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Abstract

In this thesis, we study the role of non-Ricardian households in an open econ-

omy dynamic stochastic general equilibrium model calibrated for the Czech

Republic. We show that the presence of non-Ricardian households induces a

short-term raise in aggregate consumption in response to a government spend-

ing shock. The combination of price and wage rigidities, habit formation, and

the open economy design enables a low share of non-Ricardian consumers to be

sufficient to predict the positive comovement of government spending and ag-

gregate consumption. We estimate the sensitivity of consumption to changes

in disposable income in the Czech Republic, and our results suggest that a

significant share of income goes to non-Ricardian households. If the nominal-

wage stickiness is assumed, the inclusion of non-Ricardian households does not

considerably alter the determinacy of the model, and an interest rate rule sat-

isfying the Taylor principle is sufficient to get a unique stable solution. The

overall performance of the model is studied through the analysis of impulse

responses to various shocks.

JEL Classification E21, E32, E62

Keywords DSGE model, small open economy,

non-Ricardian consumers, fiscal policy

Author’s e-mail palas.michal@gmail.com

Supervisor’s e-mail bozena.bobkova@seznam.cz

http://ideas.repec.org/j/E21.html
http://ideas.repec.org/j/E32.html
http://ideas.repec.org/j/E62.html
mailto:palas.michal@gmail.com
mailto:bozena.bobkova@seznam.cz


Abstrakt

Tato diplomová práce se zabývá roĺı neoptimalizuj́ıćıch domácnost́ı v dyna-

mickém stochastickém modelu všeobecné rovnováhy pro otevřenou ekonomiku,

který je kalibrovaný pro Českou republiku. Př́ıtomnost domácnost́ı, které nevy-

hlazuj́ı svoji spotřebu, zp̊usobuje krátkodobý r̊ust spotřeby po šoku do vládńıch

výdaj̊u. Dı́ky kombinaci cenové a mzdové rigidity, tvorby zvyk̊u ve spotřebě a

otevřené ekonomiky stač́ı ńızký pod́ıl neoptimalizuj́ıćıch domácnost́ı k tomu,

aby model předpov́ıdal, že nár̊ust vládńıch výdaj̊u je doprovázen nár̊ustem

spotřeby. V práci odhadujeme citlivost spotřeby v České republice na změny

disponibilńıho d̊uchodu a naše výsledky naznačuj́ı, že významný pod́ıl d̊uchodu

připadá neoptimalizuj́ıćım domácnostem. Za předpokladu strnulosti nominálńıch

mezd neovlivňuje př́ıtomnost neoptimalizuj́ıćıch domácnost́ı významně určitost

modelu a monetárńı politika dodržuj́ıćı Taylor̊uv princip je dostatečná pro

dosáhnut́ı jednoznačně určeného stabilńıho řešeńı. Celkové chováńı modelu je

prezentováno pomoćı analýzy odezev jednotlivých proměnných na r̊uzné šoky.

Klasifikace JEL E21, E32, E62
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However, we have significant share of households that derive their consumption only

from their actual income in real economies.

Published literature provides empirical evidence of deviations from the permanent

income hypothesis. The consumption depends on current income significantly and

consumption smoothing is far from perfect (Mankiw, 2000; Gaĺı et al., 2007). Mankiw

(2000) suggests inclusion of rule-of-thumb agents (that cannot borrow or save and

consume all their income) into macroeconomic models.
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Chapter 1

Introduction

Many of the recent Dynamic Stochastic General Equilibrium (DSGE) models

have abandoned the standard representative agent framework and have allowed

for the presence of non-Ricardian consumers – consumers that do not smooth

their consumption intertemporally. Much of the empirical literature provides

evidence that a significant share of consumers live in “hand-to-mouth” fashion

and consume their entire disposable income instead of smoothing consumption

via saving and borrowing. For instance, some fraction of consumers are liquidity

constrained and cannot access the credit markets. They thus cannot smooth

their consumption, even if they want to.

Standard New Keynesian DSGE models with representative agents are un-

able to replicate some empirical regularities, typically effects of fiscal policies

and particularly the crowding-in effect of government spending on aggregate

consumption. The positive shock in government spending is connected with

expected increase in future taxes. Optimizing forward-looking consumers react

to this shock by decreasing consumption. On the other hand, non-Ricardian

consumers perceive only the actual increase in disposable income generated by

government expansion through higher labour supply, and increase their con-

sumption. They have the potential to mitigate the fall or even generate the

rise in aggregate consumption. Hence, models that allow for a fraction of non-

Ricardian households better reflect the character of some consumers and are

able to replicate the effects of fiscal policies more accurately.

In this thesis, we develop an open economy DSGE model for the Czech Re-

public, which incorporates both optimizing and non-Ricardian households and

features a number of frictions that are commonly incorporated into medium-

scale DSGE models. Following Campbell & Mankiw (1989), we assume that
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non-Ricardian consumers consume their entire labour income net of taxes ev-

ery period. We focus on the prediction of reaction to the government spend-

ing shock and provide sensitivity analysis for the share of non-Ricardian con-

sumers as well as other parameters. Furthermore, we study how the inclusion

of non-Ricardian households influences determinacy of the model and discuss

behaviour of the model in the case of nine additional shocks.

Our model predicts a small and short-lived positive response of aggregate

consumption to the positive government spending shock under calibration for

the Czech Republic. This reaction is accompanied by a fall in real wages and in-

vestment. The direction and size of the effect on consumption depend strongly

on the share of non-Ricardian consumers and the strength of habit formation

of optimizing consumers. Under baseline calibration of the habit formation

parameter, only 11% of non-Ricardian consumers are sufficient to generate a

positive comovement of public spending and aggregate private consumption.

If we assume that optimizing consumers do not exhibit habit persistence,

we need at least 50% of non-Ricardian consumers to achieve similar results.

We provide an estimate of the share of non-Ricardian consumers for the Czech

Republic. Concretely, we estimate the sensitivity of aggregate consumption to

changes in disposable income from the Euler equation, which allows for various

sources of consumption predictability. Our results indicate that the share of

non-Ricardian consumption is between 25% and 30% with mean value of the

estimates being 27.5%.

The thesis is organized as follows. Chapter 2 provides a review of the lit-

erature that studies permanent income hypothesis, the share of non-Ricardian

consumers and the role of these consumers in macroeconomic models. Chapter

3 describes in detail our model and provides its log-linearized version. Chap-

ter 4 covers the estimation of the share of non-Ricardian households and the

calibration of other parameters. Chapter 5 describes the effect of government

spending shock on consumption under various calibrations and the behaviour

of the baseline model in the case of nine different shocks. This chapter also

discusses how the inclusion of non-Ricardian households influences determinacy

of the model. Chapter 6 summarizes our findings and proposes some possible

extensions for further research.



Chapter 2

Literature Review

2.1 Permanent Income Hypothesis and Represen-

tative Agent Models

According to the permanent income hypothesis developed by Friedman (1957),

agents try to smooth consumption over their lifetimes. Current level of con-

sumption is derived mainly from expected level of future income – permanent

income. Current disposable income plays only a limited role in consumers’

decision about current consumption. Consequently, transitory changes in dis-

posable income (e.g. temporary government transfers) do not influence con-

sumption patterns significantly, because they do not change permanent income.

The permanent income hypothesis has important policy implications. Firstly,

only unexpected changes in policy can influence consumption, as everything

expected about the future is already included in expected lifetime income (Hall

1979). Secondly, changes in policy influence consumption only to the extent to

which they impact permanent income.

The idea of the permanent income hypothesis is fundamental for neoclassical

growth models. Models such as the Ramsey model, the Diamond overlapping

generations model or the standard real business cycle models are based on

representative consumers (households) that try to maximize their objective

function while facing budget constraint. The objective function is a sum of

current utility and expected values of utility in future periods, which are derived

from expected future consumption. This objective function usually contains a

term representing disutility from labour as well. Let us assume the objective
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function:

E0

∞∑
t=0

βtU(Ct, Nt), (2.1)

where Ct is the quantity consumed, Nt denotes hours worked and β is a discount

factor. Consumer maximizes (2.1) subject to a sequence of budget constraints:

PtCt +QtBt ≤ WtNt +Bt−1, (2.2)

where Pt denotes price of consumption, Wt is nominal wage, Bt represents

riskless bonds purchased in period t and maturing in period t+ 1 , Qt denotes

price of bonds. We assume also a no-Ponzi-game condition, which is given by:

lim
t→∞

Et[Bt] ≥ 0 (2.3)

for all t. The maximization yields the following Euler equation (for details see

for example Gaĺı (2009, chap. 2)):

Qt = βEt

{
Uc,t+1

Uc,t

Pt
Pt+1

}
. (2.4)

The permanent income hypothesis implies that consumption should evolve

according to a random walk with trend. Current consumption should be the

only factor influencing future consumption (Hall 1979). If we use for instance

a constant relative risk aversion utility function:

Ut =
C1−σ
t

1− σ
− N1+ρ

t

1 + ρ
, (2.5)

equation (2.4) takes form:

Qt = βEt

{(
Ct+1

Ct

)−σ
Pt
Pt+1

}
. (2.6)

The zero inflation steady state and market clearing imply constant prices

(Pt = Pt+1). The steady state also implies the equality between the price

of bonds and the consumers’ discount factor representing their utility weight

between today’s and tomorrow’s consumption (Qt = β). Hence in equilibrium,

(2.6) obviously satisfies the permanent income hypothesis implication that con-

sumption should follow a random walk. Hall (1979) tested this implication on

the data for the postwar United States and concluded that real disposable
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income has no power in predicting consumption. Nevertheless, he found that

changes in stock prices lagged by one quarter have predictive power for changes

in consumption. He therefore rejected the permanent income hypothesis. He

proposed a modification of this hypothesis supposing that some part of con-

sumption takes time to adjust to permanent income. Current changes in con-

sumption can be partly explained by changes in permanent income in previous

period and therefore by lagged changes in variables correlated to permanent

income (stock prices in this case) as well. This modified permanent income

hypothesis is consistent with his empirical findings and leaves the main idea of

the original permanent income hypothesis unchanged.

Several authors have tested the relevance of the permanent income hypoth-

esis implications and have found support for this hypothesis (see for example

DeJuan & Seater 1999; Hayashi 1982; Runkle 1991). On the other hand, Flavin

(1981) and Lusardi (1996) discovered great sensitivity of consumption to cur-

rent income, which is inconsistent with the permanent income hypothesis.

Campbell & Mankiw (1989) in their thorough study of income and con-

sumption concluded that consumption did not follow a random walk. They

found strong connection between current income and consumption. They sug-

gested that some households behave in rule-of-thumb fashion and consume their

entire current income instead of smoothing consumption through lifetime. The

authors estimated the share of these households to be about 0.5 in their data,

which was substantially in contradiction with the permanent income hypothe-

sis. They simply estimated this share as a value of λ in the following equation:

∆ct = µ+ λ∆yt + et. (2.7)

It is a simple Euler equation, where ∆ct and ∆yt denote change in log con-

sumption and change in log disposable income, respectively.

2.2 Non-Separable Utility Function and Rule-of-

Thumb Behaviour

Several authors (see for example Gaĺı et al. 2007; Basu & Kimball 2002)

have argued that the results from Campbell & Mankiw (1989) could be bi-

ased due to estimation of the Euler equation that was excessively simplified.

This Euler equation is derived from the utility function that does not account
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for non-separability (neither intertemporal nor intratemporal) of consumption

and labour. Intratemporal non-separability can be represented by the utility

function that leads the consumer to decide about the level of consumption

taking into account also the level of labour, and vice versa. Intertemporal

non-separability, often explained as the result of habit persistence or habit for-

mation, is usually represented by the utility function in which the level of past

consumption influences negatively the level of present utility.

The habit persistence can be internal – the present utility of consumers

depends on their own past consumption, or external – the individual consumer’s

utility depends on past aggregate consumption. The inclusion of internal habit

persistence complicates the solution of the maximization problem considerably;

therefore, authors usually use the external habit persistence in their models.

The intuition behind the habit persistence is simple: consumers get used to a

certain amount of consumption, and they suffer if they have to diminish this

amount.

Weber (2002) points out that habit persistence is empirically important.

He estimates various non-separable utility functions and concludes that the

presence of habit persistence implies small and statistically insignificant esti-

mates of the share of non-Ricardian consumers. The habit persistence can be

modelled using for instance the objective function:

Et

∞∑
t=0

βt
(Ct − hCt−1)1−σ

1− σ
, (2.8)

where h denotes the habit parameter determining how strongly the consumer

perceives the level of past aggregate consumption, in other words, how strong

the habit formation is.

Fuhrer (2000) suggests that we should control for both the habit persis-

tence and the non-Ricardian behaviour as these two properties have distinct

consequences. While non-Ricardian consumers respond immediately and one-

for-one to changes in current disposable income, Ricardian consumers with

habit persistence respond gradually and try to smooth changes in their con-

sumption. Fuhrer (2000) estimated the parameters of the consumption function

and tested the importance of the habit persistence and the non-Ricardian con-

sumption. He concludes that both the properties are statistically significant,

and the estimated share of the non-Ricardian consumption varies from 0.26 to

0.29.
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Basu & Kimball (2002) argue that the evidence of sensitivity of current

consumption to current income proposed by Campbell & Mankiw (1989) could

be biased due to omitting the quantity of labour in the Euler equation. They

report that there is no evidence for such relationship if labour is included into

equation. While Campbell & Mankiw (1989) based their analysis on the as-

sumption that consumer’s utility is separable in consumption, Basu & Kimball

(2002) propose that utility function should be non-separable in consumption

and leisure, implying the presence of hours worked in the Euler equation. This

can be achieved using the following objective function:

Et

∞∑
t=0

βt
C1−σ
t

1− σ
e(σ−1)u(Nt), (2.9)

where u(·) is a function determining the disutility from hours worked. Never-

theless, Gaĺı et al. (2007) argue that the Euler equation from Basu & Kimball

(2002) does not predict the response of consumption to anticipated changes in

taxes. The model with non-Ricardian consumers is able to predict this em-

pirically validated response. Gaĺı et al. (2007) conclude that the predictive

power of anticipated tax changes rejects the fully Ricardian models, even if

they contain the non-separable utility function.

Kiley (2010) examines the importance of non-separability between con-

sumption and leisure, habit formation, and non-Ricardian behaviour. Based

on GMM estimation and various robust tests, he concludes that the data pro-

vides support for non-Ricardian behaviour and habit formation. He also argues

that results from Basu & Kimball (2002) or Gaĺı et al. (2007) are not robust

to choice of regression instruments and may be biased due to omitting habit

formation factor.

Although empirical literature provides evidence both for and against the

permanent income hypothesis, the consensus view is that consumption tracks

current income substantially and that the consumption smoothing is not perfect

(Mankiw 2000). There are several reasons for the non-optimizing behaviour dis-

cussed in published literature. Mankiw (2000) suggests that consumers deviate

from rational behaviour by extrapolating their current income into future or

weighting their current income too heavily when creating expectations about

permanent income. This consumers’ inability to create reasonable expecta-

tions, sometimes referred to as myopia, can be one of the reasons why many

households do not save.
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A very high subjective discount rate is another candidate. Lawrance (1991)

points out that low-income families have three to five percentage points higher

subjective discount rate than the richest ones. The presence of liquidity con-

straints, which make borrowing impossible for some consumers, is another fac-

tor. People asking for credit are refused for example because borrowing rates

exceed lending rates (Browning & Lusardi 1996). Browning & Lusardi (1996)

point out that if agents carry zero assets for many periods, they will then set

their consumption equal to current disposable income.

Deaton (1991) claims that if income is a random walk, the best choice for

those who wish to borrow but are refused is to consume their incomes. He

also argues that a significant share of households possess no stocks or bonds

and have neither a checking nor a saving account. It is hard to believe that

these households would be able to borrow money. Nevertheles, the portion

of these households has significantly shrunk during the last decades. The key

reason has probably been financial market deregulation that has lowered finan-

cial market participation costs, as pointed out by Coenen & Straub (2005).

Mankiw (2000) claims that net worth is zero or negative for many households

and these households thus do not have enough wealth to smooth their con-

sumption intertemporally. The poorest households cannot save money simply

because they spend their entire income to pay living costs.

The presence of non-Ricardian behaviour of households has important im-

plications for optimal monetary and fiscal policies. Rule-of-thumb households

do not smooth consumption and thus do not react to various shocks (e.g. in-

terest rate shocks, inflation shocks). Their presence increases the persistence of

output and diminishes the impact of shocks on output. The stabilisation of the

economy after unexpected shocks is easier, while it is harder to stimulate a sta-

ble output growth (Amato & Laubach 2003). Swarbrick (2012) points out that

it is necessary to model different types of agents and to consider the real-world

wealth distribution to study the effects of policy. For instance, taxes on capi-

tal do not affect non-Ricardian households and thus have strong distributional

effect. The policy maker obviously needs to use a model with heterogeneous

agents to study this effect.

2.3 Non-Ricardian Consumers in DSGE Models

Mankiw (2000) proposes that economic models with representative households

should be substituted by models that allow for the coexistence of Ricardian
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and non-Ricardian households. These models imitate the empirical evidence

of excessive dependence of consumption on current income and the presence of

households that have ”near-zero net worth”.

Several authors (we will mention some of them in this section) have included

non-Ricardian behaviour into their New Keynesian DSGE models following the

approach suggested by Mankiw (2000). The inclusion of non-optimizing house-

holds, which do not react to changes in interest rate, can alter standard results

significantly. Marto (2013) discusses the role of the share of non-Ricardian

households in his DSGE model and concludes that the model with low propor-

tion of non-Ricardian households predicts greater variation of output growth.

The fluctuations in output growth are driven mostly by the productivity shocks.

On the other hand, the high proportion of non-Ricardian households signifi-

cantly diminishes the effects of the productivity shocks, and output growth

fluctuations are mainly driven by shocks in price mark-up.

The incorporation of non-Ricardian consumers can even cause the indeter-

minacy of the model. Gali et al. (2004) use a simple sticky prices model with a

portion of non-Ricardian households to evaluate implications for monetary pol-

icy. The authors point out that non-Ricardian households are not influenced

by the stabilising force associated with changes in real interest rates. If the

share of non-Ricardian households is large (higher than 0.57 in their calibrated

model), the Taylor principle becomes insufficient in assuring stability, and a

unique equilibrium is not guaranteed.

Marto (2013) uses a sticky prices DSGE model for which the indeterminacy

region starts with the fraction of non-Ricardian households higher than 0.64.

Gali et al. (2004) propose that central banks should consider the presence

of non-Ricardian households and increase the response of the interest rate to

inflation. If the share of these households is so high that the required response

cannot be credible, central banks are suggested to follow a rule that responds

to expected inflation only. On the other hand, Colciago (2011) rejects these

conclusions and provides evidence that the Taylor principle is sufficient for a

unique equilibrium if a DSGE model with reasonable level of price and wage

stickiness is used.

The inclusion of non-Ricardian households is also motivated by the fact

that representative agent models (including the standard DSGE models) pre-

dict that a positive shock to government spending decreases private consump-

tion (crowding out effect). This behaviour contradicts the empirical evidence

based for instance on vector autoregression estimates (e.g. Colciago 2011; Gaĺı
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et al. 2007; Linnemann 2006). Rule-of-thumb households perceive the increase

in their disposable income, caused for instance by higher wages in the public

sector or higher transfers, and do not create expectations that current exces-

sive government spending will be financed through higher taxation in future.

They increase their current consumption in reaction to a positive government

spending shock, and thus their inclusion into DSGE models can potentially

stimulate crowding in effect.

Swarbrick (2012) uses a DSGE model with non-Ricardian households but

without nominal rigidities. He concludes that his model alters the dynamics of

impulse responses of the standard model but is not able to simulate crowding

in effect of consumption due to the absence of nominal rigidities.

Gaĺı et al. (2007) analyse the effect of a government spending shock in their

DSGE model with a fraction of non-Ricardian households. Only unreasonably

high values of this fraction assure an increase in consumption in reaction to

the positive government spending shock in the case of perfectly competitive

labour markets. Nevertheless, in a model with imperfectly competitive labour

markets, reasonable value of approximately 1/4 is sufficient. The crowding in

effect of consumption is markedly supported by a strong positive response of the

real wage, which offsets the negative wealth effect and stimulates consumption

of non-Ricardian households. Colciago (2011) points out that this high increase

of the real wage is in contradiction with empirical evidence. He uses a DSGE

model with both price and wage rigidities and concludes that the inclusion of

wage stickiness helps to restore the standard results.

Forni et al. (2009) use a DSGE model with sticky wages and estimate the

following thresholds for the share of non-Ricardian households for which the

response of private consumption to the government shock becomes positive:

0.4 for innovation to government purchases and 0.25 for innovation to public

employment. In the case of innovation to transfers, the response of aggregate

private consumption is positive for any share of non-Ricardian households. The

threshold in the case of innovation to government consumption, which includes

both purchases and compensations for public employees, is estimated as 30–

35% of non-Ricardian households.

Stähler & Thomas (2012) calibrated the share of non-Ricardian households

to 0.4 in their DSGE model. Their model provides a slightly positive reaction

of aggregate consumption to the reduction in government purchases indicating

a moderate crowding out effect. The authors argue that non-Ricardian con-

sumers suffer by a fall in employment and thus decrease consumption. Yet,
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this decrease is outweighed by an increase in consumption of Ricardian house-

holds, which expect a future decrease in taxes and thus higher future income.

Stähler & Thomas (2012) do not provide sensitivity analysis for the share of

non-Ricardian households. Nonetheless, their impulse responses with consump-

tion decomposed for two types of households suggest that their model would

need a much higher share of non-Ricardian households to generate a crowding

in effect of government purchases and other government shocks.

Jakab & Világi (2008) argue that the inclusion of non-Ricardian house-

holds consuming their labour income every period causes excessive volatility in

consumption because of volatile labour hours. They reduced this volatility by

introducing adjustment costs for production inputs, including labour, into their

DSGE model. Moreover, they also include the second type of non-Ricardian

consumers: pensioners whose income is independent from fluctuations in labour

market. Their model generates a positive response of consumption to a gov-

ernment spending shock in the short run. This response becomes negative

in the medium run. Ratto et al. (2009) use a model with sticky wages and

labour adjustment cost which generates a negative response of consumption to

a positive government shock. Their sensitivity analysis shows that the response

would become positive if wage stickiness and labour adjustment cost were set

to zero as in Gaĺı et al. (2007).

Coenen & Straub (2005) use a model based on the one from Smets &

Wouters (2003) adjusted by a presence of heterogeneous households. Their

model contains price and wage stickiness as well as various other rigidities. It

does not generate a sharp increase of the real wage induced by a government

spending shock. The government shock induces a great negative wealth effect,

and their model generates crowding out effect for reasonable values of param-

eters. Moreover, the estimated share of non-non-Ricardian households in the

data is quite small (0.3). However, the inclusion of non-Ricardian households

mitigates the negative response of consumption.

We can see that the conclusions about the ability of non-optimizing con-

sumers to stimulate the crowding in effect in DSGE models are not unanimous.

Authors agree that non-Ricardian consumers moderate the negative response

of consumption, which is driven by optimizing households. Simple models are

able to generate crowding in effect but suffer from omitting important rigidities

and generate an empirically rejected real wage increase in reaction to the gov-

ernment shock. More complex models often generate a crowding in effect only

for an unreasonably high share of non-optimizing households. The sensitivity
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analyses show the importance of precise calibration of this share. Even small

differences in this portion can cause very distinct results, qualitatively but also

quantitatively (Marto 2013).

We can find the following estimates of the share of non-Ricardian consumers

in the literature. As mentioned above, Campbell & Mankiw (1989) proposed

value 0.5 based on the U.S. data. Weber (2002) provides a nice summary

of results from sixteen papers published in 1980s and 1990s. The authors of

these papers based their conclusions on the estimations of consumer’s Euler

equation. Mean values of estimated shares in particular papers range from

0.114 to 0.844. The estimates for the Euro area are lower than those proposed

by Campbell & Mankiw (1989) – 0.3–0.4 by Forni et al. (2009), 0.35 by Ratto

et al. (2009), 0.25–0.37 by Coenen & Straub (2005). The estimates for Greece

by Hatzinikolaou (1999) range from 0.19 to 0.71 depending on estimated model.

Marto (2013) estimates 0.58 for Portuguese economy.

Havránek & Sokolova (2016) carried out a meta-analysis of 2,788 estimates

of the non-Ricardian consumption share reported in 133 published studies.

They point out that authors often censor negative or insignificant estimates,

which leads to misleading results, especially when they take the average of

reported results as their final answer to the problem. The mean estimated

non-Ricardian consumption share in these studies is 0.4. When corrected for

bias caused by omitted variables and bias caused by mentioned preferential

reporting, it diminishes to 0.13. Havránek & Sokolova (2016) provide evidence

that this share of 0.13 can be explained as a consequence of liquidity constraints.

They argue that consumers are Ricardian – although some of them are unable

to smooth consumption because of liquidity constraints, they would smooth

consumption if they could. Therefore, they conclude that the results do not

provide any indication of pure non-Ricardian behaviour consistent with the

Keynesian consumption theory.



Chapter 3

The Model

In this section, we present our small open economy DSGE model. It is cali-

brated for the Czech Republic but can be recalibrated for other countries easily.

Our model consists of two economies, a small domestic economy and one large

foreign economy, which substitutes for the rest of the world (can be viewed as

the European Union in our case). We assume that the domestic economy is

small and has negligible influence on the foreign economy. For this reason, we

model the foreign sector exogenously. On the other hand, the foreign economy

significantly influences the domestic economy.

The domestic country is inhabited by households that supply labour and

consume both home and foreign consumption goods. We follow Gaĺı et al.

(2007) and assume that two different types of consumers are present in the

economy. Only Ricardian consumers can buy and sell assets (physical capital,

domestic and foreign bonds) and smooth their consumption intertemporally.

Non-Ricardian or rule-of-thumb consumers can only spend their labour income

net of taxes on consumption.

Domestic producers are divided into two groups: intermediate good pro-

ducers and final good retailers. The intermediate good producers use labour

and capital as production inputs. They produce differentiated goods and sell

them at a monopolistically competitive market. They are able to set their

nominal prices but have to face price rigidity à la Calvo (1983). The domestic

retailers buy differentiated intermediate goods and compose them to produce

a final good, which they sell to domestic and foreign markets under perfect

competition. All consumers are represented by labour unions that set wages

trying to maximize utility of represented consumers. However, they have to

face staggered wages as in Gaĺı (2009).
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A domestic government sector comprises monetary and fiscal authorities.

The monetary authority sets the nominal interest rate according to a Taylor-

type rule that reacts to the domestic inflation gap and the output gap. The

fiscal authority levies lump-sum taxes on all consumers and can issue public

debt to finance its expenditure. The fiscal authority spends its revenues for

consumption that is privately produced.

The following subsections describe the particular sectors and their opti-

mization problems in detail. We also derive the equilibrium conditions and

the log-linearized version of the model. We express the level of variables by

upper case letters (Xt). The steady-state values are denoted by upper case

letters with overline and without subscript t (X̄). The lower case letters with

hat denote log-deviations from steady-state values (i.e., x̂t ≡ logXt/X̄), unless

otherwise noted.

3.1 Households

We assume that the domestic economy is populated by a continuum of infinitely-

lived households. Fraction (1 − λ) of these households are optimizing (Ricar-

dian) households that have access to capital markets and own domestic firms.

These households are able to smooth their consumption intertemporally. The

remaining fraction λ of households are liquidity constrained. They have no

access to capital markets and thus cannot borrow or save. They behave in a

non-Ricardian fashion and consume their entire labour income in each period.

We also assume that each household (no matter whether optimizing or non-

optimizing) specializes in the supply of only one type of labour, indexed by

j ∈ [0, 1]. However, every type of labour is supplied by infinitely many house-

holds. The households supplying the same type of labour are represented by

a trade union. The trade union sets the wage in monopolistically competitive

market to maximize a lifetime utility of the represented households.

3.1.1 Optimizing Households

Every optimizing household seeks to maximize its expected utility function:

E0

∞∑
t=0

βtζCt

((
Co
t (j)− hCo

t−1

)1−σ

1− σ
− ζLt

N o
t (j)1+ϕ

1 + ϕ

)
. (3.1)
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Et is the expectations operator conditional on information known at time t,

β ∈ (0, 1) is a discount factor. Superscript o denotes optimizing households. ζCt

is a shock to the households’ preference which affects overall utility in period t,

and ζLt is a labour supply shock which affects the trade-off between consumption

and leisure. σ is the inverse elasticity of substitution, and ϕ denotes the inverse

elasticity of labour supply. The household supplies only one type (j) of labour.

N o
t (j) denotes the level of supply of this type of labour at time t. Co

t (j) denotes

optimizing household’s consumption of final goods. h represents the degree

of habit formation in consumption. The utility from today consumption is

influenced by the level of aggregate consumption in the last period through the

term hCo
t−1. The external habit persistence is hence represented by aggregate

lagged consumption of the optimizing households.

The optimizing households have the budget constraint:

PC
t C

o
t (j) + P I

t I
o
t (j) +

1

Rt

Bo
t+1(j) +

1

R∗t + rpt
etB

∗o
t+1(j)

= Wt(j)N
o
t (j) +Bo

t (j) + etB
∗o
t (j) + PH,tD

o
t (j) +RK

t K
o
t (j)− PH,tT ot .

(3.2)

Current consumption Co
t (j), investment Iot (j), and purchase of riskless domes-

tic bonds Bo
t+1(j) and foreign bonds B∗ot+1(j) are financed by labour income

Wt(j)N
o
t (j), bonds carried from the previous period Bo

t (j) and B∗ot (j), divi-

dends from firms Do
t (j), and capital income from renting capital Ko

t (j) to firms

at rental rate RK
t . T ot denotes real lump-sum taxes paid by household, Wt(j)

is the nominal wage paid for labour of type j and set by a corresponding trade

union, N o
t (j) denotes hours of work, PH,t represents the domestic price level,

PC
t and P I

T represent the overall consumption and investment price indexes.

The price of domestic bonds is given by the inverse value of the domestic gross

interest rate Rt, the price of foreign bonds is given by the inverse value of the

foreign gross interest rate R∗t plus risk premium rpt multiplied by the nominal

exchange rate et.

The following equation describes physical capital accumulation:

Ko
t+1(j) = (1− δ)Ko

t (j) +

[
1−Ψ

(
Iot (j)

Iot−1(j)

)]
Iot (j). (3.3)

The term
[
1−Ψ

(
Iot
Iot−1

)]
Iot (j) represents investment adjustment costs. The

function Ψ satisfies the following properties: Ψ(1) = 0,Ψ′(1) = 0 and Ψ′′(1) > 0.
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Ricardian households maximize their expected lifetime utility (3.1) subject

to constraints (3.2) and (3.3). The first-order conditions with respect to Co
t (j),

Ko
t+1(j), Iot (j), Bo

t+1(j), and B∗ot+1(j) are:

Co
t (j) : ζCt

(
Co
t (j)− hCo

t−1

)−σ − λtPC
t = 0 (3.4)

Ko
t+1(j) : βEt

{
λt+1R

K
t+1 + µt+1(1− δ)

}
− µt = 0 (3.5)

Iot (j) : µt

[
1−Ψ

(
Iot (j)

Iot−1(j)

)
−Ψ′

(
Iot (j)

Iot−1(j)

)
Iot (j)

Iot−1(j)

]
+βEt

{
µt+1Ψ′

(
Iot+1(j)

Iot (j)

)(
Iot+1(j)

Iot (j)

)2
}
− λtP I

t = 0

(3.6)

Bo
t+1(j) : βEtλt+1 − λtR−1

t = 0 (3.7)

B∗ot+1(j) : βEtλt+1et+1 − λt(R∗t + rpt)
−1et = 0. (3.8)

λt and µt are Lagrangian multipliers assigned to constraints (3.2) and (3.3),

respectively.

3.1.2 Non-Ricardian Households

The non-Ricardian households have the same utility function as the optimizing

ones but they can neither save nor borrow. They do not react to changes in the

interest rate and their behaviour is simplified to consuming the labour income

net of taxes each period. Their wage is decided by labour unions, and they

simply supply the demanded amount of labour. Non-Ricardian consumption

Cn
t (j) is determined by the following budget constraint:

PC
t C

n
t (j) = Wt(j)N

n
t (j)− PH,tT nt , (3.9)

which implies:

Cn
t (j) =

Wt(j)N
n
t (j)− PH,tT nt
PC
t

. (3.10)

Superscript n denotes non-Ricardian households. Any shock in the economy

that increases labour demand and/or wage has the potential to increase non-

Ricardian households’ consumption as well. Depending on the calibration of

the share of the non-Ricardian households, this effect can diminish the decrease

in aggregate consumption caused by optimizing households or even overpower

it. The inclusion of the non-Ricardian households thus creates the potential for

the increased government purchases to increase also aggregate consumption.
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3.1.3 Consumption Aggregation

Consumption of the optimizing households does not depend on hours worked

and the wage and is the same for all j types of households. We can write

Co
t (j) = Co

t . On the other hand, consumption of the non-Ricardian households

is derived from their labour income and thus is dependent on their labour type.

We can express the average labour income using labour demand:

Nn
t (j) =

(
Wt(j)

Wt

)−εw
ND
t (3.11)

as

W n
t N

n
t = ND

t

∫ 1

0

Wt(j)

(
Wt(j)

Wt

)−εw
dj. (3.12)

Wt is an index of wages prevailing in the economy, ND
t denotes aggregate

labour demand and εw is the elasticity of substitution between labour inputs.

Aggregate consumption of the non-Ricardian households is then given by:

Cn
t =

ND
t

∫ 1

0
Wt(j)

(
Wt(j)
Wt

)−εw
dj − PH,tT nt

PC
t

. (3.13)

Aggregate consumption is then described by a weighted sum of consumptions

of the optimizing and the non-Ricardian households:

Ct = (1− λ)Co
t + λCn

t . (3.14)

The open economy design allows consumers to buy both domestic (CH,t) and

imported foreign (CF,t) consumption goods. Total consumption is expressed by

a constant elasticity of substitution (CES) function:

Ct =

[
(1− αc)

1
ηcC

ηc−1
ηc

H,t + α
1
ηc
c C

ηc−1
ηc

F,t

] ηc
ηc−1

, (3.15)

where ηc is the elasticity of substitution between home and foreign goods, and αc

is the share of imports in consumption (degree of openness). Households choose

optimal allocation of expenditures for domestic and imported consumption,

taking prices of home and foreign consumption as given. The optimization

results in the following allocation functions:

CH,t = (1− αc)
(
PH,t
PC
t

)−ηc
Ct (3.16)
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CF,t = αc

(
PF,t
PC
t

)−ηc
Ct, (3.17)

where PH,t and PF,t represent the prices for domestic and imported consumption

goods, respectively. The overall consumer price index (CPI) is then given by:

PC
t =

[
(1− αc)P 1−ηc

H,t + αcP
1−ηc
F,t

] 1
1−ηc . (3.18)

3.1.4 Investment and Capital Aggregation

Only the optimizing households can invest. As is apparent from (3.6), the

decision about investment is independent of hours worked and the wage. All

optimizing households thus invest the same amount. The level of investment

is determined by (3.6):

µt

[
1−Ψ

(
Iot
Iot−1

)
−Ψ′

(
Iot
Iot−1

)
Iot
Iot−1

]
+ βEt

{
µt+1Ψ′

(
Iot+1

Iot

)(
Iot+1

Iot

)2
}

= λtP
I
t .

(3.19)

Capital is then determined by (3.3):

Ko
t+1 = (1− δ)Ko

t +

[
1−Ψ

(
Iot
Iot−1

)]
Iot . (3.20)

Aggregate investment It and capital Kt are simply given by:

It = (1− λ)Iot (3.21)

Kt = (1− λ)Ko
t . (3.22)

Similarly as in the case of consumption, the households decide between domes-

tic (IH,t) and foreign (IF,t) investment goods, trying to minimize their expen-

ditures, taking prices as given. Total investment is given by a CES function:

It =

[
(1− αi)

1
ηi I

ηi−1

ηi
H,t + α

1
ηi
i I

ηi−1

ηi
F,t

] ηi
ηi−1

, (3.23)

where αi is the share of imports in investment, and ηi is the elasticity of sub-

stitution across investment goods. The optimization yields the following allo-

cation functions:

IH,t = (1− αi)
(
PH,t
P I
t

)−ηi
It (3.24)
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IF,t = αi

(
PF,t
P I
t

)−ηi
It. (3.25)

The overall investment price index is then given by:

P I
t =

[
(1− αi)P 1−ηi

H,t + αiP
1−ηi
F,t

] 1
1−ηi . (3.26)

3.1.5 Aggregate Tax, Dividends and Bonds

Taxes paid by optimizing and non-optimizing consumers can differ. The aggre-

gate tax level is given by:

Tt = λT nt + (1− λ)T ot . (3.27)

Only the optimizing households receive dividends from firms’ profits. The

aggregate dividends are given simply by:

Dt = (1− λ)Do
t . (3.28)

Only the optimizing households buy assets. The aggregate levels of domestic

and foreign bonds are given by:

Bt = (1− λ)Bo
t (3.29)

B∗t = (1− λ)B∗ot . (3.30)

3.2 Firms

Production is divided into two sectors: final good retailers and intermediate

good producers, similarly as in Smets & Wouters (2003).

3.2.1 Retailers

The domestic retailers produce a final good Yt and sell it in a perfectly com-

petitive market. The final good is a composite of a continuum of differentiated

intermediate goods Yt(i), i ∈ [0, 1]. Its production follows the CES function:

Yt =

[∫ 1

0

Yt(i)
ε−1
ε di

] ε
ε−1

, (3.31)
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where Yt(i) is the quantity of the intermediate good i, and ε denotes the elas-

ticity of substitution between differentiated intermediate goods. The retailers

choose the optimal amount of each intermediate good to maximize their profit,

which is given by the difference between revenues and costs:

PH,tYt −
∫ 1

0

PH,t(i)Yt(i)di, (3.32)

where PH,t(i) denotes nominal price of i-th intermediate good. Solution of the

optimization yields a demand function for intermediate good i:

Yt(i) =

(
PH,t(i)

PH,t

)−ε
Yt. (3.33)

The perfect competition implies zero profits and the domestic producer price

index PH,t is given by:

PH,t =

[∫ 1

0

PH,t(i)
1−εdi

] 1
1−ε

. (3.34)

3.2.2 Intermediate Producers

All intermediate good producers operate the same technology. The production

function for the intermediate good i is given by:

Yt(i) = AtKt(i)
αpNt(i)

1−αp , (3.35)

where At represents total factor productivity, Nt(i) denotes amount of labour

hired by the i-th firm and Kt(i) denotes rented physical capital. Technological

progress is described by an AR(1) process:

ât = ρaât−1 + εat , (3.36)

where ât = logAt/Ā and εat denotes innovation. The intermediate good pro-

ducer takes all prices (the wage and the rental cost of capital RK
t ) as given and

chooses the optimal amount of physical capital and labour to minimize total

costs, subject to the production technology. Moreover, there are differentiated

types of labour to hire, and intermediate producer has to decide about the

amount of all these types. Overall labour input of i-th producer is then defined
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as:

Nt(i) ≡
[∫ 1

0

Nt(i, j)
εw−1
εw dj

] εw
εw−1

, (3.37)

where Nt(i, j) denotes the quantity of labour of type j hired by firm i. Cost

minimization yields the demand function for j-th type of labour:

Nt(i, j) =

(
Wt(j)

Wt

)−εw
Nt(i). (3.38)

The aggregate wage index is then given by:

Wt ≡
[∫ 1

0

Wt(j)
1−εwdj

] 1
1−εw

. (3.39)

Intermediate firm’s cost minimization implies the following demands for inputs:

Kt(i) =

[
Wt

RK
t

αp
1− αp

]1−αp Yt(i)

At
(3.40)

Nt(i) =

[
RK
t

Wt

1− αp
αp

]αp Yt(i)
At

. (3.41)

The nominal marginal cost is identical for all producers and is given by:

MCt =
1

At

[
W

1−αp
t RK

t
αp

(1− αp)1−αpα
αp
p

]
. (3.42)

Firm i’s profits (that are distributed to optimizing households) are given by:

Dt(i) = (PH,t(i)−MCt)Yt(i). (3.43)

Aggregate profits in the economy are given by:

Dt =

∫ 1

0

Dt(i)di. (3.44)

3.2.3 Price Setting

The intermediate firms in the domestic economy set prices according to the

rule proposed by Calvo (1983). Only a fraction (1 − θ) of domestic firms are

able to reset their prices each period, while the remaining fraction θ keep their

prices unchanged. The aggregate domestic price level (production price index)
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is described by the following equation:

PH,t =
[
θP 1−ε

H,t−1 + (1− θ)P̃ 1−ε
H,t

] 1
1−ε

. (3.45)

P̃H,t is the new price chosen by all firms that are able to set price at time t. This

price is the same for every producer because they all face the same optimization

problem. The remaining firms have to keep their prices fixed to the previous

period values, which are on average PH,t−1. The intermediate firms resetting

their price set the new price to maximize the expected present value of future

profits. The maximization problem of i-th firm is given by:

max Et

∞∑
k=0

θkQt,t+k

{
P̃H,t(i)Yt+k(i)− ζPt+kTCt+k(i)

}
(3.46)

subject to the sequence of demand constraints:

Yt+k(i) =

(
P̃H,t(i)

PH,t+k

)−ε
Yt+k. (3.47)

The term TCt+k(i) denotes total costs and ζPt+k represents a domestic price

mark-up shock common to all producers. Qt,t+k is a stochastic discount factor

of the optimizing households for nominal pay-offs between periods t and t+ k.

Only the utility of the optimizing households is taken into account because

only these households are owners of firms. This discount factor is then given

by:

Qt,t+k = βk
[
UC(Co

t+k, N
o
t+k)/UC(Co

t , N
o
t )
]

(PC
t /P

C
t+k), (3.48)

where UC(Co
t , N

o
t ) denotes the first derivative of optimizing household’s utility

function with respect to consumption (marginal utility of consumption), taking

into account the amount of consumption and hours worked at time t.

The optimization yields the following price-setting rule:

P̃H,t(i) =
ε

ε− 1

Et
∑∞

k=0 θ
kβkUC(Co

t+k, N
o
t+k)(P

C
t+k)

−1Yt+kP
ε
H,t+kζ

P
t+kMCt+k

Et
∑∞

k=0 θ
kβkUC(Co

t+k, N
o
t+k)(P

C
t+k)

−1Yt+kP ε
H,t+k

.

(3.49)
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3.3 Labour Market

Each period, only a randomly chosen fraction (1−θw) of labour unions are able

to reset their wages. Trade union sets the wage to maximize a weighted average

of expected optimizing and non-optimizing households’ lifetime utilities. The

weights reflect the proportion of optimizing and non-optimizing households in

the economy. All labour unions resetting their wages in one period choose the

same wage because they face an identical optimization problem. All households

providing the same type of labour provide the same amount of this labour – the

amount required by intermediate firms. The optimization problem of labour

union is given by:

max
W̃t

Et

∞∑
k=0

βkθkw
{

(1− λ)U(Co
t+k, N

o
t+k) + λU(Cn

t+k, N
n
t+k)

}
, (3.50)

subject to the sequence of labour demand schedules and flow budget constraints

for optimizing and non-Ricardian households:

N o
t+k = Nn

t+k =

(
W̃t

Wt+k

)−εw
ND
t+k (3.51)

PC
t+kC

o
t+k + P I

t+kI
o
t+k + Et+k{Qt+k,t+k+1B

o
t+k+1}+ Et+k{Q∗t+k,t+k+1et+kB

∗o
t+k+1}

≤ W̃tN
o
t+k +Bo

t+k + et+kB
∗o
t+k +Do

t+k +Rt+kK
o
t+k − PH,t+kT ot+k

(3.52)

PC
t+kC

n
t+k = W̃tN

n
t+k − PH,t+kT nt+k, (3.53)

where W̃t denotes the nominal wage set in period t.

The FOC with respect to W̃t is given by:

Et

∞∑
k=0

βkθkw

{
(1− λ)

[
UC(Co

t+k, N
o
t+k)

1

PC
t+k

W̃tN
o
t+k − UN(Co

t+k, N
o
t+k)

εw
1− εw

N o
t+k

]
+λ

[
UC(Cn

t+k, N
n
t+k)

1

PC
t+k

W̃tN
n
t+k − UN(Cn

t+k, N
n
t+k)

εw
1− εw

Nn
t+k

]}
= 0.

(3.54)
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The wage setting rule is then given by (we present the full derivation of the

wage setting mechanism in Appendix A):

W̃t =
εw

εw − 1

Et

∞∑
k=0

βkθkwW
εw
t+kN

D
t+k

[
MRSAt+k

]
Et

∞∑
k=0

βkθkwW
εw
t+k

ND
t+k

PC
t+k

[
(1− λ)UC(Co

t+k, N
o
t+k) + λUC(Cn

t+k, N
n
t+k)

] ,
(3.55)

where

MRSAt+k = (1−λ)UC(Co
t+k, N

o
t+k)MRSot+k +λUC(Cn

t+k, N
n
t+k)MRSnt+k. (3.56)

We definedMRSot+k = −UN (Cot+k,N
o
t+k)

UC(Cot+k,N
o
t+k)

andMRSnt+k = −UN (Cnt+k,N
n
t+k)

UC(Cnt+k,N
n
t+k)

as marginal

rates of substitution between hours worked and consumption in period t+k for

the optimizing and the non-Ricardian consumers, respectively. The term εw
εw−1

represents the wage mark-up. Both MRSot+k and MRSnt+k contain the labour

supply shock ζLt , which is common for all consumers. This shock thus plays

also the role of a wage mark-up shock.

3.4 Government

The government sector comprises fiscal and monetary authorities.

3.4.1 Central Monetary Authority

The central bank tries to stabilize both the inflation and the output using a

Taylor-type rule. It increases the nominal interest rate in the case of a positive

output gap or a positive inflation gap. The central bank tries to keep the

nominal interest rate relatively stable as well, therefore the rule contains also

a smoothing term. The rule is given in log-linearized form by:

r̂t = ρrr̂t−1 + (1− ρr)(φ1π̂H,t + φ2ŷt) + ζRt , (3.57)

where ŷt is the output gap, π̂H,t denotes the domestic price inflation gap (devi-

ation of the inflation from its steady state), and r̂t is the nominal interest rate

(r̂t ≡ logRt/R̄). ρr ∈ [0, 1] represents the degree of interest rate smoothing. ζRt

represents a temporary interest rate shock.
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3.4.2 Fiscal Authority

The fiscal authority tries to keep sustainable debt-to-GDP ratio by collecting

lump-sum taxes. We describe the fiscal authority using a nominal flow budget

constraint. The government finances its spending and debt by collecting lump-

sum taxes and issuing new public debt. The budget constraint is given by:

PH,tTt +R−1
t Bt+1 = Bt + PH,tGt, (3.58)

where Gt is the real government expenditure on final good. As in Smets &

Wouters (2003), it is simply a good consumed by government without any

productive use. We assume a simple fiscal rule – the government increases

taxes in the case of increased public expenditures or increased public debt.

The rule is given by:

t̂t = φbb̂t + φgĝt + ζTt , (3.59)

where t̂t = Tt−T̄
Ȳ

, ĝt = Gt−Ḡ
Ȳ

and b̂t =
Bt/PH,t−1−B̄/P̄H

Ȳ
. ζTt denotes a tax shock.

gt evolves exogenously according to the AR(1):

ĝt = ρgĝt−1 + εgt . (3.60)

3.5 Foreign Economy

We assume that the domestic economy is small and plays a negligible part in

aggregate foreign consumption and investment. Even significant changes in

the domestic inflation, the interest rate, or demand cannot influence the evo-

lution of aggregate foreign macroeconomic quantities. We thus do not model

foreign economy and assume that foreign variables follow simple AR(1) pro-

cesses. Furthermore, we assume that foreign output Y ∗t consists solely of foreign

consumption C∗t and foreign investment I∗t : Y ∗t = C∗t + I∗t . Foreign demand

for export of consumption and investment goods from the domestic country is

given by:

Xt =

[
PH,t
etP ∗t

]−ηf
Y ∗t . (3.61)

We assume that the elasticity of substitution between foreign goods and goods

exported from domestic country (ηf ) is the same for consumption and invest-

ment. We do not decide how much of domestic export is used for consumption

and investment in the foreign country. et denotes the nominal exchange rate,



3. The Model 26

PH,t/et is then the price of exported good denominated in the foreign currency.

P ∗t denotes the price level in the foreign country. The foreign price (p̂∗t ), output

(ŷ∗t ), and the interest rate (r̂∗t ), all as log-deviations from steady state, are given

exogenously as AR processes.

3.6 International Linkages

The effective terms of trade express the ratio between the price of foreign goods

and the price of domestic goods and are given by:

St =
PF,t
PH,t

. (3.62)

We assume that the law of one price holds and thus the domestic price of

imported goods PF,t is given by:

PF,t = etP
∗
t , (3.63)

where et is the nominal exchange rate (relative price of domestic currency per

unit of foreign currency) and P ∗t is the price of the foreign good in foreign

currency. The real exchange rate is then given by:

Qt =
etP

∗
t

PC
t

. (3.64)

We assume perfect capital mobility and incomplete asset markets. Opti-

mizing household can buy both domestic and foreign bonds (Bo
t , B

∗o
t ). We can

use the optimality conditions (3.7) and (3.8) to get the uncovered interest rate

parity condition:
Rt

R∗t + rpt
= Et

{
et+1

et

}
. (3.65)

We follow Schmitt-Grohé & Uribe (2003) and assume that there is a risk

premium rpt on the foreign bonds that depends on the net foreign debt of

domestic (optimizing) households. Whereas the price of domestic bonds simply

reflects the inverse value of the domestic nominal interest rate, the price of

foreign bonds depends on the foreign interest rate and the risk premium. The

risk premium has the following functional form:

rpt = rp(NFDt) = ψb(e
NFDt− ¯NFD − 1), (3.66)
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where NFDt denotes the net foreign debt of optimizing households. The opti-

mizing households’ net foreign debt evolves according to:

NFDt = R∗t−1NFDt−1 −Xt +Mt, (3.67)

where Mt is an aggregate import defined as Mt = CF,t + IF,t.

3.7 Market Clearing

Domestic final good production must be equal to demand for domestic con-

sumption, domestic investment and government spending plus demand for ex-

port. This aggregation is given by:

Yt = CH,t + IH,t +Gt +Xt (3.68)

3.8 Shock Processes

All shock processes are given (in log-linearized form) by the AR(1) process

except the monetary shock, which contains only stochastic part.

Households’ preference shock:

ζ̂Ct = ρC ζ̂
C
t−1 + εCt . (3.69)

Labour supply shock:

ζ̂Lt = ρLζ̂
L
t−1 + εLt . (3.70)

Technology shock:

ât = ρaât−1 + εat . (3.71)

Domestic price mark-up shock:

ζ̂Pt = ρP ζ̂
P
t−1 + εPt . (3.72)

Monetary shock:

ζ̂Rt = εRt . (3.73)

Tax shock:

ζ̂Tt = ρT ζ̂
T
t−1 + εTt . (3.74)
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Government spending shock:

ĝt = ρgĝt−1 + εgt . (3.75)

Foreign output shock:

ŷ∗t = ρy∗ŷ
∗
t−1 + εy∗t . (3.76)

Foreign price shock:

p̂∗t = ρp∗p̂
∗
t−1 + εp∗t . (3.77)

Foreign interest rate shock:

r̂∗t = ρr∗r̂
∗
t−1 + εr∗t . (3.78)

ε•t are normally distributed independent processes.

3.9 The Log-Linearized Model

We present the log-linearized version of the equilibrium conditions in this sec-

tion. We used the first order Taylor approximation around a zero-inflation

steady state. The following linear versions of the equilibrium conditions will

be used to analyse the behaviour of our model.

The optimizing households’ linear Euler equation is given by:

ĉot − hĉot−1 = Et(ĉ
o
t+1 − hĉot ) +

1− h
σ

(Etπ̂
C
t+1 − r̂t + ζCt − EtζCt+1), (3.79)

where π̂t
C = p̂Ct − p̂Ct−1.

Equations describing the value of capital and the evolution of investment

are given by:

Et

{
(1− β + βδ)

[
−p̂Ct+1 + r̂Kt+1 + ζCt+1 −

σ(ĉot+1 − hĉot )
1− h

]
+ (β − βδ)µ̂t+1

}
= µ̂t

(3.80)

îot =
µ̂t

(1 + β)Ψ′′ (1)
+

1

1 + β
îot−1 +

β

1 + β
Et

{
îot+1

}
− 1

(1 + β)Ψ′′ (1)

[
p̂It − p̂Ct + ζCt −

σ(ĉot+1 − hĉot )
1− h

]
.

(3.81)
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The linearized law of motion of capital is given by:

k̂ot+1 = (1− δ)k̂ot + δîot . (3.82)

Consumption of the non-Ricardian households is given by:

ĉnt =
P̄H

P̄C

N̄DW̄

P̄HC̄n
(n̂Dt + ŵRt )− P̄H

P̄C

Ȳ

C̄n
t̂nt , (3.83)

where t̂nt ≡ (T nt − T̄ n)/Y and ŵRt represents the real wage. Aggregate con-

sumption is given by:

ĉt = (1− λ)
C̄o

C̄
ĉot + λ

C̄n

C̄
ĉnt (3.84)

Demands for domestic and foreign consumption goods are given by:

ĉH,t = −ηcp̂H,t + ηcp̂
C
t + ĉt (3.85)

ĉF,t = −ηcp̂F,t + ηcp̂
C
t + ĉt. (3.86)

The consumption price index is given by:

p̂ct = (1− αc)
(
P̄H
P̄C

)1−ηc

p̂H,t + αc

(
P̄F
P̄C

)1−ηc

p̂F,t. (3.87)

Aggregate investment, capital, the investment price index and demand for do-

mestic and foreign investment are given respectively by:

ît = îot (3.88)

k̂t = k̂ot (3.89)

p̂It = (1− αi)
(
P̄H
P̄ I

)1−ηi
p̂H,t + αi

(
P̄F
P̄ I

)1−ηi
p̂F,t (3.90)

îH,t = −ηip̂H,t + ηip̂
I
t + ît (3.91)

îF,t = −ηip̂F,t + ηip̂
I
t + ît. (3.92)

Labour and capital demanded by firms are described respectively by:

n̂t =

[
1− αp
αp

]αp [
−αpŵt + αpr̂

K
t + ŷ − â

]
(3.93)
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k̂t =

[
αp

1− αp

]1−αp [
(1− αp)ŵt − (1− αp)r̂Kt + ŷ − â

]
. (3.94)

The dynamics of domestic price level inflation is given by the linear New Key-

nesian Phillips curve:

π̂H,t = βEt(π̂H,t+1) +
(1− θ)(1− θβ)

θ
(m̂cRt + ζPt ), (3.95)

where π̂H,t = p̂H,t − p̂H,t−1 and the real marginal cost m̂cRt is given by:

m̂cRt = (1− αp)ŵt + αpr̂
K
t − ât − p̂H,t. (3.96)

The wage-setting mechanism is quite non-standard because we allow not

only for two types of households but also for different steady-state levels of

their consumption. We also assume that every household specializes in only

one type of labour. This assumption implicates that the households differ in

their labour incomes. Since non-optimizing household’s consumption is derived

directly from its labour income, they differ also in consumption. The labour

unions then have to take into account how the chosen wage influences non-

optimizing houesholds’ income and consumption. The linearized wage-setting

rule is given by:

w̃t = βθwEtw̃t+1 +
(1− βθw)

1 + ϕεw

ϕn̂t + ϕεwŵt + p̂Ct + ζLt

+
σ(1− λ)

1− h
1

(1− λ) + λ
(
C̄n

C̄o

)−σ (ĉot − hĉot−1)

+
σλ

1− h
1

λ+ (1− λ)
(
C̄o

C̄n

)−σ (ĉn∗t − hĉnt−1),



(3.97)

where w̃t denotes the log-deviation of the newly set wage from its steady state

(i.e., w̃t ≡ logW̃t/W̄ ). ĉn∗t is consumption of non-Ricardian household that

earns the newly reset wage, which is given by:

ĉn∗t =
P̄H

P̄C

N̄DW̄

P̄HC̄n
(n̂Dt + (1− εw)w̃t + εwŵt − p̂H,t)−

P̄H

P̄C

Ȳ

C̄n
t̂nt . (3.98)
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The aggregate wage is given by:

ŵt = θwŵt−1 + (1− θw)w̃t. (3.99)

Assuming zero debt and a balanced primary budget in a steady state, the

government budget constraint is given by:

b̂t+1 = R̄(b̂t + ĝt − t̂t). (3.100)

Fiscal policy rule is given by:

t̂t = φbb̂t + φgĝt + ζTt . (3.101)

Export from the domestic economy is given by:

x̂t = −ηf p̂H,t + ηf êt + ηf p̂
∗
t + ŷ∗t . (3.102)

The law of one price is given by:

p̂F,t = p̂∗t + et. (3.103)

The real exchange rate is given by:

Q̂t = ê+ p̂∗t − p̂Ct . (3.104)

The interest rate parity condition is given by:

r̂t − r̂∗t −
1

R̄∗
ψb ¯NFD ˆnfdt = êt+1 − êt. (3.105)

Net foreign debt evolves according to:

ˆnfdt = R̄∗ ˆnfdt−1 + R̄∗r̂∗t−1 −
X̄
¯NFD

x̂t +
M̄
¯NFD

m̂t. (3.106)

Import is given by:

m̂t =
C̄F
M̄
ĉF,t +

ĪF
M̄
îF,t (3.107)
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The log-linearized market clearing condition is given by:

ŷt =
C̄H
Ȳ
ĉH,t +

ĪH
Ȳ
îH,t + ĝt +

X̄

Ȳ
x̂t (3.108)

Note that ĝt is defined such that the steady-state ratio is already included.



Chapter 4

Solution of the Model

In this section, we discuss how we estimated or calibrated the parameters of

our model. Furthermore, we provide the main steady-state relations implied

by our model. We calibrated most of the parameters drawing on recent litera-

ture; a few of the parameters were estimated. The focus lies especially on the

estimation of the share of non-Ricardian consumers, which is discussed in the

following subsection.

4.1 Share of Non-Ricardian Consumers

We estimate the share of non-Ricardian consumers (parameter λ) in the Czech

Republic. More precisely, we estimate the share of non-Ricardian consumption

on aggregate consumption, since we have only macroeconomic data available.

We use a theoretical Euler equation that allows for the coexistence of both

rule-of-thumb behaviour and habit persistence. This approach allows us to dis-

tinguish between these two different causes of the consumption predictability.

The optimizing consumers’ utility function corresponds to the utility function

in our model. It is given by:

Et

∞∑
t=0

βt

(
(Ct − hCt−1)1−σ

1− σ
− Nt

1+ϕ

1 + ϕ

)
. (4.1)

The optimizing household’s Euler equation derived from the first order condi-

tions is then given by:

βEt
{

(1 + rt+1)(Ct+1 − hCt)−σ
}

= Et
{

(1 + πt+1)(Ct − hCt−1)−σ
}
, (4.2)
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where rt+1 denotes the nominal interest rate from period t to period t+ 1 and

πt+1 denotes the price inflation from period t to period t+ 1. We log-linearize

this equation and obtain:

Et∆log(Ct+1) = h∆log(Ct) +
1− h
σ

log(β) +
1− h
σ

Et{rt+1 − πt+1}. (4.3)

We use log(1 + πt+1) ≈ πt+1 and log(1 + +rt+1) ≈ +rt+1, which holds for

reasonably small values of πt+1 and rt+1.

While authors estimating only the simplest Euler formula consider any pre-

dictable change in consumption as violation of optimal behaviour, our complex

equation allows for predictability that arises from predictable changes in the

real interest rate or from habit formation. We thus allow for the predictability

of consumption that is consistent with Ricardian behaviour.

We assume that non-Ricardian consumers simply consume all their dispos-

able income. We assume that these consumers own a fraction λ of the overall

income. The aggregate consumption growth formula is then given by:

Et∆log(Ct+1) = (1− λ) [h∆log(Ct)

+wlog(β) + wEt{rt+1 − πt+1}] + λEt∆log(Yt+1),
(4.4)

where w = 1−h
σ

. We estimate the equation (4.4) with our attention concentrated

mainly on the parameter λ.

Original macroeconomic series of income and consumption are typically

non-stationary. They grow with an exponential trend and both their period-

to-period change and variance grow with time. Working with log-differenced

series helps to overcome these problems. We indeed estimate the log-linear

approximation of the original model.

If we get an economically and statistically significant estimate for value of

λ, we can conclude that the permanent income hypothesis does not hold and

that a significant fraction of households do not optimize their consumption

intertemporally. Note that the estimated parameter λ cannot be perceived as

the share of households that behave in the rule-of-thumb manner because we

use only aggregate macro data. Neither can we interpret this estimate as the

precise share of non-Ricardian consumption on overall consumption directly

because we estimate only the log-linear approximation of the Euler equation.

Nonetheless, the estimate of λ is a good approximation of the share and it is
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still very important as a parameter for our theoretical Euler equation and for

calibration of our DSGE model.

Note also that we do not distinguish between the consumption sensitivity

to income caused by liquidity constraints and the sensitivity caused by pure

non-Ricardian behaviour when constraints are not binding. Our goal is not to

answer which theoretical concept describes the source of this sensitivity best.

We try to estimate the extent of this sensitivity and calibrate our DSGE model

accordingly.

We substitute the expected values with ex-ante values and thus assume per-

fect foresight that is also assumed in the DSGE framework. It is very likely that

the variable describing change in disposable income ∆log(Yt+1) is endogenous

in our model because consumption growth and income growth influence each

other contemporaneously. Therefore, we need to find proper instruments and

estimate the equation using the 2SLS model. We use the generalized method

of moments (GMM) estimator to estimate this model. We create various in-

strument sets following Campbell & Mankiw (1989) and Kiley (2010). We use

variables that are lagged at least twice to avoid a serial correlation problem

and achieve exogeneity.

The first instrument set consists of the second, third, fourth, and fifth lag of

consumption growth. The second set combines four lags of both GDP growth

and consumption growth. The third set adds also the second and third lag of

the real interest rate growth and employment growth, and the forth set adds

even the second and third lag of the inflation rate.

4.1.1 Data

Our series are taken from Eurostat and OECD. We use quarter-to-quarter

growth rates of natural logarithms. The dataset contains quarterly data for the

Czech Republic from 1996Q1 to 2015Q2. The series are seasonally and calendar

adjusted. Consumption (Ct) is represented by final consumption expenditures

of households excluding durable goods per capita in chain linked 2005 Czech

crowns. The quarterly data for disposable income are not available, so we use

GDP per capita as a proxy variable for disposable income (Yt). GDP per capita

is expressed in chain linked 2010 Czech crowns. The nominal interest rate (rt)

equals the quarterly average of 3 month nominal interest rate. The inflation is

calculated as annualized growth rate of the consumer price index between the
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current and preceding quarter. Furthermore, we used employment growth as

an instrumental variable in some estimations.

4.1.2 Results

We start with the OLS estimate presented in Table 4.1. We obtained the

estimate of λ equal to 0.352 and statistically significant at 1%. It can be

viewed as our first rough estimate. However, we consider this estimate to be

biased due to the endogeneity of the income variable. We then proceeded to

the 2SLS model estimation.

Table 4.1: Estimated Coefficients Using OLS

Et∆log(Ct+1) = (1− λ) [h∆log(Ct) + wlog(β) + wEt{rt+1 − πt+1}] + λEt∆log(Yt+1)

Coefficient λ h w

0.352*** -0.222 -0.038
(0.121) (0.226) (0.073)

Notes: 1% significance level - ***. Heteroskedasticity and autocorrelation robust

standard errors in parentheses.

Table 4.2 summarizes the results obtained by estimating the 2SLS model

using the GMM estimator and the four different sets of instrumental variables.

The parameter for the non-Ricardian consumption share is statistically sig-

nificant at least at 10% for all the instrument sets except the first one. The

estimates of other coefficients are insignificant in all estimations.

We get estimates of the share of non-Ricardian consumption ranging from

0.263 to 0.299 – the estimate using lagged inflation being the highest. Our

results are comparable with the estimates of Kiley (2010), who used U.S. data

and presented an estimate of 0.25 (insignificant) for an instrument set with-

out inflation and 0.30 (significant) for an instrument set with included lags of

inflation. Adam (2011), who worked with data for the Czech Republic and es-

timated a simple consumption equation without habit persistence and interest

rate, reported similar values of λ. His estimates range from 0.29 to 0.40 if he

uses reasonably large instrument sets to predict changes in GDP. In the cases

when he used relatively small instrument sets, he obtained even negative values

or values higher than 0.8.

We have to consider possible model assumption violations. If we focus on

p-values for overidentifying restriction test (J-test), we see that the value for

the instruments set (2) is relatively small. Nonetheless, we do not consider
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Table 4.2: Estimated Coefficients Using 2SLS Model

Et∆log(Ct+1) = (1− λ) [h∆log(Ct) + wlog(β) + wEt{rt+1 − πt+1}] + λEt∆log(Yt+1)

Instrument Set (1) (2) (3) (4)
L2∆c, L3∆c,
L4∆c, L5∆c

L2∆y, L3∆y,
L4∆y, L5∆y,
L2∆c, L3∆c,
L4∆c, L5∆c

L2∆y, L3∆y,
L4∆y, L5∆y,
L2∆c, L3∆c,
L4∆c, L5∆c,
L2∆L,L3∆L,
L2∆r, L3∆r

L2∆y, L3∆y,
L4∆y, L5∆y,
L2∆c, L3∆c,
L4∆c, L5∆c,
L2∆L,L3∆L,
L2r, L3r,
L2π, L3π

Coefficient
λ 0.265 0.274* 0.263* 0.299**

(0.178) (0.161) (0.146) (0.132)
h -0.106 -0.072 -0.036 -0.055

(0.196) (0.183) (0.171) (0.183)
w -0.016 -0.022 -0.020 -0.017

(0.037) (0.036) (0.034) (0.035)
Overidentifying
restriction test
p-value 0.284 0.112 0.238 0.288
Cragg-Donald
statistic 10.732 8.939 8.344 7.885
5% critical value 10.27 11.39 11.52 11.52
Notes: Estimated by GMM. Significance levels: * 10%, ** 5%, *** 1%. Heteroskedas-
ticity and autocorrelation robust asymptotic standard errors in parentheses. The last
row contains critical values for the weak instruments test corresponding to the 10%
of maximal bias of the IV estimator relative to OLS and 5% significance level (Stock
& Yogo 2005).

endogeneity as a problem. Based on our assumptions about the Euler equation

and the fact that we used instruments lagged at least twice, we assume that

these instruments should not be correlated with the expectation error.

We need to use instrumental variables lagged at least twice to avoid en-

dogeneity caused by autocorrelation. Such instruments are unfortunately cor-

related with income less than contemporaneous or only once lagged variables.

Our instruments may be weak – only weakly correlated with change in GDP

growth. The obtained estimates and standard errors may be misleading if

this is the case. The last two rows of Table 4.2 present the Cragg-Donald

statistics (Cragg & Donald 1993) (which are in our case identical to first stage

F-statistics) and critical values from Stock & Yogo (2005) for the weak instru-

ment test based on this statistic. These are the critical values corresponding to

10% of maximal bias of the 2SLS estimator relative to OLS and 5% significance

level. The null hypothesis of this test is that instruments are weak, and this

hypothesis is rejected if the test statistic exceeds the critical value.
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We cannot reject the hypothesis of weak instruments for instrument sets

(2),(3) and (4). If we selected level of maximal bias relative to OLS of 20%,

we would reject the null for all the instrument sets. The test results, however,

provide some evidence that the instruments could be weak. Therefore, we

also provide analysis that is fully robust to weak instruments. We use two

different tests to construct confidence sets for the parameter representing the

share of non-Ricardian consumption – the Anderson-Rubin (Anderson & Rubin

1949) test (AR test), and Conditional Likelihood Ratio (CLR) test proposed

by Moreira (2003). Both tests serve to test hypothesis β = β0 and the null

distribution of the test statistics does not depend on whether instruments are

weak or not. The assumption of exogeneity is still crucial. The properties of

these tests are deeply discussed in Andrews & Stock (2005). The confidence

sets are constructed as sets of values of a parameter for which the test does not

reject the null hypothesis at the desired significance level.

We report 90% confidence sets for the non-Ricardian consumption share

(parameter λ) created using the AR (light grey lines) and CLR (dark grey

lines) tests together with the GMM point estimates in Figure 4.1. Parameter

values are restricted to [0, 1] interval. The AR confidence sets are empty for

instrument sets (2), (3) and (4). This might indicate that no value of the

parameter is compatible with our data or that our model is wrong, but it can

also occur when the model is correct (Davidson & MacKinnon 2011).

We can prefer the results of the CLR test, which has better power properties

than the AR test in the case of one endogenous variable and over-identified

model (Andrews & Stock 2005). The results for all four instrument sets suggest

that the share of non-Ricardian consumption may equal zero, as confidence sets

include also zero values. Therefore, we are not able to reject permanent income

hypothesis with the aid of the AR and CLR confidence sets. The confidence

intervals for two largest instrument sets (3) and (4) exclude extremely high

values (values higher than 0.61). Our GMM point estimates are included in

confidence sets in all four cases.

We did not get enough evidence against the permanent income hypothesis

using only methods robust to weak instruments. Based on these methods we

are not able to say that non-Ricardian consumers are present in the economy.

Yet, we still assume that our GMM estimates provide quite meaningful results.

Firstly, the Cragg-Donald statistics are close to critical values even though

we have chosen the strict level of the test, indicating that our instruments

are probably not completely improper. Secondly, all the estimated values lie
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Figure 4.1: 90% Confidence Sets for Non-Ricardian Consumption
Parameter

Note: We present the GMM estimates of coefficient and 90% confidence sets. The light gray

lines denote the intervals computed using the Anderson-Rubin (1949) statistic and the dark

gray lines denote the intervals computed using the Conditional Likelihood Ratio (Moreira,

2003). The AR confidence sets are empty for instrument sets (2), (3) and (4).

inside the CLR confidence sets and, thirdly, our estimates are similar to those

presented by Adam (2011).

We use our GMM point estimates to calibrate our DSGE model. The mean

value of these estimates is 0.275. Nevertheless, we still provide a sensitivity

analysis of our DSGE model changing this parameter.

4.2 Calibration

We present our baseline calibration of parameters in this section. We pro-

vided thorough estimation of the share of non-Ricardian consumption with the

mean estimate of 0.275. We therefore want to calibrate our model such that

27.5% of consumption will behave in non-Ricardian manner. It can be achieved

by various combinations of parameter λ and steady state share of Ricardian

to non-Ricardian consumption C̄o/C̄n. We simply set equal steady states of

consumption and λ = 0.275.

We set the discount factor of households β to standard value of 0.99, which

implies the quarterly real interest rate of 0.01. We set the inverse elasticity of

intertemporal substitution σ = 0.82 and the inverse elasticity of labour supply

ϕ = 1.08 following Vaš́ıček & Musil (2006). The habit formation parameter

h is calibrated to 0.89, also according to Vaš́ıček & Musil (2006). We set the
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depreciation rate δ to 0.015, implying annual depreciation of 6%. We follow

the approach suggested in Hájková et al. (2007) to estimate the share of capital

αp. Concretely, we estimate the share of labour as 1−αp = (TLC)L
GV A

, where TLC

represents total nominal labour cost per employee adjusted for hours worked,

L represents total employment and GV A denotes gross value added at current

prices. We estimated αp = 0.38.

We set the fraction of firms that keep their prices unchanged θ to 0.72, which

corresponds to average price duration of 10.7 months, which is the value esti-

mated by the Czech National Bank (2011). We set the fraction of labour unions

that keep their wages unchanged θw to 0.7 following Adolfson et al. (2007). We

set elasticities ε = 6 and εw = 6, which implies steady-state domestic price and

wage mark-up of 0.2.

We estimated the parameters αc and αi as shares of imported consumption

in total consumption and imported investment on total investment, respec-

tively. We got αc = 0.44, which is a value close to the estimate 0.402 provided

by Vaš́ıček & Musil (2006). We estimated αi = 0.42. We set the elasticity

of substitution between foreign and domestic consumption ηc to 0.38 following

Vaš́ıček & Musil (2006) and we decided to keep value for investment and for

the foreign country the same (ηi = 0.38 and ηf = 0.38).

We set ρr = 0.65, φ1 = 1.27 and φ2 = 0.47 following Vaš́ıček & Musil (2006).

This calibration implies a moderate degree of interest rate smoothing. The

inflation gap has almost three times higher influence relative to the output gap,

which is in line with the fact that price stability is the main goal of the monetary

authority. We set the fiscal parameters to averages of the estimates presented

by Adam (2011) – φb = 0.22 and φg = 0.09. We set ψb = 0.0007 following

Schmitt-Grohé & Uribe (2003) and steady-state net foreign debt ¯NFD = 1.

Finally, we set the government spending to output ratio to 0.2 and the export

to output ratio to 0.4.

All foreign variables are assumed to behave as the AR(1) processes. We

estimated the auto-regressive coefficients for foreign output, interest rate, and

inflation using the data for Germany. We are interested in deviations of these

macroeconomic variables from their potential path – the output gap, the in-

flation gap, and the interest rate gap. We used the Hodrick-Prescott filter to

extract these deviations from the original series. The AR(1) parameters for for-

eign output (ρy∗), foreign interest rate (ρr∗) and foreign price level (ρp∗) were

estimated to be 0.857, 0.808 and 0.764, respectively.
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We chose the following AR coefficients for the remaining shock processes:

ρC = 0.8, ρL = 0.8, ρa = 0.8, ρP = 0.8, ρT = 0.8, ρg = 0.9.

4.3 Steady States

We present the main steady-state relations implied by our model in this section.

Firms’ cost minimization implies:

N̄DW̄

P̄HC̄n
=

(1− αp)(ε− 1)

ε

C̄n

Ȳ
(4.5)

Ī

Ȳ
=
δαp(ε− 1)

ε(δ + %)
, (4.6)

where % = 1/β − 1 is the time preference rate. From (4.6) and (3.24) we can

express the fraction of domestic investment in domestic output:

ĪH
Ȳ

= (1− αi)
(
P̄H
P̄I

)−ηi Ī
Ȳ

= (1− αi)
(
P̄H
P̄I

)−ηi δαp(ε− 1)

ε(δ + %)
. (4.7)

The steady-state ratio between domestic consumption and output is then given

by:
C̄H
Ȳ

= 1− (1− αi)
(
P̄H
P̄I

)−ηi δαp(ε− 1)

ε(δ + %)
− Ḡ

Ȳ
− X̄

Ȳ
. (4.8)
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Table 4.3: Baseline Calibration

Parameter Value Description

λ 0.275 Share of non-Ricardian consumers
β 0.99 Subjective discount factor of households
σ 0.82 Inverse elasticity of intertemporal substitution
ϕ 1.08 Inverse elasticity of labour supply
h 0.89 Habit formation
δ 0.015 Depreciation rate
αp 0.38 Capital share
θ 0.72 Calvo parameter on domestic prices
θw 0.7 Calvo parameter on wages
ε 6 Elasticity of substitution between intermediate

goods
εw 6 Elasticity of substitution between labour inputs
αc 0.44 Share of imported consumption on total consump-

tion
αi 0.42 Share of imported investment on total investment
ηc 0.38 Elasticity of substitution consumption
ηi 0.38 Elasticity of substitution investment
ηc 0.38 Foreign elasticity of substitution
ρr 0.65 Interest rate smoothing parameter
φ1 1.27 Monetary policy response to inflation
φ2 0.47 Monetary policy response to output
φb 0.22 Fiscal policy response to debt
φg 0.09 Fiscal policy response to public expenditures
ψb 0.0007 Risk premium

¯NFD 1 Net foreign debt
ρa 0.8 AR coefficient for production technology
ρg 0.9 AR coefficient for government spending
ρC 0.8 AR coefficient for preference shock
ρL 0.8 AR coefficient for labour supply shock
ρP 0.8 AR coefficient for price mark-up shock
ρT 0.8 AR coefficient for tax shock
ρy∗ 0.857 AR coefficient for foreign output
ρr∗ 0.808 AR coefficient for foreign interest rate
ρp∗ 0.764 AR coefficient for foreign price
Ḡ/Ȳ 0.2 Steady state government spending to output ratio
X̄/Ȳ 0.4 Steady state export to output ratio
C̄o/C̄n 1 Steady state share of consumption of optimizing and

non-optimizing household



Chapter 5

Analysis of the Behaviour

We describe our main analysis in this section. We discuss how the inclusion of

non-Ricardian consumers influences the determinacy of the model. We evaluate

the effect of the government spending shock and provide a sensitivity analysis.

Moreover, we analyse impulse responses and discuss transmission mechanisms

for other shocks.

5.1 Determinacy – Non-Ricardian Consumers and

Taylor Principle

We provide an analysis of the conditions necessary for the existence of a unique

non-explosive equilibrium. All parameters are set to their baseline values, ex-

cept the parameters that we provide the sensitivity analysis for. These parame-

ters are the non-Ricardian consumers share λ, the inflation response parameter

from monetary policy rule φ1, the degree of wage stickiness θw, the degree of

price stickiness θ, and the inverse elasticity of labour supply ϕ.

Figure 5.1 shows the combinations of parameters λ and φ1 for which we get

a unique stable solution in the case of baseline values of the price stickiness

θ = 0.72 and the wage stickiness θw = 0.7. The grey area represents the com-

binations of parameters for which the model has not unique stable solution.

As long as the non-Ricardian consumers share is strictly lower than one, the

Taylor principle (φ1 > 1) is a sufficient condition for the determinacy of equi-

librium. In the case of the baseline calibration of price and wage stickiness,

non-Ricardian consumers do not induce instability to our system.

The monetary authority moderates economic expansion by increasing the

interest rate. Increased interest rate motivates Ricardian consumers to save
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Figure 5.1: Determinacy – Baseline Calibration of Price and Wage
Stickiness
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more and consume less. A decrease in consumption slows down the expansion.

Non-Ricardian consumers derive their consumption only from their labour in-

come. Therefore, they have the potential to induce aggregate consumption

growth when economic expansion increases wages, through increased produc-

tion and increased labour demand. Nevertheless, it seems that the baseline

value of wage stickiness is high enough to prevent a sufficiently high increase in

wages, which would allow non-Ricardian consumers to destabilize the economy.

We carry out the same analysis for fully flexible wages (θw = 0) and also for

cases θw = 0.25 and θw = 0.5. Even the value of 0.25 is sufficient to get similar

result as in the case of the baseline calibration. In the case of fully flexible

wages, we get only small regions of determinacy. The share of non-Ricardian

consumers has to be lower than 7% together with monetary rule satisfying the

Taylor principle. For higher shares of non-Ricardian consumers, we would need

weak monetary rule, which would not satisfy the Taylor principle, to achieve a

unique stable solution. These results are presented in Figure 5.2.

We also set the inflation response parameter φ1 and the wage stickiness θw

to their baseline values and conduct a sensitivity analysis for combinations of

the non-Ricardian consumption share and the price stickiness θ. Our model

has a unique stable solution for all possible combinations of these two parame-

ters, even for the combinations with high price stickiness and the unreasonably

high share of non-Ricardian consumers. Our results differ from those pre-

sented by Gaĺı et al. (2007), who reported indeterminacy for high shares of
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non-Ricardian households. Whereas their model assumes flexible wages, the

level of wage stickiness in our model prevents non-Ricardian consumers from

causing indeterminacy even if the price stickiness parameter would be close to

one and every consumer would be non-Ricardian.

Figure 5.2: Determinacy – Baseline Calibration of Price Stickiness,
Flexible Wages
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We now adjust the share of non-Ricardian consumers together with the

inverse elasticity of labour supply ϕ, letting other parameters calibrated to

the baseline values. The model provides a unique stable equilibrium for any

combination of ϕ ∈ (0, 20) and λ ∈ (0, 1).

We found out that the inclusion of non-Ricardian households does not alter

the determinacy of our model as long as we assume the presence of reasonable

wage stickiness and the monetary rule satisfying the Taylor principle.

5.2 The Effect of Government Spending Shock

We study the reaction of the economy to the unexpected shock to government

spending in this section. We focus mainly on the effect on aggregate consump-

tion. Our goal is to find whether the inclusion of non-Ricardian households

can generate a positive effect of government spending on aggregate consump-

tion and whether some other conditions have to be satisfied to generate this

effect. Figure 5.3 shows the effect of the positive government shock on the

main variables for our baseline calibration (λ = 0.275). The shock is a 1% pos-

itive deviation of government consumption from its steady state. The shock
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is highly persistent with ρg = 0.9. Government expenditure remains above its

steady-state value even after five years.

Figure 5.3: Government Spending Shock – Baseline Calibration
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The increase in government spending drives the increase in output and

domestic inflation. The central bank reacts by increasing the nominal interest

rate. The higher interest rate motivates Ricardian households to consume

less and save more to achieve higher future consumption and higher overall

utility through the intertemporal substitution. The consumption of optimizing

households as well as investment are thus crowded out. The willingness of

optimizing households to consume is depressed even further by the negative

wealth effect of government spending financed by debt. The decrease in their

consumption is gradual because of the habit formation.
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Increased government spending and output drive also the increase in hours

worked through increased demand. The increase in hours raises the labour

income of households and therefore consumption of the non-Ricardian ones

increases. The increased labour demand together with the increased domes-

tic price level both have a tendency to increase the wages. Nevertheless, the

domestic price level transfers only partially to the consumption price level.

Labour unions also take into account decreased willingness of Ricardian

households to consume and they favour lower wage and higher employment

of represented households over higher wages. Therefore, labour unions, able

to reset their wages, chose wages that are bellow the steady-state level. The

increase in domestic inflation causes even a more significant decline of the real

wage.

Whereas the increase of consumption of non-Ricardian households is gener-

ated by the strong increase of the real wage in the model by Gaĺı et al. (2007),

our model generates a slight decrease of the real wage, which is empirically much

more plausible, as discussed by Colciago (2011). The decreased real wage low-

ers the ability of non-Ricardian consumers to consume more. Non-Ricardian

households, however, overcome the influence of their Ricardian counterparts

and drive aggregate consumption to the slightly positive deviation from its

steady state.

After the first period, optimizing households continue decreasing their con-

sumption because of the high interest rate, and non-Ricardian consumers de-

crease their consumption because employment starts to fall back to its steady

state and real wages continue dropping. Therefore, after the immediate increase

above its steady state, aggregate consumption starts to decrease. It crosses the

steady state in the second quarter and falls below the steady-state level.

Figure 5.4 shows the relationship between the share of non-Ricardian house-

holds and contemporaneous effects of a government spending shock (1% in-

crease in government spending) on output, consumption and investment. We

can see that the government spending shock has a negative effect on aggregate

consumption for shares of non-Ricardian consumers lower than 11%. A positive

effect on consumption is generated for shares higher than 0.11. The growth in

consumption increases with the share of non-Ricardian households. Changes in

consumption influence also the output and vice versa; therefore, the size of the

immediate increase of output also increases with the share of non-Ricardian

households.
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Figure 5.4: Government Spending Effect: Sensitivity to Share of
Non-Ricardian Households (λ)
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Figure 5.5 shows impulse responses of aggregate consumption to the gov-

ernment spending shock for the selected values of the non-Ricardian consumers

share. It shows that the larger share of non-Ricardian households, the longer

consumption stays above its steady state. If optimizing households have a

lower share in population, a greater decrease in their consumption is necessary

to overcome the effect of non-Ricardian consumption.

Figure 5.5: Reaction of Aggregate Consumption for Different Shares
of Non-Ricardian Consumers
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The speed of adjustment of optimizing households’ consumption is influ-

enced by the habit formation parameter h. We thus provide a sensitivity anal-

ysis also for this parameter. Figure 5.6 shows the relationship between the

values of h and the size of contemporaneous effects of the government spend-

ing shock on output, consumption and investment. We can see that the habit

formation parameter higher than 0.6 is necessary to generate an immediate

positive response of consumption. The size of the response is increasing with

the habit formation parameter, because the stronger the habit formation, the

lower the immediate decrease in consumption of Ricardian households. So for

our baseline calibration with a relatively low share of non-Ricardian households

(λ = 0.275), the habit formation is essential to generate an immediate increase

of aggregate consumption as a reaction to the positive government shock.

Figure 5.6: Government Spending Effect: Sensitivity to Habit
Formation (h)
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Figure 5.7 shows the results of the sensitivity analysis for the share of non-

Ricardian households in the case of no habit formation (h = 0). We can see that

the government spending shock has a negative effect on aggregate consumption

for the shares of non-Ricardian consumers lower than 0.5. A much higher share

of non-Ricardian consumers than our estimated value for the Czech Republic

is required to generate a positive reaction of aggregate consumption to the

government spending expansion in the model without habit formation.

We focused also on the role of other parameters. Figure 5.8 shows the re-

lationship between the values of the price stickiness θ, the wage stickiness θw,

and the inverse elasticity of labour supply ϕ and contemporaneous effects of a
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Figure 5.7: Government Spending Effect: Sensitivity to Share
of Non-Ricardian Households, Model Without Habit
Formation (h = 0)
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government spending shock (1% increase in government spending) on output,

consumption, and investment. We can see that these parameters have a weak

effect on immediate response of aggregate consumption. The rise in consump-

tion increases with the degree of price stickiness. Higher stickiness moderates

an increase in inflation and a rise of consumption prices. On the other hand, the

increase in consumption decreases with degree of wage stickiness. Wage sticki-

ness diminishes labour unions’ ability to adjust wages to the new situation and

achieve higher labour income through higher employment.

We focused also on the policy parameters φ1, φb, and φg. Figure 5.9 shows

the results of the sensitivity analysis for these variables. Our results are qual-

itatively same as those in Gaĺı et al. (2007); however, the effects of changing

parameters are significantly lower, since we have a significantly lower share of

non-Ricardian consumers, interest rate smoothing in the monetary rule, and

also because we work with the open economy. The open economy design di-

minishes the effect of domestic price changes on consumption levels. The effect

of different values of the interest rate response to inflation is negligible because

of the relatively high interest rate smoothing parameter.

The high inflation sensitivity parameter has only a small potential to drive

the interest rate significantly higher, which would diminish Ricardian consump-

tion more substantially. The higher response of taxes to debt causes only a mi-

nor increase in immediate consumption growth. On the other hand, the higher
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Figure 5.8: Government Spending Effect: Sensitivity to θ, θw and ϕ
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response of taxes to public expenditure moderates the increase in consumption.

If the government spending expansion is connected with an immediate rise in

taxes, higher taxes diminish disposable income of non-Ricardian households

and thus also diminish aggregate consumption.

Figure 5.9: Government Spending Effect: Sensitivity to φ1, φb and φg
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The role of the interest rate smoothing parameter ρr in influencing the

reaction of the main variables to the government spending shock is illustrated

in Figure 5.10. The growth of aggregate consumption increases as the interest

rate smoothing parameter increases. In the case of low interest rate smoothing,

inflation caused by the government spending expansion is accompanied by a

higher increase of the interest rate, which decreases consumption of optimizing

households more significantly.
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Figure 5.10: Government Spending Effect: Sensitivity to ρr
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5.3 Other Impulse Responses

We provide impulse response functions for all the remaining shocks. They

help us study the behaviour of the model in the case of unexpected temporary

innovations to particular variables. These shocks are typically a 1% positive

deviation of the variable from its steady state. We show impulse responses of

the main variables in Appendix B. We present the behaviour for 20 successive

quarters after the shock.

5.3.1 Increase of Lump-Sum Tax

Figure B.1 shows impulse responses to a temporary positive shock in tax. The

shock is represented by a moderately persistent (ρT = 0.8) 1% increase of tax

above its steady state. This innovation has an opposite effect on consumption

and GDP than the government spending shock.

The increased aggregate tax reflects itself in increased tax of non-Ricardian

households. These households have to reduce their consumption immediately.

Their consumption falls by 2% below its baseline value. Lower demand de-

creases GDP and employment, which decreases disposable income of non-

Ricardian households even more. Domestic prices fall, and the monetary au-

thority stabilizes the situation by decreasing the nominal interest rate. The

exchange rate slightly depreciates, which increases export. Higher demand for

export moderates the fall of domestic output.
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Import falls markedly due to increased competitiveness of domestic pro-

ducers and due to the fall in domestic consumption. The real marginal cost

decreases due to the fall in real wages. Ricardian consumers slightly increase

their consumption due to the slight decrease in the interest rate. Neverthe-

less, this increase is so negligible that it cannot overcome the fall in aggregate

consumption.

5.3.2 Rise in Productivity

Figure B.2 shows impulse responses to a temporary positive shock in the total

factor productivity. The shock is represented by a 1% growth of the total factor

productivity. This shock is set to be moderately persistent with ρa = 0.8. After

the initial increase, productivity decreases and after 10 quarters it is above its

baseline value by less than 0.25%.

The increase in productivity causes an immediate drop in employment be-

cause producers need to hire less amount of labour to produce the same amount

of goods. Capital becomes more productive as well, which encourages optimiz-

ing households to accumulate it. Consequently, investment rises. Fall in the

marginal cost decreases the domestic inflation and raises export.

The increased productivity is reflected by an increase of the real wage. The

real wage increases immediately by 0.25%, whereas employment falls by 2%.

The disposable income of non-Ricardian households is significantly diminished,

and their consumption falls by 1.8%. This fall pulls the aggregate consumption

to a level 0.5% below its steady state. Ricardian consumers increases their

consumption only slightly because of the lower interest rate and lower prices of

consumption goods.

After the initial quarter, increased demand for domestic goods raises GDP,

and employment starts to rise, increasing the disposable income of non-Ricardian

households as well as their consumption. Aggregate consumption then returns

to its steady-state value after 5 quarters.

5.3.3 Monetary Shock

Figure B.3 shows impulse responses to a temporary rise in the nominal interest

rate. It is a 1% rise in the nominal interest rate and because there is no

autoregressive structure in this shock, the gradual decrease back to the steady

state is caused by the interest rate smoothing, not by persistence of the shock
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itself. The decrease is fast – the nominal interest rate returns back to its

baseline value after 5 quarters.

This innovation has a restrictive effect: the increased interest rate crowds

out investment and consumption of optimizing households immediately. The

reactions are hump-shaped because of the habit formation and the investment

adjustment cost. Domestic output and inflation decrease immediately. The real

exchange rate appreciates (decreases by 1.1%), reducing the prices of imported

goods. Consumers then tend to prefer imported goods instead of domestically

produced ones, which deepens the fall in GDP. Export falls as well.

The appreciation pushes import upwards, whereas the falls in domestic

output and consumption have negative effect on imports. The overall effect is

slightly positive. However, after the first quarter, import falls below the steady

state due to the fast recovery of the exchange rate.

Because of lower demand, employment decreases by 1.1%, which leads to

a decrease in consumption of non-Ricardian households. The presence of non-

Ricardian households thus deepens the fall of aggregate consumption.

5.3.4 Domestic Price Mark-Up Shock

Figure B.4 shows impulse responses to a 1% rise in the domestic price mark-up

innovation. This shock is moderately persistent with ρP = 0.8. The domestic

inflation rises immediately by 0.18%. The monetary authority responds by

raising the nominal interest rate. Real interest rate decreases because the

monetary authority follows the interest rate smoothing rule, and increase in the

nominal interest rate is overweighed by the increased price level. The increased

nominal interest rate causes a fall in the real exchange rate (appreciation).

Therefore, the competitiveness of domestic producers is lower, which slightly

decreases export. The higher domestic price inflation raises the inflation of

consumer price index. Both types of consumers consume less due to higher

prices.

Lower demand decreases GDP, investment, and employment, and it lasts

these variables 10 quarters to return back to the baseline values. Real wages

decreases because of the rise in inflation. Consumption of non-Ricardian house-

holds is diminished further by lower wages and employment. The real marginal

cost decreases because the biggest part of this cost is formed by wages.

There are two counteractive forces influencing import. The real exchange

rate appreciation tends to raise import because domestic consumers prefer for-
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eign goods more. A fall in overall consumption and investment decreases de-

mand for import. The overall effect is slightly negative and import immediately

falls by 0.05%.

5.3.5 Labour Supply Shock

Figure B.5 shows impulse responses to a labour supply shock. This shock is

set such that it causes an immediate 1% increase in the nominal wage and has

a persistence ρL = 0.8. This shock raises marginal disutility of labour. It plays

a similar role as a wage mark-up shock would. Since only a part of labour

unions can set new wage immediately, the nominal wage continues to rise in

the following quarters. The real wage increase is hump-shaped with a peak

after 4 quarters and 0.73% above its baseline value.

The increase in the real wage is accompanied with a decrease in employ-

ment. The overall effect on disposable income of non-Ricardian households is

positive, and these households increase their consumption. Increased wages

raise the marginal cost, and the domestic inflation rises. The monetary au-

thority moderates inflationary pressures by increasing the nominal interest

rate. Consequently, Ricardian consumers gradually diminish their consump-

tion. The immediate effect on aggregate consumption is positive; nonetheless,

after the first quarter aggregate consumption falls below its steady state due

to the gradual decrease of Ricardian consumption.

The rise in the nominal interest rate causes appreciation, import increases,

export falls. The gradual falls in aggregate consumption and GDP induce

falls in investment and employment. Decreasing demand for consumption and

investment causes a decrease in import, which falls below its baseline value

after 4 quarters.

5.3.6 Consumers Preference Shock

Figure B.6 shows impulse responses to a positive preference shock. It is a

typical demand shock and has a persistence ρC = 0.8. The size of the shock is

calibrated such that it causes the immediate increase of aggregate consumption

by 1%.

The reactions of GDP, consumption, investment, and employment are hump-

shaped. Consumption of Ricardian consumers increases immediately by 1.4%

and continues to rise till the 5th quarter with a peak of 3.36% above the base-

line value. Non-Ricardian consumers would also prefer higher consumption,
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but they are restricted by their disposable income. Therefore, their consump-

tion does not rise immediately. In the following periods, labour unions increase

employment taking into account the change in consumers’ preferences and non-

Ricardian consumers increase their consumption.

The positive preference shock has crowding-out effect on investment, which

gradually decreases until it reaches a minimum, which is 1.84% under the steady

state, and starts to recover after 10 quarters. Higher demand is satisfied by

higher employment. Increased demand tends to increase prices of production

inputs – capital and labour. However, the increased domestic inflation negates

these effects – the real wage remains slightly above its baseline value for the

first 3 quarters and then falls, the real interest rate starts to fall immediately.

The domestic inflation is connected with the real exchange rate appreciation.

Consequently, export decreases and import increases.

5.3.7 Rise in Foreign Output

Figure B.7 shows impulse responses of the domestic economy to a temporary

positive shock to foreign output. This shock is represented by a 1% rise in

foreign output and has a persistence ρy∗ = 0.857. The increase in foreign

output also increases foreign demand for domestic goods. Export increases by

0.75%. Higher export stimulates an increase in domestic production connected

with an increase in employment.

Domestic inflation increases. Thanks to increased employment, non-Ricardian

households earn higher labour income and increase their consumption. On the

other hand, Ricardian consumers slightly decrease their consumption due to

a slight increase in the interest rate, which accompanies output growth. The

increased interest rate also diminishes the level of investment. Higher demand

is satisfied by higher employment. The overall immediate effect on aggregate

consumption is positive – consumption increases by 0.11%. The rise in con-

sumption is supported by the decrease of consumption prices as well. Never-

theless, gradual deepening of Ricardian consumption fall and gradual return

of non-Ricardian consumption back to the steady state cause aggregate con-

sumption to decrease in the following periods and to fall under the steady-state

value in the 4th quarter.

The increase in interest rate is accompanied by the real exchange rate ap-

preciation and the decrease of prices of import. Therefore, import level rises.

This increase is lower than the rise in export, and domestic trade balance im-
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proves. We can see that the positive shock in foreign output has a positive

effect on domestic production, aggregate consumption and employment. Real

wages decrease only negligibly. The shock causes a significant increase in do-

mestic export. We can evaluate that an increase in foreign demand produces a

beneficial spillover effect on the domestic economy.

5.3.8 Rise in Foreign Nominal Interest Rate

Figure B.8 shows impulse responses to a positive shock in the foreign nominal

interest rate. The shock is represented by a 1% increase of the foreign nominal

interest rate and has a persistence ρr∗ = 0.764. The shock induces a significant

depreciation: it raises the real exchange rate by 2.5%. Domestic producers

become more competitive, and export rises by 1.7% as a consequence. On the

other hand, the import inflation increases by 4.5%, and import falls by 1%.

Domestic trade balance improves markedly.

Higher demand for export increases output by 0.9%, raising employment by

1.8%. At the same time, the shock has a strong crowding-out effect on invest-

ment. The expansion is accompanied by the increase in domestic inflation and

the nominal interest rate. Higher domestic inflation lowers the real wage. Ricar-

dian consumers consume slightly less. Non-Ricardian consumers increase their

consumption due to an increase of labour and disposable income. The overall

immediate effect on aggregate consumption is slightly positive. Nonetheless,

consumption falls under its steady-state level in the second period as Ricardian

consumption falls deeper and employment starts returning to its baseline value

quickly.

5.3.9 Rise in Foreign Price

Figure B.9 shows impulse responses to a positive shock in the foreign nomi-

nal price. The shock is represented by a 1% increase of the foreign nominal

price and has a persistence ρp∗ = 0.808. The increase of foreign prices raises

the import price inflation, which makes domestic producers more competitive.

Import falls and export rises. The real exchange rate depreciates.

Higher demand raises domestic GDP by 0.17%. Higher demand is satisfied

with higher employment. On the other hand, the shock has a crowding-out

effect on investment. The expansion of the economy is accompanied by a rise

in domestic inflation and the increased nominal interest rate. The increased

interest rate diminishes consumption of optimizing households. The response
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of the optimizing consumption is hump-shaped. Higher employment increases

disposable income of non-Ricardian households and their consumption rises,

even though the real wage falls under its baseline value due to an increase

in domestic prices. The overall immediate effect on aggregate consumption is

slightly positive. Consumption falls below its steady state in the second quarter

when Ricardian consumption continues to decrease.
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Conclusion

We have developed a small open economy general equilibrium model calibrated

for the Czech Republic. The standard New Keynesian DSGE models that only

assume the existence of intertemporally optimizing households usually generate

a fall in consumption accompanying rise in government spending, which is

inconsistent with empirical evidence. Our analysis has shown that the inclusion

of non-Ricardian households together with habit persistence, sticky prices and

sticky wages makes it possible to generate a rise in aggregate consumption as

a reaction to an increase in public spending.

Non-Ricardian households consume their whole disposable income every

period. The public expansion raises employment and thus disposable income

as well. Whereas consumption of Ricardian consumers is diminished by the

negative wealth effect of future taxes and by the higher interest rate, non-

Ricardian consumers increase their consumption because their disposable in-

come increases.

We have shown that the share of non-Ricardian consumers higher than 11%

is sufficient to generate a positive comovement of consumption and government

spending in our model calibrated for the Czech Republic. We have estimated

this share to be equal to 0.275. This value is significantly lower than the value

of 0.5, which is frequently assumed in literature (see Mankiw 2000). We have

provided a very careful estimate of the Euler equation taking into account

various possible sources of consumption predictability.

Furthermore, we have shown that reasonably large habit persistence is nec-

essary because it prevents Ricardian households from decreasing their consump-

tion by a large amount immediately. The inclusion of non-Ricardian consumers
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does not affect the determinacy of the model as long as we assume the presence

of sticky wages.

Our model generates a positive comovement of consumption and public

spending under empirically plausible calibration of parameters. Moreover, gov-

ernment expansion is accompanied by a decrease in real wages, which is in line

with empirical evidence. Our model seems to solve the one great problem of

the standard DSGE models – the reaction to the government spending shock

that is inconsistent with empirical evidence.

Although we have focused on the role of non-Ricardian households and have

used some simplification, our model contains most of the standard features of

the medium scale DSGE models. It has a small open economy design, which fits

the Czech Republic much better than a closed economy framework, it contains

price and wage rigidities, habit formation, labour unions, investment and simple

fiscal authority. We also present impulse responses for nine additional shocks.

We have assumed that consumers’ utility function is separable in consump-

tion and labour. One of the possible extensions is the inclusion of intratemporal

nonseparability between consumption and labour, which could play a significant

role in the response of consumption to various shocks. We have also assumed

that the only tax has a form of lump-sum tax and is derived according to a

simple rule. The inclusion of more complex taxation (distortionary taxes, capi-

tal income tax, etc.) would probably alter the results generated in our analysis

markedly.

It would also be interesting to study how a choice of different and more

complicated fiscal rules (e.g. a fiscal rule that reacts to government spending

in a number of last quarters and also smooth level of taxes) would change the

reactions of the main variables. As Gaĺı et al. (2007) proposed, the timing of

taxation would probably play a significant role.
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Appendix A

Derivation of the Wage-Setting

Rule

In the present appendix, we provide the full derivation of the solution to the

labour unions problem. The optimization problem is:

max Et

∞∑
k=0

βkθkw
{

(1− λ)U(Co
t+k, N

o
t+k) + λU(Cn

t+k, N
n
t+k)

}
(A.1)

subject to the sequence of labour demand schedules and flow budget constraints

for optimizing and non-Ricardian household:

N o
t+k = Nn

t+k =

(
W̃t

Wt+k

)−εw
ND
t+k (A.2)

PC
t+kC

o
t+k + P I

t+kI
o
t+k + Et+k{R−1

t+kB
o
t+k+1}+ Et+k{(R∗t+k + rpt+k)

−1et+kB
∗o
t+k+1}

≤ W̃tN
o
t+k +Bo

t+k + et+kB
∗o
t+k +Do

t+k +RK
t+kK

o
t+k − PH,t+kT ot+k

(A.3)

PC
t+kC

n
t+k = W̃tN

n
t+k − PH,t+kT nt+k. (A.4)

(A.3) holds with equality. From (A.3) we obtain:

Co
t+k =

1

PC
t+k

[
W̃tN

o
t+k +Bo

t+k + et+kB
∗o
t+k +Do

t+k +RK
t+kK

o
t+k − PH,t+kT ot+k

−P I
t+kI

o
t+k − Et+k{R−1

t+kB
o
t+k+1} − Et+k{(R∗t+k + rpt+k)

−1et+kB
∗o
t+k+1}

]
.

(A.5)
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From (A.4):

Cn
t+k =

1

PC
t+k

(
W̃tN

n
t+k − PH,t+kT nt+k

)
. (A.6)

We can plug from (A.5) and (A.6) into (A.1) and we obtain:

Et

∞∑
k=0

βkθkw

{
(1− λ)U

([
1

PC
t+k

(
W̃tN

o
t+k +Bo
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o
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)]
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W̃t
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])

+λU
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PC
t+k
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W̃tN

n
t+k − PH,t+kT nt+k

)]
,
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W̃t

Wt+k

)−εw
ND
t+k

])}
.

(A.7)

We can plug from (A.2) to obtain:

Et

∞∑
k=0

βkθkw

{
(1− λ)U

([
1

PC
t+k

(
W̃t

(
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(A.8)
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The labour union sets the wage that maximizes (A.8). The FOC with

respect to W̃t is given by:

Et

∞∑
k=0

βkθkw

{
(1− λ)

[
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1
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(A.9)

We multiply both sides by W̃t

1−εw and use (A.2):
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We define MRSot+k = −UN (Cot+k,N
o
t+k)

UC(Cot+k,N
o
t+k)

and MRSnt+k = −UN (Cnt+k,N
n
t+k)

UC(Cnt+k,N
n
t+k)

as

marginal rates of substitution between hours and consumption in period t+ k

for optimizing and non-Ricardian consumers, respectively. UN(Co
t+k, N

o
t+k) =

UN(Cn
t+k, N

n
t+k) because both optimizing and non-Ricardian households work

the same amount of hours (N o
t+k = Nn

t+k) and our utility function is separable

in consumption and labour. Then (A.10) can be rewritten to:
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We can use (A.2) to obtain:

Et

∞∑
k=0

βkθkw

(
W̃t
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It can be rewritten to:
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Finally, the wage setting rule is given by:
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where
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Impulse Responses

Figure B.1: Impulse Responses to Increase of Lump-Sum Tax
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Figure B.2: Impulse Responses to Rise in Total Factor Productivity
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Figure B.3: Impulse Responses to Increase of Interest Rate
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Figure B.4: Impulse Responses to Increase of Domestic Price
Mark-Up
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Figure B.5: Impulse Responses to Labour Supply Shock
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Figure B.6: Impulse Responses to Increase of Consumers’ Preference
Innovation
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Figure B.7: Impulse Responses to Rise in Foreign Output
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Figure B.8: Impulse Responses to Rise in Foreign Nominal Interest
Rate
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Figure B.9: Impulse Responses to Rise in Foreign Nominal Price
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