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Abstract

Recent research has suggested that the level of sentiment may have a role in

determining the size of the government spending multiplier. Employing a dual-

threshold vector autoregression, I estimate the size of the multiplier conditional on

the level of sentiment and the state of the economy. This reveals that government

spending is more effective during periods of high sentiment, though the results

are generally not significant. I find that while there is an initial drop in output

following an increase in government spending, this fall is significantly larger in

the low sentiment regimes. This suggests that high levels of sentiment can help

to mitigate the crowding out effect of government spending. Robustness checks

reveal that the selection of the sentiment series and threshold levels are key to the

results. While these findings are informative, the wide confidence intervals mean

that further work is required before the effect of sentiment on the multiplier can

be conclusively determined.
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1 Introduction

The Financial Crisis and the resulting Great Recession have revived interest in the role

of fiscal policy in dealing with economic crises. Despite being surveyed extensively in

the literature there is still a lack of consensus on the size of the multiplier and what

drives its effects. Keynesians claim that the government spending multiplier is large,

while Neoclassical proponents argue that the multiplier will be small, or even negative.

This contention has motivated the idea that there is not a single multiplier and the

effects of fiscal policy are dependent on the state of the economy. I contribute to this

discussion by determining to what extent the level of sentiment influences the size of

the government spending multiplier.

A review of the recent literature on fiscal policy reveals that multipliers are smaller

during expansions and larger during recessions. This has not solved the controversy

surrounding the effectiveness of government spending because different studies still

provide vastly different estimates of the multiplier. A number of recent studies have

provided evidence to suggest that high levels of sentiment may influence the effective-

ness of government spending. Baum, Poplawski-Ribeiro and Weber (2012) find, when

looking at the size of the multiplier over the business cycle, that in one particular case

the multiplier is higher during an expansion. They explain this surprising result by sug-

gesting that spending during times of high sentiment may result in Keynesian effects.

Moreover, De Grauwe (2011) finds that the effectiveness of monetary policy can be in-

fluenced by both sentiment and the state of the economy. Evidence such as this forms

the premise of my thesis, which is that government spending when sentiment is high

will have Keynesian effects and spending when sentiment is low will have Neoclassical

effects.

I employ a threshold vector autoregression (TVAR) to calculate the government spend-

ing multiplier when sentiment is high and when it is low. I measure sentiment using

the Michigan Survey of Consumer Confidence. Estimating a single-threshold TVAR

reveals that high levels of sentiment actually result in smaller multipliers. I show that

2



Introduction

this is the result of the correlation between sentiment and the business cycle, with

the low sentiment multipliers picking up the effects of the economy being in a reces-

sion. Because of this, I estimate a dual-threshold TVAR, which allows me to calculate

the government spending multiplier conditional on both the level of sentiment and the

state of the economy. The results from this model reveal that high levels of sentiment

typically result in larger government spending multipliers, though the high and low

sentiment multipliers are generally not significantly different from one another. I also

find that while output falls following a government spending shock, this fall is larger

when sentiment is low. This suggests that high levels of sentiment may reduce the

crowding out effect of an increase in government spending. Furthermore, these results

are found to be robust across different measures of the business cycle. I also find that

in most cases the five-year multipliers in the high and low sentiment regimes converge

and that this is being caused by the model converging to a single regime. Recalculating

the multipliers, while not allowing the regimes to change, reveals that high levels of

sentiment in all cases result in larger government spending multipliers.

I verify my model by comparing the effect of government spending on sentiment to

what is found in the literature. In line with Mitra, Evans and Honkapohja (2012)

I find that sentiment ultimately rises following a government spending shock. More-

over, I find that large multipliers coincide with large rises in sentiment, as is found in

Bachmann and Sims (2012). These findings reveal that my model can closely replicate

the results of other studies in this area. I conduct robustness checks on the threshold

levels and the assumptions used to identify the spending shock. While the alternate

identifying assumption does not materially change the results, the alternate threshold

levels do. I also calculate an “index” of sentiment using forecast errors from the Survey

of Professional Forecasters. I argue that this represents fluctuations of optimism and

pessimism that are exogenous to the state of the economy. I find that the multipliers

are not conditional on the level of sentiment when this threshold variable is used. This

shows that the selection of the sentiment series and the threshold levels are key to the

results.

3



Introduction

To my knowledge, no paper has estimated the government spending multiplier across

four regimes, nor considered how sentiment may determine the effectiveness of fiscal

policy. The broad range of estimates of the multiplier, as well as the low levels of

statistical significance, mean that my results are inconclusive. Nonetheless, my findings

suggest that the level of sentiment may well be an additional factor to be considered in

future studies on the effectiveness of government spending.

4



2 Literature Review

2.1 The Government Spending Multiplier

The effect of government spending on output has been extensively covered in the eco-

nomics literature, with different studies providing vastly different estimations of the

multiplier. Spilimbergo, Symansky and Schindler (2009) conduct a meta-analysis of

fiscal policy studies, finding that the long run government spending multiplier can be

as large as 4.5 or as small as -1.1. This contention has motivated the idea that there is

not a single multiplier and the effects of fiscal policy vary with the state of the economy

(Corsetti, Meier and Müller, 2012).

This concept is supported by a large number of empirical studies, each with a different

idea of what drives the size of the multiplier. Tagkalakis (2008) uses panel data from

nineteen OECD countries to determine the effectiveness of fiscal policy when consumers

face liquidity constraints. The paper posits that Keynesian effects are more likely to

occur during recessions, when liquidity constraints are more likely to bind. The intuition

is that if individuals do not have access to a profitable channel for their savings they

are more likely to consume any unexpected increases in discretionary income. The

study finds that consumer credit constraints during recessions significantly increase the

consumption response to a government spending shock. Corsetti, Meier and Müller

(2012) estimate the spending multiplier conditional on pegged exchange rates, weak

public finances and financial crises, comparing the results to an unconditional multiplier

from a linear baseline model. They find significant results across these regimes and

assert that the multiplier from the linear model conceals the true multiplier.

Linear structural vector autoregression (VAR) models are often used to estimate the size

of the government spending multiplier. However, this approach does not allow the size

of the multiplier to be conditional on the state of the economy. Hoppner and Wesche

(2000) use a markov-switching model to determine if fiscal policy is more likely to crowd

out private investment if the government debt path is not sustainable. Crowding out
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occurs when government spending increases interest rates and savings, causing private

investment to fall. They find that deficits have an influence on the transition to the

Neoclassical regime, though the results are not significant for the whole sample. Two

other models that are used are the smooth transition VAR (STVAR) and the threshold

VAR (TVAR). The TVAR model is the most common approach and is the one used

in this thesis. These models both estimate the coefficients across a number of regimes,

which are determined by the level of a threshold variable. The difference is that a

STVAR allows transitions across the regimes to be smooth, while the regime switch in

a TVAR occurs after a discrete change in a threshold variable. Ferraresi, Roventini and

Fagiolo (2013) use a single-threshold TVAR determine if the state of credit markets

influences the effectiveness of fiscal policy. This study is motivated by the idea that

expansionary fiscal policy during “tight” credit conditions will result in a crowding in of

capital, rather than the crowding out that will occur during “normal” credit conditions.

The paper finds that multipliers in the “tight” credit regime are three times higher than

those in the “loose” credit regime.

STVAR and TVAR models have been used by a number of papers to estimate the

effectiveness of fiscal policy with respect to the amount of slack of the economy. Owyang,

Ramey and Zubairy (2013) estimate the multiplier in a TVAR using the unemployment

rate as the threshold variable. The threshold level is set at 6.5%, which they select

based off the Federal Reserve’s policy announcements. They find that the results are

significant for Canada, but not with the U.S. data. Auerbach and Gorodnichenko (2012)

argue that estimating a TVAR is problematic as there are often only a small number of

observations in the recessionary regime. They account for this by estimating a STVAR

to determine the size of the spending multiplier with respect to how likely the economy

is to be in a recession. The study finds there is a significant difference in the effectiveness

of government spending over the U.S. business cycle, with multipliers above unity only

during a recession. Fazzari, Morley and Panovska (forthcoming) use Bayesian methods

to determine if the effects of fiscal policy vary with the state of the economy, using a

number of different threshold variables. They employ a TVAR because they contend

that STVARs are weakly identified: maximum likelihood estimation is very difficult if
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the likelihood function is flat. The thresholds are determined using Bayesian model

comparison, which contrary to the claim of Auerbach and Gorodnichenko (2012) reveal

that the economy is more often than not in a state where resources are underutilised.

They provide formal comparisons for non-linearity using Bayesian methods and find

evidence in favour of non-linearity in the case of output growth, capacity utilisation

and the unemployment rate. These studies motivate the stylised fact that the effects of

a government spending shock can have differing effects depending on the state of the

economy.

To understand how a government spending shock will affect output it is necessary to

identify the structural parameters of the TVAR from the reduced form estimation. A

key aspect of papers on fiscal policy is how to conduct this identification as this can

have a bearing on the size of the multiplier. Ramey and Shapiro (1998) develop the nar-

rative approach, which uses news sources about military spending to identify exogenous

spending shocks. Variations of this approach are used in Ramey (2011) and Owyang,

Ramey and Zubairy (2013). Corsetti, Meier and Müller (2012) criticise this method

on the basis of the small number of government spending shocks that it produces.

Moreover, when Auerbach and Gorodnichenko (2012) disaggregate government spend-

ing they find that military spending has the highest multiplier, suggesting that any

results relying solely on this method will be inaccurate. A more common approach is to

use the method of Blanchard and Perotti (2002) and apply short run restrictions using

a Cholesky decomposition of the residuals from the VAR. This approach has been used

most extensively in the literature as it requires minimal economic assumptions about

the parameters. Baum, Poplawski-Ribeiro and Weber (2012), Fazzari, Morley and

Panovska (forthcoming), Baum and Koester (2011), and Auerbach and Gorodnichenko

(2012) all use a variant of this approach.

Because traditional impulse response functions cannot be used for nonlinear models,

Koop, Pesaran and Potter (1996) propose the use of generalised impulse response func-

tions (GIRFs). This method calculates impulse responses by simulating the model

using bootstrapped residuals, with and without a shock, a large number of times. The

7
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impulse response calculated by taking the difference between the average of the two

paths of output. The process is repeated using each period in the sample as an initial

condition, simulating forward from that point. The final impulse response for a partic-

ular regime is then calculated as the average of the simulations that commence in that

regime. Baum, Poplawski-Ribeiro and Weber (2012) use GIRFs to determine the effect

of government spending on output with respect to the size of the output gap. Because

the output gap is included in the TVAR the regime may change during the course of the

impulse response. Auerbach and Gorodnichenko (2012) also calculate GIRFs but do

not allow the model to switch regimes once a shock hits. This contrasts with Fazzari,

Morley and Panovska (forthcoming) who verify the robustness of their results by using

both methods.

Using the impulse responses there are a number of ways to calculate the government

spending multiplier. Spilimbergo, Symansky and Schindler (2009) recommend report-

ing the cumulative multiplier, which is calculated as the cumulative change in output

divided by the cumulative change in government spending. While Ferraresi, Roven-

tini and Fagiolo (2013) report the peak multipliers they acknowledge a point made by

Ramey (2011) that this will overstate the actual effect of the government spending.

It is key when comparing fiscal multipliers from different studies to note the calcu-

lation method as this can have a large impact on the size of the multiplier and its

interpretation.

2.2 The Role of Sentiment

The concept that waves of optimism and pessimism may drive economic aggregates

has a long history in economics. Keynes (1936) famously argued that “animal spirits”,

or autonomous fluctuations in investor confidence, were responsible for fluctuations in

economic output. However, despite the prevalence of the idea in the popular press, sen-

timent has little role to play in modern macroeconomic analysis. Most models instead

assume the presence of rational expectations where agents have complete knowledge of

the underlying structure of the economy and are able to accurately forecast the effects
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of a shock (Simon, 2008). Modelling sentiment requires an agent to make persistent

mistakes in his expectations. This is done by relaxing some of the assumptions of ratio-

nal expectations, instead of allowing agents to have perfect information and cognitive

faculties far in excess of a normal individual.

De Grauwe (2011) develops a bounded-rationality model where agents use two simple

rules to forecast future output. These rules are biased and correspond to either an

optimistic or a pessimistic forecast. If a forecast is consistently accurate more agents

will migrate over to the respective rule, resulting in endogenous swings in optimism and

pessimism that are driven by the state of the economy. The result of this model in a

dynamic stochastic general equilibrium (DSGE) framework is that sentiment can have

a large impact on the effects of a monetary policy shock. The paper notes, ‘the same

policy shock can have different effects depending on the state of the economy, including

the degree of optimism and pessimism agents have about the future’ (De Grauwe, 2011).

This reveals that the effects of monetary policy can be dependent on the endogenous

waves of optimism and pessimism that flow with the business cycle.

A similar study that relaxes the assumption of rational expectations is Mitra, Evans

and Honkapohja (2012), who looks at the effect of government spending in a learning

model. When agents exhibit learning they do not operate under complete information;

they instead estimate a perceived model of the economy and use this to make forecasts

about the outcome of a shock. The authors argue that although the agents understand

that government spending causes interest rates to rise, they do not take into account the

crowding in of capital that will occur once the government spending ends. This leads to

the forecasts underestimating the long-term impact of the spending, resulting in a state

of excessive pessimism that is reversed once the spending ends. This initial pessimism

causes the agents increase their labour supply and accumulate more capital, in excess

of the levels found when agents operate under rational expectations. The result of this

is that, while the impact multiplier under rational expectations is larger than under

learning, the cumulative multiplier after five years in the learning model is 0.7, while

under rational expectations it is 0.25. Although Mitra, Evans and Honkapohja (2012)

9



Literature Review

do not specifically address sentiment, the paper provides evidence that an agent’s beliefs

can influence the effectiveness of government spending.

De Grauwe (2011) and Mitra, Evans and Honkapohja (2012) both treat sentiment as

being determined endogenously, that is, being driven by an aspect of the macroeco-

nomic environment. Another approach is to treat sentiment as expectations that are

exogenously optimistic or pessimistic, which is closer to what Keynes (1936) referred

to in The General Theory as “animal spirits”. An example of this approach is Milani

(2014), who uses a learning model to determine the effect that sentiment has on the

size of the output gap. The study uses the forecast errors from The Survey of Profes-

sional Forecasters in a DSGE model to determine the errors to his agent’s forecasts of

consumption, investment and government spending. Sentiment is represented as seri-

ally correlated shocks to expectations that are uncorrelated with the fundamentals of

the economy. This reveals that around 60% of variation in output is driven by these

exogenous movements in expectations. He also conducts robustness checks on the GDP

forecast errors, determining that the shocks are not spuriously capturing other aspects

of the macroeconomy and are indeed exogenous. Furthermore, the sentiment series is

compared to other measures of consumer and business sentiment in the US, finding that

it is significantly correlated with these indices.

In spite of these findings, the literature has not arrived at a clear conclusion regarding

sentiment’s influence on the macroeconomy. This contention is focused less on empirical

considerations but rather on the question of what the sentiment indices are actually

measuring. Barsky and Sims (2012) use the Michigan Survey of Consumer Confidence

to look at two types of exogenous movements in fluctuations: sentiment shocks, which

represent movements in private information, and autonomous fluctuations, which rep-

resent “animal spirits”. The study finds that sentiment shocks are more important than

autonomous fluctuations for explaining movements in macroeconomic aggregates. They

claim that this suggests sentiment may simply be capturing private information about

future productivity changes rather than having a causal impact on economic aggregates.

This view is supported by Carroll, Fuhrer and Wilcox (1994) who find that lagged con-
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sumer sentiment has explanatory power for current household expenditures.

The only paper that considers the relationship between government spending and sen-

timent is Bachmann and Sims (2012). The authors treat sentiment as endogenous,

which, similar to Mitra, Evans and Honkapohja (2012) can be influenced by govern-

ment spending. They find that a positive government spending shock will ultimately

increase the level of sentiment. Furthermore, they argue that this increase in sentiment

is a key aspect of the transmission mechanism of government spending shocks. Using a

structural VAR they find that the result is dependent on the state of the economy, with

confidence playing a large role in the propagation of government spending shocks only

during recessions. They suggest that this partially explains why government spending

has differing affects across the business cycle; it influences output by lifting consumer

sentiment, which is usually low during recessions. While Bachmann and Sims (2012)

look at the effect of government spending on sentiment, my thesis considers the reverse:

the effect that sentiment has on the government spending multiplier.

While no paper directly analyses how the level of sentiment influences the outcome of

government spending, a number allude to the idea that the two concepts are related. In a

discussion on what drives the government spending multiplier, Tagkalakis (2008) argues

that if households are uncertain about their future income they are more likely to save.

Furthermore, Baum, Poplawski-Ribeiro and Weber (2012) find that revenue multipliers

in Germany are higher in “good times” rather than “bad times”, which ran counter

to their a priori expectations. They posit that this ‘could suggest that individuals and

firms are more willing to spend additional income when market sentiment is positive,

thereby becoming less Ricardian’ (Baum, Poplawski-Ribeiro and Weber, 2012, p.13).

This finding motivates the idea that sentiment is just as important as the business

cycle in determining the effectiveness of fiscal policy.

11



3 Theoretical Framework

In this section I outline how an agent’s optimism and pessimism about the economy

can influence the size of the government spending multiplier. A transitory government

spending shock when the economy is not operating at maximum capacity will stimulate

demand and result in an increase in the path of wages. However, this will also result

in a partial crowding out effect as interest rates rise and savings increase. Hence, the

effect of the shock on consumption is ambiguous; while the Neoclassical argument is

that the increase in interest rates will cause savings to rise and consumption to fall,

the Keynesian position is that the increase in wages will cause consumption to rise.

This is one of the key sources of contention in the economics literature. I argue that

the level of sentiment, alongside the business cycle, determines whether Keynesian or

Neoclassical effects will dominate. High levels of sentiment will result in optimistic

forecasts of the path of wages and interest rates, which will increase consumption. Low

levels of sentiment will have the opposite effect. I formalise this concept by taking

the consumption function from Mitra, Evans and Honkapohja (2012) and allowing the

expectations to be affected by sentiment. My definition of sentiment is one of exogenous

fluctuations in expectations, similar to Keynes’s (1936) “animal spirits”. This means

that, although sentiment is often correlated with the business cycle, I allow for the

possibility of optimism during a recession and pessimism during an expansion.

3.1 Sentiment and the Government Spending Multiplier

Mitra, Evans and Honkapohja (2012) estimate the effectiveness of government spending

in a DSGE framework. They shows that in the baseline Real Business Cycle model,

consumption can be expressed as a function of interest rates, assets, government spend-

ing and wages,

(ct− c̄)
(1 + ζ)

1− β
= ā(rt− r̄)+β−1(at− ā)+(gh,t− ḡh)+(wt−w̄)−(w̄+gh)Sr

e
t +Sgeh,t+Swe

t

(3.1)
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where

Sret ≡
∞�

j=1

βj+1
j�

i=1

(ret+i − r̄)

Sgeh,t ≡
∞�

j=1

βj(geh,t+j − ḡh)

Swe
t ≡

∞�

j=1

βj(we
t+j − w̄)

(3.2)

ct, at, wt, gh,t and rt correspond to consumption, assets, wages, government spending

and the interest rate, with the corresponding steady state values c̄, ā, w̄, ḡh and r̄. The

variables Swe
t+j, Sr

e
t+j and Sgeh,t+j represent the present value of expected wages, interest

rates and government spending. This means that consumption in the current period

is a function of current, as well as the expected paths of, wages, government spending

and interest rates:

C = f(wt, rt, gh,t, Sw
e
t , Sr

e
t , Sg

e
h,t)

+ − + + − +
(3.3)

An increase in expected wages and government spending will cause consumption to rise,

while an increase in expected interest rates will cause consumption to fall.

Now consider what will occur when expectations are governed by sentiment: the agent’s

optimism and pessimism can influence the expected path of these variables. When

sentiment is high the agent will forecast wages to be high and interest rates low. This

means that the agent will increase consumption in response to an increase in government

spending, resulting in a more Keynesian effect. If sentiment is low, the expected path

of interest rates is high and wages low, which causes consumption at the margin to

fall, resulting in a Neoclassical effect. This means that, controlling for the state of the

economy, government spending during periods of high sentiment will result in larger

multipliers. Moreover, government spending during periods of low sentiment will result

in lower multipliers.
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4 Data and Methodology

4.1 Threshold VAR Model

I determine the effect of sentiment on the government spending multiplier by estimating

a threshold vector autoregression. This is a nonlinear model which allows the coefficients

of the model to switch when there is a discrete change in a threshold variable. The

reduced form single-threshold TVAR, where the coefficients vary across two regimes,

can be specified in matrix notation as:

Yt =






Φ1,0 + Φ1,1(L)Yt−j + u1
t qt−d < τ

Φ2,0 + Φ2,1(L)Yt−j + u2
t qt−d > τ

(4.1)

where Yt is a vector of endogenous variables and j represents the number of lags in the

VAR. uk
t is the vector of errors, where the k denotes the regime. The prevailing regime

is determined by the level of the threshold variable qt with respect to its threshold τ .

Φ1,1 and Φ2,1 are the lag polynomial matrices that contain the coefficients of the TVAR

for each of the two regimes and Φ1,0 and Φ2,0 are vectors of constants. The effects of a

regime change are often not immediate and so a delay lag d is used to delay the switch

in the coefficients. The model is in regime one in time t if the threshold variable was

below the threshold in period t − d. Put differently, if the threshold variable moves

below τ in time t the model will move into regime one in period t+ d.

In Section 5, I estimate a single-threshold TVAR to determine the effect that sentiment

has on the government spending multiplier. Because government spending is most ef-

fective when the economy is in a recession and consumer sentiment is highly correlated

with the business cycle, a single-threshold VAR is faced with an omitted variable bias.

The strong sentiment regime can spuriously capture the effects of an expansion, re-

sulting in multipliers that are lower than would be expected, given the high level of

sentiment. To deal with this issue, in Section 7, a dual-threshold TVAR is estimated to

determine the size of the government spending multiplier conditional on both the level
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of sentiment and the state of the economy.

The reduced form dual-threshold TVAR model can be specified in matrix notation as:

Yt =






Φ1,0 + Φ1,1(L)Yt−j + u1
t if qst−ds < τs and qbt−db

< τb

Φ2,0 + Φ2,1(L)Yt−j + u2
t if qst−ds > τs and qbt−db

< τb

Φ3,0 + Φ3,1(L)Yt−j + u3
t if qst−ds < τs and qbt−db

> τb

Φ4,0 + Φ4,1(L)Yt−j + u4
t if qst−ds > τs and qbt−db

> τb

(4.2)

where Yt = [Gt, Tt, qbt , GDPt, qst ]
� is a vector of government spending, taxation revenue,

a variable to capture the business cycle, Gross Domestic Product (GDP), and an index

of sentiment. The first threshold variable qst is the level of sentiment and the second

threshold variable qbt is used to capture the state of the economy. τs is the threshold level

for the sentiment variable and τb is the threshold level for the business cycle variable.

Φ1,1,Φ2,1,Φ3,1, and Φ4,1 are the lag polynomial matrices that contain the coefficients of

the TVAR for each of the regimes and Φ1,0,Φ2,0,Φ3,0, and Φ4,0 are vectors of constants.

ds is the delay lag on the sentiment threshold variable and db is the delay lag on the

business cycle threshold variable.

The model is estimated by first calculating a series of indicator variables for each thresh-

old variable, where the series equals 1 if the observation at the delay lag is above the

threshold, or 0 if it is below. This series is then interacted with GDP, government

spending and taxation; when there are two threshold variables, this interaction is re-

peated for the second threshold series. In the case of a dual-threshold TVAR, estimated

with two lags, there are 125 coefficients to be estimated across the system of equations.

Because the model is highly parameterised, the parameters governing sentiment and

the business cycle do not vary across the four regimes.

There are five equations in the VAR: government spending, taxation revenue, the busi-

ness cycle variable, GDP and sentiment. Each of these series are regressed on l lags

of itself, the other four endogenous variables and the two sets of interaction series, as

well as the two indicator series and a constant. Because the model is linear within
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regimes it is estimated using ordinary least squares. Interacting government spending

and taxation with the business cycle and sentiment allows the government’s approach

to fiscal policy to vary depending on both the level of sentiment and the state of the

economy. The threshold VARs are referred to by the name of the threshold variables.

For example, the dual-threshold TVAR that uses the Michigan Sentiment series and

the unemployment rate as the two threshold variables is referred to as the “Michigan-

Unemployment TVAR”.

A key aspect of a threshold VAR is the selection of the threshold levels and delay

lags. I select these parameters, as well as the number of lags in the VAR, to maximise

model fit based on the lowest Akaike Information Criterion (AIC). This analogous

to the Bayesian model comparison approach used in Fazzari, Morley and Panovska

(forthcoming). Allowing the data to select the thresholds obviates any bias that could

be introduced by the researcher. This is done by estimating the model using each

possible combination of VAR lags, threshold delay lag and threshold level. In the

case of the dual-threshold TVAR, this requires selecting five parameters: two threshold

variables, two delay lags and the VAR lag. I record the AIC for each estimation and

select the parameters that correspond to the lowest AIC. The search is conducted across

1 to 4 VAR lags and 1 to 4 delay lags. To ensure that each regime has an adequate

number of observations, the search is further restricted to ensure that there are at

least 15% of observations in each regime. In the case of the single-threshold TVAR,

this results in 6,400 estimations, while the dual-threshold TVAR requires 1,440,000

estimations. The estimated parameters of each model are discussed in later sections,

prior to the presentation of the results of that model. Appendix C provides lists of the

estimated parameters as well as the bounds of the search for the best fit model.

4.2 Data

The data for GDP, government spending and taxation revenue are available from the

Federal Reserve Economic Research Database (FRED). GDP is taken from the series

Real Gross Domestic Product and government-spending data are from Real Govern-
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ment Consumption Expenditures & Gross Investment ; both series are in billions of

chained 2009 dollars. Following the approach of Blanchard and Perotti (2002) I cal-

culate taxation revenue as the sum of Federal Government Current Tax Receipts and

Contributions for Government Social Insurance, subtracting Federal Government Cur-

rent Expenditures: Interest Payments and Gross Domestic Income: Subsidies. Taxes

are divided by Gross Domestic Product: Implicit Price Deflator to obtain values in

real terms, with 2009 as the base year. GDP, government spending and taxation are

converted into annualised growth rates by taking the first difference of the natural logs,

multiplied by 400.

The state of the economy is determined using both the unemployment rate and a

calculation of the output gap. The level of unemployment is taken from the Civil-

ian Unemployment Rate, available from FRED. The output gap is calculated as the

difference between Real Potential Gross Domestic Product and Real Gross Domestic

Product, both also available from FRED, where positive values indicate an expansion.

For a measure of sentiment I use the series University of Michigan: Consumer Senti-

ment (henceforth ‘Michigan Sentiment’), available from FRED. This survey asks both

backward and forward-looking questions about the individual’s personal finances and

beliefs about the economy; Appendix A.2 lists some sample questions from the survey.

See Appendix A.1 for a complete list of the data sources. Ferraresi, Roventini and

Fagiolo (2013) and Baum and Koester (2011) apply a two-quarter moving average to

their threshold series to remove the possibility of a large number of regime changes

because of the volatility in the quarterly series. Following this approach the Michigan

Sentiment series, the unemployment rate and the output gap are smoothed using an

MA(2):

�θt =
�η

j=0 θt+j

η
(4.3)

where η = 3, θt is the observed value and �θt is the moving average value. This calculates

the current period as the average of the observed current period and two lags, removing

the possibility of an unlikely large number of regime changes. Where a data series is

only available monthly, it is transformed into a quarterly series by taking the average.
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Augmented Dickey Fuller (ADF) tests for a unit root are conducted on the six series.

These tests reject the presence of a unit root at the 5% level. The results of the unit

root tests are listed in Appendix A.3.

4.3 Structural Identification

Because each equation in the VAR is estimated on the lags of each of the endogenous

variables, the reduced form estimation not does capture the contemporaneous effects

of each of these variables on the regressand of each equation. These contemporaneous

effects enter the equation through the error term uk
t , which means that the error term

of any one equation is comprised of the exogenous shocks from both itself and each of

the other equations. Hence, to isolate an orthogonal government spending shock, the

contemporaneous effects of the shock with respect to the other variables in the VAR

needs to be determined.

The structural model can be expressed using matrix notation as:

BYt = α + Γ(L)Yt−j + εt (4.4)

where α is a vector of constants, Γ(L) represents the structural coefficients and εt is the

orthogonal shock to the equation. B is the matrix that captures the contemporaneous

effects of the VAR. If B−1 exists, equation 4.4 can be expressed as:

Yt = B−1α +B−1Γ(L)Yt−1 +B−1εt (4.5)

This can be compared to the models outlined in equation 4.1 and 4.2, which, expressed

in terms of each regime, is:

Yt = Φk,0 + Φk,1(L)Yt−j + uk
t (4.6)

where k={1,2,3,4}.
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This reveals that in each regime B−1α = Φk,0, B−1Γ(L)Yt−j = Φk,1(L) and B−1εt = uk
t .

The orthogonal shocks can be determined from the reduced form estimation as εt =

Buk
t . Hence, to find the vector of shocks to each equation that result from a government

spending shock, the matrix B needs to be determined.

Finding the structural shocks, εt, introduces the issue that, because of the additional

B matrix, there are more parameters in the structural model than there are in the

general model. This means the structural VAR is not identified and identifying as-

sumptions need to be made about the contemporaneous effects in B to find εt. The

approach I use is to apply short run restrictions to the contemporaneous effects of

the variables.1 These restrictions are derived from assumptions about which variables

will have an immediate effect on other variables in the model. Blanchard and Perotti

(2002) assume that because there are delays in the government legislating spending

programs, government spending does not respond to other macroeconomic variables

within the quarter it is implemented in. This identification is implemented using the

Cholesky decomposition, which is applied to the variance-covariance matrix of the

residuals in the TVAR for each regime. The endogenous variables that are ordered

earlier in the Cholesky decomposition are not contemporaneously affected by variables

that are ordered later. The ordering is government spending first, followed by taxa-

tion revenue, the unemployment rate, GDP, and lastly sentiment. This assumes that

while a government spending shock will affect all of the other variables contempora-

neously, it itself will not be affected by shocks from other variables; put differently,

spending will not increase without a change in taxes. Sentiment, on the other hand,

does not have a contemporaneous effect on any of the other variables but can respond

to shocks from these variables within the quarter. Because each regime only has a

small number of observations the identification is not adjusted for degrees of freedom.

1Another approach is used by Caggiano, Castelnuovo, Colombo and Nodari (2014). They identify
exogenous government spending shocks using forecast revisions, arguing that these revisions capture
the endogenous component of spending. Because this includes adding an additional variable for both
output and government spending, and the threshold VAR is highly parameterised, I simply use Blan-
chard and Perotti’s (2002) method.
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4.4 Calculation of Government Spending Multipliers

The government spending multiplier is defined as the percentage change in output from

a 1% change in government spending. Because GDP includes government spending, the

long run multiplier needs to be greater than one for government spending to be con-

sidered effective. I calculate the spending multipliers by first determining the response

of a government spending shock. Impulse response functions reveal the dynamic effect

of an exogenous shock to a particular variable. Traditional impulse response functions

cannot be used for nonlinear models, such as a TVAR, because they neither account

for the regime present when the shock hits or the regime switch that may occur after

the shock. To account for this I use generalised impulse response functions (GIRFs),

as outlined in Koop, Pesaran and Potter (1996). GIRFs are determined by calculating

the path of the endogenous variables in the system for each particular initial condition,

both with and without a shock, simulated at a large number of iterations with a series

of bootstrapped shocks. Each initial condition corresponds to a specific period and its

respective history. The response to a shock in a given regime is then calculated as the

average of the responses that commence in that regime. This means that the GIRF is

the difference between the conditional expectation of the response with the shock, to

the response without the shock, for the given regime.

GIRF = E [ GDPt+j | V gov
t , Ωt, σi,k ]− E [ GDPt+j | Ωt, σi,k ] (4.7)

k specifies the prevailing regime, V gov
t represents a government spending shock and Ωt

represents each of the histories. σi
k is the standard deviation of the ith equation in the

kth regime. The full Monte Carlo procedure used to calculate the impulse response

functions is outlined in Appendix B. A government spending shock may initiate a

regime change because both sentiment and the business cycle variable are included

in the TVAR. This will then have an effect on the response to the shock. Allowing

the regimes to change provides more accurate estimates of the multiplier because the

economy is unlikely to remain in the same regime for the full 20 quarters after the shock.

While this is the standard approach used in the literature, this may conceal the actual
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effect of sentiment, as the economy may naturally move into a regime where sentiment

only has a small effect. Because of this, I also calculate the multipliers without allowing

the regimes to change. The GIRFs allow the response to be conditional on the regime

that the shock occurs in, the size of the shock (a 2% shock will not simply have twice

the effect of a 1% shock) and the direction of the shock (a negative shock of 1% will

not have the opposite effect of a positive 1% shock). In short, the response to a shock

is history dependent, nonlinear and non-symmetric.

The impulse responses are calculated using a government spending shock set at 1%

of GDP. This is done by scaling the contemporaneous shocks so that the government

spending shock equals 5.53: the average ratio of GDP to government spending across

the sample. As the data are in percentage terms, the GIRFs only calculate the partial

response: the percentage change in output in each period. Because of this, the total

change is calculated as the cumulative sum of the partial responses. An added issue

is that the government spending shock can cause government spending itself to change

due to the feedback effects of the shock. This could lead to an inaccurate comparison

of multipliers across different regimes and models. To account for this I also calculate

the cumulative response of government spending from its own shock.

GIRF = E [ Gt+j | V gov
t , Ωt, σi,k ]− E [ Gt+j | Ωt, σi,k ] (4.8)

The government spending multipliers are then calculated as the cumulative change

in output divided by the cumulative change in government spending. This can be

formalised as:

Cumulative GSMj =

N�
j=1

∆GDPt+j

N�
j=1

∆Gt+j

(4.9)

where t is the period of the shock and N corresponds to the number of periods after

the shock. ∆GDPt+j is the percentage change of GDP at the jth period after the shock

and ∆Gt+j is the percentage change in government spending. These two percentage

changes are the partial response at each period after the shock for both output and
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government spending. In this calculation, because the spending shock is set at 1% of

GDP, the denominator is scaled so that the first period equals 1. Confidence intervals

for the multipliers are determined by simulating data using the estimated model and re-

calculating the government spending multipliers, repeating this process a large number

of times. 90% confidence intervals are calculated as the upper and lower 5% values of

the set of multipliers at each point after the shock. These intervals capture the effect

of parameter uncertainty on the estimated impulse responses.
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5 Single-threshold TVAR: Sentiment

This section estimates the government spending multiplier conditional on the level of

sentiment. I estimate a single-threshold TVAR, represented by equation 4.1, using the

Michigan Sentiment series as the threshold variable. The findings show that high levels

of sentiment result in smaller multipliers. I argue that this is being caused by the

correlation between sentiment and the business cycle, as low sentiment often occurs

during a recession.

5.1 Parameter Selection

The number of VAR lags, the threshold level and the delay lag are simultaneously

estimated to maximise the fit of the model, as outlined in Section 4.1. The search

considers thresholds from 70 to 100 at increments of 0.075, resulting in a threshold of

95.8 with 2 VAR lags and a delay lag of 1. There are 7 regime changes, with 84.21%

of observations in the low sentiment regime and 15.79% of observations in the high

sentiment regime. This means the data suggests that the economy spends majority

of its time in the low sentiment regime. Table C.3 contains a full list of the search

Figure 5.1: Sentiment TVAR: Threshold Levels and Regimes
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parameters, with the estimated values listed in Table C.2. The thresholds are displayed

in Figure 5.1, with the high sentiment regimes shaded. Estimating the correct threshold

level is important to ensure the results are realistic. If the threshold is too high, the

low sentiment regime may capture the effects of high sentiment, resulting in incorrect

estimates. Estimating the thresholds based on the best fit model allows the data to

determine the threshold rather than having it set arbitrarily. The model is estimated

using data from 1962:Q3 to 2013:Q4, which results in 206 observations. The model

consists of 4 endogenous variables, of which GDP, government spending and taxation

revenue are interacted with a dummy variable that equals 0 if sentiment is below 0.635

and 1 if it is above. With each of these 7 series at 2 lags, a constant and the dummy

variable, there are 64 coefficients to estimate across the TVAR.

5.2 Results

The estimated multipliers and confidence intervals are listed in Table 5.1 and displayed

in Figure 5.2 with 90% confidence intervals around the multipliers. The results re-

veal that multipliers are larger when sentiment is low: the five-year multiplier is 0.78

when sentiment is low and -0.90 when sentiment is high. The confidence intervals are

very wide for the multipliers in both regimes: only the high sentiment multiplier is

Table 5.1: Single-threshold TVAR: Sentiment

Multiplier
Michigan Sentiment Series

Low Sentiment High Sentiment

Impact
0.72 0.84

(-0.07, 1.47) (0.42, 1.24)

One-year
0.49 0.31

(-0.42, 1.37) (-1.21, 1.58)

Five-year
0.78 -0.90

(-0.38, 1.72) (-2.63, 0.42)

The tables listing the multipliers throughout the rest of the thesis follow the same format used here.
The impact multiplier corresponds to the contemporaneous effect of the government spending shock.
The one-year multipliers correspond to the multiplier in period 4 and the five-year multipliers to
period 20. 90% confidence intervals are included in parentheses below the multipliers.
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Figure 5.2: Sentiment TVAR: Government Spending Multipliers
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This graph does not display the GIRF but rather the government spending multipliers calculated by
Equation 4.9. The x-axis in figure 5.2 corresponds to N in Equation 4.9: the cumulative government
spending multiplier at each horizon. The blue and red dashed lines are the 90% confidence intervals
for each of the multipliers. The graphs displaying the multipliers throughout the rest of the thesis
can be interpreted in the same way.

significantly different from one and only after 10 periods. The high and low sentiment

multipliers are significantly different from one another after 12 periods. This is the op-

posite of what was proposed in Section 3, where high levels of sentiment are expected

to result in larger multipliers. This can be explained by the fact that there is a high

correlation between sentiment and the business cycle. Across the sample used, the

Michigan Sentiment series has a correlation coefficient of -0.64 with unemployment and

0.65 with the output gap. The sentiment threshold variable is most likely capturing

the effects of the business cycle. Moreover, the procedure used in the selection of the

thresholds may well be attempting to fit the model to the state of the economy rather

than to the effect of sentiment. Because of this, the results from the single-threshold

TVAR are insufficient to determine the effect that sentiment has on the government

spending multiplier.
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In this section I estimate a single-threshold TVAR using both the output gap and the

unemployment rate as threshold variables. This allows me to determine the effect that

the business cycle has on the government spending multiplier. The models are estimated

across the same period as the Michigan Sentiment TVAR: 1962:Q3 to 2013:Q4. This

is done to ensure that the estimations are consistent with the models that include the

Michigan Sentiment series. I find that my model can replicate the general results of the

literature on government spending.

6.1 Parameter Selection

The threshold for the unemployment rate is considered from 4% to 8% at increments of

0.01% and for the output gap from -400 to 200 at increments of 1.5. For the Unemploy-

ment TVAR, this results in a model with 4 lags, a threshold level of 7.71 with a delay

lag of 2. At this threshold level there are 84.8% of observations in the expansionary

regime and 15.2% of observations in the recessionary regime, with 5 regime changes.

The estimated thresholds are very close to the 15% bounds, which is similar to the

Michigan Sentiment TVAR. The Output Gap TVAR has 4 lags, a threshold level of

-215 and four delay lags. This results in 77.45% of observations in the expansionary

Figure 6.1: Business Cycle TVARs: Threshold levels and Regimes
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regime and 22.55% of observations in the recessionary regime, with 13 regime changes.

In both models, the 4 VAR lags result in 120 coefficients to be estimated across the

TVAR. These two series, with the threshold levels marked and recessionary regimes

shaded, are displayed in Figure 6.1.

6.2 Results

The multipliers are displayed in Figure 6.2 and listed in Table 6.1. The results across

both TVARs are markedly similar, with multipliers in a recession larger than those

in an expansion. In both models, the multiplier during a recession peaks at the third

period before falling below one, with five-year multipliers of 0.84 for the Unemployment

TVAR and 0.75 for the Output Gap TVAR. This contrasts with the multipliers during

an expansion, which are consistently below one: the five-year multiplier for the Un-

employment TVAR is 0.20 and 0.16 for the Output Gap TVAR. The similarity of the

results across the two models can be explained by the correlation between the two series,

which at -0.82 is quite high. Moreover, the thresholds in both models provide majority

of the observations in the expansionary regime. The only significant difference between

the expansionary and recessionary multipliers is in the Unemployment TVAR for four

periods after the shock. Only the recessionary multiplier in the unemployment TVAR

is significantly different from one and only for three periods after the shock.

Figure 6.2: Business Cycle TVARs: Government Spending Multipliers
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Table 6.1: Single-threshold TVAR: The Business Cycle

Multiplier
Unemployment Output Gap

Expansion Recession Expansion Recession

Impact
0.76 1.54 1.01 0.97

(0.07, 1.44) (1.21, 1.84) (0.41, 1.66) (0.52, 1.46)

One-year
0.32 1.77 0.57 1.29

(-1.24, 1.86) (0.70, 2.71) (-0.91, 2.00) (0.01, 2.57)

Five-year
0.20 0.80 0.16 0.73

(-4.76, 2.86) (-1.75, 2.60) (-4.68, 2.80) (-4.08, 3.18)

This is similar to the general results found in the government spending literature.

When Fazzari, Morley and Panovska (forthcoming) allow the regimes to change after

a government spending shock (the approach used here), they find that the cumulative

government spending multiplier after 8 quarters is 0.8 in a recession and insignificantly

different from zero in an expansion. Auerbach and Gorodnichenko (2012) find larger

effects, with the multiplier in a recession at 1.8 and the multiplier in an expansion at

-0.1. Callegari, Melina and Batini (2012) find an even larger difference, with long run

multipliers in an expansion at -0.5 and 2.2 during a recession. This contrasts with the

linear model of Blanchard and Perotti (2002), which is not conditioned on the state of

the economy: the spending multiplier after 20 quarters is either 0.97 or 0.66 depending

on the specification of the model. In accordance with the literature, I find that the

business cycle has a significant effect on the size of the government spending multiplier,

with the multipliers larger when the economy is in a recession.
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7 Dual-threshold TVAR: Michigan Sentiment and

the Business Cycle

This section addresses the correlation between sentiment and the business cycle by

estimating dual-threshold TVARs, outlined in equation 4.2. This approach allows me

to determine the size of the government spending multiplier across the four regimes:

high and low sentiment in an expansion, as well as high and low sentiment in a recession.

For the threshold variable I use the Michigan Sentiment series and the two measures

of the business cycle: the unemployment rate and the output gap. This results in two

models: the Michigan-Unemployment TVAR and the Michigan-Output Gap TVAR.

I find that higher levels of sentiment generally result in larger government spending

multipliers, though the estimated confidence intervals reveal that the two sentiment

multipliers are generally not significantly different form one another. This difference

is most pronounced in the short run, with majority of the multipliers across the two

sentiment regimes converging in the long run..

7.1 Parameter Selection

The method used to calibrate the TVAR with two thresholds follows the same approach

used for the TVAR with one threshold. Because of the computation time required to

conduct the search (each dual-threshold TVAR model takes over 100 hours when 400

thresholds are considered), the number of searches are restricted to 150 increments.

The bounds of the search are listed in Table C.5 and the resulting threshold levels and

lags are listed in Table C.4. The Michigan-Unemployment TVAR has a delay lag of 2

for sentiment and a delay lag of 4 for unemployment, while the Michigan-Output Gap

TVAR has delay lags equal to 1; both models have 3 VAR lags. The threshold levels

are displayed in Figure 7.1. In the Michigan-Unemployment TVAR, there are 19 regime

changes, while the Michigan-Output Gap TVAR has 22 regime changes.
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Dual-threshold TVAR: Michigan Sentiment and the Business Cycle

Figure 7.1: Michigan Sentiment TVARs: Threshold Levels and Regimes
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*The four shades of grey in the graphs above correspond to each regime. The lightest shade
corresponds to an expansion with low sentiment; the next lightest corresponds to an expansion with
high sentiment; the third lightest to a recession with low sentiment; the darkest corresponds to a
recession with high sentiment. The left axis corresponds to the Michigan Sentiment series and the
right axis to the business cycle series.

7.2 Results

The Michigan-Unemployment TVAR and Michigan-Output Gap TVAR models are es-

timated using data from 1962:Q3 to 2013:Q4, resulting in 206 observations. The four

panels of Figure 7.2 display the multiplier conditional on the level of sentiment across

four different states of the economy: high and low unemployment, as well as above and

below the output gap. Table 7.1 reports the results of the Michigan-Unemployment

TVAR and Table 7.2 reports the results of the Michigan-Output Gap TVAR. With the

exception of when unemployment is low (Panel A), the results show that high levels

of sentiment result in larger government spending multipliers. The confidence intervals

are very wide, which is because of the larger number of parameters with respect to the

number of observations. When the unemployment rate is low (Panel A) and sentiment

is high (the red line), the multiplier starts off above unity before falling close to zero

and returning to a five-year multiplier of 0.68. When sentiment is low (the blue line)

the drop is initially much larger, falling to a low of -1.33 before rising and passing the

high sentiment multiplier after 8 periods. This result changes when unemployment is

low (Panel B): now the high sentiment multiplier is consistently larger than the low

sentiment multiplier, though the difference is only statistically significant in periods
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Dual-threshold TVAR: Michigan Sentiment and the Business Cycle

Figure 7.2: Michigan Sentiment TVARs: Government Spending Multipli-
ers
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two and three. While the one-year multiplier in the high sentiment regime is below

one, the five-year multiplier is 1.30. This is similar to the low sentiment multiplier,

which is below unity at the one-year horizon but has a five-year multiplier of 1.17. The

difference between the results when the output gap is used as the threshold variable is

that the low sentiment multiplier in an expansion (Panel C) does not rise after falling,

reaching a five-year multiplier of -7.67. Though, because of this, it is the only state

of the economy where the high and low sentiment multipliers are at all times statisti-

cally significant. With this exception the other results broadly mirror those from the

Michigan-Unemployment TVAR.

One consistent result is that all the one-year multipliers are smaller than the impact

multipliers, that is, output falls following a government spending shock. This fall is
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Dual-threshold TVAR: Michigan Sentiment and the Business Cycle

Table 7.1: Multipliers in the Michigan-Unemployment TVAR

Multiplier
Expansion Recession

Low Sentiment High Sentiment Low Sentiment High Sentiment

Impact
0.38 1.14 1.29 1.30

(-0.99, 1.74) (0.27, 1.99) (0.43, 2.15) (0.36, 2.28)

One-year
-1.33 0.22 -0.88 0.67

(-3.11, 0.59) (-1.50, 1.97) (-2.81, 0.66) (-1.63, 2.84)

Five-year
1.34 0.68 1.20 1.35

(-0.19, 3.13) (-0.86, 2.33) (-0.50, 3.00) (-0.63, 3.35)

Table 7.2: Multipliers in the Michigan-Output Gap TVAR

Multiplier
Expansion Recession

Low Sentiment High Sentiment Low Sentiment High Sentiment

Impact
-1.12 1.46 0.87 1.48

(-3.01, 0.65) (0.74, 2.18) (-0.56, 2.28) (0.38, 2.71)

One-year
-4.61 0.91 -0.61 1.32

(-7.57, -2.06) (-0.90, 2.57) (-3.61, 1.72) (-1.45, 3.84)

Five-year
-7.67 1.07 0.85 1.11

(-11.23, -4.84) (-1.79, 3.51) (-2.95, 3.71) (-2.33, 4.18)

smaller if sentiment is high, suggesting that high levels of sentiment can mitigate the

initial crowding out effect. Following this fall there is a steady rise in the multipliers

of all regimes (with the exception of the low sentiment multiplier in Panel C). Mitra,

Evans and Honkapohja (2012) provide an explanation for this by arguing that after a

government spending shock agents forecast higher levels of interest rates and increase

savings. When these forecasts do not come to pass, the agents begin to dissave and

increase consumption, resulting in higher long run multipliers. Because of this, although

the multipliers in their model are initially low, they end up being larger than unity

because of the increase in consumption later on. This same effect can be seen in my

results: the multipliers initially fall after the shock before increasing back to around

unity.

Overall, the results across both measures of the business cycle suggests that, controlling

for the state of the economy, high levels of sentiment generally appear to result in
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larger government spending multipliers. The expansionary low sentiment multipliers,

which fall well below zero, stand out as an issue. Another issue is that the multipliers

in a recession are now not necessarily larger than the multipliers in an expansion,

contrary to the results of the literature. Furthermore, the high and low sentiment

multipliers converge, which implies that in the long run sentiment has no effect. For

these reasons, and because of the wide confidence intervals, the results do not provide a

clear conclusion on the effect of sentiment on the government spending multiplier.

33



8 Regime Changes During The Impulse Response

A government spending shock will not only increase output, but can also initiate a

regime change. I refer to the effect of the shock on output within the current regime

as the first order effect, while the transition out of a regime (e.g. from a recession to

an expansion) is referred to as the second order effect. I find that the model converges

to a single regime with 50% probability, which means that the second order effects are

concealing the effect of sentiment. To account for this, I recalculate the multipliers with

the regimes fixed, which allows the regime the shock occurs in to determine the effect

of the entire response. This reveals that in all cases high levels of sentiment result in

larger government spending multipliers, though the significance of the results do not

change.

8.1 The Effect of Government Spending on Sentiment

This section determines the effect that a government spending shock will have on the

level of sentiment. This is important because the level of sentiment, along with the

state of the economy, determines the prevailing regime. Figure 8.1 displays the effect

on sentiment of a 1% government spending shock. This reveals that, although the

Figure 8.1: The Effect of a Spending Shock on the Path of Sentiment
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Regime Changes During The Impulse Response

effect is quite small, in all cases an increase in government spending will ultimately

result in higher levels of sentiment. This provides further evidence linking my model

to the results of Mitra, Evans and Honkapohja (2012). They argue that an increase in

government spending will increase pessimism during the period of spending, followed

by period of optimism after the spending ends. Even though the government spending

shock only lasts for one period, in six out of the eight regimes, sentiment initially falls

before it eventually rises. Bachmann and Sims (2012) also find that a government

spending shock will cause the level of sentiment to ultimately increase, which I find in

every regime. Moreover, they argue that this increase in sentiment is a key aspect of

the transmission mechanism of a government spending shock. Comparing the results

from Figure 8.1 to Figure 7.2 reveals that the high instances of sentiment do indeed

correspond to larger multipliers, supporting Bachmann and Sims’ proposition. The low-

sentiment expansionary regime in the Michigan-Unemployment TVAR has the largest

multiplier and the largest increase in sentiment. Moreover, the very low multiplier in

the low-sentiment expansionary regime in the Michigan-Output Gap TVAR coincides

with a similarly large fall in sentiment. This reveals that the dual-threshold TVAR can

sufficiently replicate the general results of other studies that look at the relationship

between sentiment and the government spending multiplier. Furthermore, it motivates

the idea that government spending shocks may initiate a regime change.

8.2 The Effect of Government Spending on the Prevailing

Regime

In sections 5 through to 7, the estimation of the generalised impulse response functions

allowed the regimes to change as sentiment and unemployment evolved in the TVAR.

This section looks at the probability of the economy being in a given regime after a

shock and how government spending will influence this.

As outlined in section 4.4 the impulse responses are the result of a large number of

simulations. Because of the stochastic nature of the simulations the prevailing regime
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Regime Changes During The Impulse Response

at a specific period after the shock will vary from simulation to simulation. From these

simulations I calculate the percentage of time the model is in a particular regime at a

specific period after the shock. Moreover, this is done with respect to the regime that

the model is in when the shock occurs. To make this concept clearer, I give an example

from the Michigan-Output Gap TVAR in Figure 8.2. Panel A shows the probability

of being in an expansion with low sentiment, given that the economy is currently in a

recession with low sentiment. The blue line corresponds to the probabilities when there

is a spending shock and the red line when there is no shock. In the first period, when

the economy is in a recession with low sentiment, the probability of being a expansion

with low sentiment is evidently zero. Without a government spending shock, after 6

periods, the model will move into an expansion with low sentiment 49% of the time

(with the remaining 51% is divided between the other three regimes). When there is

a government spending shock this percentage increases to 64%. Taking the difference

between these two probabilities gives the effect that government spending has on the

prevailing regime, which is displayed in Panel B. This shows that if the economy is in a

recession (with low sentiment) a government spending shock will increase the likelihood

of the economy moving into an expansion (with low sentiment). These probabilities can

Figure 8.2: The Effect of a Spending Shock on the Prevailing Regime
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Panel A: The probability of being in an expansion with low sentiment at a future period, given that
the economy is in a recession with low sentiment in period one

Panel B: The effect of government spending on the probability of the economy moving from a
recession (with low sentiment) into an expansion (with low sentiment).

36



Regime Changes During The Impulse Response

similarly be calculated for each of the other regimes.

The paths of regime possibilities in the Michigan-Unemployment TVAR are displayed

in Figure 8.3 for when there is a shock and in Figure 8.4 for when there is no shock.

The results are repeated for the Michigan-Output Gap TVAR in Figures 8.5 and 8.6.

This reveals that the probabilities are markedly similar across the results with a shock

to the results without a shock. Moreover, the probabilities are quite similar across

both measures of the business cycle, which suggests that the dynamics of the impulse

response does not depend on the choice of the business cycle variable. It is clear from

the four figures that the economy will ultimate converge to an expansion with high

sentiment 50% of the time, with the other 50% split quite evenly across the other

three regimes. This further illustrates the results of Mitra, Evans and Honkapohja

(2012), where the pessimism of agents ultimately wears off and they become optimistic.

The effect of government spending on the predominant regime (as was described using

Panel 8.2.B) is displayed in Figures 8.7 and 8.8. The largest effect that the government

spending can have at any point is 14.8%, which shows that at most a 1% government

spending shock will only have a mild effect on the prevailing regime. Overall, these

results reveal that regardless of whether or not a government spending shock occurs,

the predominant regime for most of the impulse response is generally not the regime

that the shock occurs in. The approach of allowing the regimes to change is used in the

literature because it allows the calculation of accurate government spending multipliers.

This is because an economy is unlikely to remain in the same regime for an extended

period of time. Though, because the regimes all ultimately converge, this method will

understate the effect of sentiment on the government spending multiplier.
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Figure 8.3: Michigan-Unem. TVAR Regime Probabilities (Shock)

0.0

0.2

0.4

0.6

0.8

1.0

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
0.0

0.2

0.4

0.6

0.8

1.0

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

0.0

0.2

0.4

0.6

0.8

1.0

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
0.0

0.2

0.4

0.6

0.8

1.0

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Expansion, Low Sentiment Expansion, High Sentiment

Recession, Low Sentiment Recession, High Sentiment

A. Expansion, Low Sentiment B. Expansion, High Sentiment

C. Recession, Low Sentiment D. Recession, High Sentiment

P
er
ce
nt
ag
e
of

S
im

u
la
ti
on

s
in

ea
ch

R
eg
im

e

Figure 8.4: Michigan-Unem. TVAR Regime Probabilities (No Shock)
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Regime Changes During The Impulse Response

Figure 8.5: Michigan-Output Gap TVAR Regime Probabilities (Shock)
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Figure 8.6: Michigan-Output Gap TVAR Regime Probabilities (No Shock)
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Figure 8.7: Michigan-Unemployment TVAR Regime Differences

-8%

-4%

0%

4%

8%

12%

16%

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
-8%

-4%

0%

4%

8%

12%

16%

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

-8%

-4%

0%

4%

8%

12%

16%

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
-8%

-4%

0%

4%

8%

12%

16%

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Expansion, Low Sentiment Expansion, High Sentiment

Recession, Low Sentiment Recession, High Sentiment

A. Expansion, Low Sentiment B. Expansion, High Sentiment

C. Recession, Low Sentiment D. Recession, High Sentiment

P
er
ce
nt
ag
e
D
iff
er
en
ce

Figure 8.8: Michigan-Output Gap TVAR Regime Differences
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8.3 Dual-threshold TVAR with Fixed Regimes

I recalculated the government spending multipliers in the Michigan TVARs holding

the regimes during the impulse response fixed. This method allows me to control for

the second order effects and more clearly determine the effect that sentiment has on

the multiplier. The results are displayed in Tables 8.1 and 8.2 as well as Figure 8.9.

Comparing these results to the findings from Figure 7.2 reveals that controlling for

the second order effects makes it clear that higher levels of sentiment result in larger

government spending multipliers.

When the regimes are fixed the results show the full effect of sentiment in the regime

the shock occurs in. Now when unemployment is low (Panel A) the low sentiment

multiplier does not end up larger than the high sentiment multiplier, as it does when

Figure 8.9: Michigan Sentiment TVARs with Fixed Regimes
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Table 8.1: Michigan-Unemployment TVAR with Fixed Regimes

Multiplier
Expansion Recession

Low Sentiment High Sentiment Low Sentiment High Sentiment

Impact
0.38 1.14 1.29 1.30

(-0.83, 1.63) (0.22, 2.02) (0.42, 2.13) (0.30, 2.35)

One-year
-1.14 0.22 -0.80 0.66

(-2.72, 0.45) (-1.50, 1.86) (-2.51, 0.64) (-1.55, 2.56)

Five-year
0.10 0.38 0.71 1.72

(-1.43, 1.70) (-1.50, 2.19) (-1.03, 2.33) (-2.45, 4.37)

Table 8.2: Michigan-Output Gap TVAR with Fixed Regimes

Multiplier
Expansion Recession

Low Sentiment High Sentiment Low Sentiment High Sentiment

Impact
-1.12 1.46 0.87 1.48

(-3.06, 0.76) (-1.45, 1.46) (-0.58, 2.33) (0.43, 2.56)

One-year
-2.99 1.03 -0.63 1.13

(-6.78, 0.06) (-4.17, 3.30) (-4.80, 2.67) (-2.98, 4.33)

Five-year
-6.08 1.53 0.97 2.79

(-11.65, -2.51) (-5.28, 3.38) (-4.31, 4.36) (-2.99, 6.48)

the regimes are allowed to change. In the case of the other regimes, the high sentiment

multipliers are now larger than the corresponding multipliers in Figure 7.2. While

there is now a larger difference between the high and low sentiment multipliers, the

confidence intervals are now also much wider. For this reason, the significance of the

results does not materially change from what was found in Section 7. Furthermore, the

multipliers in a recession are in all cases lower than the multipliers in an expansion,

which, unlike the previous results, more closely matches what is found in the literature.

Figure 8.9 also shows that the high and low sentiment multipliers no longer converge

as they did in Section 7. Overall, controlling for the second order effects (the regime

changes) shows that higher levels of sentiment will result in larger government spending

multipliers. Although this approach may not be suitable to evaluate policy decisions it

does provide better clarity on the relationship between sentiment and the government

spending multiplier.
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9 Robustness Checks

This section considers a number of robustness checks on the Michigan Sentiment TVARs.

The regimes are held fixed because, as is shown in Section 8, this controls for the second

order effects and allows the model to estimate the effect of sentiment on the multiplier

within a given regime.

9.1 An Alternate Identifying Assumption

In sections 5 to 8, I identify government spending shocks by assuming that govern-

ment spending has a contemporaneous effect on all other variables within the quarter

it is implemented in. There is some contention in the literature about whether gov-

ernment spending will have a contemporaneous effect on taxation revenues (see Baum

and Koester, 2011). To test the robustness of my results, I recalculate the impulse re-

sponses where government spending does not have an immediate effect on the taxation

variable. This identification is implemented by ordering taxation revenues before gov-

ernment spending in the Cholesky decomposition. The results using this identification

procedure are displayed in Figure 9.1.

This shows that the multipliers are quite similar across the two identifying assumptions.

One difference is that the low sentiment multiplier under low unemployment is larger

than the high sentiment multiplier at 10 periods. Although the confidence intervals are

tighter than under the previous identification strategy, the significance of the results is

quite similar to the results from Figure 8.9. The results in Panels A and B are only

significant for the first few periods after the shock. The multipliers in Panel C are signif-

icant for the whole period, while the multipliers in Panel D are generally not significant

at all. Overall, this shows that there is little difference in the assumptions about the

contemporaneous effects of taxation revenues and government spending. Although the

estimated multipliers vary with the identification and are only weakly significant, they

still support the general conclusion that high levels of sentiment will generally result in

larger multipliers.
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Figure 9.1: Michigan Sentiment TVARs with Taxation Ordered First
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9.2 Alternate Threshold Levels

In preceding sections I allowed the thresholds to be selected by the data. This approach

means that the thresholds are not subject to the researcher’s whim but instead allows

the results to depend on the best fit of the model. I test how sensitive the results are

to this approach by selecting what might be considered a “reasonable” threshold value:

the median value of the series. This allows half of the observations in the threshold

series to be above the threshold and half to be below. I then select the threshold

delay lags and VAR lags of the model to minimise the AIC. The criteria for the AIC

minimisation are displayed in Table C.7. The thresholds, threshold delay lags and VAR

lags are displayed in Table C.6. Selecting the threshold at the median increases the

sentiment threshold, which allows more observations in the low-sentiment regimes. In

the Michigan-Unemployment TVAR the unemployment threshold falls, allowing more
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observations in a recession. The number of VAR lags falls from 3 to 2 and the delay lags

remains the same. In the Michigan-Output Gap TVAR the threshold for the output

gap rises, allowing more observations in a recession. The number of VAR lags and the

output gap delay lag remain the same, but the delay lag on the sentiment threshold

variable increases to 1.

The government spending multipliers from the Michigan-Unemployment TVAR and

the Michigan-Output Gap TVAR are displayed in Figure 9.2. This provides results

that are different from those displayed in Figure 8.9. The main distinction is that when

unemployment is high (Panel B) low levels of sentiment now result in larger multipliers.

When unemployment is low (Panel A) the results are more similar to what is found

under the original estimation. When the output gap is used as the threshold variable

and the economy is in an expansion, the multipliers are larger and quite similar (Panel

Figure 9.2: Michigan Sentiment TVARs with Thresholds at the Median
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C). The low sentiment five-year multiplier is still very small and the high sentiment

multiplier is still consistently above unity. This contrasts with a recession, where the

effect of sentiment weakens: the high and low sentiment multipliers are very similar

(Panel D). Overall, these results are not consistent with what was previously found and

reveals that the method for selecting the thresholds is key to the results.

9.3 Dual-threshold TVAR: SPF Sentiment and the Business

Cycle

As an additional robustness check I estimate the model using a sentiment “index” I

construct using data from the Survey of Professional Forecasters (SPF). The SPF data

set, made available by the Federal Reserve Bank of Philadelphia, provides forecasts on

a broad range of U.S. business indicators. Forecasters from both public and private

institutions are surveyed for their projections of the current quarter and four quarters

ahead using data up to the previous quarter. They also provide an estimate of the

revision to the previous release, although most simply report the data that is initially

released (Survey of Professional Forecasters, 2014). In Milani’s (2011) paper the agent

makes forecasts of GDP, inflation and interest rates by a first order autoregressive

process. The forecast errors, the difference between what the respondents forecasted

and what actually materialised, are then used as shocks to the agent’s expectations.

Milani interprets these exogenous movements in expectations as “sentiment”. This is

justified by his finding that the forecast series is highly correlated with other indices of

consumer and business sentiment.

Following this method, I calculate an “index” of sentiment using the one-year ahead

forecast errors from the forecasts of real GDP. The expected percentage change in output

is calculated as the log difference between the series RGDP2, which is the forecast for

the current period and RGDP6, which is the forecast for 4 quarters ahead. A valid

criticism is that this might produce biased results; because RGDP2 and RGDP6 are

both forecasts, sentiment may cause both to rise and fall together. To allay this concern
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I also considered the difference between the RGDP1 and RGDP5, which is the difference

between the backcast (although many forecasters simply report the initial release) and

the three quarter ahead forecast. The result was only marginally different, with the

correlation between these two series at 0.99. Hence, because it has a more intuitive

interpretation, the first approach is used. The sentiment series is then calculated as

the difference between the expected change and the actual change over the next four

quarters.

To calculate the actual change I use the real-time vintage data the Federal Reserve Bank

of Philadelphia provides along with the forecasts. The year on year change is calculated

as the log difference of period t to period t − 4, with the data taken from the release

in period t+ 2. This later release is used because the data for period t is not available

until t + 1 and the t + 1 observation is heavily revised. Further revisions, for example

in t + 8, occasionally occur and capture information that is only available years later.

I argue that the later releases are not relevant to the calculation of the forecaster’s

sentiment because these later values will not reflect the forecaster’s “best” belief about

future economic growth. Therefore, using the t+2 release provides a value that is more

close to what the forecasters are likely to be attempting to estimate. Because there are

data missing for the one-year ahead forecasts (RGDP6) the series starts in 1970:Q2 and

goes through to 2012:Q4. RGDP6 also has a missing observation missing for 1974:Q3,

so the forecast error for this period is calculated as the mean of the values before and

after it; doing so allows a further 18 observations to be used in the series. As with

the previous data series an MA(2) is taken of the SPF Sentiment series to remove the

possibility of a large number of very short regime changes. The calculated series, with

and without the MA(2), are displayed in Figure 9.3.

I argue that this series captures the “optimism” and “pessimism” of economic forecasts.

The forecast errors under rational expectations should have a mean of zero and show

no persistence. Figure 9.3 reveals that there is indeed persistence in the SPF forecast

errors, as is required by the theoretical definition of sentiment. The estimated forecasts

errors are consistently positive with long fluctuations, which suggests that the errors are
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Figure 9.3: SPF Sentiment Index
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not “white-noise” but rather capturing a form of sentiment. The correlation coefficient

of the calculated series and the Michigan Sentiment series is 0.294, which shows that

there is some correlation between the two measures of sentiment. Furthermore, the

mean of the series is 2.83, which is significantly different from zero at the 1% confidence

level. This shows that the forecasts are consistently incorrect. These characteristics

support my argument that the forecast errors do indeed represent a form of sentiment.

An ADF tests for a unit root is conducted on the series, which rejects the presence of

a unit root at the 1% level. The result of the unit root test is in Appendix A.3.

Figure 9.4: SPF Sentiment TVARs: Threshold Levels and Regimes
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*The four shades of grey in the graphs above correspond to each regime. The lightest shade
corresponds to an expansion with low sentiment; the next lightest corresponds to an expansion with
high sentiment; the third lightest to a recession with low sentiment; the darkest corresponds to a
recession with high sentiment. The left axis corresponds to the SPF Sentiment series and the right
axis to the business cycle series.
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The SPF-Unemployment TVAR and SPF-Output Gap TVAR models are estimated

across the sample of 1972:Q4 to 2012:Q4, which provides 161 observations. The thresh-

olds, delay lags and VAR lags are estimated the same way as in Section 7. The bounds of

the search are listed in Table C.5 and the resulting threshold levels and lags are listed in

Table C.4. The models both have 2 delay lags for the business cycle and 4 delay lags for

sentiment. The SPF-Unemployment TVAR has 3 VAR lags and the SPF-Output Gap

TVAR has 4. The estimated thresholds and regimes are displayed in Figure 9.4. The

SPF-Unemployment TVAR has 31 regime changes and the SPF-Output Gap TVAR

has 33 regime changes.

The results change significantly when the SPF index is used as the measure of sentiment.

Figure 9.5 displays the results of the multipliers from the SPF-Unemployment and SPF-

Output Gap TVARs. As is seen in each panel of Figure 9.5, the high and low sentiment

Figure 9.5: SPF Sentiment TVARs: Government Spending Multipliers
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Table 9.1: Multipliers in the SPF-Unemployment TVAR

Multiplier
Expansion Recession

Low Sentiment High Sentiment Low Sentiment High Sentiment

Impact
0.51 0.79 1.29 1.89

(-0.91, 1.76) (-0.33, 1.98) (0.13, 2.41) (0.63, 3.08)

One-year
-1.40 -2.12 1.26 1.67

(-6.85, 3.89) (-6.51, 2.03) (-1.96, 4.04) (-1.79, 4.65)

Five-year
3.86 2.37 2.24 2.72

(-2.39, 9.28) (-3.78, 7.86) (-0.92, 6.47) (-1.22, 7.13)

Table 9.2: Multipliers in the SPF-Output Gap TVAR

Multiplier
Expansion Recession

Low Sentiment High Sentiment Low Sentiment High Sentiment

Impact
0.84 2.07 1.20 0.63

(-0.43, 1.95) (0.94, 3.15) (0.32, 2.02) (-0.15, 1.42)

One-year
0.56 2.19 0.99 0.80

(-4.13, 4.06) (-1.79, 5.80) (-1.97, 3.80) (-1.98, 3.24)

Five-year
1.74 2.24 1.12 1.71

(-4.64, 7.29) (-3.62, 7.18) (-5.03, 5.91) (-3.86, 5.86)

multipliers track one another quite closely. This result, as well as the wide confidence

intervals, reveal that the size of the multipliers does not depend on the SPF Sentiment

series. The only possible exception is when unemployment is low (Panel A), but because

of the wide confidence intervals the multipliers are not significantly different. Although

the regimes are allowed to change during the impulse response, holding the regimes fixed

does not change the overall results. The forecast errors, while representing persistent

mistakes, do not influence the size of the government spending multiplier. This reveals

that the results in Figure 8.9 are a feature of the Michigan Sentiment series rather than

the specific method used to calculate the multipliers.
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10 Conclusion

10.1 Discussion of Results

In this thesis I investigated the relationship between consumer sentiment and the gov-

ernment spending multiplier. I employed a dual-threshold TVAR to estimate the cu-

mulative spending multiplier conditional on the state of the economy and the level of

consumer sentiment. I found that spending when sentiment is high increases the size

of the government spending multiplier. When unemployment is used as the business

cycle threshold variable the results are significant in the short run. When the output

gap is used the results are only significant in an expansion.

I showed how my results can sufficiently replicate elements of the literature on gov-

ernment spending and sentiment: A government spending shock ultimately increases

the level of sentiment and it appears that this is a mechanism by which spending can

have an effect on output. I also conducted a number of robustness checks. The thresh-

olds were selected at the median values instead of being estimated, which resulted in

very different findings. As an alternate sentiment threshold variable, I constructed an

“index” of sentiment using forecast errors from the Survey of Professional Forecasters.

The SPF Sentiment TVARs resulted in no significant difference between the high and

low sentiment multipliers. From this I conclude that the initial results are a feature of

the Michigan Sentiment data, rather than the method used for estimation. This finding

illustrates that the selection of the sentiment series and the threshold levels are key to

the results.

10.2 Future Research

This thesis has identified the reduced form dynamics of the effect of sentiment on the

government spending multiplier. Future research could develop a theoretical bounded

rationality model to outline the structural mechanism by which sentiment has an effect

on the multiplier. One of the clear issues of the analysis is the lack of data points
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with respect to the number of coefficients. This means that the confidence intervals

are very wide and most of the results are not significant. Further studies on this topic

need to carefully consider how to deal with this issue. Moreover, further research

could also consider economies other than the U.S., as the literature has found that

different countries can produce quite different results. Lastly and most importantly,

future studies should carefully consider the selection of both the sentiment variable and

the threshold levels, as the results appear to strongly depend on these aspects of the

model.

10.3 Concluding Remarks

Overall, the findings of my thesis support the notion that high levels of sentiment will

result in larger government spending multipliers. Though, because of the wide confi-

dence intervals and the variation across the estimated multipliers, further research is

required before the results can be considered conclusive. These results show that gov-

ernments should pay more attention to the level of sentiment when enacting economic

stimulus programs. Moreover, governments do not only increase spending to stimu-

late the economy; spending programs may also be in the form of large infrastructure

projects. If these projects are to be enacted when the economy is in an expansion, this

should be done during periods of high sentiment.

While the literature has suggested that the level of sentiment may have an impact on

the size of the multiplier, this is the first paper to consider the relationship. Although

my findings present evidence to support this notion, more research is needed before

the results can be considered conclusive. Regardless of the controversy surrounding the

spending multiplier, governments have a key role in the provision of economic and social

security. Because of this, it is important that spending decisions are informed by robust

economic research. I believe that my thesis is a further step in this direction.
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A Data

A.1 Data Sources

The data for the models in sections 5 to 9 are sourced from the U.S. Federal Reserve

Economic Database (FRED), which is made available online through the Federal Re-

serve Bank of St. Louis.

Table A.1: Data Sources

Series Source Reference Time-period

GDP∗ Real Gross Domestic Product GDPMC1 1947:Q1 - 2014:Q1

Expenditures∗ Real Government Consump-

tion Expenditures & Gross

Investment

GCEC96 1947:Q1 - 2014:Q1

Tax Revenue∗ + Federal government current

tax receipts

W006RC1Q027SBEA 1947:Q1 - 2014:Q1

+ Contributions for govern-

ment social insurance

A061RC1Q027SBEA 1947:Q1 - 2014:Q1

− Federal government current

tax receipts: Personal current

taxes

A074RC1Q027SBEA 1947:Q1 - 2014:Q1

− Gross Domestic Income:

Subsidies

GDISUBS 1947:Q1 - 2014:Q1

Unemployment∗ Civilian Unemployment Rate UNRATE 1948:Q1 - 2014:Q1

Potential GDP∗ Real Potential Gross Domes-

tic Product

GDPPOT 1949:Q1 - 2014:Q1

GDP Deflator∗ Gross Domestic Product: Im-

plicit Price Deflator

GDPDEF 1947:Q1 - 2014:Q1

Michigan Sentiment University of Michigan: UMCSENT1 1952:Q4 - 1977:Q4

Consumer Sentiment UMCSENT 1978:Q1 - 2013:Q4

GDP Forecasts Mean RGDP Levels RGDP1 to RGDP6 1968:Q4 - 2014Q1

Vintage GDP Values Vintages 1965:Q4 to present ROUTPUT 1978:Q1 - 2013:Q4

*Series are seasonally adjusted and in terms of 2009 prices.
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A.2 Michigan Survey of Consumer Confidence

The Michigan Survey of Consumer Confidence comprises of 26 questions that aim to

capture how the respondent feels about the economy. The questions are both reflec-

tive and forward looking; they cover the individual’s opinion about his own personal

finances, the government’s finances, and the short and long-term state of the econ-

omy.

The following are a sample of questions from the survey:

• Would you say that you are better off or worse off financially than you were a

year ago?

• As to the economic policy of the government - steps taken to fight inflation or

unemployment - would you say the government is doing a good job, only fair, or

a poor job?

• Would you say that at the present time business conditions are better or worse

than they were a year ago?

• Do you think that there will be more unemployment than now, about the same,

or less?

• Generally speaking, do you think now is a good time or a bad time to buy a

house?

• Do you think that the price of gasoline will go up during the next five years, will

gasoline prices go down, or will they stay about the same as they are now?
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A.3 Unit Root Tests

I conduct unit root tests to ensure the stationarity of the series. The number of lags

are selected using the Schwarz Information Criterion and the test is conducted on a

constant (no trend term). For consistency, the tests are conducted across the sample

1963:Q1 to 2013:Q4, with the exception of the SPF Sentiment series, which is conducted

using data from 1972:Q4 to 2012:Q4.

Table A.2: Augmented Dickey-Fuller Tests

Series ADF p-values

GDP 0.0000

Government Spending 0.0022

Taxation Revenue 0.0000

Unemployment 0.0000

Output Gap 0.01515

Michigan Sentiment 0.0127

SPF Sentiment 0.0000

55



B Generalised Impulse Response Functions

The procedure for calculating the generalised impulse response functions adapts the

Monte Carlo method outlined in Koop, Pesaran and Potter (1996) to a structural

threshold VAR.

1. The first step is to select a particular regime, k. The variance-covariance matrix of

this regime is calculated and an exogenous shock is determined using the Cholesky

decomposition, which is scaled to 1% of GDP. The variance σ2 for the prevailing

regime k is also calculated for each equation in the VAR.

2. An initial condition, jt, that falls within this regime is selected, along with its

particular history.

3. A series of shocks are bootstrapped using the variance of the prevailing regime,

σ2
k.

4. For the initial condition jt and a given horizon h the model is simulated using the

regime specific bootstrapped shocks. At each h the current regime is determined

based on the values of sentiment and unemployment that correspond to the delay

lag.

5. Using the same draw of shocks the model is again simulated, but this time the

orthogonalised shocks are included at h0.

6. The difference between these two impulse responses are calculated and the accu-

mulated impulse response is determined.

7. Steps 3 to 6 are repeated 500 times and the average impulse response is calculated.

8. Steps 2 to 7 are repeated for every jt and the mean of the results are calculated

to give the expected response for the regime.

9. Steps 1 to 8 are repeated for each of the 4 regimes.
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C Threshold VAR Parameters

C.1 Tables of Model Parameters

Table C.1: Parameter Definitions

Parameter Definition

j Number of VAR lags

τb Business cycle threshold level

τs Sentiment threshold level

db Business cycle delay lag

ds Sentiment delay lag

AIC Akaike Information Criterion

Searchs Number of searches between max and min

Interval Distance between each search

Trim Minimum number of observations in each regime

Table C.2: Single-threshold TVAR Model Parameters

Michigan Sentiment Unemployment Output Gap

j 2 4 4

τ 95.8 7.71 -215

d 1 2 4

Table C.3: Single-threshold TVAR AIC Minimisation Criteria

SPF Sentiment Michigan Sentiment Unemployment Output Gap

AIC 29.95706 34.93010 27.25358 37.21088

j 1 to 4 1 to 4 1 to 4 1 to 4

τ -2.5 to 7 70 to 100 4 to 8 -400 to 200

Searches 400 400 400 400

Interval 0.02375 0.075 0.01 1.5

d 1 to 4 1 to 4 1 to 4 1 to 4

Trim 15% 15% 15% 15%

Sample 1972:Q4 - 2012:Q4 1962:Q3 - 2013:Q4 1962:Q3 - 2013:Q4 1962:Q3 - 2013:Q4
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Table C.4: Dual-threshold TVAR Model Parameters

Michigan SPF

Unemployment Output Gap Unemployment Output Gap

Lags 3 3 3 4

τb 6.68 -103.33 7.12 -184

db 4 1 2 2

τs 79.4 85.6 2.15 1.9

ds 2 1 4 4

Table C.5: Dual-threshold TVAR AIC Minimisation Criteria

Michigan SPF

Unemployment Output Gap Unemployment Output Gap

AIC 48.68 58.0613 43.5967 53.65296

Searches 150 150 150 150

j 1 to 4 1 to 4 1 to 3 1 to 4

τb 5 to 8.5 -300 to 200 4 to 8 -400 to 200

db 1 to 4 1 to 4 1 to 4 1 to 4

Intervalb 0.0233 3.33 0.0266 4

τs 70 to 100 70 to 100 -1 to 6.5 -1 to 6.5

ds 1 to 4 1 to 4 1 to 4 1 to 4

Intervals 0.2 0.2 0.05 0.05

Trim 15% 15% 15% 15%

Sample 1962:Q3 - 2013:Q4 1972:Q4 - 2012:Q4
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Table C.6: Dual-threshold TVAR Model Parameters: Thresholds at the
Median

Michigan Sentiment

Unemployment Output Gap

Lags 2 3

τb 5.73 -53.42

db 4 1

τs 88.4 88.4

ds 2 2

Table C.7: AIC Minimisation with the Thresholds at the Median

Michigan (Fixed Regimes)

Unemployment Output Gap

AIC 49.79889 59.50728

j 1 to 4 1 to 4

τb 5.733 -53.42

db 1 to 4 1 to 4

τs 88.4 88.4

ds 1 to 4 1 to 4

Trim 15% 15%

Sample 1962:Q3 - 2013:Q4
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