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WHAT IS THE OPTIMAL RATE OF INFLATION? 
 

 A classic question in macroeconomics. 

 Central banks in the majority of developed countries use implicit or explicit inflation target of 
1 to 3 percent per year.  

 Recent interest is reignited by hitting the zero lower bound on nominal interest rates  

“The crisis has shown that interest rates can actually hit the zero level, and when this happens it is 
a severe constraint on monetary policy that ties your hands during times of trouble. As a matter of 
logic, higher average inflation and thus higher average nominal interest rates before the crisis 
would have given more room for monetary policy to be eased during the crisis and would have 
resulted in less deterioration of fiscal positions. What we need to think about now is whether this 
could justify setting a higher inflation target in the future.” 

Olivier Blanchard, February 12th, 2010 
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WHY IS BINDING ZLB BAD? 

 The Fed can’t stimulate the economy using conventional tools.  
 

 Policy rate unresponsive to developments in the economy raises the possibility of 
indeterminate (“sunspot”) equilibria. 
 

 As a result:  
a. more macroeconomic volatility 
b. deflation spirals 
c. low-growth traps 
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WHY IS BINDING ZLB BAD? 

 The Fed can’t stimulate the economy using conventional tools.  
 

 Policy rate unresponsive to developments in the economy raises the possibility of 
indeterminate (“sunspot”) equilibria. 
 

 As a result:  
a. more macroeconomic volatility 
b. deflation spirals 
c. low-growth traps 

 

Policymakers should want to avoid ZLB and raising trend inflation can help in this regard. 

BUT THE COST DEPENDS ON THE DURATION OF A BINDING ZLB EPISODE. 
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ZLB DURATIONS IN DSGE MODELS 

 Reifschneider and Williams (2000), Chung et al. (2012):  
 The frequency of ZLB for three popular DSGE models estimated on the post-WWII, pre-

2007 data is typically less than 5 percent.  
 ZLB episodes longer than 8 quarters can be observed less than 1 percent of the time.  
 For the Great Moderation period, ZLB episodes are even shorter and less frequent.  

  



9 
 

ZLB DURATIONS IN DSGE MODELS 

 Reifschneider and Williams (2000), Chung et al. (2012):  
 The frequency of ZLB for three popular DSGE models estimated on the post-WWII, pre-

2007 data is typically less than 5 percent.  
 ZLB episodes longer than 8 quarters can be observed less than 1 percent of the time.  
 For the Great Moderation period, ZLB episodes are even shorter and less frequent.  

 Adam and Billi (2007) 
 The likelihood of being at the ZLB for more than 4 quarters is mere 1.8%. 

  



10 
 

ZLB DURATIONS IN DSGE MODELS 

 Reifschneider and Williams (2000), Chung et al. (2012):  
 The frequency of ZLB for three popular DSGE models estimated on the post-WWII, pre-

2007 data is typically less than 5 percent.  
 ZLB episodes longer than 8 quarters can be observed less than 1 percent of the time.  
 For the Great Moderation period, ZLB episodes are even shorter and less frequent.  

 Adam and Billi (2007) 
 The likelihood of being at the ZLB for more than 4 quarters is mere 1.8%. 

 Billi (2011)  
 the ZLB binds 4 percent of the time and the average duration of ZLB is only 2 quarters.  

  



11 
 

ZLB DURATIONS IN DSGE MODELS 

 Reifschneider and Williams (2000), Chung et al. (2012):  
 The frequency of ZLB for three popular DSGE models estimated on the post-WWII, pre-

2007 data is typically less than 5 percent.  
 ZLB episodes longer than 8 quarters can be observed less than 1 percent of the time.  
 For the Great Moderation period, ZLB episodes are even shorter and less frequent.  

 Adam and Billi (2007) 
 The likelihood of being at the ZLB for more than 4 quarters is mere 1.8%. 

 Billi (2011)  
 the ZLB binds 4 percent of the time and the average duration of ZLB is only 2 quarters.  

 Amano and Shukayev (2012)  
 the probability of hitting the ZLB is 1.7% per quarter (i.e., a 4-quarter ZLB episode 

occurs once every 60 years).  

  



12 
 

ZLB DURATIONS IN DSGE MODELS 

 Reifschneider and Williams (2000), Chung et al. (2012):  
 The frequency of ZLB for three popular DSGE models estimated on the post-WWII, pre-

2007 data is typically less than 5 percent.  
 ZLB episodes longer than 8 quarters can be observed less than 1 percent of the time.  
 For the Great Moderation period, ZLB episodes are even shorter and less frequent.  

 Adam and Billi (2007) 
 The likelihood of being at the ZLB for more than 4 quarters is mere 1.8%. 

 Billi (2011)  
 the ZLB binds 4 percent of the time and the average duration of ZLB is only 2 quarters.  

 Amano and Shukayev (2012)  
 the probability of hitting the ZLB is 1.7% per quarter (i.e., a 4-quarter ZLB episode 

occurs once every 60 years).  

 Schmidt-Grohe and Uribe (2010)  
 to hit the zero bound “…the nominal interest rate … must fall more than 4 standard 

deviations below its target level” thus making ZLB an extremely rare event. 

 

  



13 
 

ZLB DURATIONS IN DSGE MODELS 

 Reifschneider and Williams (2000), Chung et al. (2012):  
 The frequency of ZLB for three popular DSGE models estimated on the post-WWII, pre-

2007 data is typically less than 5 percent.  
 ZLB episodes longer than 8 quarters can be observed less than 1 percent of the time.  
 For the Great Moderation period, ZLB episodes are even shorter and less frequent.  

 Adam and Billi (2007) 
 The likelihood of being at the ZLB for more than 4 quarters is mere 1.8%. 

 Billi (2011)  
 the ZLB binds 4 percent of the time and the average duration of ZLB is only 2 quarters.  

 Amano and Shukayev (2012)  
 the probability of hitting the ZLB is 1.7% per quarter (i.e., a 4-quarter ZLB episode 

occurs once every 60 years).  

 Schmidt-Grohe and Uribe (2010)  
 to hit the zero bound “…the nominal interest rate … must fall more than 4 standard 

deviations below its target level” thus making ZLB an extremely rare event. 

 Coibion, Gorodnichenko, and Wieland (2012) 
 Unconditional probability of hitting ZLB is 5%. 
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POST-WAR EXPERIENCES WITH THE ZLB 

 

   Duration 
(quarters)

Duration 
(years) 

Unconditional 
Frequency of 

ZLB 
      
Average:   14.2 3.6 0.075 
Average with all Euro countries: 12.3 3.1 0.085 
Average w/o Japan: 11.5 2.9 0.058 
Average w/o Norway, Australia & NZ: 14.2 3.6 0.108 
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DISTRIBUTION OF HISTORICAL ZLB DURATIONS 
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HOW LONG WOULD ZLB BIND IN THE U.S.? 

 
Source: Swanson and Williams (AER 2014) 
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HOW LONG WOULD ZLB BIND IN THE U.S.? 

 
Source: Swanson and Williams (AER 2014) 

ZLBs in models used by researchers and policymakers may be too short and too rare to matter. 
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PREVIEW OF THE PAPER 
 

 Allow for positive steady state inflation rate in the basic New Keynesian model.  

 Use second-order approximation to the consumer’s utility for welfare calculations.  

 Explicitly incorporate zero-lower bound on nominal interest rates.  

 Consider alternative assumptions on how to model ZLB episodes. 

 Simulate the model to assess the optimal rate of inflation.  
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PREVIEW OF THE PAPER 
 

 Allow for positive steady state inflation rate in the basic New Keynesian model.  

 Use second-order approximation to the consumer’s utility for welfare calculations.  

 Explicitly incorporate zero-lower bound on nominal interest rates.  

 Consider alternative assumptions on how to model ZLB episodes. 

 Simulate the model to assess the optimal rate of inflation.  
 

The optimal inflation rate is low (between 1% and 3%) but the magnitude can strongly vary 
depending on assumptions about ZLB duration. 
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CONTRIBUTION TO PREVIOUS WORK 

 Optimal inflation in “modern” macroeconomic models 

o Billi (2009) and Walsh (2009): linearize around zero steady state inflation 

o Williams (2009): use FRB model (neither model nor welfare function are microfounded) 

o Schmidt-Grohe and Uribe (2007), Aruoba and Schorfheide (2009):  

 Incorporate motives to hold real money balances; 

 Focus on steady-state effects and introduce extensive indexation. 

 “No” zero lower bound. 

o Coibion, Gorodnichenko, and Wieland (2012): short-lived ZLB episodes 

 Main difference from previous work 

o Consider long-lived ZLB  
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MODEL SUMMARY 

  

 Labor Supply 
 
 
 

 Consumption 
 
 
 

 Saving/Borrowing 
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Consumer 



22 
 

MODEL SUMMARY 

  

A
N(i) 

Y(i) 

Intermediate 
goods producers 

with sticky 
prices

 Labor Supply 
 
 
 

 Consumption 
 
 
 

 Saving/Borrowing 

Representative 

Consumer 

Technology 



23 
 

MODEL SUMMARY 

  

G

A
N(i) 

Y(i) 

Intermediate 
goods producers 

with sticky 
prices

 Labor Supply 
 
 
 

 Consumption 
 
 
 

 Saving/Borrowing 

Representative 

Consumer 

Technology 

Perfectly 
competitive final 
goods sector (Y) 

C Government 



24 
 

MODEL SUMMARY 
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NEW KEYNESIAN MODEL  
Taylor rule:  

௧ݎ̂ ൌ max	ሼ̂ݎ௧∗, െ̅ݎሽ,  
∗௧ݎ̂ ൌ ∗௧ିଵݎଵ̂ߩ ൅ ∗௧ିଶݎଶ̂ߩ ൅ ሺ1 െ ଵߩ െ ො௧ߨଶሻൣ߶గߩ ൅ ߶௬ݕො௧ ൅ ߶௚௬݃ݕෞ௧൧ ൅  , ௧௥ߝ

IS curve (consumption Euler equation):  
መ௧ߦ ൌ መ௧ାଵߦ௧ൣܧ ൅ ௧ݎ̂ െ ො௧ାଵߨ ൅ ො௧ݑ

௤൧,  

where ߦመ௧ ൌ
௛

ሺଵି௛ሻሺଵିఉ௛ሻ
ܿ̂௧ିଵ െ

ଵାఉ௛మ

ሺଵି௛ሻሺଵିఉ௛ሻ
ܿ̂௧ ൅

ఉ௛
ሺଵି௛ሻሺଵିఉ௛ሻ

 ,௧ܿ̂௧ାଵ is the MU of consumptionܧ

ො௧ݑ
௤ is the risk premium shock. 
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ො௧ݑ
௤ is the risk premium shock. 

Phillips curve:  

ቀ1 ൅ ഇ
ആቁ ቀ

ఒஈഥሺಐషభሻ

ଵିఒஈഥሺಐషభሻ
ቁ ො௧ߨ ൌ 	∑ ଶߛൣ

௝ሺ1 െ ଶሻߛ െ ଵߛ
௝ሺ1 െ ଵሻ൧ஶߛ

௝ୀ଴ ො௧ା௝ݕൣ ൅   መ௧ା௝൧ߦ

൅ሺ1 െ ∑ଶሻߛ ଶߛ
௝ ቂభആݕො௧ା௝ െ መ௧ା௝ቃஶߦ

௝ୀ଴   

൅∑ ቂߛଶ
௝ାଵߠ ቀ1 ൅ భ

ആቁ െ ଵߛ
௝ାଵሺߠ െ 1ሻቃஶ

௝ୀ଴ ො௧ା௝ାଵ൧ߨ௧ൣܧ ൅  , ො௧௠ݑ
where ߛଵ ൌ ଶߛ Πഥሺ஘ିଵሻ andߚߣ ൌ  ො௧௠ isݑ ,ଵΠഥሺଵାఏ/ఎሻ ,  Πഥ is the level of (gross) trend inflationߛ
the cost-push shock.  
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଴߆ ൅ ො௧ሻݕሺݎܽݒଵ߆ ൅ ො௧ሻߨሺݎܽݒଶ߆ ൅ 	ሺܿ̂௧ሻݎܽݒଷ߆
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RISK PREMIUM SHOCK  
IS curve (consumption Euler equation):  

መ௧ߦ ൌ መ௧ାଵߦ௧ൣܧ ൅ ௧ݎ̂ െ ො௧ାଵߨ ൅ ො௧ݑ
௤൧,  

where ݑො௧
௤ is the risk premium shock. 

ො௧ݑ
௤ is a reduced-form approach to generate binding ZLB.  

 

  



29 
 

RISK PREMIUM SHOCK  
IS curve (consumption Euler equation):  

መ௧ߦ ൌ መ௧ାଵߦ௧ൣܧ ൅ ௧ݎ̂ െ ො௧ାଵߨ ൅ ො௧ݑ
௤൧,  

where ݑො௧
௤ is the risk premium shock. 

ො௧ݑ
௤ is a reduced-form approach to generate binding ZLB.  

 

Standard assumption: AR(1) 
ො௧ݑ
௤ ൌ ො௧ିଵݑ௤ߩ	

௤ ൅	ߝ௧
௤ with ߝ௧

௤~݅݅݀	ܰሺ0,   ௤ଶሻߪ
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Standard assumption: AR(1) 
ො௧ݑ
௤ ൌ ො௧ିଵݑ௤ߩ	

௤ ൅	ߝ௧
௤ with ߝ௧

௤~݅݅݀	ܰሺ0,   ௤ଶሻߪ

 

Alternative assumption: Regime-switching 

ො௧ݑ
௤ takes two values: 0 and Δ ൐ 0 

Probability of switching from 0 to Δ is i.i.d. and equal to ݌ଵଶ 

Once switched to Δ, ݑො௧
௤ stays at the elevated level for ௤ܶ period and then returns to 0. 
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BASELINE PARAMETERS 

 

 Degree of price stickiness: firms update prices every 7 months on average (no indexation). 
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BASELINE PARAMETERS 

 

 Degree of price stickiness: firms update prices every 7 months on average (no indexation). 

 

 Taylor Rule parameters from Coibion and Gorodnichenko (AER 2011). 

 

 Persistence and variance of shocks from Smets and Wouters (AER 2007). 

 
 Persistence of risk-premium shocks: consider a range of possibilities. 
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THE OPTIMAL INFLATION RATE IN THE BASELINE CALVO MODEL 
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THE OPTIMAL INFLATION RATE IN THE BASELINE CALVO MODEL 

 
The optimal rate of inflation is 1.5% 

  

0 1 2 3 4 5
-0.06

-0.055

-0.05

-0.045

-0.04

-0.035

-0.03

-0.025

-0.02

-0.015

Steady state inflation, % per year

U
til

ity

 

 

Baseline model
Baseline model without ZLB
Baseline model, all approximations around zero trend inflation



37 
 

UNCONDITIONAL FREQUENCY OF ZLB EPISODES 

     Panel A: AR(1) model    Panel B: Regime-switching model 
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DURATION OF ZLB EPISODES 
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DURATION OF ZLB EPISODES WITH AR(1) SHOCKS 
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DURATION OF ZLB EPISODES WITH REGIME-SWITCHING SHOCKS 

 
Regime-switching approach appears to be a better way to approximate the distribution of 

ZLBs in the data. 
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WELFARE LOSSES AT FIXED FREQUENCY OF ZLB 

     Panel A: AR(1) model    Panel B: Regime-switching model 
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COST OF ZLB PER HIT 

     Panel A: AR(1) model    Panel B: Regime-switching model 
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OPTIMAL INFLATION FOR DIFFERENT FREQ. AND DURATIONS OF ZLB EPISODES 

     Panel A: AR(1) model    Panel B: Regime-switching model 
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Plausible range 



50 
 

OPTIMAL INFLATION WITH DIFFERENT SIZES OF SHOCKS TO RISK PREMIUM 

Regime-switching model 
Panel A: Δ = 6%         Panel B: Δ = 12% 
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CONCLUSIONS 

 Economies rarely hit the ZLB, but when they do, these episodes tend to be long-lived.  
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