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Abstract

The 2008 Financial crisis has spurred renewed interest in tools in pre-

venting, rescuing, and recovering from crisis, while maintaining stable

inflation. Inflation Targeting has enjoyed relative success in many

implementing countries around the world, though are there better al-

ternatives still? Price Level Targeting and Average Inflation Targeting

are contending alternatives which may lead to better outcomes. What

does the crisis imply for these regimes when trouble is ran into?

Using a medium-scale DSGE model with the financial accelerator, we

compare across these two, and a Baseline (Inflation Targeting) using

a three point criteria. The three points are (1) Operational flexibil-

ity, how easily it can move between objectives and whether trade-offs

exists (2) Whether it can avoid the Zero Lower Bound (3) How effec-

tively it responds to Monetary Policy, Financial, and Government shocks.

I find that Average Inflation Targeting has clear advantages to the other

two regimes on points 1 and 2. Price Level Targeting follows closely behind

though possesses trade-offs between interest rates and inflation. The Baseline

performs poorest. In terms of avoiding the Zero Lower Bound, there is no

strong difference between the three regimes.
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1 Introduction

The 2008 Financial Crisis has sparked renewed interest on the tools available for

monetary policy in preventing, rescuing and recovering from crisis all whilst main-

taining stable inflation. Inflation targeting (IT) has enjoyed relative success since

its implementation by a large handful of countries, and although the US does not

formally implement such a regime there is an ongoing search for better alternatives.

A possible alternative. Price Level Targeting (PLT) is anticipated by research to be

able to deliver a more stable price level than IT and protect against the possibility

of a liquidity trap. However real experience with PLT is limited and its benefits

remain largely unseen. A second alternative is Average Inflation Targeting (AIT).

Under this regime the average inflation rate across several periods is taken into ac-

count, rather than a single period considered under most IT regimes. PLT and AIT

are unique in that they are longer horizon regimes in contrast to more discretionary

single period specifications.

What is of interest then: What does the financial crisis and post-recovery period

imply for these alternative monetary regimes? Can they can lead to better outcomes

in crisis conditions?

Price Level Targeting establishes an objective trajectory for the price level over

the long term by the central bank. To ensure that the price level remains near

target, the inflation rate is made random walk stationary. This is achieved through

undoing past deviations of the price level from target in the future. The implication

is a trade-off of output variability for more stable inflation, as the central bank uses

conventional tools to undo deviations. However forward-looking agents may mitigate

or eliminate this trade-off as their inflation expectations align with the price target.

Strong central bank credibility is essential to this.

The benefits of PLT include a more stable and predictable price level, which allow a

more certain environment for economic planning, lower risk premiums and inflation

costs. Another crucial benefit of PLT is an ability to both prevent and lift out of the

zero lower bound, and down the track a liquidity trap and deflation. The consensus

is that given strong credibility of a central bank in implementing PLT, agents would

expect that the trajectory of the price level would remain on target and inflation in

consequence would steer clear of deflation.

Average inflation targeting (AIT), a variant of inflation targeting, differs in consid-

ering the average of inflation across several years, that may include both past and

future periods as a target. Inflation targeting focuses only on the current period in

most instances. Possessing a comparatively broad horizon similar to PLT but having
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no commitment to undoing past deviations (or bygones are bygones) AIT is fairly

unique as a stand between IT and PLT. It should be considered seriously to test-

ing PLT’s viability as a monetary regime while also being a contending alternative

regime.

To conduct my research I compare across three monetary regimes (IT, PLT, AIT) I

complete an extension on the DSGE framework from Christensen and Dib (2008). In

their paper they test and find relevance of the financial accelerator to a medium sized

Dynamic Stochastic General Equilibrium (DSGE) using US data. DSGE is useful to

study the effect of shocks to a micro-founded general equilibrium framework. This

is a strong fit to model the effects of a financial crunch, which saw the transfer of

trouble from financial to non-financial firms. I choose their model as the financial

accelerator is a relevant financial friction that can replicate well the mechanics of

the financial crisis and that their sample and data can be readily extended quickly

to the present.

My contribution is introducing financial and government spending shocks to Chris-

tensen and Dib (2008) to replicate the financial crisis (crunch in the risk premium)

while also observing the effect of a stimulus program between the three regimes.

Alongside I also update the sample of US data (2014Q1) which includes the fi-

nancial crisis and post-recovery period (their sample ends in 2004Q1) while also

adjusting the start to begin right after the 1991 US recession (their sample begins

in 1979Q3). Furthermore I complete Bayesian estimation to their model whilst they

completed estimation by maximum likelihood. The allowance of informative priors

lead to better identified parameter estimates.

A three point criteria is used to evaluate between the regimes: (1) Operational

flexibility – whether the regime can switch between objectives with minimal costs

to variability, furthermore if there are trade-offs between objectives i.e. between

inflation and output variability (2) Whether it can minimise or avoid hitting the

zero lower bound (3) Sensible and effective responses to shocks especially to an

financial shock coupled with a government shock. Ideally a regime should have a

clear advantage across these three points though these are not necessary conditions.

What is looked for is which regime performs better.

Average Inflation Targeting is the recommended regime of the set presented as it

has the most operational flexibility and no trade-offs between objectives during

the crisis and post recovery. Furthermore it is found to transmit a government

stimulus in financial crisis conditions most effectively. Price Level Targeting is found

to have a trade-off between nominal interest and inflation variability and has a

desirable tendency to return inflation deviations to steady-state after shocks. The
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Baseline performs worst in operational flexibility as it possesses the least room to

move between objectives and has a generally higher level of variability. Moreover

it has a costly trade-off between inflation and interest rate variability in the crisis

period. However despite all this it is found to be the most effective transmitter of a

positive government shock independent of a financial shock. Lastly there is no non-

trivial difference between regimes in terms of avoiding the Zero Lower bound.
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2 Literature Review

2.1 Price Level Targeting

Inflation Targeting (IT) has enjoyed relative success in bringing unprecedented price

stability for implementing countries. The natural question then is: can price stability

be made better still with some alternative? If so how? Price Level Targeting (PLT)

is such an alternative. It is distinct that instead of targeting the inflation rate it

must set some trajectory for the price level implicating careful control of inflation.

The below diagram demonstrates:

Left - Inflation Levels (Assuming inflation target of 2 percent) Right - Price Levels

Inflation and the price level both need to follow Path A for a PLT regime to work.

Path B, where inflation remains at a generally elevated level, or path C, the converse,

lead to an unstable price level. To ensure that inflation follows path A, where it is

stationary, a PLT regime needs to undo any deviations from target to avoid paths

B and C. Stationary inflation carries the benefits of (1) better long term planning

for agents, as prices are more predictable (2) lower inflation costs (3) lower interest

rates both short term and long term. In contrast to Inflation Targeting it cannot

let bygones be bygones (where previous missed targets do not need to be undone

in the future) and as a consequence PLT is anticipated to carry a trade-off between

output and inflation variability as past deviations must be undone in the future.

The trade-off is a contentious issue pertaining to PLT.

Svensson (1996) using a model where a monetary authority optimises a loss function

with respect to a Neoclassical Phillips curve finds that PLT can outperform IT given

some degree of output persistence. The following illustrates Svensson’s model to also

demonstrate Price Level Targeting’s representation in New-Keynesian models which

this paper includes.
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The central bank utilises a quadratic loss function (1) as its objective to guide its

decisions where priorities are between stabilising inflation over the long run and the

output gap in the form of:

Lt =
1

2
[(πt − π∗)2 + λ(yt − y∗)2] (1)

(1) is the Inflation Targeting form of the objective function where πt is the inflation

rate and π∗ is the socially best inflation rate. yt is output and y∗ is potential

output. A traditional Philips Curve (2) serves as the constraint to the problem

which substitutes between inflation (π) and the output gap (y) over the short term.

The central bank is assumed to have perfect control over inflation.

yt = ρyt−1 + α(πt − π∗t ) + εt (2)

The corresponding Price Targeting loss function takes the form:

Lt =
1

2
[(pt − p∗)2 + λ(yt − y∗)2] (3)

Where pt denotes the price level andp∗t is the socially best price level.

Output gap persistence incorporates labour market and price stickiness ensuring that

monetary policy is effective on real variables in the model. The decision rules are

endogenous which together with PLT or IT processes determine equilibrium.

The key result from Svensson is that given output gap persistence higher than 0.5

a discretionary1 PLT regime results in lower inflation variability compared to a

discretionary IT regime. This is because under IT inflation depends on the output

gap while under PLT inflation it depends on the first differences in the output gap.

Output variability between the two regimes however remains similar.

Dittmar and Gavin (2000) consolidates Svensson’s finding where output persistence

remains a key determinant if the Phillips curve is New-Keynesian.2 Svensson found

his result using a Neoclassical form. Further Vestin (2000) finds that the result is de-

pendent on the forward-looking degree of the Phillips curve. The trade-off between

output/inflation variability may be solved by forward-looking behaviour of agents

under a PLT regime through an expectations channel. Should a central bank miss a

1A discretionary monetary regime sets inflation expectations. This is differetiated from commit-
ment regimes where inflation expectations are taken as given and are thus made time consistent

2The New Keynesian Phillips Curve incorporates expected future inflation while a Neo-classical
specification incorporates pre-determined current inflation, Barnett and Engineer
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target forward looking agents would expect that future inflation would over/under

shoot the target in the future to undo deviations and revise their inflation expec-

tations accordingly. As a result forward looking elements feature in many models

of PLT including Dynamic Stochastic General Equilibrium (DSGE) models and by

extension the one used here. However a central bank requires strong credibility

amongst agents and must assume they are rational to develop their forward expec-

tations. These lead to more issues further down the road. Price Level Targeting

may not be subject to as strong a trade-off between output/inflation as anticipated

though its viability is still not completely clear.

2.2 Price Level Targeting and Financial Frictions

Price Level Targeting has important implications and interest for asset prices and

financial markets because of its effect on the expectations channel and stationary

inflation. Asset prices and interest rates should become more stable under a PLT

regime. Covas and Zhang (2010) using a DSGE model featuring the financial ac-

celerator as a financial friction, forward-looking Philips Curve, and Canadian data

performs a welfare analysis finding that PLT performs better than IT. Further PLT

performs better still if the monetary authority targeted assets. Bailliu et al. (2012)

uses a similar specification to Covas and Zhang , and the model here, and finds a

favourable result for PLT if the monetary authority had access to macro prudential

tools that have direct effect over the risk premium.

Aside from these benefits PLT has also been anticipated to protect against the

zero lower bound (ZLB). Through the expectations channel agents believing in the

credibility of the central bank would believe that inflation would remain on target,

and any threat of deflation is mitigated. Subsequently there should be lower chances

that the central bank may be forced to hit the ZLB. Whether PLT can deliver such

outcomes would be important for monetary policy choices, as unconventional tools

are the only next best option should the ZLB be reached. Unconventional tools saw

mixed success across the financial crisis and carry unwinding costs making them not

entirely clear as effective alternatives. This issue’s importance is visited here as a

result.

8



2.3 Average Inflation Targeting

Average Inflation targeting is a variant of inflation targeting where the average infla-

tion over several periods instead of a single period is taken as a target. The horizon

captured in the target can include both past and expected inflation rates. This

places it in the middle between Price Level Targeting and Inflation Targeting.

AIT can still allow bygones to be bygones and is not obliged to ensure inflation

is stationary through undoing deviations. Inflation should not be assumed to be

near stationary under AIT though it is likely to lead to lower inflation variability

compared to its one period counterpart. What is of interest is whether these factors

may allow AIT to replicate PLT’s main advantages without its limitations. Nessén

(2002) finds in using an optimal monetary policy model that an AIT performs as well

as PLT when the allowed horizon to return to pre-shock levels goes to infinity and

the central bank gives no weight to output stabilisation. Should the central bank

give any weight to output then the similarities only arrive asymptotically. Nessén

and Vestin (2005) finds that a PLT only performs better than AIT when the Phillips

curve is purely forward looking. Though he finds that should the Phillips Curve have

any forward looking components then AIT is preferred to IT.

The mechanics of an AIT regime are presented by King (1999) to demonstrate its

place between inflation targeting and PLT regimes. Given a basic standard Taylor

rule of the form (4) and an operational overall inflation target that incorporates

average inflation target π∗ and percentage deviation of the price level from a price

level target given by (5)

it = i∗ + λ1(yt − y∗) + λ2(πt − π∗) (4)

π∗∗ = π∗ − 1

H
(
pt − p∗t
p∗t

) (5)

Where H is the horizon chosen by the central bank to return to price level target.

Taylor Rule (4) weighs the output gap, deviation from inflation and interest rate

smoothing. A new combined Taylor rule can be shown of the form (6) where π∗∗ is

substituted into π∗ of (4).

it = i∗ + λ1(yt − y∗) + λ2(πt − π∗) + λ3(
pt − p∗t
p∗t

) (6)

Where λ3 = λ2
H
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Dynamically if the central bank chose H to increase without limit then it implies

that the central bank shows no care for the price target and (6) would return to (4).

However should they decide to take then that implies an immediate return to target

and correspondingly higher output volatility. As a result a middle way between these

two extremes should be chosen where a balance between price and output volatility

can be achieved. This middle way is average inflation targeting.

King (1999) suggests that AIT can deliver the same long term price stability as a

PLT regime can without bringing sharp immediate returns to an intended price path.

Moreover suggesting that the horizon that an AIT regime should attempt to return

to path can be up to a decade. Finally both regimes can be merged to form more

comprehensive objectives such as discrete five year renewals of the inflation target

and taking action should the price path deviate over some critical level. Though

no country in the world has yet to implement such a sophisticated system only the

Reserve Bank of Australia is closest to an AIT regime by targeting over the business

cycle.

Although PLT is often compared to IT, it is also useful to research into how similar an

AIT regime can replicate PLT in New Keynesian models. Although King’s proposal

is more than a decade old it is a proposal still worth investigating. The presence of

an AIT case in this paper is then essential for this purpose.

2.4 Financial Frictions

Since the 2008 financial crisis there has been renewed interest into financial frictions

together with financial shocks in macroeconomic modelling. Before the crisis central

banks recognised possible negative impacts of financial disruptions to the economy

though financial frictions absent from central bank models, Mishkin (2011). The

financial accelerator has featured prominently in the literature and can be mod-

elled into two separate variants under the New Keynesian framework. One form

was introduced by Bernanke et al. (1994) which focuses on loan prices between

entrepreneurs(borrowers) and financial intermediaries and the other based on loan

quantities by Kiyotaki and Moore (1997). The model here uses the former.

Entrepreneurs within the financial accelerator are required to seek external financ-

ing from financial intermediaries to continue both their operations and purchase

new capital, together with Information asymmetries these make general common

characteristics in both forms of the financial accelerator.

Bernanke et al. (1994) reflect better the mechanics and drivers of the financial crisis

and its propagation in the context of micro foundations. Because of information

10



asymmetry entrepreneurs when they find no benefit in continuing to service loans

will seek to default at the cost of the intermediary. The intermediary must incur

monitoring costs to collect any collateral while in the process raise the external risk

premium in response to increases in riskiness and defaults. As a consequence of a

higher risk premium more entrepreneurs will default and this may set off a renewed

and repeating cycle to the financial intermediary in an “accelerated” fashion.

In comparison Kiyotaki and Moore (1997) assume instead that financial interme-

diaries are unable to both monitor and recover lost collateral. As a result lending

would only occur to more highly secured borrowers. The same shocks that may

affect entrepreneur ability to service loans or provide collateral would then limit

the quantity of loans made available by lenders instead, causing the risk premium

crunches. The constraining of the quantity of loans should then push downward

pressures on investment and aggregate expenditure further reducing entrepreneur

ability to obtain credit beginning the downward cycle.

Bernanke et al. (1994) stands closer to the correct mechanics of credit market seizure

as intermediaries are more likely to offer sharply higher risk premiums and continue

to lend accordingly rather than to simply curtail credit entirely and maintain the

premium. This is reflected in the spread between AAA and BAA corporate bonds

in the US where a significant jump is observable during the crisis.

In the literature Christensen and Dib (2008) finds favourability for a model with

the financial accelerator compared to a Baseline model without. Brzoza-Brzezina

and Kolasa (2013) find that the model with the financial accelerator performs better

than the model with the financial frictions introduced by Kiyotaki and Moore (1997)

but found little difference against a Baseline New Keynesian model without either

of the two. The comparisons were made comparing likelihood estimates between the

cases.

11



3 Method and Model

A Dynamic Stochastic General Equilibrium (DSGE) model is used because it can

better capture the relevant micro-foundations compared to optimal monetary pol-

icy models used in Roisland (2005), Smets and Wouters (2003), Steinsson (2003),

andSvensson (1996) to name a few. Also DSGE are more prominent in implementing

shocks to the model and alongside has a handful of standard tools in analysing their

effects, such as impulse response functions and variance decompositions. This is

relevant and useful to study financial and government shocks related to the financial

crisis.

I will use the model from Christensen and Dib (2008) because of its existing frame-

work in combining the financial accelerator into a New Keynesian/DGSE model

using US data. The financial accelerator by Bernanke et al. (1994) is adapted as a

financial friction in the model because of its relative success to Kiyotaki and Moore

(1997) and providing micro foundations closer to the crunch transmitted between

banks and non-financial firms.

A Baseline is identified where the Monetary Authority uses a Taylor Rule which

considers deviations of inflation, output and interest rate smoothing to set interest

rates. The Baseline is a basic inflation targeting regime. Although the Federal

Reserve has not announced a formal numerical target, a target is implied through the

long-run projections by the Federal Open Market Committee which range between

1.5 to 2

I make my contribution to the literature by implementing counterfactuals with re-

spect to Price Level Targeting (PLT) and Average Inflation Targeting (AIT) Taylor

Rules in place of the Baseline. Following this I also include financial and government

shocks to their model. The shocks are similar to Dib et al. (2008). Furthermore I

adjust the Taylor Rule used in Christensen and Dib by changing the term on money

growth to interest rate smoothing. This is because the latter is likely a much more

relevant and realistic component of the Federal Reserve’s monetary policy. Both are

not kept to keep the monetary rule parsimonious.

I also adjust their sample to start from the end of the 1991 US recession to 2014Q1

which includes the 2008 financial crisis and the subsequent recovery period. Chris-

tensen and Dib estimate their model using a sample between 1979Q3 to 2004Q3.

The timeframe is to exclude the effects of the 1991 recession on the parameter es-

timates and empirical shocks, and also to coincide better with the rough period

inflation targeting regimes were introduced across the world.
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Dib et al. have made a similar contribution. In their paper they implement a PLT

regime to Christensen and Dib in a small open economy framework using Canadian

data. They find favourable results for Price Targeting in lower business cycle welfare

costs, variability of the real interest rate, and the cost of price and wage dispersions.

An especially important result is that PLT is favourable against persistent and

volatile shocks.

My method is as follows: I will estimate a stochastic simulation of the Baseline

(BL) model (with Standard Taylor Rule) and parameter estimates, called Posterior

Estimation from here. A stochastic simulation here is where the shocks are fed in

terms of standard deviaions, as in most DSGE papers. A deterministic simulation

has a pre-existing series fed in as a shock. Results are split between the two categories

of simulations.

A Three-Point criteria is identified to compare between the three regimes: (1) Oper-

ational flexibility, whether a regime can switch between objectives easily, and if any

trade-offs exist (2) Whether it can avoid or mitigate against the Zero Lower Bound

(3) How effectively each regime can respond to shocks. The Three-Point criteria

guides the results presented throughout, though results are still organised between

whether they were drawn from Deterministic or Stochastic simulations.

The deterministic simulations capture the results for points 1 and 2 of the intro-

duced Three-Point critieria. Empirical shocks serve as the pre-existing series, and

are drawn from both the returned endogenous variables and the model’s autoregres-

sive processes. These are then fed into the Baseline, Price Level Targeting (PLT)

and Average Inflation Targeting (AIT) cases respectively. The last two are treated

as counterfactuals. Simulations are run across varying weights of each regime’s ob-

jective (i.e. price level under PLT) and weight on output in the Taylor rule. The

results for the two points are drawn from these multiple simulations and are dis-

cussed in detail. The simulations are run across two subsamples split between before

the financial crisis and after for point 2.

Stochastic simulations for the three regimes are then run and answers point three

of the criteria. For the Baseline the Posterior estimates are all used, while for the

counterfactuals well-defined optimal weights for the regime’s objective and output

are calibrated. The Impulse Response Functions (IRF) and Variance Decompositions

are then drawn, and the results between the three regimes are then compared to each

other. This is done across the whole sample. Note these runs are independent of

the stochastic posterior estimation run. The posterior estimation returned IRFs in

order to determine model robustness and sensibility.
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3.1 Model

The model follows very closely to Christensen and Dib (2008) with the addition of

two counterfactuals that include Taylor rules with the PLT and AIT as its primary

objective function respectively.

There are three primary rigidities: Calvo Price stickiness, Tobin’s Q capital ad-

justment costs, and financial market frictions in the form of the financial accelera-

tor.

The model incorporates a Household sector, three firm sectors: Entrepreneurs, Capi-

tal Producers, and Retailers, and a Monetary Authority. A government sector exists

minimally only as a shock and with a basic budget constraint. Entrepreneurs are

leveraged to produce intermediary goods while capital producers produce new cap-

ital that is sold to Entrepreneurs. Retailers are subject to Calvo model of stagged

nominal-price setting under imperfect competition.

This specification is comphrehensive as models require sticky prices, otherwise all

forms of monetary regimes would be irrelevant in affecting real variables, Dittmar

and Gavin (2000). Taylor (1993) argues that the slow adjustment of prices causes the

inflation output variability trade-off to be relevant. This motivates and emphasises

the role of Calvo pricing.

Financial intermediaries are subject to asymmetric information with the entrepreneurs

they lend to. The financial intermediaries convert household deposits into lendable

funds. Asymmetric information drives the mechanism of firm collapses in the face

of a shock in an “accelerated” fashion.

There are seven shocks existing in the model. They are preference, money-demand,

technology, financial, government, investment-specific, and monetary policy shocks.

The financial and government shocks are our addition to Christensen and Dib model

to better represent the unfolding of the financial crisis.

The form of both shocks is taken closely from Dib et al. (2008) whom implement

the financial shock to the equilibrium condition between expected marginal financing

costs and the external finance premium and real interest rate. I implement it slightly

differently including it in the law of motion of the external risk premium directly

(See equation 13 in Appendix B) This attachment is similar to the representation of

macro prudential tools in Bailliu et al. (2012). A positive financial shock can then be

interpreted as a temporary seizure of credit markets or some sharp rise in external

financing costs. This is a parsimonious representation of a crisis originating either

in entrepreneurs (like the Dotcom bubble) or financial markets (recent financial
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crisis). The government shock includes a lagged component of the financial shock.

This is intended to replicate the injection of a stimulus program into the economy

as seen in numerous countries during the crisis. The purpose of the shock is to

observe the effectiveness of such a program between the three monetary regimes. The

government shock can also be observed independently from the financial shock.

Households

The representative household attempts to maximise utility function (1) that has

consumption (c); real money balances (m/p); and leisure, 1-h.

U0 = E0

∞∑
t=0

βtu(ct,
Mt

pt
, ht) (1)

Where β ∈ (0, 1) is the discount factor, m is holdings of nominal money balances, h

is labour supply, and p is the consumer price level. The single period utility function

is presented in (2)

u(.) =
γet
γ − 1

log[c
γ−1
γ

t + b
1
γ

t (
Mt

pt
)
γ−1
γ ] + η log(1− ht) (2)

Where γ and η are positive structural parameters denoting the constant elasticity

of substitution between consumption and real balances, and the weight on leisure in

the utility function respectively. e is a taste (preference) shock for consumption and

b is a money-demand shock. Both are first-order autoregressive processes:

log(et) = ρe log(et−1) + εet (3)

and

log(bt) = (1− ρb) log(b) + ρb log(bt−1) + εbt (4)

Where ρeρb ∈ (−1, 1) are autoregressive coefficients. b is a constant. The serially

uncorrelated shock εet and εbt are both normally distributed with zero mean and

standard deviations of σe and σb respectively.

The representative household begins with Dt−1 units of nominal deposits held with

a financial intermediary and nominal money balances atMt−1. Deposits Dt earn

interest of Rt between t and t+1, while nominal money balances Mt earn no interest

at all.
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In every period t the household has the following sources of income. It can supply

labour to entrepreneurs, which pays them a factor paymentWtht where Wt is the

economy-wide nominal wage. Additionally households can receive lump-sum pay-

ments Tt from the monetary authority and dividends Ωt from retailer firms. Finally

households are taxed lump sum Γt by the government every period. Households

may allocate their income between consumption, ct, money-holdings, Mt and nomi-

nal deposits Dt. Thus the household’s budget constraint in nominal terms is:

ptct +Mt +Dt ≤Wtht +Rt−1Dt−1 +Mt−1 + Tt + Ωt − Γt (5)

The household’s problem is then to allocate ct, Mt, Dt and ht to maximise its utility

function (1) subject to (2) and the budget constraint (5). The first order conditions

then are:

etc
−1
γ

t

c
γ−1
γ

t + b
1
γ

t m
γ−1
γ

t

= λt (6)

etb
1
γ

t m
γ−1
γ

t

c
γ−1
γ

t + b
1
γ

t m
γ−1
γ

t

= λt − βEt(
λt+1

πt+1
) (7)

η

1− ht
= λtwt (8)

λt
Rt

= βEt(
λt+1

πt+1
) (9)

Where λt is the Lagrangian multiplier associated with the budget constraint, and

mt = Mt
pt

, wt = wt
pt

, πt = πt
pt

are respectively real money balances, real wages, and

the gross inflation rate.
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Production Sector

Entrepreneurs

Entrepreneurs produce wholesale goods, are risk neutral, and have a finite expected

horizon for planning purposes. Entrepreneurs have a probability of υ to survive to

the next period, subsequently the expected lifetime is 1
1−υ . This assumption is a

mechanism to ensure that Entrepreneurs always need to borrow to sustain their net

worth and fund new capital acquisitions.

Debt is in the form of contracts.At the end of every period, entrepreneurs can pur-

chase capital kt+1 that will be used in the next period at price qt. Thus the cost of

purchased capital is qtkt+1. Capital acquisition can be financed by both net worth

nt+1 and by borrowing the remainder qtkt+1 = nt+1 from the financial intermediary.

The intermediary provides lending from household deposits Dt and faces opportu-

nity cost of funds Rt, the economy-wide risk-free rate of return between period t

and t+1. Entrepreneur’s demand for capital depend on both the expected marginal

return and expected marginal external financing cost at t+ 1, Etft+1 , which equals

the expected real interest rate on external borrowed funds. Optimal Entrepreneur’s

capital demand guarantees that:

Etft+1 = Et[
zt+1 + (1− δ)qt+1

qt
] (10)

Where δ is the capital depreciation rate. The right hand side of (10) is the expected

marginal return of capital where zt+1 is the marginal productivity of capital at t+1,

and (1− δ)qt+1 is the value of one unit of capital used in t+1.

External financing is made more expensive than internal funds because of agency

costs. Entrepreneurs can costlessly observe their output which is subject to a random

outcome. Financial intermediaries need to incur an auditing cost to observe the

entrepreneur’s output. Entrepreneurs can decide whether to service or default on a

debt after making an observation on their output. Should they choose default the

financial intermediary has to incur the cost of the audit to recover output less their

monitoring costs.

The marginal external financing cost is equal to a gross premium for external funds

plus the gross real opportunity costs equivalent to the risk-free interest rate. The

demand for capital has to satisfy the following optimality conditions:

Etft+1 = Et[
S(.)Rt
πt+1

] (11)
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Where Etft+1 is the expected real interest rate The external finance premium is

given by:

S(.) = S(
nt+1

qtkt+1
) (12)

Where S(.) < 0 and S(1) = 1 and τt is a financial shock with first-order autoregressive

process.

log(τt) = ρτ log(τt−1) + ετt (13)

The risk premium is given in log-linearised form as equation (14) and feeds into (13)

of Appendix B.

ˆrpt = ετt + ψ(q̂t + ˆkt+1 − ˆnt+1)

Where ˆrpt denotes the risk premium and is affected by the financial shock τt through

ετt. ψ is the elasticitiy of the external finance premium with respect to changes to

entrepreneur leverage positions.

Where ρτ ∈ (−1, 1) and τ > 0 is a constant. ετt is normally distributed with zero

mean and standard deviation στ .

The financial shock is an addition to Christensen and Dib (2008) and is added

similarly to Dib et al. (2008), instead of being in the equilibrium condition it is

added to the law of motion of the risk premium.

As can be seen from equation (11) the external finance premium S(.) depends on

the size of the borrower’s own equity stake in a project. As nt+1

qtkt+1
falls, the borrower

has to rely more on uncollateralised borrowing. This raises the incentive to the

entrepreneur to misreport outcomes making the loan from the financial intermediary

more risky and subsequently the cost of borrowing then has to rise.

Aggregate entrepreneurial net worth evolves to equation (14)

nt+1 = υvt + (1− υ)gt (14)

Where vt is the net worth of surviving entrepreneurs net of borrowing costs carried

from the previous period. 1–υ is the share of new entrepreneurs entering the econ-

omy, and gt is the transfer of capital from collapsed firms to these new firms.

vt is given by:
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vt = [ftqt−1kt + Et−1ft(qt−1kt − nt)] (15)

Where ft is the ex post real return on capital held in t, and Et−1ft = Et−1[
S(.)Rt−1

πt
]

is the cost of borrowing. Earnings in this period become next periods net worth.

Borrower’s sign a debt contract that specifies a nominal interest rate. The loan

repayment then relies on the ex post real interest rate.

Entrepreneurs are subject to the following constant-returns-to-scale technology pro-

duction function (16). Entrepreneurs use kt units of capital and ht units of labour

to produce output yt.

yt ≤ kαt (Atht)
1−α (16)

Where At is a technology shock common to all entrepreneurs and follows a first-order

auto-regressive process:

log(At) = (1− ρA) log(A) + ρA log(At−1) + εAt (17)

Where ρA ∈ (−1, 1), and A > 0 is a constant. εA is normally distributed with zero

mean and standard deviation σA.

Entrepreneurs sell their output, yt, on a perfectly competitive market at a price

equal to nominal marginal cost. Entrepreneur’s maximise their profit subject to

production function (16) and by choosing kt and ht. The first-order conditions of

this optimisation problem is as follows:

zt = αξt(
yt
kt

) (18)

wt = (1− α)ξ(
yt
ht

) (19)

yt = kαt (Atht)
1−α (20)

Where ξ > 0 is the Lagrangian multiplier associated with the production function

(16)and can be interpreted as real marginal cost; wt is the real wage and zt is the

real marginal productivity of capital.
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Capital Producers

Capital Producers produce capital goods using linear technology which is subject

to an investment-specific shock xt. They use some fraction of final goods purchased

from retailers as investment goods, it, to produce an amount of investment goods,

xt it ,that together with existing capital stock is used to produce new capital goods,

kt+1. New capital goods are used to replace depreciated capital and to add to the

capital stock.

xt is a shock to marginal efficiency of investment. As it is expressed in consumption

units, xt determines the amount of capital, in efficiency units, that can be purchased

using a unit of consumption. Capital producers are also subject to quadratic capital

adjustment costs in the form of χ
2 ( itkt − δ)

2kt.

Their optimisation problem then becomes (21), in real terms, where they must

choose quantity of investment it.

maxEt[qtxtit − it − (
χ

2
)(
it
kt
− δ)2kt] (21)

The optimal condition then is:

Et[qtxt − 1− χ(
it
kt
− δ)] = 0 (22)

Which includes the standard Tobin’s Q equation that relates the price of capital to

marginal adjustment costs.

Capital Adjustment costs slow down the response of investments to the varying

shocks within the model, carrying effects to the price of capital. This allows the

price of capital to Entrepreneurs to vary and subsequently cause volatility to En-

trepreneurial net worth. Without these capital adjustment costs qt is constant and

equal to 1.

The aggregate capital stock evolves to (23)

kt = xtit + (1− δ)kt (23)

Where δ is the depreciation rate. The Shock xt is a first-order autoregressive pro-

cess:

log(xt) = ρx log(xt−1) + εxt (24)
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Where ρx ∈ (−1, 1) is an autoregressive coefficient and εxt is normally distributed

with mean zero and standard deviation σx.

Retailers

The purpose of retailers is to implement price rigidities into the model. Retailers

purchase wholesale goods from entrepreneurs at a price equal to the Entrepreneur’s

nominal marginal cost, then differentiate them with no cost. These are then sold

into a monopolistic market.

Retailers are subject to Calvo Pricing, Calvo (1983). Each retailer cannot re-

optimize their selling price unless they receive a random signal. The probability

of receiving a signal is (1 − φ), Each retailer j sets the price pt(j) that maximises

their expected profit over l periods. l = 1
1−φ is thus the average length of time a

price remains unchanged. φ is the probability that retailer j ‘s must charge the price

from the previous period indexed by the steady-state gross rate of inflation, π.

Should a retailer j receive a signal to re-optimize, it chooses price pt(j) that max-

imises its discounted expected real total profit during the periods its price would

remain fixed. The retailer’s maximisation problem is:

maxE0[

∞∑
l=0

(
βφ)lλt+1Ωt+1(j)

pt+1
] (25)

Subject to the demand function:

yt+1(j) = (
p̃t(j)

pt+l
)−Ωyt+l (26)

Where the retailer’s nominal profit function is:

Ωt+1(j) = (πlPt(j)− pt+lξt+l)yt+l(j) (27)

The first order condition being:

θ

θ − 1
[
Et

∑∞
t=0 βφ)lλt+1yt+l(j)εt+ l

Et
∑∞

t=0(βφ)lλt+1yt+l(j)πl/pt+l
] (28)
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The aggregate price is:

p1−θt = φ(πpt−1)
1−θ + (1− φ)p̃t−θt (29)

Leading to the following New Keynesian Phillips Curve:

π̃t = βEt ˆπt+1 +
(1− βφ)(1− φ)

φ
ξt (30)

Where εt is the real marginal cost, and variables with hats are log deviations from

the steady-state values.

Government Sector

The government sector collects lump-sum taxes Γ from households and spends it all

on government expenditures G.

Γt = gt (31)

The government is subject to an exogenous shock gt which is a first order autore-

gressive process and is also affected by the financial shock τt.

log(gt) = ρg log(gt−1) + ρgτ log(τt−1) + εgt (32)

Where ρgρgτt−1 ∈ (−1, 1) and the εg is normally distributed with zero mean and

standard deviation σg. The exogenous government spending shock is combined with

the financial shock to replicate fiscal stimulus during a crisis. The financial shock

is lagged to ensure that a crunch hits first and a fiscal response follows the next

period. ρgτt−1 is both a scaling and persistence parameter between the two shocks.

The government is an inclusion to the Christensen and Dib (2008) model.
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Monetary Authority

I evaluate both the Taylor rule found in Christensen and Dib (2008) and the Price

Level Targeting rule as a comparison between different monetary regimes.

Taylor Rule (Baseline)

Christensen and Dib specify that the monetary authority adjusts the interest rate,

Rt, in response to deviations of inflation πt, output yt, and money growth from

their steady-state values. I adjust their Taylor rule to respond to interest rate

smoothing,Rt−1, instead of the money-growth rate.

The form of the monetary rule takes the form:

Rt
R

= (
πt
π

)ρπ(
yt
y

)ρy(
Rt−1
R

)ρR exp(εrt) (33)

Where R, π,and y are steady state values of their time-varying equivalents.

εrt is a monetary policy shock which is normally distributed with zero mean and

standard deviation σR.

The coefficients ρπ ρy ρR are chosen by the monetary authority. A unique equilibrium

exists given ρπ ρy sum greater than unity.

The following two monetary rules are additions to the Christensen and Dib (2008)

model:

Price Level Targeting Rule

The monetary authority adjusts the interest rate, Rt, in response to deviations of

price level pt from price target p̂t, output yt, and lagged interest Rt−1 from their

steady-state values.

The form of the monetary rule takes the form:

Rt
R

= (

pt
p

p̂t
)ρpl(

yt
y

)ρy(
Rt−1
R

)ρR exp(εrt) (34)

Where R,p, and y are steady state values of their time-varying equivalents.

Similarly εrt is a monetary policy shock which is normally distributed with zero mean

and standard deviation σR. The coefficients ρpl ρy ρR are chosen by the monetary

authority. A unique equilibrium exists given ρpl ρy sum greater than unity.
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In the price targeting case the price level pt evolves according to (35)

pt = πtpt−1 (35)

Where p̂it is the rate of inflation in period t. Finally the price target, p̂t evolves

to:

ˆpt+1 = π̂p̂t (36)

Where π is a parameter denoting the monetary authority’s set inflation target.

Average Inflation Targeting Rule

The Average Inflation Targeting Rule is similar to the Taylor Rule in Christensen

and Dib except that instead of considering the log deviation of inflation from steady

state it considers the deviation of the geometric average inflation across the previous

four quarters and corresponding quarter 2 years ago and alongside the current period,

from a set inflation target. This is shown in (37).

Rt
R

= (
(πt−8

∏0
t=−4 πt)

1
6

π̂
)ρAI(

yt
y

)ρy(
Rt−1
R

)ρR exp(εrt) (37)

Where R and y are steady state values of their time-varying equivalents.

εrt is a monetary policy shock which is normally distributed with zero mean and

standard deviation σR.

The coefficients ρAI ρy ρR are chosen by the monetary authority. A unique equilib-

rium exists given ρAI ρy sum greater than unity.

See Appendix B for the log-linearized system of equations. For the steady-state

parameter derivations see Christensen and Dib (2008).
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3.2 Estimation Strategy

Bayesian techniques are used in place of maximum likelihood procedures to estimate

the structural parameters where the allowance of priors lead to more informative

estimates. This follows on from Smets and Wouters (2003) where Bayesian tech-

niques are to allow (1) formally connecting prior information with both pre-existing

literature both microeconomic and macroeconomic (2) prior distributions on struc-

tural parameters ensure stronger stability to non-linear optimization algorithms.

However although estimation of parameters allows better fit for DSGE models it

does not guarantee insight in the structural parameters of the underlying models.

Conversely pure calibrations of the parameters may not provide a good time-series

characterisation of the data it is meant to represent. Combining informative priors

with a likelihood procedure is intended as a balance between these issues, De Graeve

(2008).

Derived from Bayes rule the Posterior Distribution P (T |I) carries our parameter es-

timates after considering the informative priors P(I) and likelihood function P (T |I).

Where I is the set of structural parameters.

P (I|T ) ∝ P (I).P (T |I)

Our estimation was carried out on Dynare using a Kalman Filter together with

the fminunc3 optimizer available under the Matlab Optimizer toolbox. I conducted

around 25,000 Metropolis-Hastings4 draws over 5 chains, at a 30 percent burn rate,

to arrive at the Posterior estimates. The number of draws is believed to be reasonable

for the structural parameters to converge based on the Brooks and Gelman (1998)

statistics made available under Dynare. See Appendix C.

Furthermore I truncated the priors to reduce the probability of extreme values per

density to zero. This generally allowed the Hessian matrix to be positive definite

much more often leading to better posterior estimation.

3Fminunc is an optimiser algorithm in the MATLAB R© optimisation toolbox. It finds the mini-
mum of an unconstrained multivariate function and is recommended for solving smooth non-linear
objective functions with no constraints.

4This is significantly lower than other papers where draws have varied between 500,000 De Graeve
(2008) and 1,000,000 Brzoza-Brzezina and Kolasa (2013). Runs of 200,000 and 500,000 have been
run where estimates do not vary much; this is an indication of sensible estimates between the
number of draws, Adjemian et al. (2011).
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4 Calibration, Data and Priors

I follow common practice in the DSGE literature and divide my parameters into

categories. The first category are calibrated parameters where their values can

be inferred accordingly based on the literature or desired values to fit the model. I

follow Christensen and Dib (2008) very closely for my calibrated parameters. Having

calibrated parameters allow estimation of the remaining parameters to be done with

more identification.

The second category are estimated parameters. These parameters are assigned prior

distributions alongside their mean and standard deviations. The choice of these is

often based on previous literature, such as Smets and Wouters (2003, 2005) whom

provide comprehensive priors for a model with a large number of shocks using US

data. These parameters are estimated through the strategy discussed in the previous

section and the posterior estimates are used for the model.

Actual data is essential for our estimation for parameter identification purposes.

Generally the more data available the better the parameter estimates. However the

number of usable data sets is constrained to equal the number of shocks imposed

in the model to avoid stochastic singularity Adjemian et al. (2011). For example

four shocks allow four data sets. The choice of data was firstly taken following

Christensen and Dib (2008) and additional data was chosen based on what captured

the financial crisis dynamics better. This follows guidelines discussed in Pfeifer

(2014) that suggest data be selected to best capture the behaviour of the model and

the parameters that need the most identification.
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4.1 Calibration

The calibrated parameters follow Christensen and Dib (2008). β is set to 0.9928

for a steady-state real interest rate of 2.93θ, which measures the degree of retailer

monopoly power in setting mark-ups, is set to 6, for a mark-up of 20The steady-state

external financial risk premium, S, is set to 1.0075, for an annual risk spread of 300

basis points. Christensen and Dib (2008) follow Bernanke et al. (1994) setting the

ratio of capital to net work, k
n to equal 2 and the survival rate of entrepreneurs, Υ,

equal to 0.9728 for an average lifespan of 36 years. Our new parameter, the inflation

target, is respectively set equal to 1.02 for an inflation target of 2The parameter
g
y is calibrated to 0.22 which is the average proportion of government consumption

expenditures and investment in real GDP over the sample.

Parameters Definition Value

β Discount factor 0.9928
η Weight on leisure 1.315
θ Intermediate-goods elasticity of substitution 6
δ Capital depreciation rate 0.025
b Money demand shock constant 0.062
v Entrepreneur survival rate 0.9728
π gross steady-state inflation rate 1.0079
S Gross steady-state risk premium 1.0075
k
n steady-state ratio of capital to net worth 2
g
y Proportion of government expenditure to GDP 0.22

π̂ Inflation target 1.02

Table 1: Calibrated Parameters
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4.2 Data

US data is used between 1991Q3 to 2014Q1. The choice of the start date is to

(1) exclude the effects of the 1991 US recession from the parameter estimates and

shocks (2) coincide better with the timeframe Inflation Targeting regimes around

the world were introduced. The sample extends beyond that used in Christensen

and Dib (2008) whom ends theirs at 2004Q3.

There are five data sets used in Christensen and Dib (2008) corresponding to the

variables output (y), investment (i), money-balances (m), inflation (π) and nominal

interest rate (r) in the model respectively. Output is measured by real GDP. Chris-

tensen and Dib take out government expenditure and gross investment to reflect

an absence of the government sector. Investment is measured by real gross private

domestic investment. Money-balances is taken as the St. Louis adjusted monetary

base adjusted by the GDP deflator. The inflation rate is measured by the rate of

change in the GDP deflator. The nominal interest rate is measured by the rate on

three-month treasury bills.

As I introduce two additional shocks (financial and government) I correspondingly

include the spread between BAA and AAA corporate bonds to measure the finan-

cial risk premium (s(.)) and real private consumption (c). The choice of including

data for the risk premium was to essentially capture the financial component of the

crisis. Gertler and Lown (1999) and De Graeve (2008) show that the corporate

bond spread is better in measuring the financial risk premium within the finan-

cial accelerator. Real private consumption provides better identification towards

the government shock through aggregate expenditure and the money-demand and

preference shocks.

Most data has been seasonally adjusted as DSGE models are built to capture vari-

ations at a business cycle frequency. The three month Treasury bill rate and the

AAA and BAA corporate bond rates remain seasonally unadjusted. Real GDP,

investment, and real balances have been adjusted into per capita terms and then

de-trended through a Hodrick-Prescott (HP) Filter. This is because these variables

contain a gradual upward trend that is assumed to be driven by population and

technology growth while moreover the general upward trend has no well-defined

steady-state. Only the cyclical (business cycle variation) component should remain

of the data series that enters the model. The Treasury bill rate, inflation and spread

is also put through the HP filter as a trend is observable across them. All data is

in logarithmic form to match the log-deviation defined variables in the model input

into Dynare.
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4.3 Priors

Prior distributions were chosen based on the intended range that the estimated

parameters are allowed to vary. Normal distributions allow symmetric probability

for estimation, Beta distributions contain the value between 0 and 1. Gamma and

inverse gamma distributions ensure that the estimation remains positive and finally

uniform distributions allow even probabilities.

The choice of the mean and standard deviation for each parameter is made based on

the previous literature or to fit the model. Table 2 summarises the choice of priors

for each parameter.

The elasticity of the external finance premium to leverage is based around Merola

(2014) but is adjusted to fit closer the results of Christensen and Dib (2008). However

the mean of the elasticity from Merola is used as an initial value. It is gamma

distributed with a mean of 0.1 and a standard deviation of 0.025. Merola’s prior

mean of 0.05 is the common calibration value in the financial acceleration literature,

Christensen and Dib (2008).

Capital adjustment costs, χ, is set to have a normal distribution with a mean of 4

and a standard deviation of 1.5. α is given a Beta distribution and a mean of 0.3

and standard deviation of 0.01. The Calvo price parameter, φ, is set with a Beta

distribution with a mean of 0.7 and standard deviation of 0.02. These three param-

eters are set to match the general common assignments for Bayesian estimation in

DSGE models.

The constant elasticity of substitution between consumption and real balances, γ,

is given a gamma distribution with a mean of 0.06 and standard deviation of 0.005.

The mean and standard deviation was chosen with a balance between Christensen

and Dib (2008), Ireland (2003) and Ireland (2001) whom all completed maximum

likelihood estimations. More consideration was given to the former.

The parameters pertaining to the Taylor rule also follow common assignments in the

literature, such as Smets and Wouters (2003), Brzoza-Brzezina and Kolasa (2013),

and De Graeve (2008). All of them completed Bayesian estimations on DSGE models

using US data. The coefficient on inflation,ρπ, is normally distributed with a mean

of 1.5 and standard deviation of 0.125. The output coefficient, ρy, is also normally

distributed with a mean of 0.5 and standard deviation of 0.1. The lagged interest

rate coefficient, ρr is assigned a Beta distribution with a mean of 0.5 and standard

deviation of 0.05.
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The persistence of the shocks, which are modelled as AR(1), are altogether Beta

distributed with means of 0.5 and standard deviation of 0.2. The standard errors

of the shocks are assumed to be inverse gamma distributed with a mean of 0.1 and

standard deviation of 2. These assignments follow Smets and Wouters (2003) and

are chosen to allow for both positive variance and a large possible domain.

Parameter Interpretation Prior Distribution Mean Standard Deviation

φ Elasticity of external finance premium to firm leverage Gamma 0.1 0.01
γ Elasticity of subtitution of consumption and money Gamma 0.06 0.005
α Weight on capital in production function Beta 0.3 0.01
χ Capital Adjustment Costs Normal 4 1.5
ψ Calvo Price Probability Beta 0.75 0.02
ρπ Coefficient on inflation Normal 1.5 0.125
ρy Coefficient on Output Normal 0.5 0.05
ρr Coefficient on interest rate smoothing Beta 0.8 0.05
ρA Technology shock persistence Beta 0.5 0.2
ρb Real Balances shock persistence Beta 0.5 0.2
ρe Preference shock persistence Beta 0.5 0.2
ρτ Financial shock persistence Beta 0.5 0.2
ρg Government shock persistence Beta 0.5 0.2
ρx Investment shock persistence Beta 0.5 0.2
ρgτ Government/Financial shock persistence Beta 0.5 0.2
σA Technology shock standard devation Inverse-Gamma 0.1 2
σb Real Balances shock standard deviation Inverse-Gamma 0.1 2
σe Preference shock standard deviation Inverse-Gamma 0.1 2
στ Financial shock standard deviation Inverse-Gamma 0.1 2
σg Government shock standard deviation Inverse-Gamma 0.1 2
σr Monetary Policy Shock standard deviation Inverse-Gamma 0.1 2
σx Investment shock standard deviation Inverse-Gamma 0.1 2

Table 2: Parameter Priors
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5 Empirical Results

5.1 Posterior Estimates

Table 3 reports the parameter estimates of the stochastic simulation of the Base-

line model. The upper part of the table reports the parameters that are neither

coefficients for the autoregressive processes or the standard deviations of the shocks.

These occupy the middle and bottom of the table respectively.

Psi,ψ, the elasticity of the external finance premium with respect to changes in the

leverage position of entrepreneurs is estimated to be 0.0239 which is below Chris-

tensen and Dib (2008) and Merola (2014) which report 0.042 and 0.3 respectively;

though it remains statistically significant. Values closer to the literature, where it

has been calibrated at 0.05, have been compared and these have been found to cause

the persistence on the financial shock to run very close to one. The value estimated

here is both close to the literature and leaves a more reasonable persistence for the

financial shock.

Chi,χ, Capital Adjustment Costs, which imply the reaction of capital prices to

shocks, is estimated to be much higher than those reported in Smets and Wouters

(2003, 2005) where the prior is taken from. Our estimate is 15.1698 while in contrast

they estimate 6.771 and 5.48 respectively. However it is close to estimates by Ireland

(2003) whom report similarly higher values for this parameter. χ plays an important

role in Christensen and Dib (2008) model, and correspondingly the model used here.

Higher capital adjustment costs leads the capital price and subsequently firm net

worth to react more strongly to shocks. Conversely investments become less sensitive

to shocks from higher costs.

The share of capital in the production function, alpha ,α, and, phi ,φ, the Calvo price

probability are very close to that reported in Christensen and Dib. φ is estimated

to be 0.7366 where values close to 0.75 implies an expected duration of around four

quarters.

Gamma,γ, the elasticity of substitution between consumption and real balances is

around a third of that reported in Christensen and Dib, my estimate is 0.0202

while in contrast their estimate is 0.0598. A lower γ reduces the effects of the taste

preference shock while also raising the effects of a money demand shock.

The estimates of the Taylor Rule vary generally from Smets and Wouters (2003)

and Christensen and Dib (2008). The coefficient on inflation is estimated at 1.560

where the HPD interval captures the values found in both papers. The coefficients
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on output and the lagged interest rate (interest rate smoothing) respectively differ

much more. Our estimate for the former is multiples higher (0.6792) implying a

much greater consideration for output in setting interest rates over our sample. The

coefficient on interest rate smoothing is lower than that found in Smets and Wouters

by nearly a third.

The coefficients for all the autoregressive processes are all generally reasonable being

both close to the prior and in line with those found in Christensen and Dib. However

the persistence on the financial shock remains fairly close to one, at 0.9802, though

this may be acceptable given the strong and lasting effects of financial crunches on

the aggregate economy.

Finally the estimates for the standard deviation of the shocks remain within the

range of those found in Smets and Wouters where the priors were provided from.

However they are much more varied compared to Christensen and Dib.

These estimates are fairly stable according to the Brook and Gelman statistics re-

ported in Dynare. The statistics are displayed in the Appendix C and are computed

with 25,000 Metropolis-Hasting draws with a thirty percent burn-in.
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Parameter Interpretation Posterior Estimate HDP 90% Interval Std. Error

φ Elasticity of external finance premium to firm leverage 0.0239 0.205 0.0275 0.0028
γ Elasticity of subtitution of consumption and money 0.0202 0.0155 0.0249 0.0101
α Weight on capital in production function 0.3014 0.2843 0.3179 1.0489
χ Capital Adjustment Costs 15.1698 13.5003 16.9091 0.0172
ψ Calvo Price Probability 0.7919 0.7639 0.8207 0.1232

ρπ Coefficient on inflation 1.565 1.3745 1.7657 0.0501
ρy Coefficient on Output 0.6792 0.5931 0.7602 0.0487
ρr Coefficient on interest rate smoothing 0.6224 0.544 0.7036 0.0678
ρA Technology shock persistence 0.6188 0.4947 0.7454 0.0678
ρb Real Balances shock persistence 0.8894 0.8351 0.9475 0.0353
ρe Preference shock persistence 0.4249 0.3285 0.5249 0.0607
ρτ Financial shock persistence 0.9802 0.9628 0.9974 0.0079
ρg Government shock persistence 0.8353 0.7607 0.9095 0.0461
ρx Investment shock persistence 0.7373 0.6454 0.8306 0.0553
ρgτ Government/Financial shock persistence 0.2005 0.1146 0.2871 0.0530

σA Technology shock standard devation 1.2694 0.8374 1.7122 0.1854
σb Real Balances shock standard deviation 0.5245 0.3857 0.6606 0.0811
σe Preference shock standard deviation 1.4211 1.2215 1.6368 0.1277
στ Financial shock standard deviation 0.0403 0.0344 0.0461 0.0034
σg Government shock standard deviation 0.0204 0.0178 0.0228 0.0015
σr Monetary Policy Shock standard deviation 0.4696 0.3987 0.5381 0.0409
σx Investment shock standard deviation 1.1131 0.9564 1.2688 0.0893

Table 3: Posterior Estimates
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5.2 Empirical Shocks

Figure 1: Empirical Shocks

These shocks are drawn from the stochastic simulation of the Baseline model above,

and derived through the autoregressive processes and filtered variables returned from

the simulation. The shocks are in log percentage deviations from steady state.

The empirical shocks are fed altogether into the deterministic simulations of the

Baseline and counterfactuals (Price Level Targeting and Average Inflation Target-

ing). The values of the relevant endogenous variables (Output, Inflation, and Nom-

inal Interest) across the shocks are then collected.

Ideally the model captures the cyclical effects of the sample which is primarily the

dot-com bubble and financial crisis. The vertical green-lines in Figure 1 indicate

these events. The financial shock captures very clearly a sharp positive crunch

in the external finance premium in 2007 while the government shock shows a large

jump in expenditures which is likely a capture of the stimulus program. Interestingly

the financial shock is relatively stable before the crisis suggesting that the dot com
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bubble was contained from financial instability.

The interest rate shock captures a large dip in nominal interest rates both in the

early 2000s and to the financial crisis. These effects are correspondingly seen in the

investment shock.

Finally the technology, money balance demand, and preference shocks are difficult

to determine whether they capture adequately the shocks across the sample as the

definition of each are not well defined or measured.

These shocks were compared to a set where the link between the financial and gov-

ernment shocks was taken away. The same shocks returned from that specification

of the model were found to display lower volatility and less sharp peaks and troughs

while keeping the important features. The set shown above is however kept as the

model with the link between the two shocks is more interesting.

5.3 Model Robustness

This section discusses how well the model appropriates the relevant features of the

data used, and whether variables respond sensibly to the shocks in the model. Com-

parisons are also made with Christensen and Dib (2008) to check what differences my

additions to their model has changed. The theoretical standard deviations returned

from the posterior estimation is compared with those in the actual data inputted

into the model. Table 4 summarises the values.

Variables Theoretical Actual Data

Consumption (c) 1.1558 0.9538
Investment (i) 2.1577 5.8859
Inflation (π) 0.4777 0.3505
Nominal Interest Rate(r) 0.6292 0.6590
Risk Premium (rp) 0.1974 0.2145
Output (y) 0.9385 1.3021

Table 4: Theoretical and Actual Standard Deviations

Inspecting the table, the theoretical standard deviations are close to those in the

data, with the exception for investment and inflation. The theoretical investment

standard deviation is more than half below the actual, while for inflation the differ-

ential is smaller while still notable. Particular attention should be given that the

spread (risk premium) and nominal interest rate are well fitted.

A comparison with Christensen and Dib is made considering that my sample is

substantially different. The direction and proportion of the differences between the
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theoretical and data variability is observed instead. Comparing my results, the gap

in output and inflation volatilities are similar where the theoretical is below the

actual. Meanwhile the small gap in nominal interest rates is close to consistent

with Christensen and Dib where they find no differences at all. Most notably their

theoretical standard deviation for investment is fairly close to the data, while as I’ve

mentioned my results find a substantial gap.

Taking these together, my model with additions (financial and government shocks

and modified Taylor Rule) remains close to Christensen and Dib in fitting the data.

The large differential for investment should be taken together with the absence of

variance concentration (in the Variance Decomposition) under the investment shock

in my model, while in Christensen and Dib the investment shock collects a bulk of

the variation across variables (See variance decompositions). Moreover my much

larger estimate for capital adjustment costs (I estimate 15.1698 while Christensen

and Dib estimate 0.5882) may explain the difference (as discussed above a high cost

implies lower investment responses to shocks).

Alongside the posterior estimates, impulse response functions across 24 periods were

also taken. These differ to the ones reported in the Stochastic results section. The

impulse response functions need to be checked to ensure that the relevant variables

respond sensibly to shocks, this is particularly important to the study here. The

monetary policy, financial, and government shock is given attention here as the de-

terministic simulations rely on them. All impulse responses are reported in Appendix

D.

Across the financial shock (which is combined with a lagged government shock re-

sponse) the variables, output, investment, nominal interest rates, and inflation react

negatively, and as expected. Of interest is that output moves concurrently with

lagged government expenditures showing that the intention to replicate a govern-

ment stimulus was effective. Finally consumption interestingly jumps at the begin-

ning of the shock though declines at a slower pace after the government shock is

imposed. Overall the financial shock is well replicated through the model.

The government shock should be interpreted independent of the financial shock in

this instance, and is found to be reasonably well appropriated. The shock boosts

output as expected, at the expense of falls in consumption and investment. Cor-

rectly nominal interest rates are tightened in response with a gradual fall over the

timeframe. Inflation and the risk premium react more dubiously to what is expected

however. The former reacts in reverse while the effect on the risk premium is larger

than may be considered reasonable. What may explain their effects are the falls in

consumption and investment which these two variables are closely linked.
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The monetary policy shock is a tightening of interest rates. Consumption, invest-

ment, inflation, and output respond negatively in turn. The risk premium rises

as expected though interestingly returns very gradually to steady-state, while the

remaining variables (with the exception of investment) return under 5 periods. In-

vestment converges slowly and concurrently with the risk premium and is likely

linked through the behaviour of entrepreneurs. The external finance premium falls

with the risk premium and this allows more borrowing and purchase of capital by en-

trepreneurs. Taking these responses, the monetary policy shock is well approximated

as most of the variables discussed here return to normal within an immediate period,

though the effect on investment and risk premium should be considered.

The remaining shocks, technology, investment, preference, and money preference, are

together sensible and consistent with the responses found in Christensen and Dib

(2008). Though a common element in the former two is the same linkage between

investment and the risk premium, which is likely caused by the reasons above. I.e.

investment dips into negative deviations in the technology shock though remains

concurrent with the risk premium’s gradual decline.
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6 Deterministic Simulation Results

There are two components to the deterministic simulations.

The first component analyses the levels of standard deviation of output, inflation and

the nominal interest rate for varying weights of output and the primary objective of

each regime in the Taylor rule, i.e. Price Level under PLT or the Average Inflation

across periods under AIT. For example equation (34) from the model (PLT Taylor

Rule) is used to clarify the objective and weights terms used in this section:

Rt
R = (

pt
p

p̂t
)ρpl(

yt
y )ρy(

Rt−1

R )ρR exp(εrt)

In this instanceρpl is the weight on the objective and ρy is the weight on output.

These two terms are varied throughout the exercise for the PLT counterfactual.

Correspondingly ρπ for the Baseline and ρAI for AIT are their own objectives. This

exercise is similar to welfare analysis conducted in DSGE models, i.e.Dib et al.

(2008) or Covas and Zhang (2010) amongst others, where optimal weights are iden-

tified against some measure. Each observation of standard deviation is from one

deterministic simulation but the corresponding weights between the three variables

are from the same simulation. For example the standard deviation of each variable

for the weights 1.5 both output, nominal interest rates and inflation are from the

same single simulation. The results from each regime are compared to each other

and additionally the optimal bounds /weights (co-efficient on the Taylor rule) that

lower the standard deviation and are uniform across the three above variables are

identified.

Secondly the same method of running a simulation for every set of weights is com-

pleted and the number of times the nominal interest rate hits very near the zero

lower bound is counted. PLT’s alleged benefit of preventing the zero lower bound

is tested here against the Baseline and AIT. The intention is to form a more com-

prehensive comparison between the regimes. While a monetary regime may have an

advantage in achieving both lower output and inflation volatility amidst operational

flexibility, this does not imply that it can safely avoid the zero lower bound. The

zero lower bound should be treated as a serious issue to a regime’s viability as it is

an impotence of conventional monetary policy tools. Moreover the ZLB likely incurs

the use of unconventional monetary policy tools which are both unclear in overall

effectiveness and are costly to unwind.

The nominal interest rate draw from each simulation is taken as a dummy for the

Federal funds rate. The rate is taken back to its levels form through reversing

the data manipulation procedure described above. The model only returns the log
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percentage deviation of the cyclical component, the trend and exponent is taken in

turn to bring it back to the levels.

Both components compose of varying weights of the regime’s primary objective and

output between 0 and 2, at 0.1 increments in-between (producing 400 observations

in total). Surface diagrams are used as a three-dimensional representation of the

varying weights on the objective and output (X-Y Axis) and the level of standard

deviation (Z-Axis). The first component is completed between two subsamples split

before and after the financial crisis. This is done believing that the post crisis

and recovery period there has been sufficient change in the approach to monetary

policy where they can be considered independently. Moreover the pre-crisis sample

is intended to study whether and how each regime behaves in non-crisis conditions.

At that stage it is important to ensure that the behaviours and mechanisms are

sensible.

This is confirmed with the surfaces of the first sub sample being generally much more

flat than the corresponding surfaces in the crisis sample. The other component is

completed for the post financial crisis period only as this is when the real risk of

hitting the zero lower bound pertained.
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6.1 Endogenous variable standard deviations across varying weights

This section analyses the results of the first component of the deterministic sim-

ulations. Empirical shocks were fed through the simulation and the value of the

endogenous variables (Output, Inflation and the Real Interest Rate) were drawn

from each regime (Baseline PLT and AIT). The number of observations drawn for

each variable is equal to the number of observations in the empirical shock. The em-

pirical shocks were split into two sub-samples: from 1991Q2 to 2007Q2 and 2007Q3

to 2014Q1.

Interpretation of the weights is not straightforward. The weights placed on the

objective, output and interest rate smoothing are relative to each other. Should

all the weights equal each other then all three are treated equally in setting the

nominal interest rate while if two of them are twice the third then this implies

that it is roughly a fifth of the total weight. Though higher values on the weights

still imply a degree of reaction with the nominal interest rate. Higher values are

more aggressive responses. The first component is conducted varying the weights on

the Objective and Output while keeping the weight on interest rate smooth constant

(estimated value of 0.6224). The weights across the two former should be interpreted

relative to the latter.

For this first component how the standard deviation across the three endogenous

variables are distributed across the varying weights is the main criteria in comparing

between the three regimes. The purpose of this exercise is to determine the recom-

mended bounds the weights of the Taylor rule should be restricted to.

The bounds is determined where on the distributions the variability is lowest and

flat. Three key characteristics are looked for (1) whether there is a trade-off between

variable variabilities (i.e. boundary conflicts) (2) the wideness of the bounds, wider

bounds indicate greater regime flexibility in moving across weights and contributes

to a comparative regime advantage. (3) The general level of variability over the

recommended bounds.

Bounds are selected where the surface/distribution is flat/uniform, this indicates a

consistent level of variability that is comparable. Although it is likely that weights

on output and the objective are sticky in the short term this exercise is taken to

study each regime’s ability to move across these weights to meet changing or emer-

gency objectives whether immediate or long term. Flexibility here means moving

weights without substantial variability costs to the key variables.

A surface diagram of the standard deviations of each variable is plotted separately

where the horizontal axes are the Taylor rule weights on the regime objective and

output respectively. On the diagrams more warm (red) colours indicate higher stan-
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dard deviations and more cold (blue) colours are lower values of standard deviation.

A common characteristic of every graph studied here are sharp abnormal behaviours

where the weights are both under 0.5 in value. In this area the Taylor Principle is

not satisfied. The Taylor principle is the requirement that the sum of the weights

on inflation and output need to be equal or greater than one. This rule can easily

be carried across to PLT and AIT. The behaviour in this square for values under

0.5 is not considered in the overall analysis for each variable.
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As a demonstration of this exercise the output, inflation and nominal interest rate

series are drawn and shown in Figure 2 for PLT weights ρy = 1 ,ρpl = 1 and

ρy = 1.5,ρpl = 1 to distinguish the differences between the deterministic simula-

tions.

Figure 2: Deterministic Variable Draws

Blue series indicate ρy = 1 ,ρpl = 1 and Red series ρy = 1.5,ρpl = 1

The standard deviation for each series across these three variables are calculated and

imputed as an observation in the following surface diagrams. Figure 3 shows the

relation between output variability and varying the weights on the regime’s objective

holding ρy = 1 constant across all three regimes.

Figure 3: Nominal interest rate variability comparison between regimes

Moving across the weights on the price level (PLT) there is a larger drop in variability

compared to AIT despite its bigger initial start at 0.15. PLT begins to produce

better outcomes when ρpl > 0.4 though the AIT curve is more flat indicating a

smoother transition in output variability across its own weights. Lastly the Baseline

has the largest drop ρπ < 0.4 and then flattens for the remainder of the weight

range. Further its general level across this is higher (0.2-0.3) than PLT and AIT.
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Based on Figure 3 the Baseline is clearly poorer performing compared to the other

two regimes while PLT performs better than AIT for ρpl > 0.4. This is for output

variability only with ρy = 1.

The surface diagrams are used to distinguish more distinct bounds that each regime

may perform (where on the surface is flat and lowest) and allows observation of

similar movements across output weight ρy.

This way regime comparison is more comprehensive and broad. It is important to

allow changes in output weight to study whether each regime has complementing or

trade-off effects between their objectives particularly, between output and the price

level say. The AIT regime in the crisis sample is of the former case in this regard

while the Baseline is of the latter case.
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6.2 Pre-Crisis Sample 1991Q2-2007Q2

Price level Targeting

The surface plots for the three endogenous variables are shown in Figure 4. Under

PLT the surfaces are generally uniform across with the exception of a smaller region

under nominal interest rates (ρy < 1). Uniform surfaces are denoted by an even

distribution of variability, incurring lower costs when changing output and objective

weights. As a result PLT may be identified as an operationally flexible regime as

per the criteria.

The surfaces of each variable imply that a PLT regime operates sensibly as a regime.

Across the output and interest rate surfaces, lower weights on output and high

weights on the price level (ρy < 1ρpl > 1) increases their respective variability. The

effect is more pronounced for the latter. This is expected as more changes to the

interest rate are needed to achieve both output and price objectives, especially as

past deviations must become undone. Conversely the lowest variability is obtainable

with a low weight on the price level (ρpl < 1). Very low levels of output and nominal

interest rate variability (around 0.3) are both obtainable under a PLT regime should

the price objective be marginalised, though this is at a cost to inflation variability

(increase to 0.1 as opposed to 0.05 for the remainder of the surface). This deserves

attention as this shows that a PLT regime can operate outside of a price objective,

even as a temporary measure. Overall however this is confirming evidence of an

output/inflation variability trade-off discussed in the literature.

The distribution for inflation variability is interesting. An observable convex effect

is visible moving from low to high levels of output weight. The suggestion is that

moderate weights on output is preferred under PLT rather than strong preferences

on weights for both output and price level objectives. A moderate output weight

may be optimal as it is less demanding of interest rate changes by the central bank.

The remaining surface is highly uniform otherwise (around 0.05).

With each variable taken independently the weights of ρy > 1 and ρPL ∈ (0, 2)

are identified for each variable. The bounds are chosen where the surface is both

uniform and lowest. Taken altogether low variability across all three variables is

attainable simultaneously.
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Aside from these distinct characteristics the bounds under a PLT regime are rela-

tively wide, and there is no strong conflicts between the recommended boundaries.

Whilst even though an output/inflation trade-off is identified it is only at both ends

of the spectrum. The PLT regime proves to be operationally flexible in the pre-crisis

sample.

Figure 4: Surfaces - Price Level Targeting Pre-Crisis Period
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Average Inflation Targeting

The plots for AIT is in Figure 5 left. For these diagrams the value of the surface

where the Taylor principle is not satisfied is removed to distinguish the remaining

surface. Leaving the values skews the surfaces significantly. Across all three variables

the distributions/surfaces are uniform for the bounds ρy > 0.5 and any weight on

ρAI , demonstrating strong regime flexibility.

The allowable bounds are wider in comparison to PLT. What needs attention is that

the general level of variation across output is much lower compared to PLT (0.06

compared to around 0.3 under PLT) while interest rate variability levels are similar.

Interestingly the general level for inflation variability under PLT is conversely lower

within the AIT recommended bounds, demonstrating that targeting the price level

has some merit in lowering overall inflation variability. Though the gap is narrow

compared to the differential in output variability. Moreover the AIT surfaces appear

to be steeper than PLT for interest rates and inflation outside these bounds, as I

have recognised are costly to venture into.

The surface graphs lend evidence that AIT operates sensibly. For example a high

weight on controlling average inflation incurs a moderate increase in interest rate

changes, and conversely with output. This is an important finding as will be shown

under the Baseline case where the behaviour is more intensive.

In terms of regime comparison the AIT regime presents itself with steeper surfaces

compared to PLT though this is compensated by the wider bounds. This is because

the steep surfaces is only problematic if the regime ventures outside what is iden-

tified. Additionally between AIT and PLT the former has a lower general level of

variability in output while the latter has similar lower effects for inflation, this is

an interesting implied trade-off between the two regimes. Finally AIT however does

hold a clear advantage in that it does not hold a small trade-off between output and

inflation within the regime, found in PLT.
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Figure 5: Surfaces - Average Inflation Targeting / Baseline Pre-Crisis Period
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Baseline

The surfaces for the Baseline is shown in Figure 5 on the right. Similar to the AIT

surfaces, the values for ρπ < 1.5 and for ρy ∈ (0, 2) is removed to distinguish the

remaining surface. The behaviour in this region is both erratic and steep compared

to the remaining areas.

The allowable bounds under the Baseline is identified to be limited, while where

its general level of variability that can compete with AIT is smaller still. The

surfaces of the Baseline are both steep and non-uniform across the three variables

driving against any advantage. Altogether the operational flexibility of the Baseline

model in attaining both minimal variability and wide bounds is left wanting against

competing regime objectives.

For ρy < 1 and ρπ > 1.5 the lowest region of variability for output and interest rates

is attainable. The output surface can be seen to be substantially steep with higher

levels (several multiples) for ρπ < 0.5. The result is interesting for the Baseline as

some concern for inflation deviation is needed to reduce output. Furthermore for the

interest rate distribution the highest variability is found at the lower levels of both

weights on inflation and output (near equal rates with interest rate smoothing). The

suggestion is that higher weights relative to the lagged interest rate are more optimal

for the pre-crisis sample in terms of minimising variability. The interpretation is that

more aggressive responses in interest rates are needed to keep deviations in output

and inflation towards steady-state. Behaviourally the Baseline demonstrates itself

to need much more effort on the part of the central bank to maintain stability.

Inflation sees the widest bound under the Baseline and in comparison to the other

two variables, the boundaries are ρy > 0.5 and ρπ > 0.5. The lowest region of

inflation variability, where ρy > 1.5 and ρπ < 1, is only attainable given a trade-off

of neglecting the optimal areas for the other two variables. The trade-off would

be significant as the surfaces/distributions are steep. The boundary that satisfies

simultaneous minimal variation across the three variables is found 0.5 < ρ < 1 and

ρπ > 1.5 which is notably very much more limited than the other two regimes. As

established previously the general levels of variability between PLT and AIT are

more or less even (with a trade-off between output and inflation) while the Baseline

has comparatively higher levels. This places the Baseline performing poorer than

the other two regions across the main criteria.
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Summary across the Pre-Crisis period

Both PLT and AIT have generally similar levels of variability, though the former

has wider bounds. There is a trade-off between inflation and output in choosing

between these two regimes respectively i.e. having a PLT regime attains lower in-

flation to higher output variability compared to AIT, and vice-versa. Furthermore

there is a trade-off between output/inflation at the ends of the spectrum under the

PLT while such an effect is absent under AIT. Though a balance is still reason-

ably attainable under PLT. The Baseline has the smallest available bounds and

has a trade-off between low output/interest rate variability and inflation variability.

Taking in my findings for the pre-crisis sample the AIT regime proves to be most

operationally flexible, followed closely by PLT, while the Baseline performs worst.

Table 5 summarises the bounds found above.

Regime Output (y) Nominal Interest Rate (r) Inflation (π)

Price Level Targeting ρy > 1 ρpl ∈ (0, 2) ρy > 1 ρpl ∈ (0, 2) ρy > 1 ρpl ∈ (0, 2)
Average Inflation Targeting ρy > 0.5 ρAI > 0.5 ρy > 0.5 ρAI ∈ (0, 2) ρy > 0.5 ρAI ∈ (0, 2)
Baseline ρy < 1 ρπ < 1.5 ρy < 1 ρπ > 1.5 ρy > 0.5 ρπ > 0.5

Table 5: Weight Bound Summary Sample-1991Q2-207Q2
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6.3 Crisis and Recovery Sample 2007Q3-2014Q1

Price Level Targeting

Figure 6 left presents PLT in the crisis period. Across this period the PLT regime

surface plots have become intensively steeper compared to the previous subsample.

This is especially for the distribution of nominal interest rates and inflation, though

output still remains relatively flat. This implies that the financial crisis conditions

caused the regime’s behaviour to become somewhat erratic.

Nominal interest rate variability still behaves as expected: high price weights (higher

priority in undoing past deviations) causes substantial raises in variability. A par-

ticular detail needs attention, however, where the cost in moving from lowest to

highest values of variability (high concern for the price level) have approximately

no difference to the pre-crisis surface. What is different is that the steeper surface

encloses the available bounds. A similar effect is like-wise observable for output.

Taking this away, the crisis-period did not have as severe an effect on the level of

variability, while it did on the previously seen wide bounds.

Inflation on the other hand see a few more changes. The same convex effect is still

observable but has strengthened. Further this effect is broader along the surface

rather than remaining isolated at one side. Despite this a wide bound for inflation

at ρpl > 0.5 and for all weights on output can still be identified. Alongside, interest

rate and output variability share the same recommended bounds at ρpl > 1 for any

weight of output.

Overall, taking my findings together to judge operational flexibility, a subtle result

emerges. Previously the output/inflation trade-off I saw has now morphed into a

clear trade-off between nominal interest rates and inflaton. Upon close inspection

of the bounds the old trade-off has disappeared to the point that the new trade-off

needs to become the new focus. This, aside from the reduced bounds, is an important

driving point that lends favourability for the AIT regime (discussed next).
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Figure 6: Surfaces - Price Level / Average Inflation Targeting Crisis Period51



Average Inflation Targeting

Following PLT the distribution of standard deviations across the three variables are

more erratic compared to the results found in the previous subsample. Movement

across the varying weights are much steeper and the surfaces are less uniformly flat,

making weights outside of the recommended bounds costly still. The AIT surfaces

are shown in Figure 6 right.

The significant differences is that higher weights on output is compulsory for low

variability. Additionally it is much more costly to nominal interest rate variability

to maintain an output objective. However bounds where the two variables agree

can still be found. Notably the level of output variability has doubled compared to

its pre-crisis counterpart where it is now more or less even with PLT, the strong

differential seen before has disappeared.

The behaviour of the nominal interest rate across the surface has shifted. Where

previously a steep gradient is observable for low weights on output, the relationship

has reversed where a high output weight and ρAI < 0.5 jumps nominal interest rate

variability. Otherwise to this the surface is more or less flat and the recommended

bounds are still wider than PLT.

Inflation sees an interesting shift in behaviour. Both low weights on output and aver-

age inflation now need to be ruled out as the surface implies these cause undesirable

rises in variability. Though the difference is marginal (between 0.12-0.16) from the

more uniform regions. Most interesting however is that the lowest variability values

are found given a high weight on average inflation (expected) while a more equalised

weight between output and interest rate smoothing is suggested alongside.

Taking the recommended bounds of each variable in turn I find that they all share the

same boundaries, ρy > 0..5 and ρAI ∈ (0, 2). Making a close comparison between

AIT and PLT the former has a strong advantage in operational flexibility. Two

factors drive this result, firstly there is no trade-off between any of the variables and

secondly the bounds are wider. What is concluded is that AIT’s behaviour remains

consistent into the crisis period (despite higher output variability) while PLT was

less resistant to change.
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Baseline

The distribution of variation across all three variables is higher than both PLT and

AIT in the crisis subsample. The surface plots are without exception both more

steep and non-uniform across. These are shown in Figure 7. The Baseline regime is

most affected from the financial crisis conditions and the stable levels of variability

seen in the pre-crisis sample are lost.

Most importantly the mechanisms of the Baseline have become somewhat dysfunc-

tional. Pursing either output or inflation deviations from steady-state is costly to

nominal interest rates. This is a difficult circumstance as at least two of the three

variables should be pursued. To explain the reasoning: across the period either nom-

inal interest rate or output variability should be minimised to drive momentum for

a recovery. Though what is implied is that the latter objective is costly to nominal

interest rate variability, and subsequently financial market instability where those

effects may blunt any output objective.

Despite this, chasing deviations of inflation from steady-state is likely the best strat-

egy of the Baseline during the crisis, regardless that this leads to a much higher level

of variability compared to the other two regimes. This is because that nominal inter-

est rate variability is a third lower, compared to if an output objective is chosen. A

combination of this and lower inflation is likely more beneficial to financial markets

and overall recovery.

Taking in all these considerations the ideal bounds for the Baseline is besides this.

The recommended overall bounds should be ρy < 1 and ρπ > 1 which achieves a fair

balance between every objective. What remains to be identified is that the trade-off

of output for inflation variability is more costly compared to the converse. This

is a severe limitation of the Baseline. There is a strong trade-off between (1) high

inflation and nominal interest variability to (2) higher output variability. The former

two are lower given ρy < 0.5 while the latter is lower given the weight on ρy > 1.

This is a non-trivial trade-off, as if the central bank decides to normally pursue

the first objective in a crisis it would cause concerning levels of output variability

(between 0.3-0.8) making a recovery difficult.

It is clear that the Baseline monetary regime performs much poorer than PLT and

AIT, together in terms of the general level of variability, possessing a trade-off be-

tween variables, and the range of viable weights during the crisis and recovery pe-

riod.
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Figure 7: Surfaces - Baseline Crisis Period
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Summary across the Crisis and Recovery period

Using our criteria of the operational flexibility (viable range of weights) and levels

of variability (general level of standard deviation) to evaluate between regimes I

identify that AIT has an advantage to PLT as it lacks a trade-off between any

the three variables, holding wider bounds, and remaining more consistent behaviour

compared to its pre-crisis counterpart. The Baseline performs worst on these criteria

possessing the smallest available range of weights and more erratic non-uniform

distributions of variability. Table 6 summarises the recommended ranges.

Additionally comparing between our subsamples it is clear that the crisis and re-

covery period has had a substantial effect on the mechanism and results for each

regime in turn. Comparing between regimes becomes much less clear and difficult

as a consequence.

Regime Output (y) Nominal Interest Rate (r) Inflation (π)

Price Level Targeting ρy > 0.5 ρpl ∈ (0, 2) ρy ∈ (0, 2) ρpl < 1 ρy ∈ (0, 2) ρpl > 1
Average Inflation Targeting ρy > 0.5 ρAI ∈ (0, 2) ρy > 0.5 ρAI ∈ (0, 2) ρy > 0.5 ρAI ∈ (0, 2)
Baseline ρy > 1 ρπ ∈ (0, 2) 0 < ρy < 1 ρπ > 1 ρy < 0.5 ρπ > 1

Table 6: Weight Bound Summary Sample-2007Q3-2014Q1
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6.4 Zero Lower Bound across regimes

The nominal interest rate series from the above simulations were returned to their

levels by reversing the data manipulations described above. The number of times

the interest rate falls below 0.1 is taken as the Zero Lower Bound (ZLB), and is then

counted. Should a monetary regime avoid hitting the ZLB, or comparatively hits it

at a lower frequency to other regimes, then it can be considered to have an advantage.

This count is taken only for the crisis and recovery period subsample as this was

when the threat of the ZLB existed. This exercise is intended to provide a more

comprehensive view of the three regimes, as better regimes should not only have no

trade-offs and lower variability, but it should also minimise the risk of reaching the

ZLB, subsequently reduce the need to implement nonconventional tools. The results

are shown in Figure 8.

Price Level Targeting does worst on a small margin compared to AIT and the Base-

line. As can be seen on the diagram counts of 12 occupy the majority of the surface

for PLT while it is only on a fraction in AIT and the Baseline respectively. How-

ever the most common count of hitting the ZLB is 11 across the other two regimes

showing no large difference. For weights of ρy > 0.5 , ρAI > 1 for AIT and ρy > 0.5

, ρπ < 0.5 for the Baseline the counts are altogether 10 times. The shape and

distribution of the counts for AIT and the Baseline are starkly similar.

Despite that PLT performs poorer to the other regimes, the difference is only

marginal. Assuming in the Baseline that the central bank sets objectives in min-

imising inflation and interest rate variability (ρy < 0.5 , ρπ > 1) and the AIT regime

follows the recommended weight range from above, the AIT regime would perform

better in this instance as its range captures a larger area where the count is ten,

while the Baseline captures an area where the count is 11.

The AIT regime performs better in this measure though only by a thin margin.
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Figure 8: Surfaces - Zero Lower Bound
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7 Stochastic Simulations

Stochastic simulations were run to answer the third point of the criteria outlined

previously. That is, whether the three regimes can respond appropriately to shocks

relevant to the crisis, or the Monetary policy, Financial, or Government shocks. The

stochastic differs from the deterministic simulations through the implementation of

shocks, where they are fed through as standard deviations rather than as pre-existing

series (the empirical shocks).

The stochastic simulations here are independent of the run used to arrive at the pos-

terior estimates of the structural parameters. The reason is to account for the coun-

terfactuals, posterior estimation was discouraged for these cases as it would mean

assuming that the Price Level Targeting and Average Inflation Targeting regimes

were actually implemented in the US.

Separate stochastic simulations were run for these two cases using all the structural

parameters estimated before, with the exception of the Taylor Rule objective and

output weights which have been separately calibrated. These have been calibrated

to ρpl = 1 , rhoy = 1 for PLT and ρAI = 1 , rhoy = 1 for AIT. These weights were

chosen deliberately to coincide with the rough start of the recommended bounds in

the crisis and recovery period identified above. A second simulation was also run for

the Baseline where it has the entire set of parameter estimates listed above. This is

to maintain consistency, as the posterior estimate stochastic simulation is different

to the ones ran for the counterfactuals.

From these simulations the Impulse Response Functions (IRFs) and Variance De-

compositions (VD) are drawn as results and presented in this section. The IRFs

here are not the ones analysed in the model robustness section, or in Appendix D,

as those were drawn from the posterior estimation for the purpose of ensuring the

model was robust and sensible.

7.1 Impulse Response Functions

The Impulse Response Functions of the Monetary Policy, Financial and Government

shocks are used to compare the three regimes. 24 periods/quarters (6 years) is used

for the IRFs to (1) allow for a majority of the variables to return to their steady state

be observed (2) approximate roughly the number of years currently from the crisis.

The variables are chosen based on what is interesting in the event of a financial

crisis.

58



7.1.1 Monetary Policy Shock

The monetary policy shock feeds through the Taylor rule and is intended to replicate

a sudden tightening of interest rates by the central bank. What is looked for across

the regimes is that all the effects (especially on output, interest rates, and inflation)

returns to the steady state as soon as possible. This would imply that under the

particular regime monetary policy can be implemented without too much disruption

across the medium term. The IRFs are shown in Figure 9.

With the exception of inflation (discussed momentarily) the shapes of the IRFS

across the nominal interest rate (monetary authority instrument), investment, risk

premium, consumption and output are all very similar between the three regimes.

All the variables also react sensibly to the shock i.e. inflation, consumption, output

and investment fall while the risk premium jumps. Further most of these variables

converge to steady-state within the timeframe. A subtle difference is identified

however where the Baseline reacts more negatively in every instance, the difference

is most clearly observable in the risk premium. Between PLT and AIT there is little

difference otherwise.

The deciding factor is the reaction of inflation across the 6 year period. Inflation

deviations from steady-state overshoots in every instance, however only under PLT

does it eventually return to the steady state in the medium term. Both AIT and the

Baseline overshoot the steady state after a tightening of interest rates and remain

at an elevated level. Interestingly the elevated level under AIT is higher than the

Baseline. Convergence of inflation to steady-state is a desirable trait for a monetary

regime in respect to conventional monetary policy actions.

To summarise, the Baseline performs marginally worst compared to the other regimes

though altogether the shapes of the impulse responses are all very similar. There is

little difference between PLT and AIT though what sets the two apart is that the

former eventually returns inflation to the steady-state while the latter remains at

an elevated level.
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Figure 9: Impulse Responses - Monetary Policy Shock
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7.1.2 Financial Shock

The financial shock is fed through the model through the law of motion of the exter-

nal finance premium, any rises in the premium is taken directly to Entrepreneur’s

ability and willingness to service their loans with an financial intermediary. The

financial shock is hence a crunch effect which affects the economy through en-

trepreneurs whom in the model are responsible to employ households, purchase

capital from capital producers, and sell goods to retailers. This is believed to repli-

cate well the 2008 financial shock which saw a crunch in both the financial and non-

financial sectors. Although the shock is passed on primarily through entrepreneurs

it can also be interpreted that a panic in the financial sector pre-existed and then

feeds into the external finance premium. The implementation of the shock is similar

to Dib et. al (2010) though they attach the shock directly to marginal external

financing costs.

An additional component of the financial shock needs attention. A financial shock

also feeds directly into the government autoregressive process (equation 32) as a

lagged term. The purpose of this is to replicate a fiscal stimulus response to a

financial crisis, but only a quarter after the shock originated. The three monetary

regimes are thus also measured against whether it can accommodate a fiscal response.

A government shock independent of a financial shock is also possible and is studied

in the next part.

Unlike the monetary policy shock there are much more stark differences between

each regime’s response to a crunch. What does stand out however is that only under

AIT does the government shock become passed on as a positive output response.

The other two regimes in comparison see negative responses, where under PLT

output interestingly falls much deeper than the Baseline. Both AIT and the Baseline

see output deviations return gradually to steady-state about 10 quarters after the

crunch, while PLT appears to have only turned after 20 quarters.

Both inflation and interest rates react contrary to conventional wisdom after a

crunch. This is because for AIT and the Baseline interest rates are tightened (pos-

itive response) and inflation rises. The inflation jump is likely caused by the gov-

ernment shock. Though taking these responses at face-value AIT performs worst in

this regard where the jumps are both highest. In contrast PLT performs best where

interest rates does appear to respond sensibly though likely only in response to pos-

itive inflation deviations (given careful inspection of the timing of both). Moreover

the inflation deviations return quickest to steady-state under the PLT while the

other two regimes show more gradual returns.
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Overall taking all these findings together, I judge that AIT performs best under

the financial shock because it transfers most effectively a government stimulus while

the other two regimes see negative output responses. This is despite the interest

rate tightening and inflation jumps under AIT, in this instance an effective stimulus

transfer is more valued. Moving across, the Baseline appears to perform worst as it

sees poor outcomes across interest rates, inflation, and output, while PLT the first

two variables see more sensible outcomes.

Figure 10: Impulse Responses - Financial Shock
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7.1.3 Government Shock

The government shock is intended to represent an injection into aggregate demand

independent of the other shocks. Within this model the shock is fed directly into

output. The IRFs are shown in Figure 10. Each regime is evaluated in transferring

effective a government injection.

Between the three regimes the Baseline is seen to absorb a government shock most

effectively followed by PLT and AIT. Additionally the nominal interest rate behaves

most favourably under the Baseline with the interest rate in the other two regimes

behaving more aggressively (up to twice the Baseline). There are fewer differences

in the risk premium between the three regimes.

Inflation again remains of interest despite reacting contrary to what is expected (neg-

ative inflation response) of the effect of a government injection. All other variables

of interest appear to react sensibly otherwise. Though after the negative responses

inflation overshoots across all three regimes. The overshooting begins latest (15

quarters ahead of the shock) in the Baseline and at a much smaller scale compared

to AIT where it begins at the tenth quarter and subsequently stays at an elevated

level. Inflation under PLT behaves consistently with the previous cases, with an

overshoot and returns at a reasonable pace to the steady state.

The Baseline performs best across the three regimes in terms of transmitting an ef-

fective government injection where favourable behaviour in output, nominal interest

rate (monetary policy accommodation of the injection) and inflation (minimal and

latest overshoot effect) is observed. Otherwise to the Baseline the other two regimes

perform similarly.
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Figure 11: Impulse Responses - Government Shock
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7.2 Variance Decompositions

The Variance decompositions measure the percentage variation each shock con-

tributes to the observed variables. The decompositions are useful in differentiating

whether each regime has any effect on the way shocks affect the respective vari-

ables. Primarily output, inflation and interest rate variations are focused on. The

decompositions are summarised in Table 7.

The results notably show high concentrations in the financial shock for every regime.

The high persistence of the shock’s autoregressive process together with the high

capital adjustment cost parameter, and the important role of entrepreneurs in the

model may explain the concentration. Though Christensen and Dib (2008) obtain a

similar effect where the investment shock collects around 90 percent of the variation

across the variables. Taking their reasoning the effect may be caused by the co-

movement of the spread to the other data sets.

There are notable differences in the decompositions for each regime. Most promi-

nently the variance of inflation from a financial shock under PLT is significantly

below the other two regimes (PLT:20.1 while AIT:94.87 and Baseline:93.78 respec-

tively). Instead the technology shock absorbs half of the deviation in inflation while

another point of interest is that the interest rate shock collects a much higher

percentage compared to the other two regimes (PLT:14.5 to AIT:0.32 and Base-

line:0.57). The result here is consistent with PLT’s behaviour of undoing past devi-

ations through conventional means.

The nominal interest rate sees a similar effect where the PLT’s variance decomposi-

tion is unique. The interest rate has almost no variation under the financial shock

while the bulk is collected under the interest rate shock. This is in-line with our

results where there is a trade-off between more stable inflation and interest rates.

A remainder of the variation is found in the preference shock. Comparatively both

AIT and the Baseline together have over ninety percent of their interest rate vari-

ations under the financial shock. Though a clear difference between them is seen

in the latter, where a fraction is found under the interest rate shock. This suggests

that AIT requires less variation of the central bank interest rate in enforcing a mon-

etary policy shock compared to the Baseline. For output there is less substantial

differences across the three regimes, all three have similar concentrations under the

financial shock and the remainder of the variation spread across the monetary policy

and investment shocks. There is little contribution of the other shocks to output

variation.
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The variance decompositions shows that PLT is starkly different to AIT and the

Baseline in terms of inflation and the nominal interest rate, though this is consistent

with the previous results. Besides this AIT and the Baseline are very similar together

in the distributions across these variables with some differences. This is interesting as

AIT is not distinctly different from the Baseline as PLT is, and moreover compared

to where AIT has differentiated itself in previous results.

VARIANCE DECOMPOSITION
(in percent)

Price Level Targeting Monetary Policy Investment Technology Preference Money Balance Financial Government

Consumption (c) 9.67 4.64 0.93 2.86 0 78.21 3.69
Output (y) 3.41 5.17 0.3 0.92 0 90.04 0.16
Interest Rate (r) 72.98 0 0.02 25.03 0 0.17 1.8
Inflation (π) 14.5 1.83 55.42 3.06 0 20.1 5.08

Average Inflation Targeting Monetary Policy Investment Technology Preference Money Balance Financial Government

Consumption (c) 24.34 2.7 0.17 6.06 0 55.36 11.38
Output (y) 6.81 4.16 0.07 1.54 0 87.31 0.11
Interest Rate (r) 3.25 4.31 0.05 1.13 0 91.16 0.1
Inflation (π) 0.32 4.52 0.09 0.14 0 94.87 0.05

Baseline Monetary Policy Investment Technology Preference Money Balance Financial Government

Consumption (c) 20.43 3.94 0.5 5.31 0 64.82 5.01
Output (y) 6.65 4.82 0.15 1.54 0 86.66 0.18
Interest Rate (r) 16.09 4.28 0.25 2.95 0 76.3 0.14
Inflation (π) 0.57 5.23 0.25 0.11 0 93.78 0.07

Table 7: Variance Decompositions
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8 Conclusion

Based off the deterministic simulations, Average Inflation Targeting is determined to

perform best in the crisis and recovery subsample as it possesses the widest bounds

and no trade-off between variables and key objectives, whereas Price Level Targeting

has a trade-off between inflation and interest rate variability. Moving from the pre-

crisis sample, PLT’s observed trade-off between output/inflation morphed to the one

identified above.

The Baseline performs worst out of the three regimes in both subsamples. It has both

the smallest available bounds and especially in the crisis and recovery period has very

steep non-uniform surfaces. Venturing outside of the bounds causes high increases

in variability. Further in this period there is a substantial trade-off between output

and inflation/interest rates, pursing one objective is costly to the other side.

Counting the number of times the drawn nominal interest rate series hits the zero

lower bound (r < 0.1) ,for every determinist simulation, there is no strong difference

between the three regimes. PLT performs slightly worse than the other two regimes

while AIT performs better than the Baseline. This is because the recommended

bounds for AIT in the second subsample capture a lower count of 10 compared to

the bounds in the Baseline, which assume an inflation minimising objective and

count 11.

The Impulse Response Functions (IRF) over 24 periods (6 years) are taken from one

standard deviation monetary policy, financial and government shocks for all three

regimes. Interestingly for the first shock both the Baseline and AIT have inflation

deviations overshoot and remain on elevated levels above steady-state, with the

latter higher than the former. PLT performs as anticipated where inflation both

overshoots the steady state briefly then returns to the steady state. The Baseline

responds more negatively in the other variables.

PLT performs interestingly under a financial shock as it demonstrates both a return

of inflation to the steady-state with low disruption to interest rates. However as a

consequence a government stimulus is transferred poorly to output, and by itself,

output also falls to a negative level across the IRF. In comparison the AIT regime

transfers the government shock most in conjunction with the financial shock, however

it reacts with a tightening of monetary policy, likely dulling the effects. The Baseline

behaves similarly to AIT, though at a lower level across every variable. Despite these,

AIT is identified to have an advantage in this instance as it effectively transfers the

government shock, despite the drawbacks in interest rate tightening and positive

inflation deviations.

67



The Baseline transfers a government shock most effectively, evidenced by a larger

impact on output compared to the other two regimes. Further it does better in

lower interest rate and risk premium deviations from the steady-state, and moreover

inflation overshoots latest. The other two regimes perform similarly otherwise.

The variance decompositions are intended to show if each regime mitigates variance

proportions across shocks. I finds that PLT is unique in having lower inflation

variance under the financial shock (where there is a strong concentration across all

variables) and a higher variance under the monetary policy shock. This is in line

with how a PLT regime is expected to behave. AIT and the Baseline otherwise

perform similarly to each other. This is interesting as AIT is not clearly distinct

from the Baseline as PLT is.

Taking all these results and findings together, AIT is recommended as the better

regime. It is the strongest in regime flexibility as it has the widest bounds and no

conflicts between objectives during the crisis and recovery period. Further output,

interest rate, and inflation behaviour remains more or less consistent between the

two samples. This is important as the regime’s outcomes are thus more predictable

during an emergency. This means that AIT is best to respond to changing objectives

and has the wider set of available choices between them across time (as there is

lower and less costly variance changes in each variable observed from the surfaces).

Furthermore AIT is comparatively much more effective in transferring a government

stimulus under the financial shock. Despite that AIT does not perform any better

than the others in avoiding the ZLB though it remains to be the recommended regime

during the crisis, out of the set of three regimes, for the discussed reasons.
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9 Summary

As the US economy has faced a turbulent and shaky recovery since the 2008 Financial

Crisis, are there better monetary policy alternatives that could have delivered better

outcomes? As the Federal Reserve does not implement any formal target would

alternative targeting regimes be clear better alternatives?

I combine a government and financial shock to Christensen and Dib (2008) medium-

scale DSGE model to conduct a regime comparison between a Baseline (Taylor

rule that targets inflation deviations from steady-state) and two counterfactuals (1)

Price Level Targeting (Targets price deviations from price target) and (2) Average

Inflation Targeting (targets average inflation across numerous periods to a inflation

target). The two counterfactuals are the alternative regimes under study.

A three point criteria is used to evaluate each regime as good characteristics for crisis

conditions: (1) Operational flexibility – can the regime change between objectives

without higher variability and without trade-offs (2) Avoid the Zero Lower Bound

during crisis and crunch conditions (3) Sensibly react to shocks, or particularly

have minimal disruption in monetary policy implementation and transfer effectively

government stimulus shocks effectively.

Average Inflation Targeting is found to have an advantage for points 1 and 3 of

the above criteria while there is little difference between regimes on the second

point. It is the recommended regime for crisis conditions. Price Level Targeting

performs better than the Baseline where it has both larger operational flexibility

and a lower level of standard deviation in output, inflation and the nominal interest

rate. However it has a trade-off between inflation and interest rate variability. The

Baseline is found otherwise to be the best transfer of an independent government

shock on the economy.
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10 Appendix

10.1 Section A - Data Series

Green Line – Log Cyclical Detrended Data

Red – Hodrick-Prescott Filtered Trend

Blue Line – Log Actual

Left scale measures Actual and Hodrick-Prescott series

Right scale measures Cyclical component
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Output - Real GDP.

Investment - Real Gross Private Domestic Investment.

Money balances - St. Louis adjusted monetary base

Inflation Rate - GDP deflator.

Nominal Interest Rate - Three-Month Treasury Bills.

Spread -BAA and AAA corporate bonds Moody’s

Consumption - Real Private Consumption

All data was taken from the St. Louis FRED database at quarterly aggregation.
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10.2 Section B - System of Log-Linearised Equations

((1− γ)λc− 1)ĉt = γλ̂t +
λm(R− 1)

R
(b̂t + (γ − 1)m̂t)− γêt (1)

γr

R− 1
= b̂t + ĉt − m̂t (2)

hĥt = (1− h)(ŵt + λ̂t) (3)

ŷt = αk̂t + (1− α)ĥt + (1− α)Ât (4)

ŷt =
c

y
ĉt +

i

y
ît +

g

y
ĝt (5)

ˆλt+1 = λ̂t − R̂t + ˆπt+1 (6)

ŵt = ŷt + ξ̂t − ĥt (7)

ẑt = ŷt + ξ̂t − k̂t (8)

f̂t =
z

f
ẑt +

1− δ
f

q̂t − ˆtt−1 (9)

q̂t = χ(ît − k̂t)− x̂t (10)

π̂t = β ˆπt+1 +
(1− βφ)(1− φ)

φ
ξ̂t (11)

ˆkt+1 = δît + δx̂t + (1− δ)k̂t (12)

ˆft+1 = R̂t − ˆπt+1 + ˆrpt (13)
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ˆrpt = ετt + ψ(q̂t + ˆkt+1 − ˆnt+1) (14)

ˆnt+1

vf
=
k

n
f̂t − (

k

n
− 1)( ˆRt−1 − π̂t)− ψ(

k

n
− 1)(k̂t + ˆqt−1) + (ψ(

k

n
− 1) + 1)n̂t (15)

Baseline Taylor Rule

R̂t = ρππ̂t + ρyŷt + ρr ˆRt−1 + εrt (16)

Price Level Target Taylor Rule

R̂t = ρpl(p̂t − ˆ̄pt) + ρyŷt + ρr ˆRt−1 + εrt (17)

Average Inflation Targeting Rule

R̂t =
1

6
ρAI( ˆπt−8 + ˆπt−4 + ˆπt−3 + ˆπt−2 + ˆπt−1 + π̂t) + ρyŷt + ρr ˆRt−1 + εrt (18)

Law of motion of Price Level

p̂t = π̂t + ˆpt−1 (19)

Price Level Target

ˆ̄pt+1 = π̂ ˆ̄pt (20)
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10.3 Section C - Brook and Gelman Statistics

Computed from the Baseline estimated parameters across 25,000 Metropolis Hast-

ings draws with a 30 percent burn.
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10.4 Section D - Posterior Impulse Response Functions
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