeli) we look

a bit more at the time change issue. There we alsbnfamlinearity, but the US model is not entirely
satisfactory. | do think that there is more to uncaeout the Greenspan years, and my hunch is that
getting a better handle on time change will be an impopartof that.

%66 The family of policy rules is determined here princip&ly the thresholds, volatility and timing using
portfolio option theory.
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monetary policy. Its appeal is not just simplicityalso seems to track the Fed Funds
rate quite well since the late 19865.

3.3.1 Opportunism when policy makers agree
Proposition 3.1if policy makers agree the target level of inflation, then thecpalile
becomes linear. Greater agreement produces a more conventional reodmsander
conditions of certainty and uncertainty.
To see this, consider the original Taylor Rule giver{3§). This can be rearranged to
give:

=t +7 +(1+w)m - )+ w,(y,) (3.1)
The same notation as before is used. As usual

ry =r +rr;1+(1+ a)l)(Et(i'rt+l)—iT;1)+ w,(y,) (3.2)
represents Governor (1) and

ry =1 + 7T, +(1+ a)l)(Et(77't+l)—7T;2)+ w,(y,) (3.3)
represents Governor (2)/Congressmaf{1plternatively we might think of Governor
(2) as reflecting the views of an external politicalragyethat tolerates a higher inflation
target. The rationale for incorporating an elected ipalitchamber’s tastes reflects the
mutual pressures that different branches of governmentierpe?® Institutional and
committee dynamics have up to now implied two competinfiation targets

simultaneously define the boundary of stalenidte.

A portfolio of options can be constructed to proxy inflat A long call and short put on
inflation that share the same exercise or strike can proxy the inflation gap. The
inflation targets have the same magnitudes as the sti@eBSons that have their

%7 50 much so, that it might be thought of as a foriGmefenspan rule, although no claims of ownership
have ever been made.

268 Kutz and Taylor (2003) similarly motivate nonlinearityéxchange rates using the dynamic behaviour
of currency traders. They suggest that nonlinear adjustmergxchange rates can arise from
heterogeneity of opinion or beliefs between traders exmireg the equilibrium level of the nominal
exchange rate. However, as the nominal rate assumesaxtoeme values, a consensus between traders
may be more easily formed regarding the appropria¢etitin of exchange rate moves.

29 1n the words of Charles Goodhart (1999), p.110 ‘The pointulaviike to make here is that such
pressures [electoral] affect central bankers, and im@pendent members of MPCs, in exactly the same
kind of way, even if not to the same extent, that #fégct politicians.”’

270 A strict zone of inactivity only applies when expecteffation is known with certainty. Otherwise
between the thresholds policy becomes less actipelitfy makers agree (i.e. institutional and committee
dynamics conspire to produce the same target for the mppdower thresholds), then policy is found to
become linear.
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subscript denoted liyl, share the same lower exercise price/rate. Likewg&ns that
have their subscript denoted ¢, share the same higher exercise price/rate.

[Et M ﬂglje’” =Cy ~ Py (3.4)
and
[Et (71,,,) - ngzje’” =Cyp — Pg2 (3.5)
¢y, and py, share a superior strike when comparecfoand py,. The disparity in

terms of the inflation target may reflect differentbat exist between the hawks and
doves on the committé&" (3.4) and (3.5) can be justified by appealing to put-call
parity, alternatively it can also be deduced from pasitire difference between a call
and put that share the same exertié&@he chairman’s role is negotiated by taking the
average of the two Taylor Rule rates for the respecdtovernors. The chairman’s role
is set out in terms of steering a consensual PatBoth rates are defined by different
inflation targets given that it is assumed all the off@ameters are shared. The average
rate is given by:

[y +ly T 7Ty +1 +7T,

5 = 5 +(1+a)l

)[(Cgl - pgl)+ (CQZ - ng)] N (v)+ @ (y:)
2 2

(3.6)
The rationale for taking the arithmetic mean is bagedan assumption that policy
makers are accorded by the chairman equal status in thesintate decision. The
policy rate represents the combination of two collaeagrents where the strikes for the

long call and short put positions are equal. (3.6) cae{sxpressed to give:

e’ + wz(yt )

My + Ty _ 4 ﬂ;1 +7T;2 +(1+w )[(ng B pgl)+(cgl B pgz)]
2 2 ' 2

(3.7)
If no agreement can be reached then no interest hatege is implemented while
expected inflation lies within the two inflation targe®olicy becomes nonlineaf? If
alternatively there is agreement and a common strike iiflation target) is achieved

271 Alternatively, it may correspond to the appointmentadRogoff central banker who has a greater
distaste for inflation than the rest of society.Hé tcentral bank were a unified actor and the policy rate
had to be agreed with another executive branch of governmugint a higher inflation target,
heterogeneity of opinion could also feasibly arise aedipitate a path dependent policy.

272 See appendix A.3.

273 n reality, the chairman votes and in addition exestssiderable moral suasion over the board. Meade
(2005) maintained that members of the board generally votdd thvt chairman unless there was an
unacceptable difference in opinion.

274 This is most evident when expected inflation is known wéthainty.
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policy becomes deliberative. Complete consensus catlioeved if both members of
the committee agree a policy rate. This can be measureedoge, in that the closer the
targets converge, the more linear policy becomes. Coenplreement implies that the
strikes are equal. This has the effect of simplifying thgel@ma above, so that
convergence, here at the arithmetic mean, can be reeengd back to the Taylor Rule.
Using the arithmetic mean as a device to convey conveggenconsensus between

policy makers produces the following:

7T, + 1T, .
ot T2 _ (3.8)
2

This implies the collars reduce to a single collariteg

|.(ch B pgl)+ (Cgl B pgz)J

=c -p’ 3.9
5 cC-p (3.9)

By virtue that agreement is achieved in terms of théngethe inflation target:

Ty =Ty,

Policy maker agreement is denoted by simply taking titlenaetic Cg2 + Cg1)/2=c* and
(Pg2 + pg)/2= p*. The short put and the long call position on inflatiosicaly mimic
the underlying minus the inflation target. From appendix A.B, found that if a collar
portfolio is constructed where the strikes are equal tthe payoff becomes a linear
function of expected inflation. For the purposes of im@ating monetary policy, it is
illustrated that the Taylor Rule can be thought to dutstan important limiting case
when the varying inflation targets of policy makers cogeé’® Significantly, if the
collar has a common strike for the long call andrspat, the payoff from the portfolio

replicates the payoff from the inflation gap.
fi =|_I’* +7T*J+(1+w1)(C* - p*)erT +w2(yt) (3.10)
Consider the time value payoff from the portfc(ﬁ*o— p*). This produces a linear

payoff just as the inflation gap in the original Taylari&kgenerated a linear policy rate

given that:
[E(7,.)-7 e =¢ - p’
and (3.10) reverts to the original deliberative TayloreRul

=l 7 |+ w)Elm,) - 7 |+ o (y,)

27> This can be observed also from figure 3.2a.
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The time value of the collar may be considered asribeetary policy response under
conditions of uncertainty. The intrinsic value of gatfolio describes decision making
under certainty. The aggregation of the long call andt ghdrpositions, that share the
same exercise, is found to produce a linear payoff. Liye&ithus accomplished
regardless of certainty or uncertainty so long asitiflation targets of the policy

committee converge.

Increased agreement by policy makers may result frontunshal change. Granting
independence to a central bank could lead to a reductitw idifferences between the
strikes. Of course, this would only occur if independenceadlied the actual removal of
political interference from the rate setting proceBse views expressed within the
board then became more homogerfdfisnstitutional change may serve to influence
committee dynamics. The inflation targeting framewaonkeffect, could be seen as a
form of agreed social contract where the rules ofgdmme are put in place. This may
still not deliver point targeting, given that a numbemdiation targeting central banks,
as outlined in chapter 1, frequently employ bands or applegrdiit weights to the
output gap. It may nevertheless be associated witmaamion of the bandwidtf.’
The nature of an economic shock may also influence homypokkers react. A supply
shock may be associated with greater disagreement beteaéral bankers as to how,

for instance, oil price increases should be handled.

3.3.2 Observing the effects of agreement using portfolio opta theory

Table 3.1 provides the estimates of the time values anaisd#ittwo collars for each of
the underlying expected inflation values ranging from 0.5%% The delta of the
collar portfolio can be calculated from the deltastlod individual options in the
portfolio. This has been illustrated in chapter 2. The teoitars given in Table 3.1 are
the same in all respects other than the strikes #egeatit. The parameter values that are
given in the first four columns are explained belowe Time values of the collar are
calculated by subtracting the short put position:

Pg1 = e I,”;lN(_ dZQl)_ Ié(ﬂ)N(_ dlgl)]

2’® The Bank of England received operational independencean M97. It is not unreasonable to
contend that this may have had the effect of remostmge heterogeneity given the more clearly defined
remit set out by government to tackle inflation.

2" The social contract, of course, could have a longeurnihat
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from the long call:
Cg2 = e I,é(ﬂ)N(dlgz)_ ”;ZN(ngz)]

The collar labelled as 2.5% - 4.5% in Table 3.1 estimates:

T=1,0=025
k=0.045 k=0.025
(ng Pg1 )

The collar given as 3.5% - 3.5% implies that the strikesequal yielding:

T=1,0=025
0.035 k=0.035
(ng Pg1 )

The value of the collar is seen to rise with the urytteglexpected inflation; however
the rate of change in the rise adjusts as the underdgpgsts. This is reflected by the
change observed in the delta magnitude as alternative bamdnsidered. Here the
2.5 - 4.5% band is compared to the 3.5 — 3.5% band. Deltaefaathis calculated by

using:
Jc
= =eMIN(d,y,)
where
In\E(7)/ 77, )+ o?TI2 In(E(n)/ 7T, )-o?TI2
N(dlgz)=N{ n( (ﬂ):j/z?) o j1N(dzgz):N{n( (ﬂ);Tj/z?) o j

Delta for the put is calculated by using:

0
e = TilN(a,)-

where

o )= [ E ] )

Table 3.1 provides the basis to examine the effect of wargathe inflation targets. By

[In(E(n)/n;l)+ UZT/Z}’ N, )= N[In(E(n)/ﬂgl)— gZT/Z}

taking the delta of the collar:
anz apg]_ —r(T1) (1)
BE( OE(mM N\dyq2 )~ N(d,q1 )1
OE(m) OE(m) (dhg2) - ™IN(d) -1

it is possible to gauge how the monetary policy respohsesaas expected inflation

alters?’® The policy responsiveness is given by the portfolios dalidiplied by the

278 See Appendix B.3.
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number of collar portfolios there af€.One of the more striking features in Table 3.1 is
that the delta for the second collar remains conslfitiite put-call parity relationship is

differentiated w.r.tE(73), the following emerges

ac 0 0 (c"zo-g?’:t?li: (5520-035)
- —e consistent with—-¢2 ol =T 280
oE(mr) oE(m) 9E(7)

When the strikes are equal and agreement between boardenseis secured, policy is
linear. Policy responsiveness is constant, unlike wheagttli@s were different:

T=10=025

k=0.045 k=0.025
0 (CgZ ~ Py )

oE(r)

Monetary policy becomes linear when convergence is agthiehable 3.1 provides the

raw data for Figure 3.2a. The underlying is expected inflagioth the time value is
calculated from the Black formula. It is clear fronguite 3.2a that if agreement can be
achieved, i.e. a common inflation target, then the pdyoffif the portfolio consequently
becomes linear. In other words, the closer the ioflatargets pertaining to different
groupings within the policy committee converge, the morealineterest rate
determination becomé&' The option model spelled out by the collar construction
posits that the monetary policy becomes linear wheszoramon inflation target is
accepted. Theoretically, it is possible that a callett opportunistic committee may
much of the time be pursuing, by default a linear police.réls policy makers ever
increasingly accede to sharing a common inflation taggicy becomes increasingly
linear. The Taylor Rule therefore could be viewed aseiting an important limiting
case. Conceivably, in the absence of a government mandatejittee thresholds are
much of the time converging and diverging, so that mongialgy can at times be
assuming different states of linearity/nonlinearity tlgio time. This type of alternating
policy rule has not generally been considered in the rigapliterature’®? It may also

27° The number of collars is estimated by calculatingcthefficient on the collar in the policy rule given
by (3.10). Here it is assumed for simplicity that the ficieht is unity. This then implies the analysis
looks purely at the portfolio’s time valuation and delséimate.

20 This is a general result for a portfolio where theapstihave the same exercise. By differentiating put-
call parity w.r.t. expected inflation, the delta of a Fagan call and the delta of a European put can be
shown to have this general relationship. Table 3.1 assuinat there is only one call and one put in the
portfolio. If ther is set equal to zero the portfolio collar is set edaalnity. Equally, when the collar
delta is multiplied by'", as set by 3.10, the policy response can also be seerutity.

81 Of course, one of these targets may be influenced bytamal political agency.

221 this regard, any policy rule whether monetarydtifin targeting, linear/nonlinear are marginal rules
in that any one operating procedure can produce ostessifilar outcomes.
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account for the diverse and perhaps conflicting persgecthat central bankers have
expressed regarding rate setting.

The parameter values outlined in Table 3.1 for the optadlar portfolio are set so as to
reflect likely policy concerns: the maturity of the golib is equal to one year, the risk
free rate is fixed at 5% and annual volatility of the ulyiteg equals 0.25%° The one
year time horizon has previously been used by Claridh.aBd Gertler (1998) in their
forward looking reaction function. The annualised stashd@eviation of expected
inflation magnitude is 0.25. This would be at the lower @mahnual inflation volatility,
as estimated recursively in Appendix A.BDyusing a GARCH(1,1). The GARCH(1,1)
model describes the behaviour of forecasted volatintgr dhe Greenspan years and
provides a benchmark against which to compare the 0.25 used henaskFfree rate is
slightly below the mean of the one-year Treasuryrbilé over the Greenspan tenure.
The exercise or strike of 4.5 % is somewhat arbitratysbems to be a rate that feasibly
represented an upper tolerance for inflation during thdy ¢anure of chairman
Greenspan. These parameters are used in the followingiseseto compute the time
value of the collar and a number of other parameter salBenilarly to Figure 3.2a,
Figure 3.2b illustrates that if the time values of a spat and long call are estimated
using the Black model then a linear payoff from the caBagenerated by the time
values. The inflation threshold is set at 3.5%. The rpatar values otherwise are the
same as before given in Table 2.1. When a consensusuiedan terms of agreeing a
common inflation target, monetary policy is observeat to be path dependent.
Additionally, the aggregation of the time values producdmear monetary policy

response under conditions of uncertainty.

If agreement can be achieved within this nominally nontigeastruction, policy can in
fact respond linearly to inflation. Figure 3.2a demonstrated when policy is
constrained by varying states of stalemate, rate settingmigrate between shades of
linearity and nonlinearity. Plausibly if such conditioagist, empirical estimation
becomes somewhat more subtle in terms of registenmgetary policy as being linear
or nonlinear. That is, policymakers who adopt an opportunisticome targeting

23 These are the same as those given for Table 2.¥iskhieee rate is somewhat notional given that it is
not strictly required to operationalise the policy rdlbis was made explicit in (a.2.1.16) where the
discount rater can be shown to be eliminated.
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strategy may in fact respond linearly to expected iwffatin this regard, the Taylor
Rule represents one of a range of viable policy rulasinwithe entire family of
plausible opportunistic rules. The Taylor reaction func{i®93) has remained a robust
benchmark against which to gauge the tenor of interest raezndeation. Policy
makers that are modelled explicitly as being opportunestit, perhaps paradoxically,
display a default Taylor Rule. That is, a conventifdeiberative monetary response
can emerge around an agreed inflation point t&fgdthe deltas derived for the Black
model provide a measure of the responsiveness of the alhe collar to changes in
expected inflation. The delta estimates can be used teunge@olicy activism. In the
opportunistic approach, one would expect that policy aatiwgould be depressed
during intervals when inflation remained between thestio&ls - that is when there
was disagreement. Figure 3.3 demonstrates that when poéikgrs can not agree to
implement policy, that is, when inflation falls betwe25% and 4.5% the delta declines
very substantially in this range. The contrast is qustark. The delta subsides
significantly when the inflation targets diverge.

Figure 3.3 demonstrates more clearly the result obtaméable 3.1. If consensus can
be achieved between policy makers on an agreed targeesihensiveness of monetary
decisions remains constant over an entire range ofitherlying expected inflation.
The monetary policy response, all else being equal,ralsains more elevated over a
substantial part of that range. In this instance, thkraetic mean of the two thresholds:
2.5% and 4.5%, might be used approximately to denote the taflgbbn rate that an
effective chair might conceivably be able to accomgfi8iiThe delta value obtained
when an agreed target is attained is constant ovemthie eange of inflation. There is
no diminution in policy activism over the full range dktunderlying. If the delta is
constant, that implies there is no change in the sldgbeocollar over the range of
underlying expected inflation. In other words, the defaulicgalule is linear. Equally
figure 3.4 shows if the range of disagreement contrimtgxample, from the 2.5% to
4.5% down to 3% to 4% the delta increases in magnitude acrady thee entire range.

Policy, in effect, becomes more active within the zohéisagreement. The slopes of

284 Of course this is not the only reason why monetaligpassumes a more linear form.

285 An additional consideration relates to the form sBdreement encountered. If the level of stalemate
that occurs relates to real interest rates, this @aphat policy would correspondingly be more linear than
the case of nominal stalemate.
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both collars are not constant but importantly asttitesholds converge interest rate

determination becomes increasingly linear.

3.3.3 A forward-looking policy rule — a model of uncertainty

A number of economists assert that monetary pohcpriporates a forward-looking
dimension. Svensson (1997) has advocated that the auwhdatiget the inflation

forecast. By default, making forecasts of inflationpl®s using an extensive
information set. This forward-lookingness of centratd®&s is motivated by the view
that monetary policy only exerts an influence on ttenemy with a lag. Clarida, Gali
and Gertler (1998) maintain that central bankers are rhilyiconcerned by short-term
developments in inflation and instead are more concernethdgium to long-term

trends?®® They selected a horizon of twelve months and justifiesion the grounds of
plausibility. The transmission mechanism is understtwdbe effective only with a
lag?®” New Zealand, Canada and the United Kingdom expliditky tinonetary policy

to inflation forecasts.

Batini and Haldane (1999) maintain that in other inflatiogetng countries, inflation

forecasts are less overtly related to inflation fosexabut even here they are
fundamental to understanding central bank behaviour. One deseckby the Bank of

England to implement this type of strategy is to pukdishnflation forecast up to two

years ahead. This has the benefit of improving self diseiand transparency. In the
words of Charles Goodhart (1999), (p. 8):

‘it is extremely difficult to publish an inflation fecast without adjusting

interest rates to show publicly that the target shoalagproximately achieved,

given our best assessment of the future evolution otladlr economic factors.’
Central bankers, of course, do not have a crystalfadir forecasts must be ascribed a

margin of error. The analysis offered by option theorgsdaot prescribe an optimal

286 The longer targeting horizon for expected inflation, treater the level of uncertainty engendered in
the interest rate decision.

287 Alan Greenspan’s Humphrey-Hawkins Testimony in 1994 eeddtse forward-looking specification
proffered by economists: ‘The challenge of monetary pakco interpret current data on the economy
and financial markets with an eye to anticipating futaflationary forces and to countering them by
taking action in advance’ (cited in Batini and Haldah®99), p. 7). Equally, Governor Ben Bernanke
(2004b) proffered that ‘policy involves lags and thus muskecEssity be based on forecasts. As we look
ahead, core inflation appears likely to remain inzbee of price stability during the remainder of 2004
and into 2005.’
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time horizon for targeting expected inflati&ii. The interest rate decision is considered
here from the standpoint of not knowing fully the ecopdfii

‘A policy action that is calculated to be optimal hse a simulation of one
particular model may not, in fact, be optimal once fihil extent of uncertainty
in the policymaking environment is taken into account. In géneris entirely
possible that different policies will exhibit differedegrees of robustness with
respect to the true underlying structure of the economyekample, policy A
might be judged as best advancing the policymakers' objectimeditional on a
particular model of the economy, but might also bensee having relatively
severe adverse consequences if the true structure etdin®@my turns out to be
other than the one assumed. On the other hand, polwigBt be somewhat less
effective in advancing the policy objectives under theuaged baseline model
but might be relatively benign in the event that thecttre of the economy
turns out to differ from the baseline.’
(Remarks made by Chairman Alan Greenspan. At a sympasomsored by
the Federal Reserve Bank of Kansas City, Jackson Mgleming, August 29,
2003. ‘Monetary Policy under Uncertainty.’)

Inevitably every model is flawed. The role of centrainkers relates to managing

varying risks; including how changing the time horizon dahieving price stability

affects the chances of keeping inflation within targetaf given period.

A natural measure to convey this risk is theta, inithadlibrates the extent to which the
value of an option portfolio changes with respect to tjoremore correctly the decline
in maturity). Earlier, the time value of the collarrtfolio was seen as providing a useful
proxy for gauging monetary policy. Theta here is seeoffeyr a metric that measures
how policy responds when the schedule for maintainingntegion target is changed.
In addition to theta, the effect of time on the delkad portfolio values offer important
additional insights into how this type of uncertaintgss the committee’s interest rate
decision. The theta of the collar is employed to itifierpossible effects of changing the
central bank’s forward-lookingness. The theta measigeeloped more generally in
risk management, estimates the rate of change ipdhélios’ value with respect to
time. Options generally, but not always, become ledsabée as time to maturity

288 Batini and Haldane (1999) suggest that targeting three to sitegiahead delivers the best outcome
but this is underpinned by a specific economic model andngmmt upon the degree of forward
lookingness by the private sector. The theta measneis meant to offer additional insights, which are
generally not considered, into how policy changes astgreuncertainty arises by virtue of
decreasing/increasing the time horizon during whicbepstability is preserved.

289 A naive model, i.e. the Black model, may well be dekérhbcause it does not privilege any particular
view of how the economy works except to assume thattiofl adheres to a lognormal random walk.
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decreases. For an at-the-money option, time decay ss pnonounced® This implies
that the most discernible effect of changing the tmeizon of monetary policy is
observed when expected inflation is close to the uppercmer Ibands of tolerance.
This aspect of uncertainty is investigated by lookindhatdffect of changing the time
horizon on the value of the inflation collar, by calesing both the theta and also the
magnitude of delta associated with the collar.

3.3.4 The effect of uncertainty caused by a change in the ggating horizon

Proposition 3.2If the interest rate decision is designed to preserve price gyatvler a
longer term, uncertainty regarding the future lessens the non-lineafitg path-
dependent policy. By applying a number of benchmark measures from portfaio opt
theory, it is found that as the time horizon for containing inflation es@s the

monetary policy response becomes increasingly linear.

A number of inflation targeting regimes make the tinaamie transparent, over which
policy is designed to preserve the objective of pricbilitta®®* The Bank of England
sets the short-term rate so that the forecast ddtiofi spanning a two-year horizon
remains within target’? The Federal Reserve has never explicitly defined such an
inflation target and timing of an implicit target has eeween formalised. Policy
makers at the FOMC have nevertheless discussed an apggopterval within which
price stability could be attainé®® This approach generally is consistent with having a
less onerous intermediate target in the interveningsyaad permits a greater measure
of latitude in accomplishing price stability.

The maturity of an option contract is analogous to tihee period associated with
preserving a particular target or keeping inflation within @ezof tolerance. Policy, to a
large degree, is inevitably forward-looking given thatperates with lags. A question

299 The time decay of the option should not be confused éttzero time decay’ approach referred to
when considering the risk neutral conditions in chaptand in Appendix A.2.1.

291 There is a subtle but important distinction betweetingtathe time period within which or by which
price stability will be attained’ and ‘the time periogler which price stability will be preserved’. The
latter represents a more taxing commitment in that [iea no intermediate target is acceptable other
than the ultimate target. From the point of view of apgytheta the relevant statement is ‘the time
period over which price stability will be preservethe theta measures the effect of a fall in maturity.

92 The Federal Reserve has never formally endorsed a gifiation point or zone target. This may
reflect a desire to maintain ‘wiggle’ and a wish notécsben to fall short of a given stated objective.
293 A number of references have been made to this irt@hap
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frequently posed relates to finding the appropriate hor@onptimal time frame to
contain a given target variable. It is not attemptee@ beranswer that question although
a number of economists already cited have done predisaty The emphasis here
pivots around determining the likely effects of alterihg targeting horizon on the
linearity of policy. In what follows, it is illustratethat as the horizon for controlling
inflation expands, policy becomes more linear. Intuitivddy attempting to control
events across a wider time frame, policy confrontseatgr range of possible inflation
outcomes. Time may be thought of as another measuvacaaitainty. To avoid the
cumulative effects of inflation spiralling away fromrget, policy feasibly migrates to
being less path-dependent as the target horizon expintscepting small defeats can
cumulatively precipitate significant deviation from takimate inflation goal and this
may make correction subsequently less secure. Conyeeddining price stability as
opposed to preserving price stability over a longer timaowo implies a less stringent
approach with an intermediate target perhaps being put exte.pl

Pragmatic implementation of policy from the perspecof a central banker involves
engineering robust strategies that hold across a wide rgpeatf outcomes. By
lengthening the time frame, the spectrum consequentiafparels. A complicating
factor in managing economic outcomes relates to tharghrientation of policy. This
in part, may be occasioned by exogenous factors thataittat policy migrates to
placing a greater weight on delivering shorter or longenteutcomes. An example
could be motivated by observing the behaviour of a policy ctteenattempting to
maintain non-partisanship prior to political electié?sThis may entail switching the
emphasis to preserving longer-term price stability ataaliee juncture’®® In an attempt

to protect itself from accusations of political partisapsiie might consider that policy

29 ntuitively, setting policy to contain inflation ovarlonger time period would seem more onerous than
setting policy to contain inflation over a short tiperiod. The greater uncertainty associated with an
expanded time horizon necessitates weighting more thehlibpaf drifting outside the comfort zone.
This helps explain why policy becomes less path-deperaferihe maturity of preserving the target
lengthens.

29 The former vice chairman of the BOG, Schultz (2005), p.3déde this comment regarding the
August 1980 interest rate adjustment: ‘The Federal Resgrgettioroughly non-political institution. |
never heard politics discussed at the Board table wihiieslthere, but we did try to make any moves as
far away from an election as possible.’

29 5ee Governor Gramlich’s comment p. 97 of May 1998 FOMC ngetithink we should recognise
that this is a political year, and it might get hardemake changes later in the year. We should be
mindful of that and perhaps think hard about it at our nextinggefThis suggests that the timing of
interest rate moves evolve if only to preserve palitizutrality.
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shifts between different timing postur@é.In what follows, portfolio option theory is
used to investigate the likely effects on the shape lidypthat are caused by a timing
switch. A complicating factor is that a timing switchaynalso be coupled with an

adjustment to the intermediate target.

For a given range of expected inflation, an increasdiencbllar’s maturity tends to
increase the time value for the call and the put. Hatgosition is taken on the put, the
effect of increasing the time to expiration is to gatigreduce the value of the put (to
the writer of the instrumentj® The time values of the collars can be computed by
taking the difference between the long call and shortppsitions. Using the Black
Model as the baseline this can be written as:

Cgz = Pg =€ HE(”)N(dng)‘ ”;ZN(ngZ)J_ l”glN(‘ ngl)‘ E(”)N(‘ dlgl)”
Three different maturities are used in Figure 3.5a. Thenpater values are the same as
those used in Table 2.1 but the maturity ranges from seigioteen months. These
maturities might be considered to be alternative &wdaAlooking specifications used by
central bankers. It can be observed that as the nyatdrihe call and put increases the
absolute values also increase over most of the rangget®d inflation. This is most
striking when expected inflation approaches the outer banidhe anflation thresholds.
Figure 3.5a shows that as the maturity of the collarea®es, the time value of the
collar becomes increasingly linear. The largest magnitfideange occurs close to the
strikes for a given change in tifi&. The time value of the collar or the payoff is
increased when expected inflation is equal to 4.5%. Wheercead inflation falls to
2.5% the impact of increasing time horizon is to reducep#lyeff associated with the
collar. When inflation moves beyond the inflation @arthis relationship is somewhat
reversed. The net effect strongly suggests that asatéainkers extend the period over
which policy is designed to contain inflation, the chamgethe monetary policy
response varies less discernibly with inflation. In @ff@olicy is seen to be less path-
dependent in a world with a more extended time framkewor preserving price

stability.

297 This would tendgeteris paribusto make policy more linear, but this may be offset hicpanakers
allowing the inflation target to increase affording ajeg room for manoeuvre. It is conceivable that
lengthening the time horizon may be balanced by a wideof the target zone. This type of dual policy
action may not be measurable in that both actions maytha effect of partially offsetting each other. In
this regard, the view that nonlinearity can be ‘sulsttsms highly pertinent.

298 Figure 3.5a makes this rationale somewhat clearer.

299 This becomes more evident when the theta of thardslconsidered later.
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The impact of a fall in maturity on the option portfolian be measured by the
portfolio’s theta: the partial derivative of the cokapayoff taken w.r.t. time. It is worth

considering the behaviour of theta to appreciate theylddé¢cts of time on the reaction
function and policy activism. If the call option foretBlack Model is given by:

Co2 = _r(H)lE( ”)N(dlgz)_ 77;2N(d292)J
then using the standard notation and differentiatingaliev.r.t. time,t gives:

ac_gz:e-r(T—t) E()N'(dy, adﬂ_ﬂ*zN- (o 02go +re7(™ E(iT)N(dl 2)—7T*2N(d2 2)
9 ¢} [¢] ot 9 ¢} [¢]

ot ot

(3.11)
Importantlyt here denotes time decay (i.etascreases the residual maturity falls). It is

shown in Appendix C.3 thaE(n)N‘(dlgz):n;ZN'(dzgz) and consequently (3.11) can be

re-expressed to give:

a(;—:z =" (Tt |:E(7T) N'(dlgz{ac;% 3 adaztgz H +re 0 [E(iT) N (dlgz)_ 77;2 N (d2g2)]

(3.12)
This in turn can be simplified given that the relatlupsbetweend,,, andd,,, can be

defined byd, , - d,y, =ovT -t.

i B LR e R CLTRE A

(3.13)
The theta that is given in (3.13) measures the effeet fadl in maturity on the time
value of the call. Similarly, a corresponding process be used for differentiating the
put. By combining both the call and put, the theta of tbkarc portfolio can be
estimated for the range of expected inflation spanning 0.520%. The lower cadein
effect, denotes the life of the contract gone, as sg@gdo the maturity remaining. Thus,
ast increases the remaining maturity falls (or in moneparljcy parlance the targeting
horizon falls). Hence one would expect given the tirakies in Figure 3.5a, that the
payoff of a long position in a call option decreasesiasreases and the value of a short
put increases dasincreases. The short put option position becomes Egative, as
increases for the range of expected inflation closegte¢dower threshold. Conversely,
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the long call position becomes less positivet @ascreases, for the range of expected
inflation closest to the upper threshold. The behaviduthe theta should ideally
conform to the time valuations as outlined in Figure 3.5amF8.13), it can be
observed that the term inside the first square brackqissitive therefore considering
this alone, a fall in maturityt fises) results in a decline in value of the &&lLooking

at the second square brackets, if the expected infledienE(rr), exceeds the exercise,
my,, a fall in maturity can culminate in an increase in tivaéie over a certain range.
This can be observed from Figures 3.5a and 3.5b. Normallyeveova fall in maturity
reduces the time value. Applying ‘zero time decay’ as seincAppendix A.2.1 implies

r would be set to zero and the effect of the second tersquare brackets would be

neutralised.

To consider the effect of time on the put option tleoeaisted theta is derived. The put

options time value is taken from the Black model:
Py =€ TV |77, N(- dygy )~ EGN(= dyy, )| (3.14)

If differentiated with respect to time it is possiblestmw that:

&:_e—r(T—t) 7 N'(d,e, 9dag _ E(m)N'({dy, 0y +re ™ ;T*lN(— d, 1)‘ E(]T)N(— d, 1)
ot g F ot ‘ ’ ’

(3.15)
Again from Appendix B.3, (3.15) can be re-expressed to ged bieta for the long put:

a *
% =—"™D {E(ﬂ) N'(dlgl{z—%ﬂ +re” TN (— dzgl) -E(mN (- dlgl)]

(3.16)
The effect of the first square brackets in (3.13) is thuce the value of the option as
maturity or time horizon falls. This is similar to.{8) however for the short position in
the put; this is reversed so a broadly positive relatipnexists betweeh time decay
and the value of the short put. This is most apparenhwRpected inflation is close to

the lower threshold of the band. Looking at the secandire brackets in (3.16) if

E(m) is greater tharw;l an increase i, that isa fall in maturity tends to reduce the

value of the put. Thus it exerts the same impact adirdtesquare brackets. lfr, is

greater tharE(m) an increase it can in fact increase the value of the put. This is

309 Theta is normally negative for an option.
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observable from Figures 3.5a and 3.5b. This is somewhat@ifszation by virtue of
not taking more precisely into account the cumulapvebabilitiesN(-dig1) and N(-
dag1). These magnitudes tend to track each other over thected inflation rang&:*
The Theta in (3.16) relates the time value of the ptitie. The theta of the portfolio
can be given as the difference:

0Cy, 0Py
ot ot

So that incorporating the parameter values yields:

T=10=025714,=0.045r=005
—e‘f(T‘{E(n)N'(dlgz)(#f—_tﬂ+ re " I [EGIN(d,g ) 75N (L )

minus

T=10=02577,=0.025r=005
o™ N 52 e o) Eoon )

The portfolio theta can be interpreted as meanag, twhen a small amount of time
(measured in years) passes, the option portfolialse changes by the computed theta
times that amount’?

To determine the effect of time on the payoff frtma collar, the long call and short put
thetas are aggregated by subtracting the latten fre former. Just as for the call, the
greatest impact that a change in maturity has enptit’s payoff, occurs close to the
exercise. The portfolio theta as mapped out byr&idi5b is obtained by subtracting the
theta given by (3.16) from (3.13) for the rangeegpected inflation 0.5% to 7%. The

parameter values are the same as those given la Z4db It is possible to identify that

the greatest impact time imparts to the value @f tiption portfolio arises when

expected inflation is close to the upper and lotheesholds of tolerance. This result is
apparent in both figure 3.5b and in figure 3.5a.

Figure 3.5a traces out in a similar fashion torfe8.2 the time value of the collar. The
former however incorporates the effect of matuoitythe collar, as described in figure
3.2. It is observable that as the time horizonaeases the dynamics as described by

9L N(-dpqy) tends to be slightly greater thiig-dyq;) over the inflation tolerance band.
302 See Figure 3.5b.
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combining (3.13) and (3.16) are borne out. As the maturityr@ horizon increases the
value of the collar tends to increase for the calltjosi® The same is true for the short
put in absolute terms. The overall effect of increasingurig then is to make the time
value of the collar increasingly linear. One way of aomhg this, is to observe the
effect on the slope of the collar (the collar’s dgltby successively changing the time

horizon for targeting expected inflation.

Figure 3.6 illustrates the effect of the change in matwwit the delta over the range of
expected inflation 0.5 — 7.0 %. Four delta curves associatbdvarying time periods

for preserving price stability are considered:

 T=050=025 _ T=10=025 _ T=150=025  T=20=025
P (0550.045 - pgio.ozs) P (0550.045 . pgio.ozs) P (0550.045 - pgio.ozs) P (0550.045 "~ pgio.ozs)
0E(7) ’ 0E(77) ’ 0E(7) ’ 0E(7)

The parameter values as given by Table 2.1 apply hereowlgtthe time period being
adjusted. Note that as time to expiration increaseta denerally falls as expected
inflation moves outside the tolerance band. The revecsers as expected inflation
moves inside the band$. As expiration increases there is an increased lixetithat
the out-of-the-money option will become in-the-money aice versa. From a central
banker’s point of view this is equivalent to saying thathastime horizon for targeting
inflation increases, the range of possible future infltapaths expands implying that
monetary policy can not be so precisely path dependeet.d€lta curve provides a
measure of policy activism. As the time horizon inee=a there appears to be a
tightening of the delta curve. As the range of delta valoastracts for longer
expirations, this implies that the policy rule becanmore linear. It is observable that
the deltas take on a smaller range of values as thehtmzon extends. This implies
that there is much less variation in the slope. Frbengderspective of understanding
monetary policy, path dependency declines as the horaortargeting inflation
increases. Figure 3.7 provides an interpolated view of theteffeéhe time horizon on
policy activism. Seven time horizons are consideredingnfrom 0.5 to 3.5 years. The

393 For the higher values of expected inflation, this is tese. An intuitive explanation relates to the fact
that by increasing the time horizon more outcomespassible, including expected inflation falling
below the threshold level. The effect of this is totgligdiminish the value of the call.

304 For the parameter values given.
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delta curves are calculated in an identical mannergor&i3.6 and the parameter values
are the same as those used in Table 2.1.

T=05,0=025 T=10=025 T=15,0=025 T=2,0=025

P (Ck:0.045 - pkzo.ozs) P (Ck:0.045 . pkzo.ozs) P (Ck:0.045 - pkzo.ozs) P (Ck:0.045 "~ pkzo.ozs)
92 gl 92 gl 92 gl 92 gl
0E(77) ’ 0E(7) ’ 0E(7) ’ 0E(7) ’
T=250=025 T=3,0=025 T=350=025
P (0520.045 - pgfo.ozs) P (0520.045 - pgfo.ozs) P (0520.045 - pgfo.ozs)
0E(77) ’ 0E(77) ’ 0E(7)

The collar thresholds of the upper and lower strikes2a5% and 4.5% respectively.
Figure 3.7 illustrates that as the time horizon incredise delta curves tend to flatten.
Policy activism is less defined by whether expected ioftais inside or outside the

bands as expiration increases.

Modelling the interest rate decision with option the@yseful in that it provides a
reasonably simple way of understanding how uncertainlyein€es policymaking. One
insight here is that the potential nonlinearities thastexi interest rate determination
can be varyingly moderated when uncertainty impinges on dbmmittee’s
deliberations. Here, the context was defined in terms&ingihg, but using portfolio
option theory this can be easily extended to invetigeow the volatility of the
underlying inflation rate alters policymaking. This portrayéltlee decision process
seems to square with the view previously expressed by Clrai@&reenspan that
ultimately the hypothetical choice between policy Apolicy B is inextricably linked to
what we do not know as much as to what we think we kfidws consideration may
provide an explanation why the straightforward TayloteRepresents a robust work-
horse for interest rate analysis, in that much eftilme the nonlinear rate setter faced by
high levels of risk adopts a linear rule, albeit revensgineered. This may also explain
how central bankers, despite differences in statedypstrategy, much of the time can

respond in a similar fashion to macroeconomic evé&nts.

3.3.5 Some caveats to the Brainard conservation principle
Brainard (1967) found that uncertainty about the effechefgolicy instrument leads

the central banker to apply the instrument less aggedgsiThe dynamic structure of

305 This can apply whether policy makers are hawks, doves, pjsis, zone targeters or point targeters.
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the economy and related parameter uncertainties are stmoi@rgenerally to deter
decisive rate setting initiatives. This restrained apprdacimplementing monetary
policy permits the central banker to take stock and dscaith how policy makers are
seen to make rate changes. Orphanides (2003) makes the pbmtcthatious central
banker should acknowledge that the quality of informatgomoisy and should as a
result avoid overreaction. Naive policy that failsdket this on board may become itself
a source of instability. Parameter uncertainty can dserthe monetary policy response
and thus rationalises a smoother path for interest satting than in conditions of
certainty. Clarida, Gali and Gertler (1999) illustratedttharameter uncertainty may
diminish the response of monetary policy to economiclk$ and consequently interest
rate adjustments are smalf8f. The portfolio option framework suggests that a
refinement to this result is possible. Policy activisam both increase and decrease as
uncertainty measured by maturity and volatility increaBertfolio option theory
accommodates a caveat to the traditional type of ceaisee response and spells out
the circumstances by which policy can become pre-empeealso Séderstrom (2002)
who maintained that uncertainty regarding structural paemsheloes not necessarily

lead to a more cautious monetary policy.

Risks to hitting a target can stem from a number of sur&n obvious measure of
uncertainty would be the volatility of the underlyindlation. If the standard deviation
of expected inflation rises, forecasting price incredse®mes ever more tenuous. That
is, increased volatility would tend to increase thebability that inflation would breach
the thresholds when inflation currently lies inside tifvesholds. This type of response
would also seem consistent with the effects of inangathe time frame as measured
by, T.3°" The tightening behaviour of the delta curves in Figure Flécted how path
dependency tended to diminish as uncertainty with tgrev. Over the range of
expected inflation 0.5% to 7%, delta values tend to contné@ta narrower corridor
producing a smaller gap between the minimum and maximunmabems. So the
effect of uncertainty is dual edged, that is the deltapr@@osed measure of policy
activism), increased and decreased as the targeting hdrémaime longer. Applying
portfolio option theory to the policy rate decision cafine the received wisdom.

306 Result 11CGG (1999).
307 See Figures 1.3a — 1.3g. It is clear that as volaitilitseases and maturity increases, terminal inflation
values become more dispersed.
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The resultant retreat to linearity then can bringuadaoth a more gradualist policy
response and a more pre-emptive type policy respongsk Ananagement perspective
would suggest that a zone targeting committee, part dirtieeat least, can behave in a
deliberative manner despite having a nonlinear rhetoric. iag explain why it is
difficult, at times, to detect nonlinearity in the pylirule®°® Uncertainty is generally
considered to warrant additional caution on the part eftral bankers. This is
consistent with Brainard (1967). Portfolio option theaguld suggest that the nature of
the uncertainty confronting central bankers will alsdugrice the timing and pattern of
rate decisions. The FOMC may undertake a relatively ragggessive strategy when
the risk of effecting too small a change may exceediskeof a larger intervention. A
similar view was elaborated by Bernanke (2004):

‘The interaction of uncertainty and concerns abouewstiboting may well have
affected Fed policy during the easing cycle that began in 200indthat
cycle, the FOMC faced a worrisome trend of disinflatia trend that if left
unchecked might have brought the economy close to the abfalling prices,
or deflation. The FOMC had two options during thatsede: gradual easing,
which some observers advocated as a way of savingth@ning "interest rate
ammunition"; or a more pre-emptive approach, to try to iniphe bud any
further decline of inflation toward the deflation boundahy.this particular
episode, the risk of doing too little appeared to exceedrigk of doing too
much, and the FOMC undertook a relatively aggressive giratierate cuts, as |
mentioned in the introduction. Similar considerations yorebly played a role
during the 1994-95 tightening cycle, when concerns that inflatmght rise
significantly induced a relatively more rapid tighteninRemarks made by
Governor Ben S. Bernanke, At an economics luncheon asseped by the
Federal Reserve Bank of San Francisco (Seattle BramchYhe University of
Washington, Seattle, Washington. May 20, 2004)

The tension between acting decisively and waiting-®o-s& finely balanced.
Refinements to the Brainard conservation principle seehme with the comments of
central bankers. Conventional analysis suggests that taimtgrresults in a more
subdued policy response. Orphanides (2003) and Rudebusch (2000)nipiesxargue
that noisy information induces a more cautious react@mtski and Stock (2002)

alternatively argue that the policy response in an urnoewarld should be more

398 |n this regard, uncertainty is best not thought ofeiaduni-dimensional. The effects of uncertainty
are multi-faceted. Additional complications relate to ihteraction between timing, volatility, and the
bandwidth. The respective inflation targets are concgiiaBuenced by all other factors. If uncertainty
transmits to shifting the respective tolerance levgladualist and pre-emptive regimes are equally
feasible. If uncertainty sharpens the dove-hawk divssiaithin the committee, then a more path
dependent policy could arise. Portfolio option theory agldged here does not spell out how wide these
thresholds can go or how frequently they diverge.
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aggressive. Analogously, Séderstrom (2002) has maintaine@dhbaneter uncertainty
accompanied by persistence in inflation should preciptateore aggressive policy
stance. If central bankers are concerned that inflatiay be hard to keep in check once
it has breached a given threshold, a more aggressivensespm containing inflation
could be adopted.

The measures of theta and vega, time valuations andalkitiastrate how monetary
policy may adjust to take account of the changing tinmzdn for targeting inflation
and of inflation volatility. The ostensibly nonlinepolicymaker can assume a more
linear type reaction function when uncertainty is aegted by timing or volatility.
Casting the collar as a proxy for inflation in the policye then implies that the rate
setting environment is dynamic. At any one time, policlyast described by the degree
to which it is deliberative or opportunistic and one iersas the limiting case of the
other. This implies the Taylor Rule can represent a eoiewnt default policy rule and
can be adopted to take account of issues that are moeeatignegarded as being
important in a risk management framework. The gulf tloahetimes exists between
what central bankers say and do, may in part, be egulaby a risk management
paradigm. The Proposition below develops this themehdurin applying portfolio
option theory to show the likely effects of an in@®an the annual standard deviation

of inflation return on the policy rule.

3.3.6 The effects of uncertainty generated by inflation volatily
Proposition 3.3As inflation volatility increases the monetary policy response besom
more linear and less path dependent.
If the time value of the call option is differentidtavith respect to the volatility of
inflation it can be shown that Vega is given by:
dc,,
0o

oNed, . had
e (T{E(E)N (0) %2 e (dzgz)ﬁ} @17

From Appendix C.3, (3.17) can be factored to give:

92 _ —r(T—t)E N'(d 192 _ 77292 3.18
P () ( 192{ doc  do } (3.18)

The term in square brackets is equal to the square roo¢ ohakurity on the collar so
(3.18) becomes:
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622 = e ME@N'(dyg, NT -t (3.19)

Using put-call parity, it is found that the Vega of the isigimilarly equal to:

0 ) =y
apag-l e (T—t)E(n_) N|(d1gl T-t (320)

The vega of the portfolio can be obtained by taking tfierdnce:

0 0
(;:;-2 _% = e_r(T't)E(n)\/ﬁ[N'(dlgz)_ N I(dlgl)]

The vega of a portfolio is the rate of change efvthlue of the portfolio with respect to

the volatility of the underlying expected inflatiodega can be interpreted as meaning
that, when the volatility (measured in decimal fprincreases by a small amount, the
option portfolio’'s value changes by the computedavéimes that amount. In Figure
3.8b, (where the parameter values are consistéhttimse of Table 2.1), the vega:

T=1,0=025, 77, =0.025, 17,,=0.045,r =005

0 0 -
N s T W

is found to be most elevated around the inflatioresholdsz,, and 77,,. So policy

becomes more sensitive to an acceleration/decelernat inflation the closer the target
variable gets to the upper and lower strikes.

From Figure 3.8a, it is found that as volatilitiaases, the time value of the put and
the call in absolute terms both increase. Thisoewhat more clear-cut than the
previous case where the time values can be ditfigraffected by time to expiration.
The value of the short position in the put fallsvasatility increases (i.e. it becomes
more negative). The writer of the instrument gaisyolatility falls. The time value of a
series of collars for different levels of volagliis mapped out in Figure 3.8a. The
portfolio’s worth is computed in the same mannerge&en in Table 2.1, however the
volatility term is adjusted from 0.25 to 0.5 aneénhto 0.75. Figure 3.8a illustrates that
as volatility increases the time value of the goflacomes more linear as a function of
expected inflation and this is consistent with €3.and (3.20). The reaction of central
bankers to an increase in volatility is to incretse magnitude of the response over the
region defined by the inflation bands. The impattthos change may be to make
opportunistic policy largely indistinguishable fronthe deliberative policy
implementation. Even while the forecasted meanafioih rate remains within the
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bands, if its’ variance increases, the chances eddiing the band also increases. If
expected inflation is marginally below the upper band and thenvolatility of the
underlying increases, this feasibly drives the policy makéuy insurance.

In Figures 3.9 and 3.10, the delta curves take on a smailge & values as volatility
increases in magnitude. As the annualised forecast diilirglancreases the range of
delta values contracts. This compression of the datiger implies that policy assumes a
more linear form. Consequently, there is much less ti@mian the slope of the collar.
From the perspective of the central banker implemgntnonetary policy, path
dependency declines as the level of volatility risegurfeé 3.9 illustrates the effects of
changing the volatility on the delta curves. The disltealculated in the same way as
Table 3.1, but with three different volatilities usedisat:

NKO&VO?m%)a(“&?:kom) a(kdgg%%mﬂ
ansm' ’ 6E(§m- and aE(I;gl
are considered. The exercise values are also the sathe mitial strikes considered in
Table 2.1. The delta of the portfolio is computed by takimydifference of the delta of

the call and the delta of the put. The volatility levahging from 0.25 to 0.35 is
representative of magnitudes estimable during the GreerS@anC. An ex ante
recursively forecasted GARCH(1,1) was used previotlsifigure 3.9 shows that as
volatility increases there is a flattening of the valudelta takes on. The delta range
tends to contract over the given set of expected wflatalues. This is consistent with
stating the policy rule becomes increasingly linear undeditions of uncertainty. In
this instance, uncertainty is measured by the standardtidevi inflation return. It
also furnishes a significant rationale to advance thdof Rule as an important limiting
case. Figure 3.10 interpolates the delta curves over a vadge of volatility values

ranging from 0.1 to 0.8 in intervals of 0.1 so that:

k= 00;.5]"0 O 0025 k= 002510 00025 k= 00115]"0 00025 k= 002510 O k0025

6( P ) 6( P ) 6( P ) 6( P )
0E(77) ’ 0E(77) ’ 0E(7) ’ 0E(77)

6( k= 0025]"0 ;))5;10025) 6( k= ooﬂél” ;;210025) 6( k= 00T4;lg ;;510025) 6( k= 0025]"0 ;))8510025)
0E(77) ’ 0E(7) ’ 0E(77) ’ 0E(7)

309 Details are presented in Appendix A.2.3, chapter 2.
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The parameter values are otherwise the same as thveselyi Table 2.31° Again it is
clear that as volatility increases, the delta curn®spress into a narrower range and
implying that policy becomes increasingly linear. In tlextnsection, an exponential
smooth transition autoregressive (ESTAR) model is eyepldo investigate the extent

to which policy is mean reverting to the Taylor Rule.

3.4. Nonlinearity — some empirical evidence using ESTAR

In the introduction to this chapter, Governor Gramlicigpraisal oMonetary Policy
Rulesis noteworthy not so much because the Taylor Ruleitisised for falling short
but rather because there is an implicit acceptanae ithis used as an important
reference. The fact that it igite a favorite among the academic economiatxi
despite being looked at rather hard haot been that helpfulreveals it to be not an
incidental piece of information. The emphasis neveedglseems to stress policy as
being nonlinear. Both rhetoric and actions are compatilgeli€y is seen through the
prism of migrating between different states. In thistisac empirical evidence is
provided to support the view that nonlinearity exists however Taylor Rule
constitutes an important limiting case. Terdsvirta (1994)ined a parsimonious
parametric time series model with nonlinear mean reversammonly termed the
smooth transition autoregressive (STAR) model. Granget @erasvirta (1993)
developed STAR models so as to incorporate exponemnéiabition functions. The
resultant ESTAR model is particularly useful for invggting how an underlying
variable can change between different patterns of vi@lva Here, an exponential
smooth transition autoregressive function of order q;AHQ), is developed to capture
the effect of policy migrating between different stat&€he STAR family of models
have a particular advantage in terms of examining gradtizr than discreet changes
in regime. A TAR model would suggest that the passing thre@ghgiven threshold
would cause an abrupt chamé. Here an Exponential Smooth Transition
Autoregressive model of order g ESTAR(Q) is developed so espture the graduated

effect of policy migrating between different states.

£ =a, +Zq:ai£t_i {ag +Zq:ai*£t_i }[1—exp{— y (st_g —c)z}]+ut (3.21)
i=1 i=1

319 Only gis adjusted.
311 The ESTAR model can be viewed as a TAR with an infimiteber of regimes.
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y' constitutes a measure of mean reversion and is adsionies greater than zero. In
effect, mean reversion increases as the scale of evfadm equilibrium or neutrality
increases. They, is a stochastic disturbance tegnrepresents the difference between
the actual Fed Funds rate and the rate prescribed by the Taylor Ryl&" over the
Greenspan chairmanship.

£t=rt—[(r*+m)+a)l(iz—7f)+a)2(yt)] (3.22)
where

o = (0 + 7z )+ (-7 )+ o, (y,) (3.23)
the Taylor Rule rate is calculated using the sametinatand methodology as before
incorporating the recursive growth gap fgr, outlined previously in chapter®? '3
Otherwise, the same approach as prescribed by Taylor (1993gd to fix the policy
rate. Figure 3.11 provides an overview&f Negative values correspond to periods of

policy accommodation most discernible around 1992 and 2003. Rositlues
constitute periods of policy tightening.

A smooth regime change would appear more appropriateatihabrupt innovation in
regime. The autoregressive process for the residuarddr ay is augmented by an

exponential transition function:
o *\2
F(st_g) =1- exp{—y (%-g -C ) } (3.24)

which assumes a U-shaped form when estimated abdusded between unity and
zero.c denotes a threshold parameter and sets out the fbarthe policy deviation
term £ such that whenever the difference between theah€&ed Funds rate and the
Taylor Rule rate exceeds in both positive and negative directions, the sitgon
function will assume values in the neighbourhoodhaf outer regime. Whenever the
deviation is within the band the transition funativill assume values in the

neighbourhood of the inner regime. The smoothnesanpeter is denoted by and

this measures the speed of transition betweenragtregimes. Whek assumes the

312 Although, the data here is calculated in percentage, fasnopposed to the decimal form used before
in chapter 2.

313 The reported standard errors for the ESTAR model atertiid by use of generated regressors. In this
instance, however the growth gap retains much of tiginativariability of the primitive growth series.
Figure 2.8 illustrates that the generated growth gap miqoite closely patterns of variation in the
original growth.
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value of zero, the autoregressive function remainsrlisedhe AR(q) can be described
in the form:
q
£ =00+ ) A& +U (3.25)
i=1
The inner (middle) regime occurs whéfle,_,)=0, thus ¢_, =c” implying that the

exponential term inside the brackets goes to unity. Tilteraregime conversely is
achieved wherF(g,_,)=1. As the limit:

Iim‘ft_g —c*‘ - (3.26)

the negative exponential term goes to zero implying ttiatwveight of unity is applied
to the transition function. The AR(q) process is thagmented to become:

q
= (0, + )+ Sl va ki +u @.27)
i=1
Weights between unity and zero can be attributed torémsition function so that the

process is dynamic. Global stability necessitates that

Zq‘,(ai +a;)<1 (3.28)

i=1

Should
i(ﬂi +a?)<_2q‘,(ai) (3.29)

then this implies that the level of mean reversioereases as the deviation from the
Taylor Rule rate grows. The intuition is that as pla¢h of interest rate setting deviates
from the Taylor Rule rate, the error terms tend twrect’. In effect, large errors tend to
be reversed supplying a testable hypothesis that policy mesgbatween varying states.
Mean reversion would suggest that large deviations froenTiylor Rule produce
increasing pressure to return to neutrality. If policy degdrom the Taylor rule there
exists a counteracting tendency to ultimately recoil togaeliberative policy. This is
consistent with the migration hypothesis as suggestedhy targeting and portfolio
option theory. If the estimated value of

q *
S (o7 )<0 (3.30)
i=1
then policy would appear to be anchored by a linear polits: The assumption that

key variables incorporated into the reaction functionstatonary has formed the basis
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of much research in recent years, often assumed ogrtlmds of plausibility, even
though Augmented Dickey-Fuller (ADF) tests gnof the type:

Ag, =yE, +Zp:aiA£t_i +U,

=1

do not always strictly bear this otif.Using varying lags it is found here that ADF tests
do not consistently reject the null of nonstationarir &,. The first-order
autocorrelation values fog, are close to one suggesting the presence of a unit root.
Some evidence is offered here to support the view that iffexetice between the
Taylor Rule Rate and the actual Fed Funds rate is mewaerting when using
ESTAR(q). This finding would suggest that although individualialdes such as
inflation and the short-term rate are frequently founded(1) they may be thought to
be nonlinearly cointegrated should (3.28) and (3.29) hold.uréaib reject the unit root
hypothesis using a standard linear ADF does not, howevegssarily imply thats, is
not mean reverting, if one holds open the possibiligt the variables in the Taylor
Rule are nonlinearly cointegrated. From an economgérispective, this may lessen the
charge that reaction functions regress one random agdinst another. The smooth

transition approach to modelling, is consistent with the hypothesis that policy

responds nonlinearly to changes in inflation.

Terasvirta (1994) advocates testing linearity against nomiipday initially outlining
the appropriate magnitude of g. To apply the nonlinear strudtusefjrst necessary to
test the relevance of nonlinearity. Granger and Tetas{1993) and Terasvirta (1994)
outlined the following artificial regression:

a
& :BOO+Z(BJJ'€t—i +B6.6 4 t 538 “{2-g +B46, ‘ﬁg )+Vt (3.31)

to test the null hypothesis of linearity against an adteve hypothesis of nonlinear

adjustment. A simple F-test can be used to determenplatusibility of nonlinearity:
Hoy: By =B5 =By =0 (3.32)

314 Clarida, Gali and Gertler (1998) make the point that ‘otwnemetric approach relies on the
assumption that, within our short samples, short-tetanest rates and inflation al@). Standard Dickey
Fuller tests of the null that inflation in G3 countriesl (%) is rejected in favour of the alternative of
stationarity. Also for Germany, we reject that #hort-term interest rate 1$1). For the US and Japan
there is less evidence against the null that short ietenest rates ar€l). However, we know that the
Dickey Fuller test has low power against the alternatifvstationarity for the short sample we are
studying.’ (Footnote 9, p. 1039).
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for

against the alternative hypothesis thf, is not valid. The relevant Wald Statistic is
denoted by W The third order terms in the artificial regressiosagpear if the
transition function is exponential in nature. Theamdile advanced broadly relates to
the view that the exponential transition functionUsshaped with regard te,_,,
effectively, that a quadratic as opposed to a cubic rektip is deemed more
appropriate. If the Taylor Rule rate over the sang@idod averaged close to the Fed
Funds rate, it would be expected that the ESTAR modaldasatisfy a, =c¢” =0, this

implies thatg, =0. These observations suggest the following series tf tes

Hos: B4 =0,i=1....q (3.33)
Hy:B; =008,=0,i=1,....q (3.34)
H,:8,=008,=0i=1,..q (3.35)

where | denotes conditional on. Accordingly, the correspongdrelevant Wald

Statistics are given by ¥WW; and W. It is expected thatlps andHg, are not rejected

but Hos is rejected. This helps to assess the appropriatenesST&RE To check the
pertinent value of, Granger and Terasvirta (1993) and Terasvirta (1994) recommend
investigating the values gfusing the Wald Statistic for the nidb; so thatg = 1,2....G

are considered.

3.5. Empirical Results

The ACF of the dependent variable shows significantetations up to four lags. The
artificial regression is used to check linearity with @ing set to four. Table 3.2
provides some discernible evidence of nonlinearity fromatttificial regression. The
delay parametey was selected on the basis of the most approppiatdue attained in
table 3.2. Wrejects linearity below the 5% level fgwhen set equal to 6. The tests for
W,4, W5 andW; are consistent with an ESTAR(4) model. The testsstesi illustrates

that B, = 0 cannot be rejected at the 5% level. This is consistéhtthe observations

noted from portfolio option theory. The ESTAR(4) modefirst estimated. The least
statistically significant regressors are dropped and a mangus model is then
recalculated providing the following parameter estimations
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£ =-0.688+ 0.226,_, + 0.779_,+[ 0.718 1.0§3- 1.k82)
(033¢ ( 0.192) ( 02r3 (0379 (o0.200 ( 0.2)5

[-2049[ 1176 [ 2859 [ 1B9f .225  [-5.509
*[1— exi{-( 8.80402) (¢, - 0.4@1H+ut (3.36)

( 5.004 ( 0.034
[ 1.7h9 [ 13ho

R*=0.79 Q(0-24y 34.87 0.7 o= 1814
LR(4)= 16.58 0.0048  SSE 2255 VR= 0.77

The figures in parentheses are standard errors. The digarebrackets are the
corresponding t-ratios. The adjusted co-efficient cledeination, R?, suggests the
model has reasonable explanatory power. The basic Ikieé4) model has a lower
R?0f 0.74. The linear restriction implies:

Zq:(a; +a; ) =0

i=1
The sum of squared residuals, SSE, is 22.25 compar29.34 for the restricted AR(4)
model. VR is the ratio of the residual variancenfrthe estimated ESTAR model to the
residual variance from alternative linear configiora Since it is less than unity, it
suggests that the nonlinear construction represamtsnprovement. The Q statistic,
reported in braces, denotes the marginal signifieaihe null hypothesis that all the
first 24 autocorrelation coefficients are zero aarive rejected. For the linear alternative
equivalent AR(4) model the marginal significanceswa0009 implying a stronger
presence of autocorrelation in the restricted modélke individual t-statistics are
significant within the 10% level, other than thegraeter value for, . The y° term
has a p-value close to 7%. Importantly this termpasitive implying that for a large
deviation that is for a large, the exponential transition function goes to unitythe
outer regime, the full force of the exponentialngiéion function is applied to the

autoregressive process.
LR(4) denotes a likelihood ratio statistic for theur restrictions implicit in the

estimated AR(4) as opposed to the parsimonious E%FAmodel given by (3.36).
Both provide tests for the null hypothesis givertluy linear AR(4) model. In each case,
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it is found that using the chi-square distribution theriesti model can be rejected at
the 1% level. The scatter graph that maps the estimadedition function against

(£, — 0.463), is illustrated in Figure 3.12. The transition functisestimated for values
of £,_, that lie between positive and negative 2. For large tiemgthere is adjustment
back towards a long run level. The plot tends to confirenvilew that the degree of
mean reversion is gradual, given the magnitudeyof supporting the view that

switching is not instantaneous. Global stability is eeéd since:
Zq:(ai +a; )<1

i=1
obtains. The level of mean reversion increases asléhmtion from the Taylor Rule
rate grows. The policy rule may be thought to be castistvith the Fed Funds rate and
Taylor Rule rate being nonlinearly co-integrated. Timslihg is consistent with the
migration hypothesis that policy incorporates varying respofidesresidual from the
Taylor Rule reverts in a fashion consistent with E®TAhis also supports the view
that monetary policy is nonlinear. By using option theang the propositions above
however, it is possible to illustrate how the nordinstance assumed by policy makers

can be made less obvious when other conditions are met.
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3.6. Conclusion

Several ways whereby monetary policy could be nonlinedrlinear were investigated
in this chapter. In the United States, monetary pofidgimulated where both the views
of individual members of the FOMC and political agen@es taken on board. This
implies that the heterogeneous beliefs influence paliaycommittee and institutional
dynamics. Tactical considerations in dealing with thaslatire seem also to suggest
that policy is nonlinear in conception, plausibly becaasehairman Greenspan put it:
that there is still a short term Phillips curve tradfe-and to ignore this, is a misreading
of how the political system works. During the 1990s, tppootunistic strategy may
have represented an attempt to provide policy makers witteans to explain how
policy was implemented nonlinearly given that monetary egages were being slowly
de-emphasised. More recently, the Federal Reserve xpdained implementation in
terms of balancing risks. In this chapter, it was exgli how policy, despite the
apparent rhetoric, can often behave in a linear manreunii&ke that conventionally
suggested by the Taylor Rule.

Portfolio option theory was used in this chapter to ilatsthow agreement between the
central bank and political institutions leads to a maredr policy response. The level
of agreement was measured by bandwidth within a collasteartion. If policy makers
were completely agreed and the upper and lower toleramoce®rged then policy can
be seen to be linear. The ability of the collar moteladopt different stances is
appealing given that monetary policy at any time might eapee varying levels of
nonlinearity. It may also explain why policy makers gamadoxically talk nonlinearly

but walk linearly.

This chapter also exploited portfolio option theory i@naine the effects of volatility
and timing on policy rate sensitivities. The traditiomeasures of delta, theta and vega
were used to examine the likely effects on the rateswecias parameter values
changed. Portfolio option theory can provide a numbensaghts that help explain the
gulf that exists between what central bankers say aad egmtral bankers appear to do.
Despite the prevalence of views that seem to supporineanty, most empirical
investigation starts from the premise that policy isdmélhis anomaly is consistent
with the opportunistic approach, imparting varying levels wédrity. From portfolio
option theory, the policy rule can be seen as cortinumaigrating across different
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states. So a policy rule, as defined by an option ¢diEs some advantage in terms of
flexibility, by varying over different forms that are thexclusively linear or nonlinear
during the life of the policy rule.

An ESTAR(g) model provides evidence that policy is dynammd & capable of
varying responses. By using the difference between thmladéed Funds rate and the
Taylor Rule, one can investigate the probability ofistarity. Mean reversion appears
to increase, as the deviation from the Taylor Rule natreases. Nonlinear mean
reversion provides some evidence to support the migration legist It also supports
the hypothesis that monetary policy can assume many fochsling the Taylor Rule.
This representation of policy is useful because it ldggethe Taylor Rule as being an
important reference for monetary policy, yet also pernmmonetary policy to be
conceived of, in nonlinear terms. This may help reconb#gegulf between what policy
makers often say they implement, and what is seea imjplemented.
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Appendix A.3: When policy makers agree, the policy response texpectel
inflation is a linear function of expected inflatin
If policy makers agree to a common target for tidka this is equivalent to setting:
Ty =Ty, (a.3.1)
Thus the collar portfolio:
Cy2 = Pg1 =Cq1 ~ Pg1 (a.3.2)
or
Cy2 = Pgi =Cg2 ~ Pga (a.3.3)
By taking the difference between a call and putneftBe notation remains the s¢
as before, the portfolio can be written using thenfer case:
Co1 ~ Py =€ T{E@N(dygy )~ 7uN(d0 )|~ |77 N (= dpge )~ E@IN(= diga )}
(a.3.4)
If the risk neutral probabilities are re-exprestezfollowing emerges:
Ca1 ~ Py =€ T{E@N(dy, ) 77N (g )| -7 (- N( ) - B N0 )}
(a.3.5)
By multiplying the strike and expected inflation lige respective risk neut
probabilities in the second square brackets itmashown that:

Cgr~ Py =€ {lE(”) N(dlgl)‘ ”;1N(d291)]_ l(”;n - ”;1N(d291))‘ (E(”) - E(”)N(dlgl))l}
(a.3.6)
By collecting the terms and cancelling
ce ~ P =e" |7 )- (E@)} (@.3.7)
The time value of the portfolio collar can be itiaded to have a linear relations
with expected inflation:

Cou ~ P = |E(@) - 7T, e (2.3.8)
Likewise:
Cyz = Pgz =|E(x) = 775 )" (2.3.9)
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Appendix B.3: Determining the delta of the rate-settingboard

The delta of the collar can be used innovatively to deduneasure for policy activism.
The following appendices however appeal to a broadly utmtetr@nd accepted body of
knowledge used extensively in portfolio option theory. Tawbthe portfolio’s delta it
IS necessary to calculate the constituent deltawiefcall and put. Policy differences
occur between board members and this leads to an uppdraldrasd lower threshold
that reflect the position of (g1) the hawk and (g2) theed@\us the call position:

cyo =€ TE@N(dyg2) - 77,,N(d, g5 ) (b.3.1)
which when differentiated w.r.t. expected inflation gives:

ad,,,

3 od .
Cqo =M N(d192)+E(ﬂ)Nl(d192) - ngle(dZQZ)aE—(ﬂ)

0E(7) OE(m)

(b.3.2)
since the following holds:

E(n)N‘(dlgz):n;ZN'(dzgz) see Appendix C.3  (b.3.3)
and becausé,,, =d,;, —oVT -t then
od,,, 0dd,g,

= (b.3.4)
O0E(71) O0E(m)
The delta of the call can be written as:
ang -r(T-t)
=e""NId b.3.5
ey e IN) (b.3.5)

The other constituent of the collar is the shott fuhe lower threshold is given as;l
then:
Py =€ |77 N(-dygr) - E(TIN(- oy, )| (b.3.6)

As before differentiating with respect to expedtdthtion gives:

Py =" (™) 7 N'(‘ dzgl)a(_ dzgl)— E(”)N'(_ dlgl)a(_ dlgl)_ N(_ dlgl)

OE(m) o dE(7) OE(7)
(b.3.7)
Since the standard normal density function is aneunction:
EGON' (- dygy ) = 71N (= dyye) (b.3.8)

and
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B adlgl B angl

- (b.3.9)
O0E(m) O0E(m)
0Py —r (T-t —r (T-t
P =N ay oo TNfe,)-]  ©:310)

The delta of the portfolio is obtained by taking thfference:

acy, ~ opy,

= (M) _ar(T) _
OE(m) OE(m) N(dygo)-e ™ N(dy,)-1  (B.3.12)
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Appendix C.3
To show that (c3.1) holds:

E(GON' (15 )= 77,N (dy,) (c.3.1)

where the standard normal density function:
1 X
N'(X)=——e 2
()= 7
a standard approach adheres to the following construtfion:

(d1g ,—oT-t )2

N (dy0) = N [ty - VT =) =2 2 (c.3.2)

—e
N2

1 (03, -2d, 00Tt 4% (1))
N' (dzgz):ﬁe 2 (c.3.3)

where the usual applies
B 7, )+ (02 12)T 1)

d. .=
102 oJT -t

and
.- n(E(m) 172,)+ (- o2 12)T -1)
202~ T -t

(c3.3) can be re-expressed

N (dyq) = N (g, ) g T 72010 (c.3.4)
Because the following must hold:

dyy,0NT —t =In(E(m)! 72,)+ 0% 1 2(T ~t) (c.3.5)
(c3.4) can be re-expressed to give:

N (dyg) = N (g, ) €= 7o) = N (g ) E() 1 72, (c.3.6)

= N (dyg0 )77, = N (dyy, ) E(7) (c.3.7)

or

E(GN'(dyy, )= 775N (d5g) (c.3.9)

315 Hull (2003) and Neftci (1996) provide a good overview the matlieataechniques required to
elaborate option pricing and parameter sensitivities.
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5 5 5 5
Ss 3 ¢ Ss 3 %
ke — 0 @ 0 w— 0 @ [Te]
L5 ° -~ °cm > ©
5% g gfs s wEs
<= o EoW sl Eom
u £ 0O ol E O ol O m E Qo
0.0050 0.95123 -0.01902 0.95123 -0.02854
0.0075 0.95123 -0.01665 0.95123 -0.02616
0.0100 0.95104 -0.01427 0.95123 -0.02378
0.0125 0.94737 -0.01189 0.95123 -0.02140
0.0150 0.92505 -0.00955 0.95123 -0.01902
0.0175 0.85955 -0.00731 0.95123 -0.01665
0.0200 0.74152 -0.00529 0.95123 -0.01427
0.0225 0.59034 -0.00363 0.95123 -0.01189
0.0250 0.44067 -0.00234 0.95123 -0.00951
0.0275 0.32234 -0.00140 0.95123 -0.00713
0.0300 0.25083 -0.00069 0.95123 -0.00476
0.0325 0.22807 -0.00010 0.95123 -0.00238
0.0350 0.24734 0.00049 0.95123  0.00000
0.0375 0.29788 0.00116 0.95123  0.00238
0.0400 0.36822 0.00199 0.95123  0.00476
0.0425 0.44806 0.00301 0.95123  0.00713
0.0450 0.52924 0.00423 0.95123  0.00951
0.0475 0.60602 0.00565 0.95123  0.01189
0.0500 0.67490 0.00726 0.95123  0.01427
0.0525 0.73419 0.00902 0.95123  0.01665
0.0550 0.78356 0.01092 0.95123  0.01902
0.0575 0.82357 0.01293 0.95123  0.02140
0.0600 0.85527 0.01503 0.95123  0.02378
0.0625 0.87989 0.01720 0.95123  0.02616
0.0650 0.89871 0.01942 0.95123 0.02854
0.0675 0.91289 0.02169 0.95123  0.03091
0.0700 0.92344 0.02399 0.95123  0.03329

Table 3.1: The Black Model is used to estimate the time values and deltas of two
collars for each of the underlying expected inflation values. The two collars are
identical except the strikes set on the short put and long call are different. The
parameter values are given as 5% for the risk free rate, the time horizon is 1 year
and annual Black volatility is 25%. The collar denoted 2.5% - 4.5% is given to
mean the collar with these strikes on the respective positions. Likewise the collar
given as 3.5% - 3.5% is calculated for where the strikes are equal. Note than when

the strikes are equal the delta is constant.
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W1 w4 W3 W2

g=2 0.5430 0.3502 0.7386 0.3550
g=3 0.7663 0.8618 0.3423 0.6368
g=4 0.0824 0.0463 0.6477 0.1430
g=5 0.6578 0.9910 0.4973 0.1732
g=6 0.0288 0.6043 0.0945 0.0105
g=7 0.2132 0.1898 0.2183 0.4880
g=8 0.6360 0.5965 0.6453 0.3244
Table 3.2: p-Values for the Linearity Tests. The Wald tests are based on g set equal

to 4. The sample period runs from 1987:4 to 2003:4 using quarterly observations.
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Activist Pursuit of Opportunistic Pursuit

) o Activist Pursuit of
Inflation Target of inflation Target Inflation Target
<3 4
Inflation
Below Critical Between Critical Above Critical
Threshold Thresholds Threshold
Figure 3.1

Figure 3.1 presents policy reactions for varying regibas define nonlinearity.
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Figure 3.2a: Time Values when the strikes converge and diverge

—Collar 4.5% - 2.5% = Collar 3.5% - 3.5%

0.040

0.030 -

0.020 -

0.010 -

0.000 T T T T

0.000 0.005 0.010 0.015 O,
-0.010 -

0.035 0.040 0.045 0.050 0.055 0.060 0.065 0.070 0.075

Collar Time Value

-0.020 -

-0.030 -

-0.040

Expected Inflation

Figure 3.2a illustrates the time value payoff on a cdtlarvarying levels of expected
inflation ranging from 0.5% to 7%. The collar is compbs# one long call and one
short put. The standard Black model is used to deterrhaeirne value of the collar
where the strikes are set at 2.5% for the short a6 for the long call:

T=1,0=025
k=0.045 k=0.025
(ng Pg1 )

The collars’ time value is also estimated with theesatrike set at 3.5%:

(C 8232:1;0?30550035 )
Figure 3.2a demonstrates that if agreement can be achigvélte monetary policy
committee as regarding the appropriate target the respomsiation becomes linear.
The monetary policy response is seen to be linear wieetarget set by the doves and

hawks converge.
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Figure 3.2b: The combined Time Valuations when the strikes converge to 3.5%

= Time Value of Long Call = Time Value of Short Put = Portfolio
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Figure 3.2b: shows that if the combined time values ofoat gut and long call are
computed for a collar where the strikes are equal tHerear payoff is yielded by the
portfolio. This representation is consistent with theulteobtained in the Appendix A.4.
Here the strike or inflation threshold is arbitrarilgt sat 3.5%. The other parameter
values are the same as table 4.1. It is clear that thecstrikes are set equal to each
other, the combined payoff from the long call and shorinpaves proportionately with
the underlying expected inflation. This implies that the etary policy response is not
path dependent when agreement regarding the inflation t@agdie secured by the rate
setting committee. It also illustrates that the aggtien of the time values can produce
a linear monetary policy response both under conditibnsrtainty and uncertainty.
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Figure 3.3: Deltas for Collars with equal and unequal strikes
= Collar 3.5% - 3.5% == Collar 2.5% - 4.5%
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Figure 3.3 illustrates graphically the findings ieeted in table 3. If policy maker
agree a common inflation target the responsiveaes®netary policy does not decl
over any part of the entire range of the underlyargected inflation. The deltaurve:
are estimated using the Black model:

( k=004 'C_T:OZkS:o.ozs) ( k=003 f:OiS:O.oss)
a Cg2 pgl and a Cg2 pgl
oE() oE(rr)

When both strikes are equal, there is no attenuatiothe monetary policy respon
over the full range of the underlying expectedahfin. The associatecbnstant del
implies that no variation in the slope occurs. Byitcast when thénterest rate votir
committee is divided, implying that the long catldashort put have different strikebe
policy response changes with expected inflation.eWwhhe strikes are equailhe
constant slope can be shown trivially using putgatfity.

p+E(m) e = c+ X&T
differentiating wrt 1)
aC ap il

241



Figure 3.4: Reducing the inflation band from 2.5% - 4.5% to 3% - 4%
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Figure 3.4 demonstrates the effect of the range of disamggnt falling from 2.5% -
4.5% down to 3% - 4%:

T=10=025

T=14,0=025
P (Clgioms _ p|g<1=0.025) - P (ngom _ p|g<1=o.03)
0E(r) oE(n7)

The deltaceteris paribustends to increase in magnitude when the thresholds converge
The responsiveness of the policy rate to changes in @dactiation increases as
‘agreement’ becomes easier to attain. The relativéipo®f the deltas illustrate that a
successful consensus-fixing chairman can produce a greaggeed®f policy
responsiveness. The delta construction reveals varying degfenearity and that
opportunistic policy can assume a linear or a nearrlipelcy stance.
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Figure 3.5a: The effect of maturity on Time Valuation
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Figure 3.5a: illustrates how the time value of the call@nges as the time to expiration

is changed to produce three different maturities:
T=050=025 T=10=025 T=15,0=025

(C;;0.045 - pgio.ozs), (ngoms _ pgfo.ozs) and (C;;0.045 - pgio.ozs)
The parameter values are the same as those usederBtalijut the initial maturity on
the contracts ranges from six to eighteen montHadnay twelve months. The exercise
values are 2.5% and 4.5% for the short put and long cafieotively. These maturities
can be thought of as the forward looking specificatioss@ated with different policy
rules. It is noticeable that as the maturity of tladl and put increases the absolute
values of the contracts also increase over practidak entire range of expected
inflation. This seems most conspicuous when expectedianflatears the upper and
lower inflation thresholds. (Some decrease can alsoddtected.) Figure 3.5a
demonstrates that as the maturity of the collar isggathe collar itself becomes
progressively more linear. Significantly, as the canbanker extends the period by
which policy is designed to target inflation, the polinyeiffect is seen to be less path-
dependent.

243



Figure 3.5b: The Theta of the Collar Portfolio
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Figure 3.5b: calculates the theta using the folhowi

expected inflation 0.5% to 7%:
T=1,0=025 77,,=0.045r=005,000

e {E(”) N'(dlgz(#\/‘_—tﬂ Fre [E(”)N (dhg2)- 5N (d292)]

ot
minus

T=1,0=025 ﬂ;1:0025, r=005,000

Pt _ _ gm0 {E(H)N'(dlgl( 2\/% H Fre [”;1'\‘ (- doge)- ECON(- dlgl)]

ot

The parameter values used are the same as th@seigiTable 2.1 except= 0% is als
considered. The strikes are taken to be the saneasitial values presented: 2.5%
4.5%. The theta of the option portfolio providemeasure of time decay of the option
Here, it is used to investigate the policy respogrgss as the targetihgrizon change
by one yearlt is noticeable that the greatest effect of ¢fuiag the expiration occu
when expected inflation appears close to the upper lower thresholds of toleran
This implies that the tempo of policy should in@eawre dramatically when expect
inflation approaches the upper or lower bound eftdrget zone for given change in tf
timing of the target. As before, asymmetry resditan using a lognormal modelt
might also be noted thatifwere set arbitrarily to zero theime effect of the second te
in square brackets for the call and put thetas evdidappear altogethefhe theta cun
would converge to zero both above the upper staikd below the lower strikeThe
relevance of omitting r can be observed from (alB)l
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Figure 3.6: Policy Activism and changing the time horizon for the inflation target
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Figure 3.6: illustrates the effect of the changematurity on the deltaThe delta i
calculated using the same parameter values as 8&bldut with four different tim

horizons considered:
T=05,0=025 T=1,0=025 T=150=025
P (0220.045 - pgzo.ozs) P (0220.045 _ pgzo.ozs) P (0220.045 - pgzo.ozs) ; P (0220.045 ~ pgzo.ozs)
oE(7) ' oE(m) ' oEm) O oE(7)
The strikes are given as 2.5% for the short putdaBél for the long callThe Delta of th
portfolio is calculated by subtracting the deltatwd put from the delta of the call where:

0 0
GIE(:F;) _% = (MIN (deZ)_ e’ (T_t)[N (dlgl)_l]

All else being equal, extending the targeting rarizvould have the effect ahaking
policy less path dependent. The delta provides asare of policy activismof inversel
policy gradualism). As the maturity increases, ¢heasults a contraction of the dedtange
precipitating a more linear policy reactionrlis set equal to zero the in-th@ney delts
tend to converge.

T=2,0=025
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Figure 3.8a: The Time Values of the Collar for different levels of Volatility
= Collar (Vol = 0.25) = Collar (Vol =0.5) = Collar (Vol =0.75)
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Figure 3.8a demonstrates that the time value @llardor varying levels of volatilityThe
collar’s time value is computed in the same wayaate 3.1 except thdhe volatility tern
is adjusted from 0.25 to 0.5 and then to 0.75:

T=1,0=025 T=1,0=0 T=1,0=075
( k=0045 k= 0025) ( k=0045 _ e 0025) and( k=0.045 _ k= 0025)

~ Py ~ Pg1 ~ Py

The strikes are given as 2.5% for the short put 4886 for the long call. Figure &
shows that as volatility increases the time valtithe collarassumes a more linear fo
This seems consistent with the formulae derivedtitiervegasFrom the perspective o
central banker setting monetary policy, an increaselatility precipitates an increase
the magnitude of the response when expected imiflas close to the inflation zon&he
effect of this change renders the task of distisigmg between the opportunistanc
deliberative policy maker more challenging. Whea ¢xpected inflation rate resideghin
or close to a pre-specified zone of tolerance damel tisk of breaching the bal
commensurately increasesth volatility, then policy activism will increas mitigating th
effect of nonlinearity.
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Figure 3.8b: The Vega of the Collar Portfolio
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Figure 38b calculates the vega of the portfolio by sultingcthe vega of the short |
position from the vega of long call position whéne parameter values are the s
as for table 2.1. The strikes are given as 2.5%Hhershort put and 4.5% foreHonc
call. The vega of the portfolio is given by:

ac P T=1,0=025,113,=0.025 17,,=0.045 r=005
e O = e T ) )

for the put. It is observed that for a given chaimgeolatility the largest impact on t

time value of the collar occurs close to the upg®dt lower thresholds. This impl

monetary policy is most likely to be affected wheslatility increases or decreases

when expected inflation is close to the marginstr@ targeting zoneAs before

asymmetry results from using the lognormal model.
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Figure 3.9: Volatility and Policy Activism
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Figure 3.9 illustrates the impact of the changimdatlity on the delta curveThe
delta is computed using the same parameter valseslde 2.1, but withhres
different volatilities The strikes are given as 2.5% for the short pdt&a5% for th
long call. The delta curveare calculated in the same way as before. The
adjustment relates to altering the standard dewiatthich varies from 0.25 to 0.5
0.75.

_ T=10=025 _ T=10=05_ _ T=lg=075
P (0550.045 _ pgio.ozs) P (0550.045 - pgio.ozs) . P (0250.045 _ plgto.ozs)
0E(rr) ' 0E(r) 0E(rr)

o = 0.5 ando = 0.75 are values outside the range obtained g us recursiv
GARCH (1,1) model, given in appendix A.2Bhe Delta of the portfolio is calcula
by subtracting the delta of the put from the deft¢he call:

anz _ apgl =e—r(T-t)N(dl 2)_e—r(T-t)[N(dl 1)_1]

0E(77) 0E(m) ’ ’
It is visible that as volatility increases, that tHelta values become somew
compressed. The out-tiie money expected inflation range seems to expezial
increase in delta when volatility increases. Likesva significant part of the in-the
money epected range is associated with a fall in the dettaterms of moneta
policy, this suggests that the policy rule assum@asore linear formas this type «
volatility increase.
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Figure 3.12: Estimated Transition Function

— 00— 0O 1 g0 O
al o
T

[m}

& 0.8 - g

o o

0.6
3 g

@ =!
0.4 1

Transition Function

aod

T T T T T U= T T T T T

-18 -15 -12 -09 -06 -03 O 03 06 09 12 15 18

& (t-g9)c*

Figure3.12: illustrates that for large deviations from diQuum the error term tent
to cormrect. Ultimately, mean reversion is imposeashsistent with a migratic
hypothesis. The error term, in this sense, may desideredto be nonlinearl
stationary.
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4 Conclusion

The opportunistic approach to disinflation has melbeen formally endorsed by Fed
officials despite pronouncements by individual memsb from the FOMC who
characterise policy as being nonlinear. More rdgensk management concepts seem to
have coloured the language of central bankers. Wbisld appear particularly true of
chairman Greenspan during the final years of mare at the Federal Reserve. Chairman
Bernanke at his Nomination Hearing before the Se@atmmittee on Banking, Housing,
and Urban Affairs, identified thahe Greenspan risk-management approach would be
maintained in ongoing successful monetary policyimak™ The risk analysis, now
customarily referred to by the FOMC, is compardbléhe more transparent expressions
of this type of strategy from the Bank of EnglarBIOE). The fan charts, currently
employed by a number of central banks, providegaifstant conduit through which to
convey expectations and uncertainty concerningléwelopment of key macroeconomic
variables. In this thesis, a framework was set touestablish the links between risk
management and opportunistic monetary policy. Tlemegis of the opportunistic
approach was examined in chapter 1, using histopeespectives relating to tensions
thrown up by conforming to a rules-based type poliduch of the literature to date has
praised the benefits of adhering to a particuldicpaule. Policy makers profess rules
often in a bid to leverage up some reputationaltaasiven the intricacies associated
with committing to a strict rule, policy makers, tgfault, are often forced to implement
a contingent rule. In chapter 1, the Volcker-Grganstenures largely were characterised
as advocating rules while always preserving theessamry scope for discretion or
‘wiggle’. It is argued in this thesis that opporistic policy has been the product of these
contradictory imperatives, imposed on and by pofigkers themselves. In their attempts
to resolve tension between rules and discretiolgypbecomes opportunistic. In chapter
1, this theme was explored with reference to theying monetary targeting regimes
proposed by the Federal Reserve since 1979. Ibtlited States, during the Greenspan
period, this ultimately has meant subscribing teanlving unannounced zone target for

316 November 15, 2005.
253



inflation. In tandem, central bankers commonlysgréhat monetary policy is designed to
contain future developments. Greenspan (2003, 20@4) pointed out that forward
variables are essentially unknown and policy mgkassa consequence, are reliant on
risk management. The fan charts, as published é&Btnk of England, go some way to
making explicit this uncertainty. Similarly, the dexal Reserve since November, 2007,
has published an enhanced range of forecastsrethaeeminiscent of these fan charts.

The Aksoy, Orphanides, Small, Wieland and WilcoRQ@) profile of the opportunistic
central banker was used extensively throughoutthbsis, see equations (2.1) — (2.5),
Section 2.2.2. This, at its core, defined policykara as fighting inflation when inflation
is high, but concentrated more on stabilising outghben inflation is low. The implied
policy rule was found to be nonlinear. Figure 1depicts this type of rate adjustment by
equating the upper tolerance of inflation as being exercise on a call option. Risk
management features can be added to this analystersidering future inflation, as
outlined in Proposition 1.4. In a world that is@rd looking, opportunistic central banks
respond to the likelihood of expected inflationdwreing an upper bound. This has been
presented in chapter 1, using standard option yhaod also by applying Monte Carlo
simulation. The time valuation parabolas developsithg Black Scholes (1973) can be
extended by using Heston Monte Carlo and Backusedtand Wu (2004) to take

account of skew and kurtosis.

In setting out an option’s framework a key questiomolves asking: can inflation be
technically treated as the ‘underlying’ in an opt® framework? Applying standard
option theory to inflation poses a number of difiees. In particular, inflation is
generally viewed as being reported discretéfywhile stocks and other traded assets
also necessarily trade in discrete time, it is rckdat the prices of stocks are generally
updated on the whole more than once a mdfitiStocks that trade in real time still

present difficulties for modellers, not least besmgontinuous dynamic hedging is not

317 This is less true for expected inflation read frdiR'S instruments that trade in liquid markets arst
enjoy a substantial issuance. The TIPS market icamprincipal, provide a means to gauge inflation
expectations and to hedge inflation option expasuoasistent with establishing risk neutral condisi

%18 This is the periodicity generally associated with publication of CPI data. Real time inflatiortadin
the future would feasible given the informationitatale to nationwide supermarket chains.
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entirely feasible. In the absence of Geometric Briaw Motion (GBm) and continuous
time trading, how well does conventional optionattyeactually work? A key difficulty
relates to how dependent is option pricing on thgon of dynamic replication. Does
dynamic replication work as standard theories irpdly there a simpler approach that
allows robust option pricing in the absence of GB@&nh risk neutral conditions be
established, when GBm can not be verifiéd?

Derman and Taleb (2005) point out that risk neutaalditions can be attained without
necessitating any reliance on dynamic delta heddihgir paper developed a framework
for option valuation when GBm did not hold. Thissmansidered, in Section 1.6, where
a static hedge framework using put-call parity wiessussed and compared against the
original Black-Scholes derivatiofi’ Proposition 1.1 and Proposition 1.2, p. 36, apbplie
the Derman-Taleb (2005) results where asset priaes considered to move
discontinuously. They find that the original actabfformulae, as set out by Black-
Scholes and Black can be recovered, and are mdmsstréor circumstances that are
clearly less idealised than originally presentechpBsition 2.2, p. 112, developed the
conditions necessary to establish the technicadlitsalof applying the Black (or Black
Scholes) model. In effect, the application of Bl&holes formulae is not dependent on
first establishing that the underlying variableligt path can be described as adhering to
GBm. This is a key result and serves to estabighneutral conditions when applying a
closed-form solutiori”* Appendix A.2.1, p.178 — 183, also established thatrisk free
rate can be ultimately eliminated from the collanstruction. This finding is useful
because it implies that dependence on the risk fete, r, can in due course be

removed®? 3% Appendix A.2.1 also set out the basis for the &ihonoured actuarial

319 jarrow and Yildirim (2003) and Korn and Kruse (2p8imply assume the inflation index adheres to
GBm.

329 n fact, the centrepiece of this analysis restpwaacall parity, which is fully set out in chapterp. 35.
Given that put-call parity can always be assutee résults that emerge are robust.

%21 See Appendix A.2.1, p.178.

322 See (a.2.1.16), p. 183.

323 One possible approach is that the discount raaed risk premia are set equal to zero. That isirak
bankers are equally hostile to inflation whethguezienced today or at some point in the futures Thight
be termed the ‘zero time decay approach’. A vertynah interpretation for is that it measures the extent
to which future inflation is less significant tonteal bankers than current inflation. This positas a
measure of time decay. A positivevould imply central bankers would see future itila as involving a
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formulae’ used when pricing options, as describgdbrman and Taleb (2005). These
can be applied to many different types of undedyimhis framework was adopted for
monetary policy risk analysis.

In addition, Monte Carlo analysis was used to buitmim the ground up a range of
alternative approaches that again are not deperme@Bm or continuous tin&: In
fact, the discrete time nature of inflation cambede explicit?®> A key advantage of this
numerical approach relates to its’ flexibility. Byodifying a number of specifications, it
was found that many different types of inflationhbeiour can be considered. The
option’s framework was shown to be sufficientlyxflde to incorporate a variety of
central banker concerns including inflation skevenesd kurtosi§?® Both numerical and
closed-form solutions can be developed to exantieepotential effects of departures

from lognormality and normality?’

The Derman-Taleb (2005) results provide the basisonsider the Black-Scholes/Black
framework when prices move discontinuou¥f/The put call parity argument made by
Derman and Taleb (2005) opens up the possibilitgxtamine a number of specifications
regarding monetary policy risk management. The rpastimonious perhaps is linked to
Proposition 1.3, p. 42, which developed a lognormaatlom walk as being an analytical
baseline. This would imply using a naive model. Tbgnormal random walk does

nevertheless permit central bankers to assumeigke to price stability as minimising

deflation risks while never eliminating the risk lsyperinflation®*® Simulations, using

smaller loss of utility than experiencing the samagnitude of current inflation. Using this approaabuld
disregard having to establish risk neutral condgio

324 Monte Carlo can be implemented explicitly as @mite time estimator.

325 Note current inflation is reported monthly whichncbe modelled using Monte Carlo. The expectation
of inflation in contrast can be deduced in reaktiitom indexed-linked bonds that trade.

%2 The fan charts build in formal estimates for skesg

%27 This would seem relevant given the extent to whipkide and downside risks are now stressed by
central bankers. See p. 60 — 62 for applicaticskefvness and kurtosis to option pricing.

%28 The original Black-Scholes derivation implied tita¢ underlying adhered to continuous adjustment.

%9 These qualities are useful because they charset¢hie central banker as being vigilant against
accelerating positive inflation. Adopting the logmal random walk process, implies that policy maker
never remove the risk of hyperinflation from thamalysis and are prepared ‘to plunge the stake’ and
over, without being preoccupied by deflation. Oficse, this would be somewhat at odds with the polic
concerns expressed by chairman Greenspan. Imggrtdre lognormal random walk model configures the
risks of expected inflation to be less tame thanrthks presented by a mean reverting proces®nifal
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this model, were mapped out in Figures 1.3a - 1p3@6 — 77. They revealed the effects
of varying the volatility of inflation and the taeting horizon. It is obvious from these
representations that as the volatility and targetwrizon are increased; the terminal
inflation values become ever more dispersed. Thelications of this for monetary
policy were examined in chapter 1 and developederfmmally in chapter 3, using ‘the
Greeks’ from the Black model. It was also foundttlisscrete time Monte Carlo
valuations, based on the lognormal random walkyexge to the continuous-time Black-
Scholes (or Black) valuatiord? Using the Monte Carlo approach, it is again cbat
Black-Scholes valuation can be recovered withopeddence on GBm.

Different approaches are possible here. The apprdémeoured in this thesis was to
develop a market model as outlined by Derman-TE&eb5) that was found to be robust
even in the presence of likely market frictionsisTéould then be used for policy analysis
but could also be seen as a reasonable methodfaogyicing options. The main effect

of using a ‘zero time decay’ approach would be thatprocess of justifying an option’s

framework is enormously simplified. The downsidehat the implementation of such a
‘virtual’ approach is restricted merely to policgadysis and would not warrant making
use of inflation option market prices. By setting the theoretical basis for the options’
framework it is then possible to consider bothiisic and time valuations. Monetary
policy can, as a result, be gauged respectivelyeruodnditions of both certainty and

uncertainty. Applying Black (1976) and Derman araleb (2005), it was possible to

infer the central banker’s policy response, or tihee valuation parabola, using closed
form and Monte Carlo techniques. These techniquer® iound to produce equivalent
time values. In chapter 2, option theory was useddvance a theoretical framework that

brings together both risk management and oppotiarpslicy perspectives. It was also

bankers believed that inflation could stabilisesdoe long term mean, of its own accord, then tgeney

to respond to rising inflation would naturally benéhished. Mean reversion implies inflation is ri&ely

to run out of control, particularly if the long termean is thought to be low and stable. This istocay
thatex postevhen considering the data, that inflation canmetn revert. In fact, one would hope that it
does and this could be viewed as a tribute to ssfulemonetary policy (or as a tribute to policykees
acting pre-emptively). The lognormal random walkaisuseful benchmark model, precisely because it
biases the conceptual inflation risks to be toupside. In light of the recent financial turmoiktipolicy
bias to respond to positive inflation, embeddethilognormal model, may prove to be useful. Palatg
adjustments designed to pre-empt deflation would appear to be problematic.

339 That is Proposition 1.5, page 47.
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shown that it was not necessary to attribute argcigp preferences to individual
members of central bank boards in order to motivaortunistic behaviout! This can
be observed from Propositions 2.1, 2.1a, 2.1b, &itic2.1d, in Section 2.2.2. Even when
individual members sought to implement linear pglicommittee and institutional
dynamics conspire to produce opportunistic typécgaksponses. If policy is contingent
on achieving consensus when opinions differ regardihe appropriate inflation target,
then rate setting can still be ‘collectively’ oppaoistic. Option theory was applied in
Section 2.2 and 2.3 to extend the opportunisticicporesponse, as outlined by
Orphanides and Wilcox (2002) and Aksoy et al. (30@6combination of two put-call
parity relationships is set out using a zone o&glisement. This is used to form a long
position with a call with a higher strike and a ghgosition with a put with a lower strike
on expected inflation. Propositions 2.1 — 2.1d whkargely motivated by viewpoints
expressed by policy makers at the FOMC table. Theehber 1989 meeting, in
particular, was examined in chapter 2 from the exinbf understanding opportunistic
policy. The put-call parity relationship and votidgnamics were applied innovatively so
as to nest an option portfolio in the reaction fiorc in order to capture opportunistic
policy responses. Using the standard Black fornfotaoption valuation, developed in
Appendix A.2.1 and Propositions 2.2 — 2.2b, p. #1215, it was possible to trace out
opportunistic policy reactions under uncertainfythe reaction function were specified to
be forward-looking, then portfolio option theoryrges to unearth a number of key
insights. In particular, variables such as volatiltime horizon and the relativities of
differing inflation targets can be incorporated dmatively into analysing monetary
policy. These factors are generally considered pgeddently of each other in the
literature. A number of nonlinearities are examineng portfolio option theory by
applying standard parameter sensitivities suchedis énd gamma. Propositions 2.3a —
2.3d, in Section 2.3.3, develop these parametesitaaties. Gamma was applied using

Proposition 2.4.

31 Although, the ground work presented by Aksoy et(a006) can be used directly to motivate the
option’s framework when extending their opportuiseaction function to incorporate uncertainty and
risk management.
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Delta was used to show how policy becomes lesviststi(i.e. more interest rate
smoothing), when expected inflation resides betwoerupper and lower target bounds.
It was also found that as the target zone expandsgtary policy becomes increasingly
nonlinear or less activist for that range. In Clea®, the Vasicek model was used to
show how the drift of the inflation process could made to depend on the policy
instrument. Proposition 2.3d, submits that a Vdsielta can be developed to take into
account policy inertia when mean reversion is atuiea of the inflation process.
Propositions 2.6 and 2.6a extended the Vasicekefnark to allow for inflation to be
predictable. The Vasicek model permits the driftref inflation process to be dependent
on the policy instrument. Historical parameter reates for the Vasicek model were
computed in Section 2.5.1 and 2.5.2. Alternativelyunterfactual parameter estimates
could be used to examine different inflation bebawviand this would permit the drift
term to be made endogenous. The parameter valués lo® selected on the basis of how
inflation would be expected to respond to a giveticy regime3*? The asymmetries
characteristic of the Black model, were consideredhapter 2 by comparing the Black
delta curve against the Vasicek delta. This wasemted in Figure 2.6. Several nonlinear
reaction functions were estimated in Section 2.@gusevised data from the Federal
Reserve of St. Louis. The forward-looking opporstiai reaction function with reduced
bounds, specifying the 1% — 3% target range, wasddo offer a better empirical fit
when compared to the estimated linear Taylor RTies result was robust for real time
data obtained from the Federal Reserve of Philételgt was also robust for varying

periods. The empirical estimates were reportecaiolds 2.3a - 2.6b.

Several ways whereby monetary policy could be neali and linear were investigated in
chapter 3. In the United States, monetary policioimulated where both the views of
individual members of the FOMC and political agescare taken into account. This has
the effect of drawing together heterogeneous Ished committee and institutional
dynamics. In chapter 3, tactical considerationsd@aling with the legislature were
identified from the FOMC transcript. Central barkevhen brokering agreement with

332t would seem natural that higher interest ratesld/generally have the effect of lowering expected
inflation. By selecting appropriate values &b andg; it is possible capture this type of behaviour.
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other branches of government are obliged to betiqally astute, if policy is to be
implemented. This is consistent with chairman Gsean’s comment: that there is still a
short term Phillips curve trade-off, and to igntris, is a misreading of how the political
system works. See p. 195. It was argued that duhed 990s, the opportunistic strategy
may have embodied efforts to provide policy makeith a means to explain how policy
was implemented nonlinearly given that monetaryregagtes were being slowly de-
emphasised. Don Kohn’s description of the oppostimipolicy matrix, referred to in
chapter 3, p. 196, reveals how internally poliostitas had to be altered to deal with the
transition to making more explicit the fed fundsget. Federal Reserve officials have
also described policy implementation in terms dabeing risks. Surprisingly, in spite of
much policy rhetoric, policy responses are oftemspmed by academics to be

exclusively linear.

This leads to the question: what is the practidéence between the linear Taylor Rule
and nonlinearity introduced by the collar constiarct In practical terms, the difference
will vary and is best viewed by considering the &ks*® When differences occur, they
can be reversed. The conditions under which notyirtdclared nonlinear policy can
become linear were set out in chapter 3. The effeta change in levels of agreement,
volatility or time horizon were explained using ttraditional ‘Greeks’. Figures 3.3 —
3.10, p. 241 — 250, provided an overview of theafbf these factors. The nonlinear and
linear responses were not structured in this theesiseing mutually exclusive. Anecdotal
and archival evidence would suggest that policy afésn conceived in terms of being
purely nonlinear during the Greenspan tenure. Wbetion theory is applied it was
possible to describe the factors that lessenedntindinearity. The option’s framework,
developed in chapter 3, was used primarily to sgttbe conditions that precipitate a
more linear type response. Propositions 3.1, 3.@ &8 formalised many of the
observations, made in chapter 1 when consideriagsiimulated lognormal paths. It is
possible to think of the Taylor Rule as being reedrengineered. The Gamma metric,

explained in Proposition 2.5, was used to desdrd»e consensus amongst policy makers

333 The difference is a function of the proximity ofected inflation to target bounds, the targetingzon
and of levels of volatility.
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leads to a more linear type response, similar tatwdould be conveyed by the Taylor
Rule. An ESTAR(q) model, developed in chapter 3vjaed evidence that policy was
dynamic and was capable of varying responses. Byube difference between the
actual Fed Funds rate and the Taylor Rule, one iga@stigate the probability of
stationarity. Mean reversion appeared to increasehe deviation from the Taylor Rule
rate increased. Nonlinear mean reversion suppbescontention that a Taylor type
policy response is central to understanding moggtalicy. This representation of policy
developed the Taylor Rule as being an importamreeice for monetary policy, yet also

permits monetary policy to be crafted in nonlineaams.

So how can such a construction aid in implementma@netary policy? The option’s
framework is largely an attempt to formalise aspest what policy makers have
described in the FOMC transcripts and elsewf&r&he framework is flexible and
robust to a number of stochastic processes thabtladhere to the classic Black-Scholes
assumptions. In effect, monetary policy risk mamaget would appear largely amenable
to investigation using concepts that have beenldped elsewhere in finance over the
past four decad€d’ It was found that the put-call parity constructidmes not refute the
Taylor Rule. It does nevertheless help explain; hbe opportunistic approach and
interest rate smoothing are related, how uncestamggarding expected inflation
influences policy, how the targeting horizon forplementing policy influences policy
and how the volatility of expected inflation carflience policy responsiveness. The
option’s framework also provides an innovative @gmh to understanding policy
reactions as being both linear and nonlinear. Thesmes are generally discussed but are
treated separately in the literature. The optidrasnework draws them together into an

integrated analysis.

334 Opportunistic monetary policy has not been expjicendorsed by the Federal Reserve. Risk
management strategies, while never clearly prestgribave nevertheless been publicly endorsed by bot
chairmen Greenspan and Bernanke.

33 Monetary policy announcements have over the pastber of years employed a language that is
incontrovertibly linked to risk management. Whadit stmains unclear is precisely which risk managain
paradigm, policy makers have in mind. In this teebidescribe the effects of uncertainty on achddicy
deliberation, when brokering rate decisions, whitéblve committee and institutional dynamics. | bav
also identified a humber of important linkages thaist between opportunistic policy, risk managemen
and interest rate smoothing.
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