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A
credit default swap (CDS) is a credit derivative that can be
used as insurance against a reference entity’s credit risk, where
a reference entity is either a government or corporation that

has issued debt. It is formally a bilateral contract between a protection
seller and protection buyer. The former is taking a short position in the
CDS, while the latter is taking a long position. The protection seller
compensates the protection buyer if there is a credit event with respect
to any of the bonds issued by the contract’s reference entity. Credit
events include bankruptcy, failure to pay, and restructuring, among
other items. In exchange, the protection buyer makes periodic interest
payments to the protection seller until the contract expires.

As a result of their role in the 2008 financial crisis and in the sov-
ereign debt crises in Europe, credit default swaps are among the most
controversial derivative instruments. In both corporate and sovereign
contexts, proponents of CDS attest to their beneficial effects in provid-
ing and transferring liquidity risk during times of distress.

Critics view CDS as speculative bets, especially since CDS holders
may hold more CDS than bonds with respect to the reference entity.
That is, if a party owns equal amounts of bonds and CDS for a par-
ticular reference entity, then the party is completely insured against a
negative credit event. In this way, a CDS works pretty much like an
insurance policy on a car, house, or any other asset. However, unlike
insurance, it is possible to own more CDS protection than the under-
lying bonds. As a result, CDS contracts make it possible to trade on

The views expressed in this article are those of the authors and do not necessarily
represent those of the Federal Reserve Bank of Richmond or the Federal Reserve
System.



98 Federal Reserve Bank of Richmond Economic Quarterly

a reference entity’s credit risk without having any exposure to the un-
derlying credit, which can be interpreted as a bet on the deterioration
of the reference entity’s ability to repay its creditors.

In the sovereign CDS market, the reference entity is a country; as
a result, increases in default risk could have significant economic im-
pact and ethical considerations. Since CDS markets tend to be more
liquid and larger than the corresponding bond market, some academics
and members of the media have argued that speculative bets from
large traders can artificially drive the price of a CDS contract up. In
turn, market participants observe the risk of the underlying bonds to
be higher than it actually is, increasing the cost of borrowing for the
distressed countries. Thus, this increases the chances of default artifi-
cially. In this scenario, buying CDS is functionally equivalent to short
selling the bonds. Short selling bonds is nearly impossible due to the
lack of liquidity in bond markets; as a result, the presence of a CDS
contract allows the sovereign bond’s pessimists and optimists to enter
the market, increasing price stability of the underlying bond.

Previous literature has examined the role of sovereign credit de-
fault swaps and specifically the ban of “naked”CDS in the European
Union. In Duffi e et al. (1999), research has also been conducted on the
endogenous liquidity risk of CDS. However, in the context of distressed
countries, the dealer-provided liquidity that this paper introduces is
a new area of study. Using our regulatory data from the Depository
Trust and Clearing Corporation (DTCC), we are able to see the CDS
position of market participants over time.

This paper uses a case study approach to suggest that the critics’
conclusion that sovereign CDS markets drive the cost of capital up for
countries may be incorrect, or at least the pressure from short positions
on CDS does not seem to be coming from large dealers. To better
understand the net effects of sovereign CDS markets, we examine the
CDS positions of major CDS dealers as risk changes.1 Specifically, we
use Venezuela, Ukraine, and Argentina as case studies. These three
countries have experienced credit events and therefore CDS payouts
since 2008.

We observe that the large CDS traders in each market, defined as
the top ten traders of each country’s CDS, tend to sell (buy) CDS as
risk increases (decreases). This is the opposite direction of change one
would expect if the large dealers were taking speculative bets. We leave
a formal model of this mechanism to a later paper, but the basic logic of
how we tie these changes in positions to market liquidity is as follows.

1 We use both CDS spread and bond yield as a measure of risk.



Sultanum et al.: Sovereign CDS Market: The Role of Dealers 99

Large and risk-neutral dealers can take CDS positions that may result
in a large loss with a nonnegligible probability so long as they perceive
the position, combined with the dealer fee, to have a positive expected
value. Smaller and risk-averse institutions that may not be able to
sustain a large loss, rush to buy protection from the large risk-neutral
dealers.

In this way, dealers provide endogenous liquidity in distressed times
by market making. This may imply that sovereign CDS trading by CDS
dealers can lower endogenous liquidity risk and potentially lower bond
spreads during unstable financial periods relative to what they would
have been had the sovereign CDS market not existed.

1. RELATED LITERATURE

Many analysts and regulators blamed the severe and widespread na-
ture of the 2008 financial crisis on CDS, contending that CDS exac-
erbated the housing asset bubble They specifically argued that major
financial institutions were using CDS for speculation and manipula-
tion with global consequences. These criticisms of CDS were extended
during the European sovereign debt crisis beginning in 2009 (Augustin
et al., 2014). Sovereign CDS are insurance contracts issued against a
country’s public bonds. This new wave of criticism on sovereign CDS
centered on the sovereign CDS market’s role in price discovery and
monitoring, spillover liquidity in the underlying sovereign bond mar-
kets, and hence, adjustments in borrowing costs for the country in times
of distress.

Studies following the Great Recession and European sovereign debt
crisis have produced mixed results on the practical uses and risks of
CDS markets. We first discuss the structure of sovereign CDS mar-
kets and their theoretical role in bond markets. Then, we discuss the
capacity of general (corporate and sovereign) CDS in contagion risk,
the potential for spillover effects, and price discovery/monitoring. Fi-
nally, and most relevant to this paper, we will discuss the potential for
sovereign CDS to provide liquidity in their associated sovereign bond
markets and what that means for a country’s borrowing costs.

As insurance, CDS markets perform two basic functions. First,
they allow financial institutions to hedge their credit risk, thereby free-
ing up regulatory capital to further lend. Second, they let financial
institutions take more liquid short positions on bonds (Czech, 2019).
The first function is of primary importance to this paper. Theoreti-
cally, by purchasing CDS contracts as hedges, financial institutions are
potentially able to lend more capital, increasing liquidity in underlying
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bond markets and lowering equilibrium borrowing costs for the bond
issuer in question.

However, concerns regarding the practical uses of CDS in the wake
of the financial crises have marred their reputation. The first concern
of CDS use is its contagion potential and spillover effects into global
markets. In Longstaff et al. (2011), the authors observe that global
information shocks result in sovereign CDS spreads increasing or de-
creasing together. If one CDS market responds to new information,
this comovement effect can introduce contagion risk to other CDS mar-
kets. However, a subsequent study by Caporin et al. (2013) finds that
spillover effects of reactions to large CDS spread changes in one CDS
market are largely regionally contained, not global in nature. When it
comes specifically to spillover liquidity risk, Bai et al. (2012) also did
not find a change in the country’s fundamentals.

However, having an insurance market can also provide a useful vehi-
cle for price discovery for the underlying entity. For instance, Augustin
et al. (2014) found differences in CDS spreads to be useful in predicting
options pricing and exchange rates up to one week in advance. A trader
has a naked CDS position if it has a larger position in the CDS than
the underlying bonds. Duffi e (2010) finds that the use of naked CDS
trading data is also beneficial to the underlying asset information and
therefore increases the effi ciency of the bond market. This information
effi ciency was later supported by Coudert and Gex (2013), who recog-
nized that the derivative market provided better information than the
bond market because of higher participation in CDS markets during
recessionary periods. In times of distress, bond traders are likely to
run from the bond market, while CDS traders stay in the market and
provide pricing information.

In addition to price discovery, CDS have also been found to pro-
vide valuable information for price monitoring. Ismailescu and Phillips
(2011) found CDS to be effi cient monitoring tools that increase the
overall informational and pricing effi ciency in the market of the un-
derlying entity. This can also propagate greater market participation.
Portes (2012) also found CDS to be accurate, although not perfect,
in pricing credit risk in the long run. However, this same relationship
does not hold in the short run.

Most relevant to this paper, the presence of a CDS market on the
liquidity of the associated bond market is currently being debated.
Historically, a valuable instance in which the use or disuse of CDS
impacted liquidity in bond markets is the European Central Bank’s
(ECB) gradual ban of naked CDS. A market participant owns a naked
CDS if she owns more CDS than bonds in a given reference entity. It has
been described by Portes (2012) as taking out life insurance on someone
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else’s life. While this paper does not differentiate between naked and
nonnaked CDS trades, studying bans of general CDS can provide useful
literature on CDS’s role in capital markets. In the wake of the European
sovereign debt crisis, the ECB temporarily banned the trade of naked
CDS in 2010. The ECB later permanently banned naked CDS trading
in 2011. A study by Sambalaibat (2013) found that the temporary
ban increased liquidity in underlying sovereign bond markets, citing a
temporary migration of CDS traders to the bond market. However,
the same study found that the permanent ban of naked CDS decreased
liquidity in the underlying sovereign bond markets.

This paper focuses on countries that have experienced severe default-
risk episodes. When countries are low on cash, speculation in a CDS
market, according to Che and Sethi (2011), can divert much-needed
capital away from potential borrowers. The resulting rise in CDS pre-
miums sends information to potential lenders to increase the cost of
funding to the government. The government, which is unlikely to afford
the higher interest, will become more cash-strapped and only increases
long bets in its CDS market: a self-fulfilling prophecy.

But, other literature suggests that the use of CDS can lower the
probability of default. Goderis and Wagner (2011) argue that the use of
nonnaked CDS can reduce risk for ex-ante default. The authors cite the
existence and ownership of insurance policies on sovereign debt as an
incentive for the insurance holder to reject any restructuring offer made
by the government. Similarly, Salomao (2017) has a similar finding: in
distress, the existence of insurance contracts can increase the lender’s
borrowing power, which incentivizes the borrower to default less often.
The author also argues that the existence of insurance contracts can
raise debt levels and lower borrowing costs in equilibrium.

The liquidity benefits and risks of CDS have only been studied in
the case of the ECB’s ban of naked CDS and in theory. We try to
contribute to the discussion of CDS as liquidity-providers in under-
lying bond markets, by analyzing how dealers trade sovereign CDS
in both stable and risky time periods, to better understand how the
sovereign CDS market can affect liquidity in the underlying sovereign
bond market. We find that in times of distress, big CDS dealers act
as market-makers by taking shorter (longer) CDS positions as risk in-
creases (decreases). These findings suggest that large dealers provide
liquidity to the underlying bond market.
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2. HISTORICAL BACKGROUND OF SOVEREIGN
CREDIT EVENTS

Prior to describing the trading patterns, we review the historical and
economic events that affect the risk of the three countries we use as
case studies: Argentina, Ukraine, and Venezuela. All three countries
have defaulted on their debt in recent years; however, the reasons and
economic conditions differ.

Ukraine

From 2001 to 2008, Ukraine experienced moderate economic growth
that coincided with a global economic boom. A longstanding relation-
ship with the former Soviet Union allowed Ukraine to import oil from
Russia at approximately half the price per barrel that Western Euro-
pean suppliers were charging in order to power its mineral and natural
resources industries, which comprise most of Ukraine’s economic out-
put. This dependency on foreign oil amounted to approximately 70
percent of its total oil usage by the mid-2000s. During this time, the
Ukrainian economy averaged 7.4 percent annualized growth and large
capital inflows from foreign investors.

However, Ukrainian economic woes began in 2006 when cheap ac-
cess to Russian oil began to diminish, limiting domestic production and
exports. This period of supply instability was exacerbated by the 2008
financial crisis, in which the International Monetary Fund (IMF) gave
two stand-by disbursements that greatly helped Ukraine weather the
crisis. However, increasingly unstable debt loads reached 91.5 percent
of the Ukrainian GDP in 2009, and that proved critical in the coming
default.

In 2013, new Russian trade restrictions and an inability to increase
industrial production led to foreign investors rating default probabili-
ties at approximately 50 percent in the swap market. Moody’s Investor
Service in 2013 also gave Ukraine’s credit a rating of Caa1, which lim-
ited foreign investment and economic growth. Ensuing political in-
stability, with the ousting of sitting President Viktor Yanukovych in
2014 and the annexation of Crimea by Russia, coincided with a 6.8
percent and 10.4 percent decline in GDP in 2014 and 2015, respec-
tively. Ukraine also experienced a currency crisis in February 2014
when the government began using the hryvnia as a floating currency,
which caused a 70 percent depreciation against the U.S. dollar.

In December 2015, Ukraine missed interest payments on a $3 billion
loan to Russia, which the International Swaps and Derivatives Asso-
ciation (ISDA) determined was a credit event. The IMF then offered
a $17.5 billion, four-year loan program in 2016 that helped stabilize
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the hemorrhaging economy. With a positive global economic output,
a small recovery in oil prices, stronger worker productivity, and a gov-
ernment corruption reform program, Ukraine has experienced positive
economic growth since 2016.

Venezuela

Despite having the largest proven oil reserves in the world and being
the sixth largest member of the Organization of Petroleum Exporting
Countries (OPEC), the Venezuelan economy has undergone significant
stresses in the past two decades. Petroleum accounts for approximately
95 percent of Venezuela’s total exports, and its economic growth largely
depends on oil prices.

The Venezuelan economy experienced significant inflation in the
late 1990s, peaking near 100 percent in 1996. Inflation after the elec-
tion of Hugo Chavez calmed to approximately 35 percent from 1996—
2001. Further political and social unrest after the ascension of Chavez
in 1998 have only exacerbated Venezuela’s economic crisis. For in-
stance, the 2002 attempted coup and the 2002—03 labor strike returned
economic growth to pre-Chavez levels. The economic decline continued
into the late 2000s, with a chronic housing shortage, further unsustain-
able inflation, political unrest, and high poverty rate. In 2009, the IMF
categorized the Venezuelan recovery as “weak and delayed,”especially
in relation to the relative economic growth of other South American
countries and its largest trading partner, the United States.

Tremors of Venezuelan economic stress occurred in early 2014 with
a global depression in crude oil prices. Although Venezuela has the
world’s largest proven oil reserves, its economy’s heavy reliance on pe-
troleum exports makes its economic growth and prosperity largely de-
pendent on oil prices. Preceding the mid-2014 oil glut, 96 percent of
Venezuela’s fiscal revenue originated from oil production. An interna-
tional oil glut formed after a production boost in the North American
shale oil industry, lesser demand from China, and a lack of OPEC pol-
icy uniformity. At its peak, the global economy was outputting over
two million barrels of oil per day. The price per barrel of Venezuelan
oil fell from over $100 in 2012 to approximately $30 in 2015. As a re-
sult, Venezuela ended almost half a decade of steady economic growth
with a 5 percent decline in GDP in the first quarter of 2014. The Na-
tional Assembly of Venezuela reported inflation to be approximately
4,000 percent in 2017. On December 30, 2017, ISDA declared a credit
event after the Venezuelan government missed two interest payments
amounting to a combined $200 million. Since the selective default,
Venezuela has defaulted on eighteen other sovereign bonds.
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Argentina

Within thirteen years, Argentina has experienced two different types
of default. First, Argentina defaulted in 2001 on $83 billion of debt.
Second, Argentina defaulted in 2014 on $132 billion of debt after a U.S.
Supreme Court ruling in Republic of Argentina v. NML Capital Ltd.
said that Argentina must repay investors in full from their 2001 default.

The Argentinian economy has struggled with stagflation, hyperin-
flation, capital flight, and corruption beginning with a military dic-
tatorship that started in 1976. After a brief period of rapid eco-
nomic growth under a democratic government and Minister of Economy
Domingo Cavallo’s anti-inflation campaign, Argentina experienced an-
other recession beginning in 1998. Regional economic crises in Brazil
and commodities pricing shocks contributed to slow growth, high un-
employment, and deflation. The 2001 Argentinian default was framed
by massive political riots in December 2001 and a struggling export
economy. Consequently, the Argentinian government defaulted on $83
billion in debt after which 93 percent of investors agreed to the restruc-
turing terms, which involved a 70 percent haircut on repayment.

Although the 2014 default was preceded by relative economic growth
between 2002 and 2013, the export-dominated Argentinian economy
struggled again with a sluggish world economy. Further, a unilateral
devaluation of currency, as evidenced with a 1,300 percent increase in
M3 money supply since 2002, has also contributed to the world’s third
highest inflation rate in 2014 at an offi cial rate of approximately 10 per-
cent. However, news sources speculate the actual inflation rate more
realistically hovers at 25 percent.

In this context, the remaining 7 percent of investors who did not
accept the restructuring agreement in 2001 demanded to be repaid in
full. Following the 2001 default, the Argentinian government declared
all debt repayments to be pari passu, that is, repaid with no preference
to investors. The remaining 7 percent of investors then sued in the
U.S. Supreme Court, which upheld lower court rulings in Republic of
Argentina v. NML Capital Ltd. that Argentina’s foreign assets were
not immune from discovery, which resulted in the obligation to pay all
debts in full, valued at approximately $132 billion. As a result, the
Argentinian government declared it would “imminently be in default”
on July 30, 2014, after missing a $529 million interest payment. Stan-
dard and Poor’s then declared Argentina to be in selective default in
the autumn of 2014.
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3. DATA

We obtained the dealer CDS positions using the DTCC. The Dodd-
Frank Wall Street Reform and Consumer Protection Act requires real-
time reporting of all swap contracts to a registered swap data repository
(SDR). The DTCC operates a registered SDR on CDS. The Dodd-
Frank Act also requires SDRs to make all reported data available to
appropriate prudential regulators. (See Sections 727 and 728 of the
Dodd-Frank Act.) As a prudential regulator, members of the Federal
Reserve System have access to the transactions and positions involving
individual parties, counterparties, or reference entities that are regu-
lated by the Federal Reserve. Using the DTCC data, we recover a
time series of the average CDS positions of the top ten dealers in three
different countries from 2013 through 2017.

To get a measure of risk, we use both bond yields and CDS spreads.
To obtain bond prices, a list of deliverable obligations from the CDS
auction was obtained from the Credit Derivatives Determinations Com-
mittee for each country. These bonds were listed with a maturity date,
coupon value, and CUSIP/ISIN number. Bloomberg was used to ob-
tain historical bond prices from January 4, 2010, to February 22, 2019.
Specifically, two sets of bond price measurements were obtained. First,
the yield to maturity time series was gathered. Second, a yield to
benchmark measurement was gathered, which values a bond against an
internal Bloomberg benchmark. We chose to construct our own price
index because the price of the deliverable bonds is the most relevant.
Some outstanding sovereign bonds are included in available price in-
dices by JPMorgan and Bloomberg, but are not deliverable in auction.
Nonetheless, using these indices does not change this paper’s results.
Additionally, the initial issue amount was recorded for each bond.

We also collected CDS spreads from Bloomberg for each of the three
countries. The correlation between CDS spreads and yields is near 1.
Since Ukraine does not have bond data for most of the sample, we use
the CDS spread data. Nonetheless, the results are robust to usage of
either yield measures in the countries in which the yield data exists.

To create the bond indices for each country, a weighted average
of the deliverable bond prices for each country was used.2 Each date
has varying numbers of bonds outstanding as the country retires and
issues debt over time. As a result, the individual bond issue amount as a
fraction of the total issue amount for the number of bonds available for a
certain date was used to weight and standardize the bond prices. This

2 Deliverable bonds are the bonds deliverable at the CDS auction for each country.
That is, these are the bonds for which the CDS offers protection.
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was multiplied by the bond price, in yield-to-maturity and yield-to-
benchmark, to obtain a price index of the overall deliverable obligation
bond market in Argentina, Ukraine, and Venezuela. Note that a price
index was not needed for CDS spreads since a CDS offers protection
for all deliverable bonds.

4. FINDINGS

In this section, we highlight how each of the three countries’financial
crises illustrate how dealers provide liquidity during financial crises by
selling protection. In general, we found that dealers take the oppo-
site position of the market in times of distress, functioning as market-
makers. Specifically, as risk increased in a country’s underlying bond
market, dealers decreased their CDS positions. We define big dealers
as the ten largest volume traders of the specific CDS over our sample
period. Our results are robust to using the five biggest dealers (an-
other common measure). We use the CDS spread as our measure of
risk, where an increasing CDS spread indicates greater risk. Our re-
sults are the same if we use bond yield. Furthermore, we often refer
to long and short positions. If the big dealers have a short (long) po-
sition, they are net sellers (buyers) of CDS. We time detrended the
position and CDS data. Without detrending, our results may have
been skewed because the CDS market has been shrinking over the time
periods considered due to changes in the regulatory landscape. How-
ever, the general findings from this section are robust to using the raw
data without detrending it.

Ukraine

In Ukraine, the dealer positions and CDS spread show a very clear
inverse relationship. From the beginning of the sample period to March
2015, risk increased as the dealer position decreased. From March 2015
to the end of the sample period, risk decreased and the dealer position
rose. The latter scenario will not be seen as commonly later in the
paper.

First, from January 2013 to March 2015, the CDS spread increased
by 4500 basis points as Ukraine faced hyperinflation and conflict with
Russia. During the same period, the net CDS position of big CDS
dealers decreased from a $75 million long position to a $150 million
short position.

Second, following the disbursement deal with the IMF, reduced
tensions with Russia, and an increasingly positive economic outlook in
2015, the period from March 2015 to March 2018 shows a 4,000 basis
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Figure 1 Ukraine: Big Dealer Position vs. CDS Spread

Notes: Both dealer position and CDS spread are time-detrended. The Ukraine
CDS auction date of October 6, 2015, is plotted as a red vertical line to give an
idea of the default date. Big dealers are defined as the ten highest-volume traders.
Dealer position is considered positive if the dealers, on net, own protection and
is considered negative if they, on net, sell protection.

point decrease in CDS spreads, a dramatic reduction in the country’s
risk. During the same period, the net CDS position of big CDS dealers
increased by $230 million.

The correlation between the CDS spread and the dealer position is
-0.783. The strong negative correlation is expected based on the strong
inverse relationship over the entire sample period.

Venezuela

In Venezuela, the time period from the beginning of 2017 to mid-2018
strongly supports our hypothesis that big dealers reduce their position
in CDS as risk increases. This time period includes Venezuela’s first
selective default in late November 2017. This selective default also
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Figure 2 Venezuela: Big Dealer Position vs. CDS Spread

Notes: Both dealer position and CDS spread are time-detrended. Big dealers are
defined as the ten highest-volume traders. The Venezuela CDS auction date of
December 13, 2017, is plotted as a red vertical line to give an idea of the default
date. Dealer position is considered positive if the dealers, on net, own protection
and is considered negative if they, on net, sell protection.

caused global worries that debt repayments by the Venezuelan gov-
ernment would not hold. ISDA determined that a credit event took
place after a missed interest payment. As a result, ratings agencies
declared Venezuela to be in selective default. Venezuelan President
Nicolás Maduro declared that all sovereign debts must be “refinanced
or restructured.”The initial increase in bond spread beginning in June
of 2017 reflected a global worry that Venezuela would be imminently
defaulting on its debt payments. Investors and media outlets almost
unanimously anticipated this selective default would be the first of more
than twenty defaults tha have occurred since 2017. Beginning in June
2017, the indexed Venezuelan bond spread increased almost 100 basis
points.



Sultanum et al.: Sovereign CDS Market: The Role of Dealers 109

The right side (post January 1, 2017) of Figure 2 depicts the dealer
position and CDS spread over the time period in question. Once news
of the selective default and its subsequent risks was evident, the CDS
spread increased significantly to over 6,000 basis points. As the CDS
spread gradually increased in mid-2017 but prior to the sharp increase
in spread, the dealers sold $400 million of CDS in just a few months,
switching from a net long to a net short position. This is the opposite
response expected from speculators. The Venezuela example not only
demonstrates how dealers sell CDS as risk increases, but also that the
action can occur prior to significantly rising spreads. One possible sce-
nario to explain this is the following. Small risk-averse firms became
concerned about the possibility of a Venezuelan default a few months
prior to the default becoming extremely imminent and rushed to buy
protection from the dealers. Regardless of the exact reasons, the short-
ing of CDS as risk increases is suggestive that dealers are providing
liquidity to the market and not speculating.

While the post-2017 period is most indicative of dealers selling
(buying) CDS as risk increases (decreases), the correlation between
CDS and dealer position is -0.153 across the whole sample period.
However, prior to 2017, there is only a slightly negative correlation.
Nonetheless, this suggests that dealers taking the opposite position of
speculative bettors is also true during more moderate periods of in-
creased risk.

Argentina

For Argentina, we focus on the CDS spreads and position after July
2016, following the U.S. Supreme Court ruling in Republic of Argentina
v. NML Holdings Ltd.. From 2013 to mid-2016, the Argentinian swap
market was frozen from trading as the case was pending litigation. The
court ruled that Argentina had the obligation to pay back all debts in
full related to their earlier default, valued at approximately $132 billion.

In the period from June 2016 to December 2017, (see Figure 3) the
CDS spread decreased by approximately 50 basis points. During the
same period, the big CDS dealers’average position increased from a
net short position of approximately $275 million to a net long position
of approximately $300 million. That is, the dealers bought CDS as risk
decreased.

The converse relationship is also demonstrated from January 2018
to June 2018 (see Figure 3), when the CDS spread increased by approx-
imately 150 basis points. During the same period, the big CDS dealers’
average position decreased by $875 million from a net long position of
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Figure 3 Argentina: Big Dealer Position vs. CDS Spread

Notes: Both dealer position and CDS spread are time-detrended. Big dealers are
defined as the ten highest-volume traders. Dealer position is considered positive
if the dealers, on net, own protection and considered negative if they, on net, sell
protection. Due to a long time period of no trading because of the pending U.S.
court decision, we start our analysis in June 2016, so the default is not in this
time period.

approximately $275 million to a net short position of more than $600
million.

The correlation between the CDS spread and the average big dealer
position yielded a value of -0.697, which shows a strong, negative cor-
relation. This indicates that what we have found in the two episodes
discussed previously is also true in the Argentinian sample. That is, as
risk increases (decreases), dealers sell (buy) CDS.

5. EXTENDING OUR FINDINGS

Figure 4, which is extracted from Chaumont et al. (2020), displays the
relationship between average yield and average dealer position aggre-
gated by country from 2013—18. There is a downward trend in Figure
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Figure 4 Cross-Country Analysis

4, with a correlation coeffi cient of -0.2. That is, the average dealer CDS
position decreases as a country’s average risk increases. This mirrors
our conclusions from the three case studies above, where we find that
the dealer CDS position decreases as risk increases within each coun-
try. To the extent that the cross-country relationship is indicative of
the intracountry relationship, this is evidence that our conclusion from
these case studies generally applies to other countries. Nonetheless, one
could be concerned that within each country represented in Figure 4,
dealer positions do not decrease as risk increases. Perhaps the inverse
relationship only holds when a country is significantly distressed.

Chaumont et al. (2020) address these concerns by using more rigor-
ous empirical specifications to determine the relationship between risk
and dealer position. By controlling for country, dealer, and time-fixed
effects, they determine the relationship between risk and dealer posi-
tion within each country. Nondistressed and distressed countries are
also included in the sample; as a result, they are able to determine
if the effect found in this paper is only true in distressed countries.
In several specifications and robustness checks, they find that as risk
increases (decreases), dealer CDS positions decrease (increase) within
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each country regardless of risk. This is the same conclusion found in
the case studies above.

Chaumont et al. (2020) also propose a formal model aimed at tying
the changes in CDS position to bond market stability and liquidity,
which is assumed in this paper. Combined with the empirical results
in this paper, their model would suggest that the existence of sovereign
CDS markets is beneficial to borrowers and lowers the cost of borrowing
for countries.
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Inflation Target Zones as a
Commitment Mechanism

Felipe Schwartzman

M
uch of the analysis of monetary policy has centered on cen-
tral banks’alleged inability to commit to an optimal, time-
consistent policy. Commitment is important whenever the

private sector makes decisions according to what it expects the pol-
icymakers to do in the future. By committing to future actions, the
central bank can better influence the decisions of the private sector and
can generate better policy outcomes.

The literature on monetary policy has identified two types of biases
that emerge from lack of commitment. The first is inflation bias, as in
Kydland and Prescott (1977) and Barro and Gordon (1983) analyses.
In that case, equilibrium inflation ends up being, on average, higher
than optimal. More recently, the literature has identified a second
type of bias, called stabilization bias, in which the central bank reacts
too much to changes in the state of the economy, leading to excessive
volatility in inflation and the output gap as in (Clarida et al. (1999)).

This article aims to analyze the effects of a widely used framework
that has been adopted by many central banks seeking to provide a
greater degree of predictability in monetary policy– that is, the use
of an inflation target zone.1 Such zones specify a range within which
the central bank promises to keep inflation. I interpret these zones as
providing constraints on central bank behavior– so that it has to com-
mit to not letting inflation leave that zone– while allowing the central
bank to follow, a discretionary policy otherwise. The numerical com-
putations reported in this article indicate that the use of an inflation

The original version of this paper was written in 2005 at Princeton. Thanks to
Antonio Luis Licha, Lars Svensson, Carlos Viana de Carvalho, Dante Amengual,
Paul Ho, Reiko Laski, Pierre-Daniel Sarte, Nico Trachter, Elaine Wissuchek, and
John Weinberg for helpful comments and suggestions in different stages of this work.

1 As Erceg (2002) points out, the definition of a target zone, as opposed to a point
target, seems to be adopted by most inflation-targeting countries.
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target zone allows for elimination of the inflation bias and, in some
cases, substantial correction of the stability bias to a point that will be
made explicit shortly. This is because the inflation target zone affects
expected inflation even when it is not binding. Furthermore, the ex-
istence of a credible target zone dampens the effect of current shocks
on expectations because the private agents know that if further shocks
occur, the central bank will only react to them so long as the zone is
respected. This dampening of the sensitivity of inflation to the under-
lying state is similar to what Krugman (1991) called a “honeymoon
effect”in the context of exchange rate target zones.

At the same time, having the central bank commit to a prespecified
inflation rate without any room for variation is hardly optimal either.
The reason is that the inflation target zone is determined before all
relevant information is revealed. In the presence of supply shocks, it is
optimal for a central bank that is not a strict inflation targeter to adjust
inflation somewhat in the direction of the shock so that output does
not vary too much. This suggests that there is in general a nontrivial
optimal width for the inflation target zone. The paper also presents
calculations of the optimal zone under different parameter constella-
tions.

Prior literature has concerned itself with the trade-off between
greater commitment and discretion to react to incoming information.
A classic proposal, Rogoff (1985), to reduce the inflation bias problem is
that the central banker should give less weight to output gap variation
than society at large, i.e., it should be relatively “weight” conserva-
tive. Svensson (1997) proposes that the inflation-targeting framework
reduces inflation by forcing central bankers to pursue a lower average
rate of inflation than what would be socially optimal, thus compensat-
ing for the bias, i.e., he proposes that the central bank should be “in-
flation target”conservative. The numerical calculations in this article
show that the use of a target zone can effectively implement Svensson’s
suggestion by setting the center of the zone low enough.

Also, as emphasized by Clarida et al. (1999), Rogoff’s proposal is
also able to, at least in part, correct the stability bias by implementing
an optimal linear policy rule. There is no way such corrections can
implement the first-best policy arrangement, for this is history depen-
dent. The same is true for the target zone arrangement. What the
numerical calculations show is that while the target zone mechanism
falls short of providing the same gains as assigning a suitable “weight”
conservative central banker, at least for some parameter values, it is
able to generate very close outcomes.

Inflation target zones can be interpreted as contracts, in which the
punishment for the central bank only occurs if inflation exceeds certain
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limits. There are a number of papers that try to assess the effects of
adopting contracts with central bankers. Walsh (2020) shows that one
can use a contract that will fire the central banker if the nominal GDP
growth (or some modified version of it) exceeds a certain value to be
specified. This contract eliminates the inflation bias, thus implementing
what Walsh describes as an optimal policy. However, in Walsh’s model,
there is no persistence in inflation shocks, so that it does not allow for
a discussion of the stability bias in monetary policy.

Another article that addresses the benefits of a target zone is Tetlow
(2000). In his model, the central bank follows a Taylor-rule-type policy,
but with a randomly varying inflation target, which Tetlow models as
following a martingale. The model generates a honeymoon effect, akin
to the one observed in Krugman’s exchange rate target zone model.

The existence of such an effect was also proposed by Gerlach (1994)
and Amano et al. (1997). However, in both cases, the authors retain the
flex-price approach of the Krugman model and keep policy exogenous.
One of the results presented in this article is that by explicitly modeling
the policy, the honeymoon effect can yield an indirect effect on inflation
and output gap variability, which is probably more important than the
direct impact of nonlinearities implied by the honeymoon effect.

Finally, it is worth mentioning two articles that approach the issue
from a different perspective. One is Erceg (2002), who regards the
target range as a confidence-interval-type statement of the variance that
the central bank wishes inflation to have. In this interpretation, the
target range does not have a “hard edge,”in the sense that the central
bank can allow inflation to obtain values out of the zone, but range
should be respected say, 95 percent of the time. However, as Erceg
recognizes, target zones seem to be too narrow in that inflation only
falls within their bounds less than 95 percent of the time. By allowing
the target zone to be more than a simple statement of intentions, the
model presented in this paper presents a rationale for why the optimal
zone may be “too narrow”by Erceg’s criterion.

The other article is by Orphanides and Wieland (2000). Their
problem is to find what would justify a policy in which the central
bank only pays attention to inflation when it is out of the target zone,
otherwise focusing the policy on output gap stabilization. They propose
a quadratic loss function, which is nearly flat within the target zone,
and the possibility of nonlinearities in the Phillips curve so that the
inflation-output trade-off only becomes significant for high levels of
inflation.

The article proceeds as follows. In the next section, I will lay out
the model. Section 2 shows how the existence of the zone affects the
discretionary, intrazone policy. Section 3 discusses how the location of
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target zone approach can be used to change the average inflation, thus
dealing with the inflation bias problem. In Section 4, the effects of
different zone widths on the variances of inflation and the output gap
are considered. Section 5 provides a discussion of some issues involved
in the finding of the optimal target zone as a function of the model
parameters. The last section concludes by summarizing policy impli-
cations, caveats in the analysis, and directions for future development
of the model.

1. THE MODEL

A central bank chooses policy to minimize a quadratic loss function,
taking as given a forward-looking Phillips curve, but with no ability
to precommit. More specifically, the intertemporal loss function of the
central bank is given by

L = Et

{ ∞∑
s=t

(1− δ)δs−t 1
2

[
(πt)

2 + α (xt − x̄)2
]}

, (1)

where, as usual, πt and xt stand for inflation and output gap, respec-
tively, and x̄ stands for the average levels of output gap that the central
bank would like to attain in the long run; α is a parameter determining
the weight that the central bank gives to deviations of output gap from
target relative to inflation; delta is a discount factor; and Et represents
the expectation operator conditional on information available at time
t.2 Higher values of α imply that the central bank is relatively more
concerned with stabilizing output gap close to its target than with sta-
bilizing inflation. The central bank minimizes this loss function subject
to a forward-looking Phillips curve:3

πt = Et [πt+1] + λxt + ut, (2)

where Et [.] is the expectation operator conditional on information
available in time t, and ut is a supply shock, which follows an AR(1)
process:

2 I multiply the loss function by (1−δ) so that it is well-defined in the δ → 1 limit.
3 This Phillips curve is similar to the one derived from a Calvo-style, sticky-price

model as in Calvo (1983). The difference is that the expected future inflation is not
multiplied by the discount rate δ. This simplification is not of great consequence because
in any case, δ would be calibrated to be very close to 1. A substantive consequence of
this calibration is that the Phillips curve becomes vertical in steady state, so that there
is no long-run trade-off between inflation and output gap levels.
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ut = ρut−1 + ηt, (3)

where ρ is a parameter governing the persistence of ut and ηt is an i.i.d.
N
(
0, σ2

)
.

A central bank that is fully able to commit chooses inflation and
the output gap in each date and given each realization of the supply
shock ut to minimize the discounted losses (1). Given the Phillips
curve (equation 2), the central bank understands that by committing
to lower inflation at any given date, it will achieve a lower output gap
on that same date but will also affect inflation and output gaps on the
previous date.4 Manipulating first-order conditions, one can verify that
the optimal policy with full commitment satisfies:

πt =− α

λ
(xt − δ−1xt−1) if t > 0

πt =− α

λ
xt if t = 0.

However, when a central bank lacks the ability to precommit, it
reoptimizes each period, thus ignoring the effect of its inflation choice
on previous variables. Discretion means in this case that the central
bank reoptimizes every period, so that the t = 0 solution is the only
relevant one.

The inflation-targeting framework is interpreted in this article as
follows: the central bank is assigned a target zone and is given freedom
to act so long as inflation remains within the zone. Therefore, the
further constraint added in this model is that the central bank has to
keep inflation within a certain zone, i.e.:

πt ∈ [π∗ −B;π∗ +B] , (4)

where π∗ denotes the center or the location of the zone, and B denotes
its width. Furthermore, for simplicity, it is assumed that the central
bank can pick inflation and the output gap at each period, subject to
the Phillips curve above, without any error or lags. Therefore, inflation
always falls within the zone.5

4 Put differently, the way in which central banks choose things at any given date has
implications for how private agents form their expectations for what is going to happen
on that date. The commitment problem emerges exactly because once a given date
arrives, the central bank does not have an incentive to take this impact on previously
formed expectations into account.

5 It would be straightforward to relabel variables in the model so that the central
bank controls a component of inflation and commits to keeping that component that it
controls within the zone. I do not do that for simplicity of exposition.
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I derive the optimal decision of a central bank that does not have
the ability to commit to any particular policy rule. To be more spe-
cific, I focus on Markovian decision rules, where the central bank only
conditions its policy on the current exogenous state of the economy
and reoptimizes each period. Under such policy, the way the decision
rule affects expectations about future variables is never a consideration,
since at the beginning of each period, those are no longer relevant.

Under those assumptions, the central bank will take expectations
about future inflation as something it cannot influence within each
period– that is, taking them as given. Since the decisions made by
the central bank in each period do not affect its loss and hence its
action in future periods, the dynamic minimization problem reduces
to a sequence of static minimizations of the period loss functions.6 If
the central bank is allowed to choose output gap and inflation freely,
I have in such a framework the usual result that the desired inflation
and output gap will satisfy:

πdt = −α
λ

(
xdt − x̄

)
, (5)

where πdt and x
d
t stand for inflation and the output gap desired by the

central bank in the absence of the target zone. However, the central
bank is constrained by the target zone, so that in effect:

πt = πdt if π
d
t ∈ [π∗ −B, π∗ +B]

πt = π∗ −B if πdt ≤ π∗ −B
πt = π∗ +B if πdt ≥ π∗ +B. (6)

Substituting (5) into (2) yields

πdt =
α

α+ λ2 [Et [πt+1] + λx̄+ ut] . (7)

In this simple model, the state of the economy is completely sum-
marized by ut, so that I should be able to find πt and πdt as functions
of ut.

6 More precisely, the problem allows one to look for a Markov equilibrium of the
game played between the central bank and its future incarnations, where the actions
taken by the central bank are solely a function of the current state of the economy
summarized by the shock ut. This is not the only possible solution for such a game.
One could very well look for strategies that take past values of ut as part of the state.
This modification would allow for reputational effects analogous to the ones discussed
by Barro and Gordon (1983) or to the implementation of a first-best policy as in Wood-
ford’s (2003) “timeless” commitment.
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One can find a stationary equilibrium πt (ut) using the following
algorithm:

1. Start with a π0 (ut) function that satisfies (4);

2. Calculate πd,1 (ut) by plugging π0 (ut) in the right-hand side of
(7);

3. Use equation (6) to find π1 (ut) ;

4. Iterate until convergence to a fixed point.

As shown in the Appendix, this method is a contraction, so that it
necessarily yields a unique reaction function to the central bank. With
π (ut) at hand, it is straightforward to find E [π (ut+1) |ut] with the use
of (3) and then x (ut) by inverting the Phillips curve (2). With these
functions at hand, one can proceed to find the moments of inflation
and output gap through numerical integration.

Throughout the article, the resulting policy rule shall be compared
with two benchmark cases. One is the optimal policy under discretion
in the absence of the target zone.7 This is a natural benchmark be-
cause it is with respect to this policy that the policy implied by the
target zone should improve. The second benchmark is the optimal lin-
ear policy, derived by Clarida et al. (1999). The latter is a useful
benchmark because it is the optimal discretionary policy for a “con-
servative” central bank, that is, one that has an inflation target and
welfare weights that differ from society at large. These benchmarks are
given, respectively, by:8

πdisc (ut) = αx̄+ ωut = αx̄+
α

1 + α (1− ρ)
ut

and

πopt (ut) = ω∗ut =
αc

1 + αc (1− ρ)
ut,

where

7 For conciseness, this will be referred to hereafter as simply policy “under discre-
tion” or “discretionary policy.”

8 For a derivation, see Clarida et al. (1999). The use of the optimal linear policy
as a benchmark, as opposed to the global optimal policy, is justified by the fact that
the global optimal policy is history-dependent, and there is no hope that the proposed
mechanism can make the central bank adopt such a policy. Also, as seen below, the
optimal linear policy does seem to dominate any policy implementable with the target
zone.
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αc = (1− ρ) δ.

Note that average inflation in the discretionary case is given by:

E
[
πdisc (ut)

]
= αx̄.

Following the optimal linear policy typically requires a degree of
commitment from the central bank, so it is generally not followed. The
only circumstance in which it is attained is if the central bank has
output gap weight given by αc and target output gap x̄ = 0. This
amounts to putting in place decision makers in the central bank who
are more “conservative” than society in the sense of having a lower
output gap weight α and targeting the natural rate of output rather
than some other level for the output gap.9

The model can be normalized to reduce the number of free pa-
rameters without any loss in generality. One normalization is to set
σ =

√
1− ρ2. This sets the unconditional standard deviation of the ut

shocks to 1. The model can be renormalized by multiplying the loss
function by σ2

1−ρ2 and the constraints by
σ√

1−ρ2
. This means that if

the normalized model implies an optimal zone given by (π∗, B), then

the actual optimal zone should be
(

σ√
1−ρ2

π∗, σ√
1−ρ2

B

)
. Likewise, the

resulting variances and squared inflation bias should be all multiplied
by σ2

1−ρ2 .
Another normalization is to note that if one can redefine variables

so that the welfare weight is reset to α̃ = α
λ2
and the pass-through from

output gap to inflation set at λ̃ = 1. Changes in this parameter will
indicate both the effects of having a more conservative central bank
or less costly short-run trade-off between inflation and the output gap.
The required redefinition is that xt be the direct effect of the output
gap on inflation, normally given by λxt.

2. THE EFFECT OF THE ZONE IN INTRAZONE
POLICY

Krugman (1991) identified what he called a “honeymoon effect”in the
context of exchange rate target zones. His insight was that because the

9 As discussed in Svensson (1997), one can also implement the same policy by in-
stead of requiring the central bank to ignore the target output gap x̄, requesting that
the central bank be “inflation conservative” in the sense of desiring a lower inflation
that what is socially optimal.
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exchange rate is a forward-looking variable, by committing to intervene
so that the exchange rate does not get out of certain bounds, the gov-
ernment can in effect make exchange rates less sensitive to underlying
fundamentals, thus reducing the variability of the exchange rate even
around levels where no intervention takes place. Previous literature,
cited above, has already suggested that the framework may be adapted
to discuss inflation target zones.

I now compare the policy constrained by the zone with the policy
adopted under full discretion. This is done in Figure 1. The blue
lines represent the policy with the target zone, whereas the red lines
represent the policy when there is no such zone. The parameter values
used to plot the figures are α = 3 and x̄ = 0. The latter equality implies
absence of inflation bias in the discretionary policy. The figures in the
left column (1a and 1c) represent inflation as a function of the supply
shock ut, and the figures in the right column its first derivative. For
the upper figures (1a and 1b), the shocks were calibrated to be fairly
persistent, at ρ = 0.8.10

What immediately stands out in figure 1a is that apart from flat-
tening out the reaction of inflation to the shock in the points where
inflation is forced against the edges of the zones, the behavior of infla-
tion within the zone is changed. The π (ut) schedule is both translated
to the right and rotated downwards. This means that for a given shock,
the zone implies a lower inflation level, and for a given change in the
shock, the zone implies a weaker reaction.

To gain intuition on the way in which the target bands affect in-
flation, note that choice of inflation inside the band given by equation
(7) does not depend directly on the target band. The only way in
which the target band can affect inflation inside the band is, therefore,
through its effect on future expected inflation. As the supply shock
ut increases, the probability that the band binds in the next period
increases, thus further truncating the right tail of the distribution of
inflation outcomes. It follows that future expected inflation increases
more slowly with the supply shock than would be the case in the ab-
sence of the target band. The narrower the width of the band, the more
future inflation is truncated for any current value of ut. At the same
time, the choice of location of the target band affects average inflation
by truncating the distribution of future inflation more in one direction
than the other.

Figures 1c and 1d are equivalent to 1a and 1b above, but with i.i.d.
shocks (ρ = 0). By eliminating any source of persistence, the slope

10 This calibration will be used often in the article, and it corresponds to a half
life of approximately three years for the shocks.
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Figure 1 Inflation as a Function of the Supply Shock for
Different Levels of Persistence

Note: Other parameters are set to α = 3, λ =1, and x̄ =0.

of the inflation schedule does not change with the introduction of the
zone, and the nonlinearities within the zone disappear. This is because
with ρ = 0, inflation expectations do not depend on the current state.
It follows that the intrazone policy is described by:

πdt =
α

α+ λ2 [E [πt+1] + λx̄+ ut] . (8)

With ut i.i.d., expected future inflation is given by its unconditional
expectation and does not depend on current values of ut. The slope of
the intrazone policy rule is given by α

α+λ2
, which is identically equal

to ω when ρ = 0. The honeymoon effect disappears. However, the
zone may still have an effect on the intercept of the policy by shifting
E [πt+1] around and thus correcting for eventual inflation biases. In
effect, the translation caused by the shifted π∗ is, if anything, greater
than before.
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In the following two sections, it will be shown how the choice of π∗

and B can be used to affect the outcome in terms of average inflation
and the variances of both inflation and the output gap.

3. USING THE TARGET ZONE TO CHANGE
AVERAGE INFLATION

The original articles on dynamic inconsistency of monetary policy (Kyd-
land and Prescott (1977); Barro and Gordon (1983)) were mainly con-
cerned with the issue of inflation bias. The theory states that the
central banks may fall prey to inflation biases because the natural rate
of output is above what would be the optimal one. For this reason,
central banks would desire to have the output gap permanently at a
level above its natural rate, thus pushing steady-state inflation above
what would be optimal and, because of the long-term neutrality of the
Phillips curve assumed in these models, not achieving their desired goal
in terms of the output gap or unemployment.11

As noted above, in the absence of an inflation target zone, the model
in this paper also implies the existence of such a bias if αx̄ 6= 0. In
particular, I introduce inflation bias in the exercises shown in figures 2a
and 2b by setting x̄ = 1 (the other parameter values are α = 3, δ → 1,
and ρ = 0.8). When plotting these figures, I set the width of the zone
to B = 2.12 While the bias under discretion is different for α = 1 and
α = 3 (and given the parameterization, is in fact equal to α), the point
that minimizes the loss functions and that sets the bias equal to 0 is
close to π∗ = −2 in both cases, so that the upper boundary of the band
is close to zero, the optimal inflation. In figure 2b, variation in α affects
how quickly inflation increases with π∗, with higher α corresponding
to a steeper slope.

It is important to note that in the presence of inflation bias, the
center of the band π∗ does not coincide with average inflation (the set
of points where it does is depicted by the diagonal dashed line in 2b).
The loss-minimizing level of inflation target, in fact, implies inflation to
be persistently above the center of the band. A simple extension of the
model could allow for biases stemming from a preference by the central
bank for lower than optimal inflation. In those cases, one might observe
inflation to be persistently below the center of the inflation target.

11 Whether this characterization of central banks is realistic is open to disagreement,
and at least one insider account, Blinder (1999), disputes this notion.

12 For comparison, the maximal standard deviation that inflation attains in this
class of models (given the normalized variance of the shocks) is the one implied by the
discretionary regime and increases with ω = α

1+α(1−ρ) . For the parameterizations used

here, this is 5/6 for α = 1 and 15/8 for α = 3.
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4. USING THE TARGET ZONE TO CHANGE
INFLATION AND OUTPUT GAP VARIANCES

The monetary policy literature based on new Keynesian type mod-
els, such as the one used here, has recognized that even if there is
not an inflation bias problem, the fact that price-setting behavior is
forward-looking is enough to generate time inconsistency issues in pol-
icy making. This appears typically as inflation that is too variable. In
particular, it can be the case that both output and inflation are more
variable than at the optimum. This behavior is what has been called
the “stabilization bias.” By managing the variances of inflation and
the output gap, the target zone can potentially substantially amelio-
rate this issue.

Figures 2c and 2d show how this is done. For plotting these figures,
the parameter values were set at α = 1, δ → 1, x̄ = 0, and ρ = 0.8.
Also, in all figures, π∗ = 0. A result that is not shown is that under
these conditions, average inflation is not affected by the width of the
zone, but the same would not be true if there were some kind of inflation
bias problem.

Figure 2c shows how the loss function changes as a function of B
and compares it with the loss when there is no zone and when the
optimal linear policy is implemented. The loss attains a minimum at a
point close to B = 0, implying that the chosen parameter values require
a fairly tight but nontrivial target zone to achieve the optimal policy.
It is not generally the case that the optimal zone is positive and finite.
For example, if α = δ and ρ = 0 the optimal zone is to have no zone
at all and to let the central bank pursue a discretionary policy, which
amounts to the same thing as having B →∞.

Another interesting result is that for smaller values of B, the tar-
get bands generate substantial gains relative to the fully discretionary
policy. At the same time, the loss is always larger than the one implied
by the best linear policy, even if at the optimum, it gets very close to
that benchmark.13

The significance of the fact that loss implied by the optimal linear
policy represents a lower bound on the loss function is that, as em-
phasized by Clarida et al. (1999), in the absence of inflation bias, the
optimal linear policy can be interpreted as assigning a central banker
with output gap weight given by (1− ρ) δ. This result implies that the
use of the zone is not a substitute for the appointment of a suitably

13 However, this result could depend critically on the linear-quadratic nature of the
model. For an example of how a departure from such a model can generate target-zone-
type behaviors as optimal policies, see Orphanides and Wieland (2000).
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Figure 2 Effects of Target Bands

Note: Parameters set to α = 1, δ → 1, x̄ = 0, and ρ = 0.8.

“weight conservative”central bank, even though in the example shown
here, it can approximate the outcome to a large extent.

Figure 2d shows how the variances of inflation and output gap
change with the size of the zone. These behave exactly as one would
expect, with inflation variance increasing and output gap variance de-
creasing. However, inflation increases faster than the reduction in the
output gap. This illustrates the fundamental trade-off between infla-
tion and the output gap variability faced in the design of the target
zone.

5. DEFINING THE OPTIMAL ZONE

The results shown above demonstrate that, at least for certain para-
meter values, there is, given π∗, an optimal nonzero and finite value for



128 Federal Reserve Bank of Richmond Economic Quarterly

Figure 3 Contour Set of a Loss Function

Notes: The figure shows the loss function for different values of B and π∗. Red
dots denote loss-minimizing π∗ for different values of B. The figure was plotted
with ρ = 0.8, α = 1, δ → 1, and x̄ = 1. The loss-minimizing B is close to 0.2.

the width of the zone and for a given value of B, an optimal location for
π∗. It seems natural to think that there will be in general an optimal
combination of B and π∗. The loss associated for different values of B
and π∗ are shown in Figure 3. The figure was plotted with ρ = 0.8,
α = 1, δ → 1, and x̄ = 1. The optimal B is small, close to 0.2. The
red dotted line depicts the optimal π∗ for given values of B. Optimal
policy design also involves a negative π∗, which is nevertheless smaller
in absolute value than the inflation bias.

Also, for small-to-medium values of B, the level curves tend to
slope downward, with higher Bs being associated with more negative
values of π∗. The intuition is straightforward. If, for example, B is
set at, say, 0.5 and π∗ at −1, as is optimal when B is very large, this
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Figure 4 Optimal Band Design Given Different Degrees of
Inflation Bias

Note: Parameters set to α = 1, δ → 1, and ρ = 0.8.

means that inflation will always be lower than its optimal long-term
level, which is equal to zero. It follows that if the width of the target
zone is constrained to be very wide, one may want to set the center of
that zone at a lower level than if the width is fairly tight.

Figures 4a through 4c show how the optimal policy changes with
x̄ given α = 1, δ → 1, and ρ = 0.8. First, note that for x̄ = 0, the
optimal zone is centered at 0, as one might expect. As x̄ increases,
the optimal width of the zone increases slowly at first and then, at
around x̄ = 1.5, it starts to grow faster. This behavior is mirored by
the optimal location of the zone, which at first departs only slowly from
its initial value of π∗ and then, from x̄ = 1.5, it starts to decrease at
roughly one for one with the increase in x̄. More interestingly, at some
value of x̄ close to 4, the optimal zone collapses to include only the point
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π = 0. It is as if the mechanism is able to deal with moderate values
of inflation bias, but after a point, it doesn’t have any option better
than just telling the central bank to stick to zero inflation whatever
happens. Figure 4c shows how in the absence of bias, the probabilities
of inflation reaching either side of the zone are equal and sizable. As
x̄ increases, the probability of inflation reaching the upper part of the
zone increases, and the probability of reaching the lower part decreases.
The optimal zone in the presence of a moderate inflation bias will tend
to be asymmetric not only in the sense that average inflation will exceed
the center of the zone, but also in the sense that it will reach the upper
edge of the zone more often than its lower edge.

6. CONCLUSIONS, CAVEATS, AND DIRECTIONS
FOR FUTURE WORK

Blinder (1999) commented about how economists often behave as in the
joke in which one of them is confronted with some real-world fact and
asks himself or herself about whether it is also true in theory. This is
in some sense exactly what was done in this paper. The use of inflation
target zones is fairly common among inflation-targeting countries. Not
only their location, but also their width varies from country to country,
and the latter is often regarded as being too “tight” in the sense that
inflation hits its edges too often.

The model presented in this paper provides a theoretical rationale
for these real-world facts. The use of inflation target zones is shown
to be able to eliminate the inflation bias (which leads to inflation that
is too high) and, at least in some circumstances, significantly reduce
the stability bias (which leads to inflation that is too volatile). Also,
in this model, the zone’s optimal width and location depend in com-
plicated ways on the underlying parameters of the economy. Finally,
the tightness of the zone emerges endogenously from the optimization
of the policy designer, so that it is to be expected that whenever one
thinks that the zone can be used to deal with the stability bias issue,
one would see inflation reaching its edges fairly often.

The ability of the inflation target band to approximate optimal pol-
icy under commitment is limited because it cannot make policy history
dependent. At the same time, the numerical simulations imply that it
can approximate the best linear, non-history-dependent policy.

In terms of empirical applications, the model implies there is an
inflation bias, and if the zone is being set optimally, inflation should be
on average above the center of the target zone, and one should see it
touch the upper edge of the zone more often than the lower edge. This
would serve as a test both of the adequacy of this model, in case one is
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willing to maintain the hypothesis that the inflation bias exists, and as
a test of the existence of an inflation bias if one is willing to maintain
the hypothesis that the model is a valid description of reality.

It would be interesting to evaluate what changes in the model could
allow it to account for the inflation persistently below target observed in
the United States in the past years. Those changes are unlikely to stem
from a central bank that pursues a negative output gap, while economic
distortions such as market power would typically lead the natural rate
of output to be below the first-best. More likely, the model would
suggest inflation may fall persistently below target if central bank staff
has a preference for inflation that is below the one that the Federal
Reserve communicates to the public. For example, to the extent that
the experience of run-away inflation in the 1970s still looms large as a
cautionary tale for the current generation of central bank leadership,
this could lead to a negative inflation bias.

The main caveat to the findings shown here is that the results
came from a very simplified model. Future work should try to evaluate
which of these results are robust to the introduction of a more realistic
utility function that gives weight to other features of the distribution
of inflation and output gap apart from their mean and variance or
nonlinearities in the Phillips curve, along the lines of what has been
done by Orphanides and Wieland (2000). More importantly, there
should be some investigation into how well the target zone fares when
there is persistence not only in the shocks, but in the inflation and
output gap processes as well.
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APPENDIX

Proposition 1 Let the operator T be given by the algorithm presented
in Section 2. Then for λ = 1, T is a contraction with modulus α

α+1 .

I will show that T is a contraction by showing that it satisfies
the Blackwell suffi cient conditions. First, note that there is no loss
in generality in focusing our attention on bounded π (.) as for given
finite B and π∗, π (.) is necessarily bounded. To show that T is a
contraction, one has to show, furthermore, that it satisfies the following
two conditions:

i) T is monotone:

π ≤ π′ ⇒ Tπ ≤ Tπ′.

I have after setting λ = 1 that

πd,n+1 (ut) =
α

α+ 1
(Et [πn (ut+1)] + x̄+ ut) .

By the properties of the expectations operator, if πn′ (ut+1) ≥
πn (ut+1) ∀ut+1, then it must be the case that πd,n+1′ (ut) ≥ πd,n+1 (ut) ∀ut.
As πn+1 (ut) is such that if πd,n+1 (u) ≥ πd,n+1 (u′), then πn+1 (u) ≥
πn+1 (u′). It must therefore be the case that πd,n+1′ (ut) ≥ πd,n+1 (ut) ∀ut,
establishing the result.

ii) Discounting:

∃ δ ∈ (0, 1) s.t. T (π + c) (ut) ≤ T (π) + δc, c ≥ 0

Let πn′ (ut) = πn (ut) + c with c > 0. Then
...

πd,n+1′ (ut) =
α

α+ 1
(Et [πn (ut+1) + c] + x̄+ ut)

= πd,n+1 (ut) +
α

α+ 1
c. (9)

To see that this implies that πn+1′ (ut) ≤ πn+1 (ut) + α
α+1c, note

that
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πn+1 = max
(

min
(
πd,n+1, π∗ +B

)
, π∗ −B

)
πn+1′ = max

(
min

(
πd,n+1′, π∗ +B

)
, π∗ −B

)
.

If 2B < α
α+1c, then we are done. Otherwise, there are five relevant

cases:

1 : πd,n+1′ (ut) < πd,n+1 (ut) ≤ π∗ −B, and
2 : π∗ +B ≤ πd,n+1′ (ut) < πn+1 (ut) .

In these two cases, πn+1 (ut) = πn+1′. The third case is

3 : π∗ −B < πd,n+1′ (ut) < πd,n+1′ (ut) < π∗ +B.

In this case, πn+1 (ut) = πd,n+1 (ut), and πn+1′ (ut) = πd,n+1′ (ut),
so that equation (9) holds. The last two cases are:

4 : πd,n+1′ (ut) ≤ π∗ −B < πd,n+1 (ut) .

5 : πd,n+1′ (ut) ≤ π∗ +B < πd,n+1 (ut) .

In both of these cases, πn+1 (ut)−πn+1′ (ut) ≤ πd,n+1 (ut)−πd,n+1′ (ut),
establishing the result. So with δ = α

α+1 < 1, the discounting property
is established.
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