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Abstract:  

 

Employing a simple New Keynesian model and substituting the rational expectations 

assumption on the formation of inflation expectations to let them stochastically 

fluctuate around the inflation target, a model is developed which produces predictions 

analogous to observed data in Sweden for the period between 1996-2013. The model is 

supplemented with the assumption of central bank bias concerning the natural level of 

output, a bias that can be interpreted as indicating either an error in measuring the 

economy’s capacity or a deliberate attempt to “lean against the wind” in order to 

mitigate the buildup of financial leverage. Computer simulated results indicate that 

when monetary policy is restrictive enough to bring about the undershooting of the 

inflation target which was observed in Sweden between 1996-2013 a loss of output 

around half a percentage point per annum occurs and is exacerbated when assuming a 

zero lower bound constraint on interest rates. Robustness tests are conducted showing 

that he results persist under a variety of alternative scenarios and calibrations. 
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1 INTRODUCTION 

The purpose of this thesis is to inquire into the conduct of monetary policy in Sweden 

between 1997 and 2013 with particular respect to the question of whether an 

inappropriately restrictive monetary policy stance on behalf of Sveriges Riksbank can 

be associated with welfare losses for the country, such as excess unemployment. 

Monetary policy plays an important role in social welfare. In this context, I attempt to 

provide a measure of any social costs that can be associated with the conduct of 

monetary policy in the country. 

Monetary policy is a critical stabilization tool for every country. Indeed, the view that 

central banks can save from, or plunge a country into, unemployment, is a point of 

substantial consensus among macroeconomists. This is highlighted by historical 

incidents such as the Great Depression and Japan’s “lost decade”, two cases in which 

monetary authorities have been assigned a great deal of the blame. Central to this 

problem is the extent to which money is “neutral”, i.e. whether labor and goods markets 

“clear”, meaning that no unsold quantities of goods or idle labor can be observed, in the 

absence of intervention from a monetary authority such as a Central Bank. In this 

respect, the “classical” view in which money plays no role as markets adjust 

automatically is contrasted to the neo-Wicksellian view according to which monetary 

frictions allow the economy to diverge from maximum employment, requiring a 

response from the monetary authority to counter such factors aiming to restore the 

socially optimal equilibrium. In the case of Sweden, I seek to supplement the inquiry of 

whether its monetary authority, Sveriges Riksbank, has adequately fulfilled its 

stabilizing role by employing a simplified New Keynesian model that differs from 

counterparts in the assumptions that govern inflation expectations formation. While a 

typical1 New Keynesian model assumes that rational expectations govern the formation 

of inflation expectations, I relax this assumption and assume that households trust the 

Central Bank’s inflation target and expect that realized inflation will fluctuate 

stochastically around this target. The question examined in this thesis could be of 

interest for policy making purposes; I however focus on studying the economic 

implications of the issue. Accordingly, my results should not be interpreted as advice on 

optimal policy, or a ranking of policy regimes.  

                                                        
1 As will be clear in the following section, I consider as ”typical” New Keynesian models of the 
macroeconomy the ones in Adolfsson et al (2007), Gali (2008), Jensen (2002) 
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I primarily employ analytical tools of neoclassical economics, adopting a realist stand 

point on issues that concern epistemology and philosophy of science, emphasizing the 

significance of testability and predictive power of economic models. I refrain from any, 

so called, “value judgment” or “normative” arguments. Employing a simple New 

Keynesian model the rational expectations assumption on the formation of inflation 

expectations is relaxed in order to not stray too far away from observed data in Sweden 

for the period. I retain the rational expectations assumption for the future path of the 

output gap and employ computer simulated experiments to evaluate the consequences 

of monetary policy and test whether the results persist against a variety of alternative 

formulations. 

At this point it would be useful to clarify some methodological points. I employ the 

approach of Karl Popper when it comes to evaluating the truth content of theoretical 

propositions. This implies that in order to examine the question at hand, a theoretical 

model is constructed and then the data is scrutinized in search of evidence against the 

model. In this sense, when it comes to the evaluation of a theory versus another one, 

the “surviving” or “prevailing” theory is the one that is shown to be most difficult to 

refute on the basis of the data. Ideally the data that the theory is checked against should 

come from controlled experiments. As this is often not possible in the case of 

economics and nearly unthinkable in the case of macroeconomics, one has to suffice to 

data provided by “natural” experiments, which have the drawback of imperfect controls 

and data provided by computer simulations, which have the drawback of being subject 

to model risk, i.e. one cannot independently verify that the procedure for generating the 

data is correct. Nevertheless, I consider contrasting the theory to imperfect data a more 

useful exercise than circumventing the empirical aspect altogether. In this context, the 

purpose of employing computer simulations is to produce an artificial data set in order 

to confirm the conclusions of similar exercises in the literature, which might have been 

conducted using actual data series, or computer simulated data resulting from a 

somewhat different model then the one I am employing. 

The thesis proceeds as follows: I initially summarize the historical development of 

macroeconomic theory as a theoretical introduction to the model which will be used for 

simulations. I then present the derivation of the model analytically and explain in what 

ways I depart from comparable models in the literature, in order to yield results 

consistent with observed data in Sweden. Consequently, I present the results of the 

computer simulated experiments and the results of the robustness tests which I employ 
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to verify that the results are not contradicted under plausible alternative formulations 

of the model. 
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2 THE HISTORICAL DEVELOPMENT OF THE NEW 
KEYNESIAN THEORETICAL FRAMEWORK 

Woodford (2003) notes that the view that monetary policy can be used to stabilize the 

economy dates back to at least Knut Wicksell who in 1898 had noted that stabilization 

attempts which concern nominal prices should not be confused with regulation of 

relative prices, the latter being linked to a loss of utility while the former a matter of 

pure convention. The modern framework within which monetary policy is conducted 

seeks to increase social welfare by reducing negative outcomes for the economy, such as 

periods of high unemployment and inflation, by smoothing out such “nominal” 

frictions. 

The development of this framework developed with the writings of economists of the 

Great Depression era, notably figures such as Irving Fisher and John Maynard Keynes. 

Hicks (1937) provided a pioneering analytical treatment of Keynes’ General Theory, 

which led to the widespread adoption of the IS/LM model family by monetary 

authorities in the post war period. The IS/LM model represented a substantial 

improvement in the sense that it allowed the analysis of situations such depressions, 

i.e. prolonged periods of low economic output and high unemployment, which were not 

predicted by Classical economics. In the consequent period, as pointed out by 

economists of the, so called, monetarist school such as Milton Friedman (1977), 

monetary authorities operated under the assumption of a trade-off between 

unemployment and inflation, i.e. the premise that regulators could achieve a given level 

of unemployment by tolerating higher inflation. This trade-off between inflation and 

unemployment was summarized in the form of the “Philips Curve”. Monetarists 

contested this view and argued that inflation could not be used to increase employment 

and output above its long-term “natural” rate.  

This viewpoint was reinforced when it became clear that the monetarist view on 

modeling the economy produced more accurate predictions, in particular with respect 

to stagflation that many countries experienced at the time. Of particular importance to 

this was the Lucas (1976) critique which put empirical estimates of the Philips curve 

into question on the grounds that these were based on assuming that individuals are 

rather “naïve” when forming expectations about the future. Instead, a modeling 

novelty, the assumption of rational expectations, was developed which consisted in 

assuming that individuals take all available information into account when forming 
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expectations about the future. Rational expectations were from that point commonly 

incorporated in economic models. Such models were not necessarily limited to the 

macro economy but also spanned fields such as finance, asset pricing and 

microeconomics. Additionally, certain models were developed showing that under 

simple assumptions social welfare outcomes were superior when the monetary 

authority committed to follow a set of rules rather than engage in ad hoc attempts to 

stabilize the economy in the short run (Kydland & Prescott, Rules Rather than 

Discretion: The Inconsistency of Optimal Plans, 1977). 

Of central importance to this economic thinking was the, so called, “neutrality” of 

money. Scholars such as Milton Friedman held the view that money is neutral in the 

long run only, but monetary frictions, the so called “money illusion”, can lead to 

inferior social outcomes in the short run. The implication of this viewpoint was that 

central banks should attempt to “stabilize” the economy in the short run, but refrain 

from attempting to push economic output above the economy’s capacity in the long 

run. On the other hand, the work of Lucas (1972) provided theoretical support behind 

the idea that monetary policy is irrelevant when individuals hold rational expectations 

and hence no “money illusion” can occur.  However, the models of the macro economy 

that stemed from this school of thought which were not particularly successful in 

producing predictions that correspond with observation. These were labeled “Real 

Business Cycle” models, to reflect their main contention that economic fluctuations 

resulted from unanticipated shocks to technology (Kydland & Prescott, 1982). Hence, 

these models prescribed no role for monetary policy. This was in stark contrast with 

empirical evidence from the Great Depression which showed that inappropriate 

monetary policy can lead to prolonged periods of unemployment (Friedman & 

Schwartz, A Monetary History of the United States, 1867-1960, 1963; Bernanke, 2000). 

An even bigger problem was that Real Business Cycle models were flawed from a 

methodological perspective as they were largely tautological in the predictions that they 

produced (Mankiw, 2002). This, and also Prescott’s (1986) response to the criticism 

contradicted the positivist tradition in economics which postulated that, like in the 

natural sciences, the merit of models rests in the accuracy of their predictions 

(Friedman M. , 1966). In essence, the Real Business Cycle tradition postulated 

replacing a class of models that occasionally produced inaccurate predictions with a 

class of models that produced no predictions. 
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In the mid 80s, sparked by Calvo’s (1983) seminal article on staggered prices, a new 

school of thought started to develop which sought to avoid the shortcomings of old 

Keynesian models while maintaining the positivist/realist methodological standpoint 

and employing the mathematical approach of the Real Business Cycle theory. This 

school of thought was labeled “New Keynesian” economics to reflect the attempt to 

provide a rigorous mathematical interpretation of Keynes’ views on macroeconomics. 

In these models while crucial assumptions of the Real Business Cycle research tradition 

such as infinite-living utility maximizing agents and technology shocks driving 

economic fluctuations are retained, a role for money and stabilization policy is 

introduced through the assumption that prices and wages are sticky, i.e. they require a 

certain period of time to revert to the market clearing values. The New Keynesian 

research project culminated in large scale models of the economy such as those in 

Woodford (2003) which adopted rational expectations solely to the extent that this 

assumption led to predictions that were more consistent with experience. Additionally, 

the inquiry on price and output dynamics when the Central Bank cannot set interest 

rates lower than zero led to the development of a theoretical explanation on how a long 

run tradeoff between employment and output (i.e. a downward sloping rather than 

vertical Philips curve) can indeed exist (Akerlof, Dickens, & Perry, 2000). Figure 1 

contrasts this against the neoclassical view of a vertical Philips curve. 

Figure 1 The neoclassical and New Keynesian views on the Philips curve 

The Zero Lower Bound (ZLB) on interest rates is central to the above dichotomy. The 

neo-Wicksellian view which stems from the work of Wicksell and Keynes, considers the 

possibility that a “liquidity trap” may come about: the interest rate that prevails in the 

economy might be too high, so that rational investors and households will hoard money 

rather than spend or invest it, bringing about a recession. The central bank could in this 
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case intervene and lower the prevailing interest rate, in effect implementing the interest 

rate that is consistent with economic stability. However, if the interest rate required to 

stabilize the economy is negative, the central bank faces the problem that it cannot 

implement it; if it tried agents in the economy would simply store money in safes and 

mattresses where they would face a zero interest rate rather than see the value of their 

savings eroded by depositing them in an account that pays a negative rate of interest.  

Milton Friedman’s framework refrained from explicitly treating this case, viewing the 

problem as rather trivial. Since the quantity of money played the central role in 

economic stabilization, the central bank could stabilize the economy by increasing 

money supply, for instance through quantitative easing, i.e. the practice in which a 

central bank buys assets such as government bonds or asset-backed securities. 

However, Akerlof et al (2000) showed that when the central bank cannot or may not, 

for instance because of institutional constrains, conduct unlimited purchases, an 

economy that finds itself facing the zero bound on interest rates faces a non-vertical 

Philips curve: A tradeoff between employment and inflation comes about and the 

government can indeed achieve a higher level of long-run sustainable employment 

through e.g. increasing spending, up to the point where the economy has escaped the 

ZLB, in which case the Philips curve resumes its vertical shape and the tradeoff 

between inflation and employment vanishes. This is summarized in the Philips curve 

depicted in the right hand side of figure 1. 
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3 A NEW KEYNESIAN MODEL FOR SWEDEN, 1997-2013 

3.1. Derivation the “non-policy” block of the model 

In order to derive the “non-policy” block of the model, i.e. the part of the model that is 

independent to monetary policy I follow a strategy which is common in the literature 

(for instance see Walsh, 2010; Gali, 2008; Woodford, 2003). I then proceed to a 

discussion of how various interest rate rules might function in this economy and 

provide a brief comparisson to similar models in the literature. 

3.1.1. Households 

A representative infinitely living household maximizes utility U: 

E[∑ 𝛽𝑡𝑈(𝐶𝑡,𝐿𝑡)]∞
𝑡=0                                       

In line with Dixit and Stiglitz (1977), 𝐶𝑡 = �∫ 𝐶𝑡(𝑖)
1−1𝜀𝑑𝑖1

0 �
𝜀

1−𝜀
 is the consumption index, ε 

is a measure of the consumption elasticity, L denotes labor in hours worked and 𝛽 is the 

discount rate. The assumption on household behavior requires some further 

elaboration. On the one hand I am assuming that the household behaves in such way as 

if it wants to consume as much as possible for the least amount of work.  Furthermore, 

I am assuming that the household takes all available information into account and 

calculates the optimal path of consumption, i.e. the fraction of its income that it will 

consume or save each period. I must stress that it does not need necessarily be the case 

that house is a self-interested hedonist. In line with the positive tradition in economics, 

I employ assumptions solely on the basis of whether their adoption leads the model to 

produce predictions more consistent with reality or not.  

Additionally, the notion of household immortality needs some attention. It implies that 

households are assumed to care about their young members, so that they have no 

incentive to consume all their wealth before they die. Households value present 

consumption more than future, based on the value of β (setting its value equal to one 

corresponds to a household that is indifferent between present and future utility). 

In addition, households subject to the period budget constraint 
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�𝑃𝑡𝐶𝑡𝑑𝑖 + 𝑄𝑡𝐵𝑡 ≤ 𝐵𝑡−1 + 𝑊𝑡𝐿𝑡

1

0

   , 

where 𝑃𝑡 denotes the price level at time t, 𝐶𝑡 denotes consumption at time t, while 𝑄𝑡 

and 𝐵𝑡 denote the price of a zero coupon bond maturing one period ahead and the bond 

holdings respectively. Optimal saving and labor supply schedules require 

𝜕𝑈
𝜕𝐿
𝜕𝑈
𝜕𝐶

= 𝑊𝑡
𝑃𝑡

                                                                                                                                           [1] 

and       

 𝑄𝑡 = 𝛽𝐸𝑡 �
𝑈𝐶 𝑡+1
𝑈𝐶 𝑡

𝑃𝑡
𝑃𝑡+1

�   ,                                                                                                                 [2] 

where 𝑊𝑡 is the prevailing wage at time t. I employ the following assumption about 

period utility 

𝑈(𝐶𝑡,𝐿𝑡) = 𝐶𝑡
1−𝜎

1−𝜎
− 𝐿𝑡

1+𝜑

1+𝜑
    ,                                                                                                              [3]                                                     

where σ and φ are constants denoting household preferences. Taking the natural 

logarithms for the above expressions, substituting [3] into [1], and through Taylor-

expansion of [2] around steady state yields the pair of optimality conditions that 

consists of 

𝑤𝑡 − 𝑝𝑡 = 𝜎𝑐𝑡 + 𝜑𝑙𝑡                                                                                                                       [4] 

and                                                                                        

𝑐𝑡 = 𝐸𝑡[𝐶𝑡+1]− 1
𝜎

[𝜄𝑡 − 𝐸𝑡[𝜋𝑡+1]− 𝜌     ,                                                                                       [5] 

where 𝜋𝑡+1 = 𝑃𝑡+1
𝑃𝑡

 denotes the rate of inflation, while 𝜄𝑡 = − 𝑙𝑛𝑄𝑡   ,   𝜌 = −𝑙𝑛𝛽 and lower 

case letters denote natural logarithms. 
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3.1.2. Firms and price setting 

Firms produce goods in monopolistic competition, and are indexed by 𝑖. They face the 

production function 

𝑌𝑡(𝑖) = 𝐴𝑡𝐿𝑡(𝑖)1−𝜅,                                                                                                                       [6]                                   

where 𝜅 is a constant and 𝐴𝑡 represents the level of technology, available to all firms. I 

let its logarithm, 𝑎𝑡, follow a simple autoregressive process 

𝑎𝑡 = 𝛾𝑎𝑎𝑡−1 + 𝑔+𝜁𝑡,        𝜁𝑡~𝑁�0,𝜎𝜁�,                                                                                     [7]                                               

where g denotes a measure of long term technological improvement, set to zero unless 

stated otherwise. 

This way of modeling the supply side of the economy has an interpretation that is 

analogous to Solow’s (1956) which boils down to a variant of [6]; in it 𝐴𝑡 can be 

interpreted as the technology level at time period t, which is not constant across time. 

Accordingly, following the rationale of Kydland and Prescott (1982), the interpretation 

of [7] is that technology follows a stochastic path, i.e. technological improvement 

arrives at unpredictable instances and accumulates over time. 

 I employ Calvo (1983) pricing to model price stickiness, assuming that in each period a 

firm might change its prices with probability (1 − 𝜃), independently of past 

adjustments. Then for 𝑃𝑡∗ denoting the price chosen by the representative firm that re-

optimizes at time t, the price index satisfies  

𝑃𝑡 = [𝜃(𝑃𝑡−1)1−𝜀 + (1 − 𝜃)(𝑃𝑡∗)1−𝜀]
1

1−𝜀   .                                                                                 [8] 

The above expression might seem almost trivial at first sight but in fact it is the link 

that binds the average firms’ pricing choice with the elasticity of substitution of its 

produced good. Accordingly, it bears an interesting economic interpretation. In 

comparison to the flex-prices model, firms take two additional factors into account 

when reaching their pricing decisions: The ability of consumers to substitute the 

produced good with another good and the period that they expect these prices to 

remain in operation. 



 

 

15 

Additionally, Gali (2008, s. ch 3.2.2) shows that under the assumption of monopolistic 

competition given some degree of price stickiness, at any time period the logarithm of 

the re-optimizing firm’s new price corresponds to 

𝑝𝑡∗ = 𝜇 + (1 − 𝛽𝜃)∑ (𝛽𝜃)𝑘𝐸𝑡[𝑚𝑐(𝑡+𝑘|t) + 𝑝(𝑡+𝑘)]∞
𝑘=0    ,                                                     [9] 

where μ is a “mark-up” constant denoting the typical firm’s ability to price above 

marginal cost. The economic interpretation of [9] coheres well with the work of Dixit 

and Stiglitz (1977) as the markup, μ, is directly related to firms’ market power, implying 

that the harder consumers can substitute a firm’s produced good with another, the 

higher the price that will be chosen by such firm.  

3.1.3. Equilibrium 

Goods markets clearing implies that in each period 

𝑌𝑡 = 𝐶𝑡  ,  

meaning that in each time period all output is consumed domestically so that there is no 

fraction of output sold to an external sector and furthermore that no output can be stored 

and consumed in the future, leaving bond purchases as the only avenue for household 

savings. 

Substituting into the log linearized Euler equation [5] and subtracting 𝑦𝑡𝑁from both 

sides, one yields an expression commonly referred to as the dynamic investment savings 

(DIS) relationship 

𝑦�𝑡=−
1
𝜎

(𝑖𝑡 − 𝐸𝑡[𝜋𝑡+1] − 𝑟𝑡𝑛)+𝐸𝑡[𝑦�𝑡+1]    ,                                                                   [10]                                   

where 𝑟𝑡𝑛 = 𝜌 + 𝜎𝐸𝑡[𝛥𝑦𝑡+1𝑁 ] is the natural rate of interest. I am adopting the 

conventional notation for the output gap, i.e. 

 𝑦�𝑡 = 𝑦𝑡 − 𝑦𝑡𝑁.  

Note that with 𝑤𝑡 denoting log wages the following identity necessarily holds 

𝑚𝑐𝑡 = (𝑤𝑡 − 𝑝𝑡) − (𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑜𝑓 𝑙𝑎𝑏𝑜𝑟𝑡).                                                            [11] 



 

 

16 

Differentiating [6] with respect to labor to yields the following expression for the 

marginal product of labor 

𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑜𝑓 𝑙𝑎𝑏𝑜𝑟 = 𝑎𝑡 + ln(1 − 𝜅) − 𝜅𝑙𝑡 .          

This can be used to complement [11] and derive the dynamics of marginal cost as a 

function of technology. Combining it with [8] and [9] one yields the inflation equation 

𝜋𝑡 = 𝛽𝐸𝑡[𝜋𝑡+1] + 𝛩𝑚𝑐�𝑡 ,                                                                                                          [12] 

where 𝛩 = 1−𝜅
1−𝜅+𝜅𝜀

(1−𝜃)(1−𝛽𝜃)
𝜃

 and letting 𝑚𝑐�𝑡denote the deviation of average marginal 

cost from its zero inflation steady state value, it can be shown that when approximating 

around steady state 2  

𝑚𝑐�𝑡 = 𝐻𝑦�𝑡   ,    

where = �𝜎 + 𝜑+𝜅
1−𝜅

� . 

This can be used to rewrite [12] as    

𝜋𝑡 = 𝛽𝐸𝑡[𝜋𝑡+1] + H𝑦�𝑡 +𝜔𝑡  .                                                                      [13]                   

[13] will be referred to as the “New Keynesian Philips Curve” (NKPC). Note that I am 

additionally assuming an exogenous stochastic component 𝜔𝑡 labeling it “cost-push 

shock”  

𝜔𝑡 = 𝛾𝑢𝑢𝑡−1 + 𝜉𝑡  ,     𝜉𝑡~𝑁(0,𝜎𝜉) 

On empirical grounds and in line with authors such as Jensen (2002) and Walsh (2010) I 

allow for some inflation persistence, 𝜓. This issue perhaps requires some further 

clarification. Even though under the assumptions of this model up to this point the path 

of prices and inflation should not incorporate any backward-looking evidence, as 

rational firms and households base their decisions on expectations about the future, 

dropping the inflation persistence assumption would lead to results that would fail to 

account for the serial correlation which can be observed with respect to inflation time 

series. Therefore it might be the case that not all households and firms are basing their 

                                                        
2 See Gali,(2008), section 3.2.2 and appendix. 3.3 
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decisions on forward looking assessments but simply assume that the future will 

roughly resemble the past. The role of ψ in this respect is to allow for the presence of 

such behavior, so that the simulations will yield data consistent with observation. I am 

additionally assuming an exogenous stochastic component 𝜔𝑡 which affects marginal 

costs, labeling it “cost-push shock” Then the NKPC may be rewritten as 

𝜋𝑡 = 𝜓𝜋𝑡−1 + (1 − 𝜓)𝛽𝐸𝑡[𝜋𝑡+1] + (1 − 𝜓)H𝛩𝑦�𝑡 +𝜔𝑡  .                                    [14] 

This cost-push shock is used to account for non-technological shocks to inflation, such 

as shocks to commodity prices. 

Finally note that the combination of optimality conditions [4], [5] with [11] can be used 

to yield an expression for the natural level of output 

𝑦𝑡𝑁 = Φ𝑎𝑡 + (1 + 𝜑)𝛯  ,                                                                                                           [15] 

where 

Ξ =
1

𝜎(1 − 𝜅) + 𝜑 + 𝜅
  , 

Φ =
(1 − 𝜅)[𝜇 − ln(1 − 𝜅)]
𝜎(1 − 𝜅) + 𝜑 + 𝜅

  . 

This, in conjunction with the DIS relationship highlights what Woddford (2003) calls 

the “neo-Wicksellian” view: Output fluctuates around the trend value implied by [15] 

and [7], or, equivalently, stochastic shocks to technology lead to variations in the output 

gap, through their effects on the “natural” rate of interest, 𝑟𝑡𝑁in [10]. Then, the central 

bank seeks to stabilize the economy by adjusting the rate of interest, 𝑖𝑡. 

3.2. Inflation Expectations and Introduction of Interest Rate Rules 

3.2.1. Inflation Expectations in Sweden, 1996-2013. 

The system formed by [10] and [14] is typically referred to as the “non-policy” block of 

the model. Before introducing the various interest rate rules, I relax the assumption 

that consumers hold rational expectations when forming inflation expectation 𝐸𝑡[𝜋𝑡+1], 

since this leads to simulation results that are not consistent with observed inflation in 

Sweden between 1996-2013. I do not adopt any particular justification on this 
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modification derived from the microeconomic behavior of households and adopt it 

solely on the grounds that assuming rational expectations leads to results that are 

inconsistent with the data. Consequently, this choice should be seen as intended to 

adopt the model to the data, rather than a general statement about expectations 

formation. Svensson (2013) uses survey data to note that inflation expectations in the 

above period have fluctuated around the Riksbank’s inflation target of 2%. The author 

further postulates that the presence of a protracted output gap induced by 

inappropriately restrictive monetary policy would explain the behavior of inflation and 

inflation expectations series. Some further theoretical motivation is provided by Akerlof 

et al. (2000) as well as empirical comparison of Swedish data for output gap related 

variables such as unemployment, with data from other countries. 

Figure 2 Inflation Expectations in Sweden 

 

In order to produce a variant of the model that yields predictions for inflation 

expectations consistent with the data, I introduce two modifications. Inflation is 

assumed to fluctuate stochastically around the inflation target, while in additional to 

“traditional” interest rate rules, I also employ interest rate rules where the monetary 

authority exhibits a certain degree of “bias” concerning the size of the output gap. I 

make no argument as to whether this “bias” should be interpreted as an, unwelcome, 

overestimation of the “natural” rate of unemployment in Sweden as argued by Svensson 

(2013), or an, appropriate, monetary policy stance of “leaning against the wind” as 
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argued by the Riksbank’s majority in recent meetings (e.g. see Riksbank’s monetary 

policy meetings for 2012 and 2013 up until April).3 The focus is instead on deriving a 

variant of the model whose predictions sufficient resemble the observed data for the 

purpose of policy evaluation. Inflation expectations are thus assumed to follow: 

𝐸𝑡[𝜋𝑡+1] = 𝜋∗ + 𝑠𝑡,                                                                                                            [16] 

where 𝜋∗ is the central bank’s inflation target and 𝑠𝑡 follows 

𝑠𝑡 = 𝛾𝑠𝑠𝑡−1 + 𝑧𝑡   ,   𝑧𝑡~𝑁(0,𝜎𝑧). 

This implies that for sufficiently long time intervals, all inflation will be unanticipated 

and a result of the realizations of technology, expectations and cost-push shocks, 

denoted by 𝑎𝑡 ,   𝑠𝑡 and 𝑧𝑡 respectively. Therefore, an undesirable consequence of 

adopting [16] is that it renders the model unsuitable to evaluate the effects of altering 

the inflation target as a policy response. This option has been advocated in cases where 

the central bank is constrained by the zero bound on interest rates, for instance by 

Krugman (2000) and Bernanke (2000). Finally, note that I retain the rational 

expectations assumption for the formation of the output gap.  

3.2.2. The benchmark interest rate rule in state-space form 

I proceed to close the model by introducing various interest rate rules, starting with a 

variant of the so called “Taylor” (1993) rule. Such rules are employed to estimate the 

sensitivity of the central bank’s responses to the realizations of stochastic shocks and 

typically incorporate a policy-constant which denotes the Central bank’s sensitivity to 

inflation target deviations and a policy-constant which denotes the Central bank’s 

sensitivity to output gap deviations. These estimates may be interpreted as a measure of 

the central bank’s hawkishness. However, in must be noted that a wide variety of 

factors can lead to specific estimates, so that the degree of central bank hawkishness is 

not necessarily the culprit behind estimated values of the policy rule constants. For 

instance, Svensson (1997) illustrates this showing that when the central bank employs 

the information contained in the forecasts of output and inflation in order to achieve a 

specific goal, the estimates of the “Taylor Rule” coefficients need not necessarily reflect 

                                                        
3 A central bank is said to be conducting a policy describable as “leaning against the wind” when its policy 
rate is higher then the Wicksellian market-clearing one. I treat this issue more extensively in section 3.2.5. 
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“hawkish” or “dovish” preferences.  The “Taylor Rule” which follows will be referred to 

as the “benchmark” case: 

𝑖𝑡 = 𝜋∗ + 𝜑𝜋(𝜋 − 𝜋𝑡∗) + 𝜑𝑦𝑦�𝑡 .                                                                                               [17] 

This is consistent with the assumption that the central bank decides on the “weights” 

𝜑𝜋and 𝜑𝑦for its reaction to the deviation of inflation and the output gap from the 

targets and sets the interest rate in such way as to counteract such deviations. As [10] 

represents the typical household’s Euler equation, the interpretation is therefore that 

the central bank performs the task of smoothing out short term fluctuations to 

economic activity by adjusting the rate of interest, which induces households to re-

optimize their consumption paths by either “postponing” consumption to respond to an 

interest rate rise or “bringing forward” consumption to respond to an interest rate cut. 

Substituting [17] into [10] and combining it with [14], allows writing the model in state-

space form4 

�
𝜋𝑡

𝐸𝑡[𝑦�𝑡+1]� = 𝜜 �
𝜋𝑡−1
𝑦�𝑡 � + 𝜸𝒁𝒕  ,                                                     [18]                  

where 

 𝑨 = �
𝜓 (1 − 𝜓)𝛨𝛩
𝜑𝜋𝜓
𝜎

𝜎+𝜑𝑦+(1−𝜓)𝛨𝛩𝜑𝜋
𝜎

�, 

  𝜸 = �
0 (1 − 𝜓)𝛽 1 (1 − 𝜓)𝛽 0

u2
𝑢1
𝜎

𝜑𝜋
𝜎

𝑢1𝜑𝜋
𝜎

𝜌
𝜎
� , 

𝒁𝒕 = [𝑎𝑡      𝑠𝑡      𝜔𝑡      �𝑢4 − 𝑢2 + 1
𝜎
� 𝜋∗]’  , 

 𝑢1 = (1 −𝜓)𝛽 − 1 , 

  𝑢2 =
(1 + φ)(𝛾𝛼 − 1)

𝛯
.    

The method in Blanchard and Kahn (1980) can then be used to derive a path for 

inflation and the expectation of the output gap for simulations. 

                                                        
4 I present some details on this derivation in the appendix. 
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3.2.3. The Zero Bound on interest rates 

I proceed to formulate a variant of the interest rate rule [17] 

𝑖𝑡 = 𝑀𝐴𝑋(0,𝜋∗ + 𝜑𝜋(𝜋 − 𝜋𝑡∗) + 𝜑𝑦𝑦�𝑡)  .                                                                                 [19] 

Here I assume the central bank is constrained by the zero bound on interest rates, i.e. it 

cannot implement an interest rate lower than zero. This issue has been increasingly in 

focus since its recent re-emergence in Japan (Krugman, Dominquez, & Rogoff, 1998). 

Additionally, rational expectations are relaxed further as the above formulation 

corresponds to assuming that the ZLB constraint is not known ex ante to either the 

central bank or households, i.e. I am assuming that all agents in the economy have 

underestimated the possibility that a sufficiently large negative technology shock to 

require a negative interest rate might materialize.  At the limiting case where 𝜎𝑎is close 

enough to zero, the model retains rational expectation in this aspect and is equivalent 

to [17]. In essence, the zero lower bound lowers expected welfare by inducing the 

possibility that the central bank’s response to a particular realization of the natural rate 

of interest 𝑟𝑡𝑁will be an interest rate 𝑖 = 0 when a negative rate would have been 

required, thus inducing a negative output gap through [10] which is further consistent 

with a prediction of lower inflation through [14]. 

3.2.4. Nominal GDP forecast targeting 

I proceed to introduce two interest rate formulations that correspond to the central 

bank targeting the forecast of future output gap, where the latter concerns the case 

where the central bank faces a ZLB constraint as discussed in the previous section 

𝑖𝑡 = 𝜋∗ + 𝜑𝑦𝐸𝑡[𝑦�𝑡+1],                                                                                     [20] 

𝑖𝑡 = 𝑀𝐴𝑋(0,𝜋∗ + 𝜑𝑦𝐸𝑡[𝑦�𝑡+1]),                                                                        [21] 

This leads to a somewhat simpler state-space form of the model 

�
𝜋𝑡

𝐸𝑡[𝑦�𝑡+1]� = 𝜜 �
𝜋𝑡−1
𝑦�𝑡 � + 𝜸𝒁𝒕 ,                                                                [22]                  

where 
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 𝑨 = �
𝜓 (1 − 𝜓)𝛨𝛩
0 𝜎+1

𝜎−𝜑𝑦
�, 

 𝜸 = �
0 (1 − 𝜓)𝛽 1 (1 − 𝜓)𝛽 0

Φ(𝛾𝑎 − 1)
𝜑𝑦 − 𝜎

1
(𝜑𝑦 − 𝜎)𝜎

0
1

(𝜑𝑦 − 𝜎)𝜎
𝑙𝑛𝛽

(𝜑𝑦 − 𝜎)𝜎
� , 

𝒁𝒕 = [𝑎𝑡      𝑠𝑡      𝜔𝑡     𝜋∗    1]’  . 

Note that the model is constructed so that it corresponds to a case where the central 

bank targets a forward looking variable and the name “NGDP forecast targeting” is 

adopted primarily for convenience and should not be seen as necessarily equivalent to 

the so called “NGDP targeting” approach to monetary policy, which might be conducted 

in a much wider variety of analytical frameworks than the above, for example, Sumner 

(1995) advocates the central bank targeting a “market” forecast for the output gap 

instead. 

3.2.5. The case of Central Bank “bias” 

Consider the following interest rate rule: 

𝑖𝑡 = 𝜋∗ + 𝜑𝜋(𝜋 − 𝜋𝑡∗) + 𝜑𝑦(𝑦�𝑡 + ℎ) .                                                                                        [22] 

Its ZLB counterpart is given by:                                                                                                 

𝑖𝑡 = 𝑀𝐴𝑋[0,𝜋∗ + 𝜑𝜋(𝜋 − 𝜋𝑡∗) + 𝜑𝑦(𝑦�𝑡 + ℎ)] ,                                                                        [23] 

where h denotes a measure of central bank bias on the size of the output gap. This can 

either be interpreted as representing an unintended bias, for instance a systematic 

measurement error on the part of the central bank on the natural rate of 

unemployment as argued by Svensson (2013; Riksbank’s monetary policy minutes, 

2012-2013), or a central bank “leaning against the wind” in order to respond to factors 

not directly accounted for in the model. The latter case could for instance come about if 

the central bank is willing to tolerate slower target attainment in order to establish a 

motive for household deleveraging, so that the risks of a future financial crisis can be 

diminished. Woodford (2012) presents a model which shows that under certain 

assumptions a case exists for the central bank pursuing a more hawkish stance than in 

the benchmark case, which has been cited in the Riksbank’s board’s monetary policy 
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meetings minutes. Svensson (2012) commented that this argument is valid only when 

the interest rate is the only instrument available to implement policies directed at 

financial stability, showing that when other instruments such as mortgage caps can be 

employed, a “leaning against the wind” policy is not necessarily optimal5. I take no 

position on this issue and proceed noting that the conclusions drawn from simulations 

remain valid regardless of the monetary authority’s motives, as long as one is willing to 

concede that the way in which output gap bias has been modeled in [22], [23] 

adequately represents the interest rate dynamics which firms and households face. 

The state space form of the above is identical to [18], i.e. 

�
𝜋𝑡

𝐸𝑡[𝑦�𝑡+1]� = 𝜜 �
𝜋𝑡−1
𝑦�𝑡 � + 𝜸𝒁𝒕 ,                                                                      

except that 

 𝜸 = �
0 (1 − 𝜓)𝛽 1 (1 − 𝜓)𝛽 0

u2
𝑢1
𝜎

𝜑𝜋
𝜎

𝑢1𝜑𝜋
𝜎

𝜑𝑦ℎ + 𝜌
𝜎

� , 

3.2.6. The Social Welfare Loss Function 

In order to evaluate the welfare effects of various monetary policy rules I adopt the 

following loss function: 

𝑳 = 1
2
� 𝐻 𝑣𝑎𝑟(𝑦�𝑡) +  𝜀

𝛩
 𝑣𝑎𝑟(𝜋𝑡)�        .                                                                                     [24] 

Woodford (2003; proposition 6.1) shows that the above function approximates losses of 

the average household up to a Taylor Expansion to the a second degree. In order to 

justify this, the author employs a Taylor Expansion of the Household’s utility around a 

zero inflation steady state. This corresponds to a situation where the economy is 

assumed to be temporarily out of equilibrium as a result of the realizations of the 

shocks in the model. Therefore  in each period the state of the economy is represented 

in terms of deviations from an ideal state in which inflation and the output gap attain 

their socially optimal values. The standard interpretation of [24] is that the welfare 

                                                        
5 An examination of the Riksbank’s monetary policy minutes shows that Per Jansson claims that the bank 
has produced research which makes a case for a “leaning against the wind” but these results will not be 
published before sufficient quality control has taken place. Since at the time of writing of this thesis the 
publication is still pending I do not examine the majority’s position. 
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losses of the median household are induced by the variability in inflation and output 

and not by their levels per se. This is a result that stems from an approximation of the 

solution to the households’ intertemporal utility maximization problem around steady 

state. While this is arguably true on a theoretical level, limiting the inquiry onto welfare 

losses that are registered in [24] would fail to take into account situations where output 

and/or inflation persistently remains at levels that are either too high or too low to be 

considered socially optimal. I make no judgment on the appropriateness of the loss 

function and adopt it primarily on the grounds of convention. On the same grounds6 I 

base the policy analysis and conclusions primarily on realizations of the output gap. 

 

                                                        
6 Sveriges Riksbank’s analysis primarily rests on realisations of inflation and the output gap rather than 
their steady-state approximations through a loss function such as [24] 
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4 SOME RESULTS FROM SIMULATIONS 

Testability of theoretical propositions is desirable in science, in most cases representing 

a criterion of demarcation, based on the work of philosophers of science such as Popper 

(1963) whose stance towards scientific knowledge had found its way into economics at 

least as early as Milton Friedman (1966, 1973). However a limit to economists’ ability  

to test theory against data exists due to the immensely high social costs that would be 

associated with conducting controlled experiments on the macro-economy level. Thus, 

much like sciences such as meteorology or climatology, where large scale experiments 

are not available, macroeconomics relies on “natural”, non-controlled, experiments and 

simulations. The purpose of the latter is to generate data in a “computer managed” 

economy and then test the theory against them.  

To conduct this simulated experiment, I employ a simplified algorithm similar to those 

employed in specialist applications such as Mat Lab/ Dynare, which I program into an 

excel sheet. The mechanism is not particularly novel: I let the stochastic path of the 

shocks be determined by a random seed generated though a Brownian motion, which I 

supplement with an autoregressive “memory” in order to produce a data generating 

process that is consistent with the AR processes that drive stochastic shocks in the 

model. I then feed the flow of shocks realizations into the state-space form 

representation of the model to yield a path for output gap and inflation, following the 

solution proposed in Blanchard and Kahn (1980). In the cases where the ZLB 

constrains monetary policy, I employ Excel’s “MAX” function to make sure that the 

nominal rate of interest will not be negative. 

I continue to present simulation results. The calibration values correspond to a 

quarterly model analogous to that of Gali (2008)7. I conduct 800 simulated 

experiments in each of which 20 quarters are used as a “burn in”8 period and the 

following 30 quarters are employed in the calculation of results. I present the average 

results for variables of interest in the tables on this section. 

                                                        
7 See Jensen (2002) for simulation calibrations for a quarterly model. 
8 A “burn in” period of 20 quarters means  that the first 20 simulated quarters will be ignored, since the AR 
structure of the shocks implies that a certain amount of time needs to pass before the simulations behave 
as predicted by the model. To make this point clearer consider that in the first quarter the shock exhibits a 
structure equivalent to a simple Brownian motion, while, depending on the value of autoregression 
coefficients,  with the passage of time the simulated output gradually behaves as predicted by the model. 
This implies that the “burn in” period in which the simulated values do not sufficiently correspond do the 
model needs to be ignored. 
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4.1. Benchmark case 

I begin presenting simulations results from the benchmark case dictated by [18]. I 

largely follow Gali (2008) and proceed with baseline calibration values as in table 1 

below. Unless otherwise stated, these values are hereinafter assumed to be the ones 

employed in simulations. 

Table 1 Baseline callibration values 

σ consumption preference 1 
φ labor discomfort 1 

g long term tech 
improvement 0 

θ price stickiness 0.6 

β intertemporal consumption 
preference 0.99 

κ production function labor 
intensity 0.33 

μ desired markup 0.18 
ψ inflation persistence 0.35 

φ_π CB inflation sensitivity 1.5 
φ_y CB ioutput gap sensitivity 0.125 

h CB bias 0 
π* Inflation target 0.005 

 

Table 2 Baseline stochastic processes’ calibration values 

stochastich process mean std γ 
ζ tech 0 0.005 0.66 
ξ cost push 0 0.001 0.25 
z inflation expectations 0 0.0015 0.5 

 

Turning to simulations, in the absence of central bank bias the results for the examined 

model collapse to those of the baseline model. Output growth targeting produces 

somewhat inferior welfare results when one employs the loss function [24] as the 

criterion, but this conclusion does not necessarily hold when one follows the Riksbank’s 

practice of evaluating its performance on the basis of realizations of inflation and the 

output gap. Since this model is unsuitable for evaluating whether the monetary 

authority should target the output gap or inflation, I do not consider adopting one 

criterion or the other necessary. 
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Table 3 Simulation results from the benchmark model 

Benchmark Model 

model 
Inflation Targetting CB bias NGDP forecast 

targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

welfare loss 0.000094 0.000098 0.000094 0.000098 0.000098 0.000105 
y_t 0.004791 0.004634 0.004791 0.004634 0.003723 0.003469 
π_t 0.006132 0.006115 0.006132 0.006115 0.005865 0.005838 
i_t 0.008429 0.008585 0.008429 0.008585 0.007628 0.007882 

 

 

Note that the central bank is able to permanently push output slightly above its natural 

rate. This is a result that stems from a non-zero inflation target and not perfectly 

rational expectations. However, I do not consider this to be a substantial anomaly given 

that the socially optimal level of output might be different than the one consistent with 

a zero output gap (Clarida, Gali, & Gertler, 1999; Gali, 2008; Woodford, 2012). 

Furthermore, raising the inflation target does not lead to lower social welfare losses 

because the welfare benefits of output overshoot are countered by welfare costs 

associated with the higher inflation rate. However, this renders the model unsuitable 

for examining raising the inflation target as a policy response to the zero lower bound 

on interest rates. I treat this issue more extensively in the robustness tests section. 

Additionally, inflation does not converge to inflation targets even when increasing the 

number of conducted simulations. This is because in contrast with the “traditional” rule 

proposed by Taylor (1993), I have not calibrated interest rate rules to take into account 

the equilibrium natural rate of interest as this is presumably not known ex ante to the 

monetary authority. 

Furthermore note that welfare suffers when assuming that interest rates cannot, in 

contrast to expectations, fall below the zero bound, except for the, somewhat trivial, 

case where a high enough inflation target is selected to make sure that the monetary 

authority is never required to set a negative interest rate. 
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4.2. A Hawkish Bias at the Central Bank 

In line with section 3.2.5, I proceed to consider non-zero values for h, implying the 

presence of a hawkish bias at the central bank. This bias can either be seen as a 

deliberate attempt to “lean against the wind” as in Woodford (2012), for instance to 

counter the buildup of leverage in the financial sector, or a mistaken overestimation of 

the natural level of output. I begin by presenting the outcomes of varying degrees of 

such bias for social welfare under the monetary policy settings discussed above. 

Table 4 Effects of Central Bank bias on Welfare Loss 

h value 
Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 
0.00 0.000090 0.000094 0.000090 0.000094 0.000095 0.000102 
0.05 0.000092 0.000096 0.000092 0.000102 0.000097 0.000103 
0.10 0.000091 0.000094 0.000091 0.000111 0.000096 0.000101 
0.15 0.000090 0.000094 0.000090 0.000125 0.000095 0.000101 
0.20 0.000093 0.000097 0.000093 0.000145 0.000098 0.000104 
0.25 0.000091 0.000095 0.000091 0.000154 0.000095 0.000102 
0.30 0.000093 0.000097 0.000093 0.000166 0.000098 0.000104 
0.35 0.000092 0.000096 0.000092 0.000168 0.000097 0.000103 
0.40 0.000094 0.000098 0.000094 0.000172 0.000099 0.000106 
0.45 0.000094 0.000099 0.000094 0.000173 0.000099 0.000106 
0.50 0.000096 0.000100 0.000096 0.000176 0.000101 0.000108 

       
       

Figure 3 The effects of central Bank bias on Welfare Loss
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Table 4 and its corresponding Figure 3 show that under all monetary policy settings, 

introducing a bias to the central bank seems to have no effect on social welfare as measured 

by [24] when interest rates are not constrained by the ZLB (green line), while leading to 

higher losses when they are (purple line). This might lead one to conclude that when the 

monetary authority is confident that the ZLB is not an issue, for instance because it believes 

it possesses enough unorthodox monetary policy tools such as the introduction of negative 

interest rates, or quantitative easing9, a hawkish bias is not unwelcome. However, this result 

rests on the extent to which [24] represents an adequate approximation of social welfare, as 

the stable social loss for varying values of h stems from countering the welfare effects of 

reduced output through a comparable decrease in inflation variability.  

When examining the effects of hawkish bias on macroeconomic variables such as the output 

gap (table 5 and figure 4), a measure explicitly followed by the Riksbank’s monetary policy 

committee, the costs are notably higher. In this case, the relevant exercise is to compare the 

output loss of a biased Central Bank versus a non-biased. That the latter case involves an 

expectation for a non zero output gap is not peculiar as it can be shown that the efficient 

level of output from a social welfare loss perspective is not necessarily consistent with a zero 

output gap (for instance, see Gali, 2008, chapters 4, 5). In order to calibrate the model to 

correspond to the data observed in the Swedish economy between 1996-2013, I am 

presuming a value of ℎ = 0.11. This value yields realized inflation rates that are roughly 

consistent with observed data on inflation in Sweden in the aforementioned period. I will 

hereinafter assume this value for h, while also presenting the results from the inflation 

targeting regime to enable a comparison with the case of ℎ = 0 indicating no hawkish bias. 

The value of ℎ = 0.11 implies output that is on average around 0.75% lower than the in the 

case of no bias, depending on the degree to which the monetary authority is constrained by 

the zero bound on interest rates. 

 

 

 

 

                                                        
9 A detailed examination of such tools being beyond the scope of this thesis, the reader is referred to 
Hamilton’s (2012) paper who discusses the issue using data from the US, while Bernanke (2000) offers an 
overview of policy options for Japan’s liquidity trap in the late 90s. 
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Table 5 The effects of Central Bank hawkish bias on the output gap 

h value 
Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0.00 0.004784 0.004635 0.004784 0.004635 0.003724 0.003481 
0.05 0.004776 0.004628 0.001036 0.000603 0.003699 0.003457 
0.10 0.004761 0.004619 -0.002719 -0.003753 0.003703 0.003470 
0.15 0.004777 0.004640 -0.006444 -0.008567 0.003722 0.003497 
0.20 0.004770 0.004627 -0.010190 -0.014021 0.003710 0.003476 
0.25 0.004792 0.004640 -0.013909 -0.019905 0.003730 0.003483 
0.30 0.004802 0.004657 -0.017639 -0.026182 0.003734 0.003493 
0.35 0.004793 0.004638 -0.021389 -0.032663 0.003721 0.003471 
0.40 0.004785 0.004631 -0.025136 -0.039116 0.003722 0.003472 
0.45 0.004770 0.004624 -0.028892 -0.045714 0.003700 0.003459 
0.50 0.004803 0.004652 -0.032599 -0.052218 0.003732 0.003483 

 

Figure 4 The effects of Central Bank hawkish bias on the output gap

 

Further note the effects of hawkish bias on inflation presented in table 6 and figure 5. 

At sufficiently high rates hawkish bias induces deflation, a feature that lends support to 

the argument that assessing the effects of such policy through loss function [24] is 

inappropriate, as the function yields no welfare difference between the case of price 

stability with a small output gap and the case of deflation with a large negative output 

gap.  
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Table 6 The Effects of hawkish bias on inflation (quarterly rates) 

h value 
Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0.00 0.006155 0.006140 0.006155 0.006140 0.005890 0.005865 
0.05 0.006117 0.006102 0.005183 0.005136 0.005850 0.005824 
0.10 0.006189 0.006173 0.004320 0.004211 0.005927 0.005901 
0.15 0.006103 0.006086 0.003299 0.003065 0.005834 0.005807 
0.20 0.006150 0.006135 0.002412 0.002008 0.005885 0.005859 
0.25 0.006124 0.006108 0.001451 0.000811 0.005857 0.005831 
0.30 0.006149 0.006133 0.000542 -0.000357 0.005883 0.005858 
0.35 0.006140 0.006125 -0.000401 -0.001585 0.005874 0.005850 
0.40 0.006153 0.006138 -0.001323 -0.002796 0.005888 0.005863 
0.45 0.006145 0.006130 -0.002265 -0.004036 0.005879 0.005854 
0.50 0.006140 0.006124 -0.003205 -0.005273 0.005873 0.005846 

 

 

Figure 5 The Effects of hawkish bias on inflation

 

I interpret the results as confirmatory to similar exercises at Sverige’s Riksbank. 

However, a direct comparison of results requires some estimates for Okun’s (1962) 

Law, the empirical relationship that links output losses to employment losses. 

Producing a detailed coefficient being beyond the scope of this thesis, I note that 
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employing the standard “rule of the thumb” which involves an Okun’s coefficient of-2, 

the loss of employment is roughly 0.45-0.50%. This estimate lies between Svensson’s 

(2013), who reports an employment loss of 0.8%. Söderström and Vredin (2013) 

employing Riksbank’s macroeconomic forecasting model (Adolfson, Laséen, Lindé, & 

Villani, 2007) produce an estimate of 0.2% using a mortgage-costs adjusted inflation 

series available since 2008, however when employing an inflation series consistent with 

CPI inflation for the period between 1997-2008 their estimate becomes 0.75%10. I do 

not treat further whether this, relatively small, divergence from my estimate is due to 

an incorrect estimate for Okun’s Coefficient or stemming from the particular model 

calibrations. Instead I report estimates from alternative calibrations in the robustness 

tests section, while discussing the welfare implications of the results more extensively 

in the conclusions section.  

4.3. Robustness tests 

I proceed with some robustness tests to inquire as to whether the results in the previous 

section, primarily the association of hawkish bias of sufficient degree to generate a 

prediction for inflation undershoot consistent with that observed in Sweden between 

1996-2013 with an output loss in the region of 1.4-1.7%, persist under different 

assumptions.  

4.3.1. A higher inflation target. 

In sections 3.2.1 and 4.1 I argue that dropping the rational expectations assumption for 

the formation of inflation expectations does imply a “naïve” tradeoff between inflation 

and the output gap, namely, a higher inflation target can be used to produce higher 

output which is not constrained by the natural level of output. This is a necessary 

byproduct of the formation of inflation expectations that I am adopting, I thus conduct 

robustness tests to show that for sufficiently small inflation targets (the Riksbank’s 

inflation target of 2% falling well within range) this unwelcome overshoot is negligible. 

Namely, the results presented in Table 7 show that raising the inflation target leads to a 

permanent overshoot of output, but for an inflation target similar to that of the 

Riksbank, the excess output generated in this “naïve” fashion is less than half a 

percentage point of potential output.  Additionally, social welfare loss is consistent with 

                                                        
10 Svensson treats this issue in an online note, http://people.su.se/~leosven/papers/Soderstrom-and-
Vredin-confirm-my%20estimate.pdf 

http://people.su.se/~leosven/papers/Soderstrom-and-Vredin-confirm-my%20estimate.pdf
http://people.su.se/~leosven/papers/Soderstrom-and-Vredin-confirm-my%20estimate.pdf
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the results of the benchmark case (~0.0001) regardless of the inflation target, in 

accordance with the rationale in section 4.1.  

 

Table 7 Robustness test: Raising the inflation target. 

inflation target output gap realized 
inflation 

compound rate of 
change in the price 

level per quarter 
y_t π_t 

-0.005 -0.004774 -0.006137 
0 0.000034 -0.000016 

0.0025 0.002387 0.003099 
0.005 0.004776 0.006115 
0.01 0.009561 0.012283 
0.02 0.019130 0.024573 
0.04 0.038239 0.000000 

4.3.2. Using the Taylor Rule weights to account for Central Bank bias. 

In the calibration of the benchmark model I am assuming 𝜑𝜋 = 1.5 and 𝜑𝑦 = 0.125 in 

line with Gali (2008; ch.3). Svensson (1997) showed that this need not be interpreted 

as a direct measure of central bank “hawkishness”, as even a single mandate central 

bank would respond to the information on prices contained on its estimate of the 

output gap. Accordingly, in the model I employ parameter h to modify the central 

bank’s measurement of the output gap, as a measure for “hawkiness” that can be 

unambiguously attributed to the monetary authority’s preferences. However, the fact 

that there is no unambiguous relationship between “Taylor Rule” weights estimates and 

inflation preferences of the central bank, does not preclude the possibility that a 

monetary authority with excessively “hawkish” stance would conduct policy in such way 

that 𝜑𝜋 might turn out to be high should one try to produce an ex-post estimate. I will 

accordingly use alternative calibrations of this parameter, while setting the central bank 

bias parameter h equal to zero, in order to examine an alternative specification of 

central bank “hawkishness”. I examine the case where 𝜑𝑦 = 0, letting the inflation 

weight vary.  

The results, presented in Tables 8 and 9 tell a similar story to the one employed in the 

main model. Table 8 shows that an overly “hawkish” central bank is relatively harmless 

for welfare measured through the loss function [24] when it is not constrained by the 
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ZLB but welfare gains reverse for weights above 1.5 when it does face a ZLB constraint. 

Table 9 shows the output losses that occur when raising 𝜑𝜋 showing that it produces 

results of the same direction as raising h, the parameter of choice in the main model. 

 

Table 8 Welfare loss outcomes for a single mandate central bank  

φ_π value 
Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 
0.0 0.000101 0.000101 0.000101 0.000101 0.000100 0.000100 
0.5 0.000096 0.000096 0.000096 0.000096 0.000098 0.000098 
1.0 0.000092 0.000092 0.000092 0.000092 0.000096 0.000097 
1.5 0.000091 0.000093 0.000091 0.000093 0.000097 0.000100 
2.0 0.000091 0.000096 0.000091 0.000096 0.000098 0.000105 
2.5 0.000089 0.000098 0.000089 0.000098 0.000097 0.000106 

 

 

Table 9 Output gap outcomes for a single mandate central bank 

φ_π 
value 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0.0 0.020915 0.020915 0.020915 0.020915 0.004180 0.004179 
0.5 0.012864 0.012863 0.012864 0.012863 0.004166 0.004151 
1.0 0.008586 0.008578 0.008586 0.008578 0.004146 0.004091 
1.5 0.006018 0.005961 0.006018 0.005961 0.004167 0.004032 
2.0 0.004283 0.004112 0.004283 0.004112 0.004145 0.003916 
2.5 0.003114 0.002748 0.003114 0.002748 0.004189 0.003840 

 

4.3.3. The case of higher output gap weights for the Central Bank 

In extension of the previous exercise, I keep the Central Bank’s inflation weight fixed to 

1.5 and let the output gap weight vary. Note that in the case of output gap forecast 

targeting, a unique equilibrium does not exist for values higher than unity. Tables 10 

and 11 show that welfare costs increase above a certain value of 𝜑𝑦 (between 0.25 and 

0.50) and that these costs run even higher when the central bank is constrained by the 

ZLB. I make no particular interpretation of these results in the case of Sweden and 

report them primarily to show that the model produces outcomes that are in 
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accordance with theory, i.e. higher welfare costs for a central bank that is assumed to 

care substantially more for stabilizing output than prices.  

Table 10 Welfare loss outcomes for varying Central Bank output gap weights 

φ_y 
value 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 
0.000 0.000091 0.000094 0.000091 0.000094 0.000099 0.000103 
0.125 0.000092 0.000096 0.000092 0.000116 0.000097 0.000103 
0.250 0.000091 0.000100 0.000091 0.000172 0.000096 0.000107 
0.500 0.000095 0.000118 0.000095 0.000250 0.000099 0.000126 
1.000 0.000097 0.000156 0.000097 0.000384 N/A N/A 
2.000 0.000096 0.000259 0.000096 0.000742 N/A N/A 

 

Table 11 Output Gap outcomes for varying output gap Central Bank weights 

φ_y 
value 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 
0.000 0.006028 0.005970 0.006028 0.005970 0.004174 0.004040 
0.125 0.004764 0.004611 -0.003464 -0.004700 0.003700 0.003452 
0.250 0.004061 0.003760 -0.012537 -0.019239 0.003376 0.002967 
0.500 0.003247 0.002465 -0.030379 -0.059620 0.002799 0.001878 
1.000 0.002649 0.000548 -0.065682 -0.167498 N/A N/A 
2.000 0.002317 -0.002824 -0.136497 -0.489885 N/A N/A 

 

 

4.3.4. An economy with a positive growth rate 

I conduct this robustness test to show that the main results persist when the economy 

experiences technological growth, implying that the same labor inputs (I am always 

assuming no population growth or decline) to production function [6] produce 

progressively higher outputs with the passage of time. The formulation of the stochastic 

path for technology in [7] can accommodate a positive gross rate, a positive value for g 

implying that the expected technology shock will be favorable for output. I have so far 

assumed that 𝑔 = 0 to make the model consistent with comparable exercises in the 

literature, such as those in Jensen (2002). However, I will proceed to test whether the 

results of sector 4.2 persist, given a range of (quarterly) values for g that are plausible, 
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in the sense that the “true” technological growth process in Sweden likely lies within 

them.  

Tables 12 and 13 show that the results of sector 4.2 are not sensitive to changes in the 

presumed value of g. Even when the economy experiences technological growth, central 

bank bias induces similar output losses as in the case of no technological growth.  

Table 12 The Effects of positive technology growth on social welfare loss 

g value 
(quarterly) 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0.000 0.000096 0.000100 0.000096 0.000120 0.000101 0.000108 
0.005 0.000095 0.000100 0.000095 0.000120 0.000100 0.000107 
0.010 0.000093 0.000097 0.000093 0.000117 0.000097 0.000104 
0.015 0.000096 0.000100 0.000096 0.000121 0.000101 0.000108 
0.020 0.000095 0.000100 0.000095 0.000120 0.000100 0.000107 
0.025 0.000093 0.000098 0.000093 0.000117 0.000098 0.000105 

 

Table 13 The effects of a positive technology growth on the output gap 

g value 
(quarterly) 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0.000 0.004785 0.004642 -0.003444 -0.004693 0.003716 0.003478 
0.005 0.004745 0.004591 -0.003483 -0.004735 0.003679 0.003428 
0.010 0.004781 0.004636 -0.003447 -0.004668 0.003717 0.003480 
0.015 0.004755 0.004606 -0.003473 -0.004726 0.003679 0.003434 
0.020 0.004775 0.004626 -0.003454 -0.004687 0.003711 0.003468 
0.025 0.004758 0.004619 -0.003471 -0.004680 0.003705 0.003475 

 

4.3.5. Alternative calibrations  for utility from consumption 

I proceed to inquire on the outcomes in the case where consumers in the economy 

value consumption differently than in the benchmark calibrations by relaxing the 

unitary Frisch elasticity of labor supply. This robustness check is conducted to show 

that the results from the main model cannot are not sensitive to the public having a 

larger or lower preference for consumption relative to leisure than initially assumed. I 

maintain the assumption that 𝜎 = 1 and present the results for varying values of φ. As 

these changes affect the welfare loss function parameters in [24], I only present the 
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results for the output gap. Table 14 shows that the loss of output from central bank bias 

remains in the baseline calibration range  for varying values of φ. 

 

Table 14 Output gap outcomes at varying calibration values of φ 

φ value 
Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 
0.000 0.005970 0.005588 -0.002557 -0.003654 0.003718 0.003163 
0.250 0.005627 0.005351 -0.002817 -0.003879 0.003729 0.003305 
0.500 0.005306 0.005112 -0.003061 -0.004095 0.003738 0.003424 
1.000 0.004781 0.004627 -0.003447 -0.004687 0.003719 0.003471 
2.000 0.004032 0.003949 -0.003966 -0.005724 0.003710 0.003584 
4.000 0.003192 0.003147 -0.004469 -0.008118 0.003717 0.003670 

 

4.3.6. A strictly New Keynesian Philips Curve 

In the context of this thesis I am using the term “New Keynesian Philips Curve” rather 

loosely, to refer to all formulations of the dynamic relationship of inflation and output. 

In the following robustness tests, I let the level of price stickiness vary, starting from a 

value of 0 which is consistent with no inflation persistence, as in the strict case of the 

NKPC treated by, among others, Gali (2008). 

 In accordance with theory, table 15 shows how inflation persistence makes the 

monetary authority’s work somewhat easier by reducing the central bank’s uncertainty 

over the future path of inflation. Note that one can go one step further and set the 

parameter for market power, µ, equal to zero and turn off cost-push shocks to construct 

a variant of the standard RBC model (Kydland & Prescott, 1982). I do not proceed to 

simulate this case however as the central bank hawkishness would require new 

interpretation in a pure RBC model. 
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Table 15 Simulations results for varying degree of inflation persistence 

ψ model 
Inflation Targetting CB bias (h=0.11) NGDP forecast 

targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0 

welfare loss 0.00014 0.00014 0.00014 0.00016 0.00014 0.00015 
y_t 0.01761 0.01759 0.00386 0.00341 0.00883 0.00865 
π_t 0.00784 0.00783 0.00561 0.00553 0.00641 0.00638 
i_t 0.01430 0.01433 0.00700 0.00745 0.00964 0.00982 

0.25 

welfare loss 0.00011 0.00011 0.00011 0.00013 0.00011 0.00012 
y_t 0.00798 0.00789 -0.00179 -0.00268 0.00496 0.00475 
π_t 0.00670 0.00669 0.00459 0.00448 0.00605 0.00602 
i_t 0.01026 0.01034 0.00375 0.00463 0.00825 0.00846 

0.5 

welfare loss 0.00008 0.00008 0.00008 0.00010 0.00009 0.00009 
y_t 0.00096 0.00061 -0.00503 -0.00703 0.00218 0.00189 
π_t 0.00525 0.00522 0.00331 0.00315 0.00565 0.00563 
i_t 0.00575 0.00610 0.00014 0.00214 0.00690 0.00719 

0.75 

welfare loss 0.00007 0.00008 0.00007 0.00009 0.00009 0.00009 
y_t -0.00209 -0.00355 -0.00464 -0.00868 0.00054 -0.00001 
π_t 0.00358 0.00352 0.00192 0.00176 0.00529 0.00526 
i_t 0.00118 0.00264 -0.00328 0.00077 0.00579 0.00634 

 

 

4.3.7. A more volatile technology process 

In order to accommodate the possibility that my assumptions for the dynamics of the 

technology process might have been too benign, I am examining the case where the 

economy is subject to bigger stochastic shocks to technology, which is particularly 

interesting in the case where the central bank is constrained by the zero bound on 

interest rates. As the main risk of finding oneself in a liquidity trap stems from 

technology shocks, while the calibration of shocks to inflation expectations are done so 

that they are in accordance with inflation expectations variability between 1996-2012,  I 

only alternate the assumptions regarding the stochastic process for technology shocks.  

Additionally I investigate the case where volatility is introduced in the technology 

shocks by making them independent of their past realizations. Hence, I begin by 

examining the scenario where all technology shocks follow a Brownian motion (𝛾𝑎 = 0)  

in Table 16, showing that this results in loss of output compared to the baseline 

calibrations. This loss of output occurs because when technology shocks are assumed to 



 

 

39 

be serially uncorrelated, the central bank can no longer infer information on the future 

technology shocks based on their present realizations. 

Table 16 Simulation results when technology shocks follow a Brownian motion 

model 
Inflation Targetting NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB 
y_t -0.001233 -0.001391 -0.001233 -0.001391 
π_t 0.002351 0.002369 0.002351 0.002369 
i_t 0.007698 0.007925 0.007698 0.007693 

. 

I then reset 𝛾𝑎to its baseline calibration value of 0.66 and run the simulations for 

varying calibration values for the standard deviation of ζ. The results presented in 

tables 17 and 18 show that regardless of how volatile technology shocks might be, the 

loss of output that results from central bank bias is not affected. 

Table 17 Welfare loss outcomes at varying calibrations of the technology process volatility 

standard 
deviation 

of ζ 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 

0.001 0.000090 0.000093 0.000090 0.000112 0.000094 0.000100 
0.005 0.000090 0.000095 0.000090 0.000115 0.000095 0.000102 
0.010 0.000090 0.000093 0.000090 0.000112 0.000095 0.000100 
0.020 0.000092 0.000097 0.000092 0.000117 0.000097 0.000104 
0.050 0.000093 0.000097 0.000093 0.000117 0.000098 0.000105 
0.100 0.000093 0.000097 0.000093 0.000117 0.000098 0.000104 

 

Table 18 Output Gap outcomes for varying calibrations of the technology process volatility 

standard 
deviation 

of ζ 

Inflation Targetting CB bias NGDP forecast targetting 

no ZLB w ZLB no ZLB w ZLB no ZLB w ZLB 
0.001 0.004781 0.004642 -0.003447 -0.004659 0.003731 0.003500 
0.005 0.004785 0.004632 -0.003443 -0.004688 0.003723 0.003474 
0.010 0.004776 0.004634 -0.003452 -0.004656 0.003722 0.003488 
0.020 0.004768 0.004616 -0.003461 -0.004717 0.003696 0.003448 
0.050 0.004757 0.004608 -0.003472 -0.004708 0.003696 0.003452 
0.100 0.004752 0.004608 -0.003476 -0.004698 0.003693 0.003457 
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5 CONCLUSION 

The purpose of this thesis is to examine the conduct of monetary policy in Sweden 

between 1996-2013, with particular interest on the costs of a restrictive monetary policy 

stance for social welfare. Employing a simple New Keynesian model where the 

assumption of rationale expectations is relaxed so that the formation of inflation 

expectations becomes consistent with the data observed in Sweden for the period, I find 

social costs in the area of 0.5-0.75% of output, in the context of a model in which I seek 

to replicate the Riksbank’s hawkish stance by introducing a bias on its measure of the 

natural level of output in Sweden. I express no opinion on whether this bias is a result 

of error, or a deliberate attempt to mitigate financial risks by reducing household 

leverage. Instead I motivate the adoption of these assumptions on the grounds that the 

standard formulations of such models lead to predictions that are inconsistent with 

observed data. In particular, assuming perfectly rational expectations or a no hawkish 

bias at the Central Bank, leads to a prediction of inflation fluctuating around the 

Riksbank’s target, while observed data indicate that inflation has been considerably 

lower. 

I produce estimates of social loss by examining the effect of a bias sufficiently large to 

lead to predictions on inflation that are consistent with data based on two benchmarks: 

A social welfare loss function that results from a log linear approximation of 

households’ utility around steady state as well as the output gap itself. I employ 

computer simulated experiments and report the averages of 800 runs. The results from 

the social welfare loss function are not consistent with significant welfare losses unless 

the central bank is assumed to be constrained by the zero bound on interest rates. 

However, when examining the results for output it becomes clear that a monetary 

policy stance that is contractionary enough to yield the inflation outcomes observed in 

Sweden is associated with the aforementioned loss of output in comparison to the case 

of no hawkish bias. I note that the latter case involves a non-zero equilibrium output 

gap. However, I do not consider this a valid criticism of the results since in the presence 

of price frictions and cost-push shocks the socially optimal output gap is not necessarily 

zero (Gali, 2008; Clarida, Gali, & Gertler, 1999). 

I conduct robustness tests to verify that plausible alternative assumptions do not 

contradict this finding. In particular I test the cases of alternative interest rate rule 

weights, the presence of positive expected technological growth, alternative 
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assumptions on households’ preferences for utility, alternative calibrations on the 

magnitude of technology shocks and the case of no inflation persistence. In addition to 

standard inflation targeting, I benchmark results against a policy arbitrarily labeled 

“Nominal GDP targeting”. None of the above provides support against the estimate of a 

loss in the area of 0.6% of output, which is roughly consistent with those in Svensson 

(2013). I make no attempt to produce own estimates as to the percentage of 

unemployment incurred as a result of the Riksbank’s monetary policy stance noting 

that when using a “rule of the thumb” of -2 for Okun’s Coefficient, my results do not 

contradict those of Svensson (2013) and, subject to the choice of inflation series, 

Söderström and Vredin (2013). 
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6 APPENDIX: DERIVATION OF THE STATE SPACE FORM 
FOR THE BENCHMARK AND CB BIAS MODELS 

Having shown that under the assumptions discussed, the models consists of a variant 

of the NKPC, the DIS and the interest rate rule, ie: 

𝜋𝑡 = 𝜓𝜋𝑡−1 + (1 − 𝜓)𝛽(𝜋∗ + 𝑠𝑡) + (1 − 𝜓)H𝛩𝑦�𝑡 +𝜔𝑡                                     

𝑦�𝑡 =−
1
𝜎

(𝑖𝑡 − 𝐸𝑡[𝜋𝑡+1] − 𝑟𝑡𝑛)+𝐸𝑡[𝑦�𝑡+1] 

𝑖𝑡 = 𝜋∗ + 𝜑𝜋(𝜋 − 𝜋𝑡∗) + 𝜑𝑦(𝑦�𝑡 + ℎ)   

where, for the benchmark model central bank bias, h, is set to zero, substitute the 

interest rate rule into the DIS relationship to obtain: 

𝐸𝑡[𝑦�𝑡+1] = �1 + 𝜑𝑦
𝜎
� 𝑦�𝑡 + 𝜑𝜋

𝜎
𝜋𝑡 −

𝜑𝜋
𝜎
𝜋∗ + 𝜑𝑦

𝜎
ℎ − 𝑠𝑡+𝑟𝑡𝑁

𝜎
  

Substitute the NKPC in the above relationship: 

𝐸𝑡[𝑦�𝑡+1] = �
𝜎 + 𝜑𝑦 + (1 − 𝜓)𝛨𝛩𝜑𝜋

𝜎 �𝑦�𝑡 +
𝜑𝜋𝜓
𝜎

𝜋𝑡−1 +
[(1 − 𝜓)𝛽 − 1]𝜑𝜋

𝜎
𝜋∗ +

𝜑𝑦
𝜎
ℎ

+
𝜑𝜋
𝜎
𝜔𝑡 +

[(1 −𝜓)𝛽 − 1]
𝜎

𝑠𝑡 +
1
𝜎
𝑟𝑡𝑁 

Recall that the natural rate of interest is given by 𝑟𝑡𝑛 = 𝜌 + 𝐸𝑡[𝛥𝑦𝑡+1𝑁 ]. Given [15], with 

some algebra one derives the expression 

𝑟𝑡𝑛 = 𝜌 + 𝜎 �(1+𝜑)
𝛯

� [(𝛾𝛼 − 1)𝛼𝑡]  

Which leads to the following DIS relationship: 

𝐸𝑡[𝑦�𝑡+1] = �
𝜎 + 𝜑𝑦 + (1 − 𝜓)𝛨𝛩𝜑𝜋

𝜎 �𝑦�𝑡 +
𝜑𝜋𝜓
𝜎

𝜋𝑡−1 +
[(1 − 𝜓)𝛽 − 1]𝜑𝜋

𝜎
𝜋∗ +

𝜑𝑦
𝜎
ℎ +

𝜌
𝜎

+
𝜑𝜋
𝜎
𝜔𝑡 +

[(1 − 𝜓)𝛽 − 1]
𝜎

𝑠𝑡 +
(1 + 𝜑)(𝛾𝑎 − 1)

𝛯
𝑎𝑡 

This expression together with the NKPC can be expressed in state space form as in [18] 

when h is set to 0. For the non-zero case where the central bank has a hawkish bias 

note that the expressions for output only differ by a factor of  
𝜑𝑦
𝜎
ℎ which I subtract in 
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the right hand side of the DIS to yield the output gap that occurs under this 

assumption. This can in turn be used in the NKPC to yield inflation rates. 

 

 

 


