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The financial crises during 2008 followed by quantita-
tive easing environment implemented by central banks 
significantly affect macroeconomic stability. Since 2015, 
negative interest rate become a new phenomenon in the 
Euro area and in countries like Sweden and Denmark. 
These events revive the interest in how monetary policy 
channels influence economic output and financial mar-
kets. This dissertation consists of three essays that exa-
mine the correlation between monetary policy tools and 
economic activities—more specifically, interest rates, as-
set prices, consumption and economic growth in the con-
text of the Nordic countries, with accounting for structural 
changes in the correlation between the variables.  

The first essay focuses on the predictive content 
of stock returns, short-term interest rates and the term 
spread by using non-linear regime switching models for 
forecasting GDP growth in Denmark, Finland, Norway 
and Sweden. The paper applies the threshold autoreg-
ressive (TAR) model-switching approach and regime-
switching signals which combine the inversion of the yield 
curve and the recession as the signal to switch between 
economic states. The results suggest that the TAR model 
approach with an inversion–recession signal is prefe-
rable for predicting economic activity in all four of the 
Nordic countries. Among the Nordic countries, the pre-
dictive relationship between financial variables and eco-
nomic activity is found to be the strongest in Finland and 
Sweden.

The second essay uses time-varying parameter vector 
autoregression model and impose an exogenous mone-
tary tightening shock on the Swedish equity market. The 
main findings are that monetary tightening shock results 
in a decrease in both components of the price—funda-
mental and mispricing. The nominal price is more respon-
sive to the monetary policy shock after the year 2000. 
On average, the fundamental component of the asset pri-
ce accounts for less than 40% of the expected response 
to a tighter monetary policy. These results are consistent 
with a “leaning against the wind” policy view. However, 
they contrast with the rational asset price bubble theory. 

The third essay examines the relative correlations 
between housing, stock-price movements and private 
consumption in Denmark, Finland and Sweden by means 
of time-varying parameter vector autoregression model 
to account for structural changes during economic res-
tructuring periods and boom/bust cycles. The results 
suggest that the expected response of consumption to a 
shock in housing prices is higher in comparison to finan-
cial wealth. Furthermore, the results show the dynamic 
nature of the consumption response to wealth shocks, 
where the magnitude of the consumption response differs 
across the study period. There are shifts in how consump-
tion responds to the housing price shock post-economic 
restructuring period in the 1980s. These shifts reflect the 
need to address the changing structure of the dependen-
ces between economic variables when examining the 
wealth effect on consumption in the Nordic context. 
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1 INTRODUCTION 
 

The policies of central banks, including identifying future policies and instruments and 

correctly timing new policy settings, are set to promote price stability and economic 

growth. In addition, central banks are responsible for managing efficient payments 

systems and for supervising their respective banking systems. This responsibility has 

made examining the relation between monetary policy tools and economic activities 

among the most widely studied areas by both academics and policymakers (for example, 

Friedman, 1995, Clarida, Galí, and Gertler, 2000, Gertler and Karadi, 2015, Borio, 

Gambacorta, and Hofmann, 2017, Altavilla, and Giannone, 2017, Blinder, Ehrmann, De 

Haan, and Jansen, 2017, among others).  

 

This dissertation examines the correlation between monetary policy tools and economic 

activities—more specifically, interest rates, asset prices, consumption and economic 

growth in the context of the Nordic countries, including accounting for structural 

changes in the correlation between the variables1.  

 

What makes this topic relevant is that financial turbulence and the recent quantitative 

easing environment may significantly affect macroeconomic stability. For example, in 

unconventional monetary policy, interest policy rates reached almost zero to revive 

aggregate demand to pre-crises levels (Feldstein, 2009). Since 2015, negative interest 

rate become a new phenomenon in the Euro area and in countries like Sweden and 

Denmark. Furthermore, a new set of quantitative easing (QE) policies implemented by 

central banks to stimulate the economy such as asset purchase programs. However, 

isolating the QE is challenging for two reasons: 1) the existence of other economic 

stimulating programs such as fiscal policies. 2) lack of historical data (Granziera et al., 

(2018). 

 

Despite the current inflation target of central banks2, they may have some ability to avert 

financial crises or at least reduce the negative effects of domestic or international 

spillover from two perspectives: macroprudential policies and monetary policies (Borio, 

2014). The main tool of monetary policy is the short-term interest rate and the resulting 

yield curve. Studies show that monetary policy shocks have a significant and systemic 

                                                      
1 This dissertation addresses monetary policy in the context of neoclassical theory.  
2 For example, in the European Central and Swedish central banks (Riksbank). 
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effect on financial market price levels and economic output (for example, Thorbecke 

1997, Mishkin and White, 2002, and Guillaumin and Gossé, 2013, among others). 

Moreover, policymakers have some control over asset prices when setting interest rate 

and credit growth policies targets (Christiano, Ilut, Motto, and Rostagno, 2010). 

However, elements of uncertainty add concerns regarding how policymakers perceive 

information on the real outcome of the policy (Hoggarth, 1996).  

 

Econometric modeling involves optimizing the decisions of economic agents. As these 

decisions have a changing nature, the structure of the econometric models should change 

to reflect the dynamics of both the economic agents and the policy makers (Lucas, 1976). 

Investigating the effect of monetary policy on economic variables has become more 

challenging; for instance, what may appear to be a good policy in one period may not be 

so in other periods (Walsh, 2003). In addition, nonlinearity issues are repeatedly 

important because economic variables tend to behave differently in either periods of 

economic turbulence (Clements, Franses, and Swanson, 2004, and Hamilton, 2005) or 

when government policies change (Ma, 2014; Sims and Zha, 2006). From a rational 

investor’s point of view, these changes in policies are integrated in future investment 

decisions; thus, they affect the propagation of shocks in the economic system over time 

(Primiceri, 2005).  

 

After the Second World War and the collapse of the Bretton-Woods system, there was a 

dramatic shift in the monetary policy and economic structure of the world’s economy, 

including the Nordic region (Rose, 2007, and Taylor, 2007). The process was coupled 

with significant changes in how the financial markets function and interact with other 

economic variables. Furthermore, economic deregulation and financial innovation in the 

housing market contributed to the alteration of how the response to monetary policy 

shocks concerning housing investments has changed (Boivin, Kiley and Mishkin, 2010).  

 

These events, in addition to the adopted quantitively easing, QE, policies, have affected 

the correlation between the variables. Therefore, evidence of instability and structural 

breaks in predictive correlations has been reported, e.g., by Stock and Watson 

(2003), Binswanger (2004), Giacomini and Rossi (2006), Chinn and Kucko 

(2010) and Kuosmanen and Vataja (2014). In general, previous evidence suggests that 

linear models may be mis-specified and that the time-varying predictive content of 

financial variables should be included when forecasting economic activity. The common 

main theme of this dissertation is to account for structural changes in the correlations 
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between asset prices, economic activities and monetary policy tools by means of regime-

switching signals and time-varying parameter regression analysis. This approach allows 

for the identification of the nonlinear correlation between the economic variables during 

the restructuring and post-structuring periods in the Nordic countries.  

 

The papers constituting this dissertation examine three interrelated topics: the first 

paper examines the predictive content of stock returns, short-term interest rates and 

term spread by using nonlinear regime-switching models for forecasting GDP growth in 

Denmark, Finland, Norway and Sweden. This paper empirically highlights the 

importance of accounting for structural changes when forecasting economic activities by 

means of financial variables. Thus, the best model for forecasting GDP growth is 

identified. The second paper investigates the correlation between asset prices and tighter 

monetary policy, differentiating between the fundamental and nonfundamental 

components of the asset price in the Swedish equity market. This paper adds further 

evidence for the “lean against the wind” policy view in contrast to the rational asset price 

bubble theory3. The results suggest that the expected response of the fundamental 

component in the asset price to monetary policy shocks accounts for less than 40% of 

total response in the real asset price. In the third paper, we investigate the correlation 

between housing and stock price movements and private consumption. In particular, we 

highlight the shifts in how the consumption response to wealth varies during the post-

economic restructuring period for Sweden, Finland and Denmark in the 1980s. In 

addition, we identity the difference between financial and housing wealth over 

consumption. The results suggest that housing wealth has a higher effect on 

consumption than does financial wealth.  

 

One common conclusion of this dissertation is that nonlinear models are becoming a 

necessity to model the correlation between economic variables, especially during 

boom/bust cycles, economic restructuring and the new environment of quantitative 

easing adopted by central banks after the global financial crisis.  

 

The introduction of the dissertation is organized as follows. First, we present an overview 

of the monetary policy regimes in the Nordic countries, followed by an introduction to 

                                                      
3 “Lean against the wind” policy indicates the increase in interest rates to reduce bubble-driven events in 
asset prices despite a possible deviation from other policy targets (Galí and Gambetti, 2015). 
 
 
 



4 
 

monetary policy channels. Finally, we present a summary of the three essays constituting 

this dissertation.  
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2 THE NORDIC MODEL  
 

The Nordic countries have formed a unique type of social economical model known as 

the “Nordic model”. The primary characteristics and institutional developments of the 

Nordic countries have the following similar features: a high degree of cultural 

homogeneity, ethnicities, and so-called “social capital”, which includes social trust and 

similar labor market institutions. In addition, they all have high tax rates and extensive 

income redistribution with comprehensive welfare states, and public sectors commonly 

exceeding about 50% of the GDP (OECD, 2017). The Nordic countries share a 

commitment to free trade and an openness to globalization. Moreover, all the Nordic 

countries have a similar degree of financial institutional development. This model is 

characterized with a continuous wage bargaining process and collective agreements in 

order to “share” the global risk due to the openness of these small economies to global 

competition (Andersen et al. 2007). 

 

Monetary policies in the Nordic countries shared common features from WWII until the 

1980s, when differences started to emerge. Early 1980s, monetary policy in the four 

countries was a combination of credit market regulation, including restrictions on cross 

border capital flows, with a policy goal of full employment (Flora, 1986). Since the early 

1990s, a new inflation-targeting policy, adapted for Finland, Denmark and Sweden, has 

emerged, while Norway adopted a similar policy in early 2000. However, it was a bumpy 

journey to reach a consensus about an inflation targeting policy. In addition, this policy 

has involved continuous negotiations with labor market representatives to keep wages in 

line with the policy (Schewe, 2015).  

 

In more detail, Norway had a fixed exchange rate policy between 1986-2001. Starting 

from 2001, a floating exchange rate and inflation-targeted policies, an approximately 

2.5% inflation target, was implemented (Isachsen, 2010). Hypothetically, Norway has 

two “economies”: the first surrounds the booming oil and natural gas sectors, including 

the oil wealth fund, with sustainable cash flows. The second “sector” is the traditional 

export-oriented economy, which is more exposed to international competition. 

Therefore, interest rate decisions in Norway, compared to the traditional small open 

economies are more complex, inasmuch as they should prevent appreciation of the krone 

and keep exchange rates competitive (Olsen 2013, and Schewe, 2015).  

 



6 
 

Finland has a unique geographical and political position between the European Union 

and Russia, with a bilateral trade agreement with both economical groups (Sutela, 2005). 

Deregulation begin during the 1980s followed by the financial crisis during the 1990s. 

Starting from 1993, an inflation targeting policy was implemented (Pikkarainen, 

Suvanto, Hukkinen, and Pyyhtiä, 1997). Finland joined the European Exchange rate 

Mechanism (ERM) in 1995 and the Euro in 1999. At this point, Finland abandoned an 

independent monetary policy. Since then, interest rate decisions are set by the 

government body of the European Central Bank (ECB) with Finland acting as a member 

in the government council of the ECB (Bank of Finland, 2017). This means that the 

monetary policy adopted is an inflation targeting policy with a projected inflation in the 

medium term of 2% in the euro area.   

 

Denmark is somehow similar to the Finnish case. They joined the ERM in 1979; however, 

Denmark did not join the monetary union. Instead, the Danish kroon is pegged to the 

euro with a fluctuation band of ± 2.25%. The Danish Central bank adjusts the interest 

rate to meet the band condition and defend it (Danmarks Nationalbank, 2017). 

 

In the early 1990s, Sweden joined the ERM agreement together with other EU countries. 

In addition, they set an inflation-targeting policy with floating exchange rates. Sweden 

did not peg their currency afterward and, in contrast with Denmark and Finland, did not 

enter any agreement with the EMU. The Riksbank (Swedish central bank) has set the 

target inflation policy at 2% to ensure the stability of the real economic output (Riksbank, 

2017).  However, we note that despite the apparent independence of both Norway and 

Sweden, their policy, to a certain degree, is tied to the policy implemented in the 

European monetary union. In addition, there is a European budget guideline for the 

national budget (Schewe, 2015). Moreover, both countries have a tight and close 

collaboration with the ECB as part of the Eurosystem. 
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3 MONETARY POLICY CHANNELS 
 

Central banks have a duty to not only set policy rates but also manage the expectation 

process of the rate decisions via efficient communication with market participants 

(Braun, 2015). There are two major categories of monetary policy channels: 1) the 

neoclassical (Keynesian) and 2) non-neoclassical channels4. In this introduction, we 

broadly follow the classification listed in Boivin, Kiley and Mishkin (2010). The 

neoclassical channel considers the financial markets perfect, whereas the non-

neoclassical channel assumes there are market frictions. 

 

Nominal interest rate changes directly affect real interest rates due to price-level 

behaviors and nominal wages. Hence, short-term interest rates directly affect asset 

prices, real interest rates, and eventually spending (Boivin, Kiley and Mishkin, 2010). 

There is an agreement in the literature that the monetary policy instrument used during 

normal economic conditions is the short-term interest rate; thus, empirical studies 

employ short-term interest rates as a proxy for monetary policy (for example, Bernanke 

and Blinder 1992, Boivin, Kiley and Mishkin 2010, Galí, and Gambetti, 2015, Nakajima 

et al., 2011, and Borio, Gambacorta, and Hofmann, 2017, among others).  

 
3.1. Neoclassical channels  
 
In neoclassical theory, there are three types of channels: investments, consumption and 

international trade. This section briefly introduce the neoclassical channels and highlight 

the tools and possible policy outcomes for each.  

 
3.1.1. Investment-based channels 
 
Investment-based channels, where interest rates play a major role in identifying the cost 

of capital, were pioneered by Jorgenson (1963) and Tobin (1969). The channels consider 

that the cost of capital is among the main factors driving demand for capital, directly 

affecting business activities and household spending decisions on both durable and 

nondurable goods in addition to housing investments.  

The user cost of capital in a frictionless market is explained as follows5:  = [(1 ) + ],                                                                          (1) 

                                                      
4 In this dissertation, we do not attempt to evaluate monetary policy in the Nordic region. Instead, we 
examine the empirical correlation between monetary policy tools and economic activities.   
5 For simplicity, the assumption here is that the investor is risk neutral; otherwise, a stochastic discount 
model is preferable (Boivin, Kiley and Mishkin, 2010) 
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where  is the user cost of capital6,   the relative factor price for new capital,  is the 

nominal interest rate,  is the marginal tax rate,  is the asset price growth expectation, 

and  is the depreciation rate. There are many factors affecting this correlation when 

examining financing decisions for households and businesses—for example, the 

projected horizon of consumption, investment, and interest rate. As the short-term 

interest rate is the main instrument in monetary policy, the expectation about term 

structure and the correlation between the short- and long-term interest rate become part 

of the monetary transmission mechanism. In this case, expectations about an increase in 

interest rate (monetary policy tightening) cause capital expenditures to decrease as the 

cost of financing increases.  

 

Furthermore, monetary policy has a profound effect over Tobin’s q ratio7, i.e., the ratio 

of the market value of a firm over the substitute cost of capital. In this case, interest rate 

decision steers investment decision. For example, a high interest rate would cause the 

firm an increase in the replacement cost, thus motivating the firm to issue stocks and 

raise capital in comparison to other forms of raising funds.  

 

3.1.2. Consumption-based channels  

 

Modigliani and Brumberg (1953) and Modigliani and Ando (1963) pioneered research 

concerning the wealth effect and life cycle hypothesis. This theory built a framework for 

the correlation between wealth, financial and nonfinancial, and consumption decisions 

during the lifetime of the household. The correlation between consumption and wealth 

is modeled in the following equation: = + 1 + 2 + + ,                                                      (2) 

where Ct is consumption, Yt is disposable income, Wt denotes wealth,  vector of 

variables that affect consumption and  error term capturing the effects of unexpected 

shocks to consumption. 

 

Monetary policy decisions have a profound effect via consumption channel. For example, 

tighter monetary policy results in a decrease in the demand for assets, both financial and 

nonfinancial, causing a downward trend of asset prices, which in turn would affect 

consumption negatively. In addition, an increasing interest rate would result in an 

                                                      
6 For both businesses and households. 
7 This ratio was developed by James Tobin (1969). 
 



9 
 

increase in the discount rate for funds generated from different asset classes, causing a 

downward trend of asset prices and resulting in a decrease in household total wealth and 

eventually consumption. Thus, the household wealth channel is considered an integrated 

part of the monetary policy channel.  

 

3.1.3. International trade channels 

 

The international trade channel was pioneered by Mundel (1963) and Fleming (1962). In 

this channel, interest rate decision would result in a direct effect on exchange rates of the 

local currency against foreign currencies. A decrease in interest rate would cause a 

depreciation in the local currency against foreign counterpart. This makes foreign goods 

and services more expensive in comparison with local ones. In this case, the exchange 

rate may cause inflationary pressure in the economy via price changes in imported goods 

and services. According to Taylor (2001), policy rate decisions for short-term interest 

rate, , may be expressed as:  = + + + ,                                                                          (3) 

where  is the inflation rate, is the difference between real GDP and potential GDP, 

and  is the real exchange rate. The lack of intercept in equation (3) indicates that the 

target inflation is zero and that both the exchange rate and interest rate are respectively 

measured relative to the long run steady state value. Higher exchange rates than targeted 

levels would trigger a central bank intervention to decrease the short-term interest rate 

and follow an expansionary monetary policy.  

 

3.2 Non-neoclassical channels (credit view):  

 

In this section, we introduce the non-neoclassical channels, comprising a bank-based 

channel, a balance sheet channel and a regulation concerning credit channel.  There are 

no formal guidelines for these channels; hence, the empirical studies examining them 

are difficult to assess (Boivin, Kiley and Mishkin, 2010). 

 

3.2.1. Regulations of the credit environment channel 

 

Credit supply is directly affected by government involvement in the credit market via 

managing credit supply and demand. For example, the government may subsidize 

mortgages, business loans and set regulations concerning the financial institution to 

achieve certain policies and economic targets. The credit channel theory suggests that 
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the monetary policy effect on the interest rate is boosted by endogenous changes in the 

difference between funds generated internally and externally (external finance 

premium). We note that Bernanke and Gertler (1995) and Ciccarelli, Maddaloni, and 

Peydró (2015) indicate for the existence of the credit channel. However, not as an 

independent channel, but rather as an enhancement mechanism to the existing 

monetary shocks on economic activities via affecting the balance sheet of banks, firms 

and households.  

 

3.2.2 Bank-based channel  

 

A bank-based channel plays a significant role in the financial system by contributing 

toward solving the issue of asymmetric information in the credit market. This channel 

has drawn attention due to several factors. For example, financial innovation made 

policy makers consider interest rates rather than money aggregates. In addition, banking 

problems in the 1990s and liquidity concerns in the US during the 1987 crisis and during 

events such as the Long-Term Capital Management and recent financial crises. 

According to Peek and Rosengren (2013), the banking system facilitates the transmission 

of monetary policy in three ways. The first is the traditional interest rate channel, the 

second is the bank-lending channel, and the third is the broad credit channel.  

 

The traditional interest rate transmission channel or the money view focuses on the 

liability part of the bank’s balance sheets, were monetary policy has an effect via the 

reserve requirement, considering the limited amount of excess reserves kept by the bank. 

Thus, the quantity of money within and outside the banking system is affected. In the 

case of adopting a contractionary monetary policy by selling securities in an open market 

operation, the banking sector may suffer a decrease in reserves. This decrease would 

result in an increase by the financial authority in the interest rate on deposits to expand 

the deposit level and meet the reserve requirement. Such an exogenous shock in the 

banking sector would cause a decline in the aggregate demand in the economy.  

 

The traditional bank-lending channel considers the shift from the liability to the asset 

side of the bank’s balance sheet. In this channel, monetary policy has a significant role in 

how banking loans operate. For example, a contractionary monetary policy would 

discourage borrowers from taking loans and force the banks to reduce the asset size of 

their balance sheets, including securities and loans. This behavior would reduce 
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consumption and asset prices (Peek and Rosengren, 2013, and Boivin, Kiley and 

Mishkin, 2010). 

 

The broad credit channel, also known as a financial accelerator, is based on imperfections 

in the credit market, including moral hazards and asymmetric information problems. 

The reason this channel formed is that the puzzle surrounding the occurrence of a 

monetary policy shock has a significant effect on aggregate demand. At the same time, 

the policy has a comparatively small effect on the real long-term interest rate (Peek and 

Rosengren, 2013). The broad credit channel suggests that a contractionary monetary 

policy would affect a firm’s financial health and income prospects due to an associated 

increase in the cost of borrowing.  

 

3.3 Beyond the non-neoclassical monetary policy credit channel. 

 

After the 1980s, deregulation, securitization, and derivative instruments picked up 

growth. This process has caused complexity of how monetary policy transmission 

mechanism operate in the economy in a deregulated environment. The less restrictive 

environment of financial intermediaries has resulted in weakening the monetary policy 

transmission mechanism via the traditional credit channel. For example, the mortgage 

securitization market has weakened the traditional banking channel role in monetary 

policy over housing markets. Furthermore, information technology contributed to more 

efficient credit markets where more institutions became engaged in mortgage marketa. 

This caused a transformation of degree of liquidity of “illiquid” assets such as homes 

mortgages and small business loans (Boivin, Kiley and Mishkin, 2010).      

Moreover, securitization has contributed to major growth in shadow banking. This has 

made credit more accessible to a larger population. This process is called 

“democratization of the credit” (Livshits, Mac Gee, and Tertilt, 2016). It is notable that 

recent innovations in the shadow banking and the money markets have contributed to 

the complexity of how monetary policy influences the banking sector. For example, the 

way monetary policy affects the balance sheet in shadow banks is different in comparison 

with commercial banks. For instance, during a tighter monetary policy, the expected 

outcome is to have a reduction in commercial banking activities. However, this may 

result in “migration” of funds from the regulated environment of the commercial banking 

to the unregulated parallel system of the shadow banking. Hence, the presence of the 

market securitization and shadow banking activities may result alteration of the 
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monetary policy transmission in the economy (Nelson et al., 2018 and Xiao, 2019). 

Moreover, shadow banking increases leverage and contributes in lowering the risk 

premiums (Aysun and Hepp, 2011). It is notable that in persistent low short-term interest 

rates with lax bank capital supervision would results in easier credit standards, and more 

risk taking in the banking industry. A high degree of market securitization amplifies this 

effect (Maddaloni and Peydro, 2011). 
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4 SUMMARY OF THE ESSAYS 
 

This dissertation comprises three articles. The first article “Financial variables and 

economic activity in the Nordic countries” is co-authored with Petri Kuosmanen and 

Juuso Vataja. The second article is “The effect of monetary policy on asset prices: further 

evidence from Sweden”, and third article is “Asset prices and private consumption: a 

Nordic perspective”.  

 

4.1 Financial variables and economic activity in the Nordic countries 

 

This paper provides a nonlinear modeling approach to compare the ability of the 

following variables—the term spread, short-term interest rates and stock returns—to 

predict GDP growth in the Nordic countries for the period from Q1:1988 to Q4:2012. 

Previously, several studies have found considerable variation in the ability of asset prices 

to forecast output growth across countries and time. Some asset prices contain predictive 

power for output growth at certain times in some countries. However, the instability of 

predictive correlations based on asset prices can be characterized as the norm (Stock and 

Watson, 2003). This paper applies the inversion-recession signal first proposed 

by Kuosmanen and Vataja (2014) to distinguish among different growth regimes within 

the threshold autoregressive (TAR) modeling framework. The predictive ability of TAR 

models is further compared to both the linear financial indicators model and nonlinear 

Markov switching models.  

 

The results suggest that the correlation between variables may differ between 

neighboring countries, even though the Nordic countries have a largely equal degree of 

financial market development, and the countries were similarly affected by the recent 

severe recession of the financial market. Moreover, the link between the financial sector 

and economic activity may not depend on the monetary regimes or the independence of 

monetary policy. The correlation between financial variables and economic activity is 

found to be stronger in Finland and Sweden than in Denmark and particularly in 

Norway. Paradoxically, although the Finnish monetary policy is conducted exclusively by 

the ECB, the correlation between financial variables and the real economy is obvious. 

Given that financial indicators are highly correlated among all of the Nordic countries, 

the scant predictive content of financial variables in Norway may indicate a sporadic 

connection between the financial markets and the real economy in that country. 
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Generally, if financial markets are only weakly attached to the national real economy, 

then it is most likely that the expected predictive content of financial variables is weak. 

 

Furthermore, this study lends support to the notion that the predictive content of 

financial variables is time-varying. The predictive ability of the term spread, short-term 

interest rate and stock returns appears to depend on the state of the economy. During 

normal growth periods, the correlation is different than it is during unsettled times, 

suggesting that the model-switching approach is useful in forecasting economic activity. 

Moreover, our results propose that it is reasonable to define the state of the economy by 

using the inversion-recession signal to switch between forecasting models. 

  

4.2. The effect of monetary policy on asset prices: further evidence from 

Sweden 

 

This paper presents further evidence regarding the correlation between asset prices and 

monetary policy tightening in the Swedish equity market for the period between Q1:1982 

and Q4:2016. It examines the dynamic interaction between the fundamental and 

mispricing components of asset prices and interest rate projected decisions. Following 

Galí and Gambetti (2015), this paper employs a time-varying parameter vector auto 

regression (TVP-VAR) model with stochastic variance to address the structural changes 

in the correlation between economic data, without imposing restrictions such as number 

of regimes or dividing the study sample into multiple subsamples. This approach will 

reflect any possible alteration of how the stock market reacts to monetary policy across 

extended periods. This paper utilizes the following variables in real values: gross 

domestic product, GDP-deflator, World Bank commodity price index, central bank rate, 

dividends, and stock price.  

 

Dismantling the asset price into a fundamental and a mispricing component may further 

clarify the correlation between asset price and monetary policy. Theoretically, the 

fundamental part of the price is expected to immediately drop as a result of tighter 

monetary policy. However, there are two different views concerning the mispricing 

component on how to react to a tighter monetary policy. For example, Galí (2014) and 

Galí and Gambetti (2015) argue that when imposing an exogenous monetary shock, the 

mispricing component is expected to increase and ultimately cause asset prices to 

appreciate in response to a tighter monetary policy. The authors attribute this movement 

to a rational asset price bubble where, according to theory, an increase in the interest 
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rate may cause the bubble component of the price (mispricing component) to grow, 

which may result in higher asset price volatility. On the other hand, Beckers and Bernoth 

(2016) find that the mispricing component is more complex to predict because of the 

rational and irrational investors’ nature and wrong expectations about future expected 

dividends and expected equity premiums. For example, some market participants do not 

have the same level of information as the central bank. These investors may translate an 

increase in the interest rate as a signal for economic growth, leading to an increase in 

asset prices. Empirically, Beckers and Bernoth (2016) find that both components of the 

stock price will drop in response to a tightening monetary policy. Nevertheless, the 

common feature of both views is the indeterminate nature of the mispricing component. 

The ultimate expected effect of monetary policy on stock prices depends on the average 

response of mispricing in comparison to the fundamental value.  

 

The results suggest that the real stock price, including both components of the price, 

respond persistently and permanently negatively to exogenous monetary tightening 

shock. The fundamental movement of the price in the Swedish market accounts, on 

average, for fewer than 40% of the expected price movements. In other words, the main 

contributor of asset price movements in response to monetary policy shock is the 

mispricing component and the randomness embedded in its movements. The negative 

response became more prominent after the mid-1990s, i.e., after the economic crisis and 

the restructuring period in the Swedish economy. These findings are according to the 

“lean against the wind” policy and the results of Beckers and Bernoth (2016). However, 

they are in contrast to the rational asset price bubble theory and the findings of Galí and 

Gambetti (2015). The results are consistent under different specification choices 

concerning endogeneity of the shock and across alternative study subsamples. Moreover, 

the results presented in this paper are consistent with a recent working paper by Blot, 

Hubert, and Labondance (2017), where the authors find that monetary policy in the euro 

area does not contribute to the creation of the asset price bubble, in contrast with the US 

counterpart.  

 

4.3. Asset prices and private consumption: a Nordic perspective 

 

This paper provides further empirical evidence on the correlation between changes in 

housing and stock prices, with private consumption growth in Sweden, Finland and 

Denmark for the period between Q1:1980 and Q4:2016 for Sweden and Denmark and 

between Q1:1982 and Q4:2016 for Finland. To examine this correlation, we used a time-
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varying parameter vector autoregression (TVP-VAR) model with stochastic variance to 

reflect the changing correlation between the variables in a changing economic structure. 

As this model accounts for sudden and gradual movements in variables, it may produce 

a better understanding of this correlation across the study period. This paper employs 

the following variables in this study: real household consumption, real housing prices, 

real disposable income, and real stock prices.  

 

Despite extensive research, there is no consensus on how wealth affects household 

consumption. However, recent economic crises, coupled with fluctuations in stock and 

housing markets, have revived the attention paid to this correlation. Mishkin (2007) and 

Sousa (2008) noted that the lack of consensus may be due to the usage of different 

methodologies and different wealth measurements.  

 

From a methodological perspective, cointegration analysis is one of the main methods 

used to measure the long-term correlation between wealth and consumption. However, 

structural changes in the correlation between variables may contradict the assumption 

of long-term stability. Furthermore, the correlation between household consumption 

and wealth is not as straightforward, as credit constraints in the financial system may 

contribute to the complexity of the correlation. Paiella (2007) indicated that the current 

evidence from the marginal propensity to consume, MPC, does not reflect any behavioral 

patterns by household or the timing factor of spending decisions. Thus, in changing 

economic environments, cointegration analysis or using static vector autoregression 

(VAR) models may become insufficient when attempting to reflect these dynamics.  

 

The results suggest that the estimated stochastic volatilities have a changing nature with 

a downward trend after economic deregulation and liberalization of the financial 

markets. The restructuring process, which ended in the mid-1980s, may have caused 

shifts in how housing wealth interacts with private consumption. Furthermore, this 

paper finds that consumption response to a shock in housing prices is higher in 

comparison with stock prices in the three countries. Additionally, this paper highlights 

that the response for a longer time horizon (4 or 8 quarters) was negligible. Moreover, 

the responses to stock market shocks were mixed and varied from positive to negative in 

the case of Finland (banking-based economy). The participation rate in the stock market 

did not play a role in this correlation. Furthermore, the results may indicate that financial 

wealth does not drive consumption in a financial based economy (Sweden), which is in 

contrast to the findings of Ludwig and Sløk (2004) and Slacalek (2009). 
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This study focuses on the predictive content of stock returns, short-term interest rates and the
term spread by using non-linear regime switching models for forecasting GDP growth in
Denmark, Finland, Norway and Sweden. We apply the threshold autoregressive (TAR) model-
switching approach and the novel regime-switching signals which combine the inversion of the
yield curve and the recession as the signal to switch between economic states.
The results suggest that the TAR model approach with an inversion–recession signal is preferable
for predicting economic activity in all four of the Nordic countries. Among the Nordic countries,
the predictive relationship between financial variables and economic activity is found to be the
strongest in Finland and Sweden.
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1. Introduction

The global financial crisis of 2008 and the subsequent collapses of gross domestic product (GDP) worldwide have generated
renewed interest in clarifying the predictive association between thefinancial sector and the real economy. Previously, several studies
found considerable variation in the ability of asset prices to forecast output growth across countries and time. Some asset prices
contain predictive power for output growth at some times in some countries; however, the instability of predictive relations based
on asset prices can be characterized as the norm (Stock&Watson, 2003). Thismay be because recessionswith financialmarket origins
have distinctively different characteristics from downturns driven by non-financial factors (Ng & Wright, 2013). Considerable
evidence of instability and structural breaks in predictive relationships has been reported by, e.g., Binswanger (2000, 2004), Stock
and Watson (2003), Giacomini and Rossi (2006), Chinn and Kucko (2010) and Kuosmanen and Vataja (2014). In general, previous
evidence suggests that linear models may be misspecified and that the time-varying predictive content of financial variables should
be considered when forecasting economic activity. Moreover, with the presence of the financial crises and changes in economic
conditions, nonlinearity issues are repeatedly important because economic variables tend to behave differently during periods of
economic turbulence (Clements, Franses, & Swanson, 2004; Hamilton, 2005) or in the case of changes in government policies (Ma,
2014; Sims & Zha, 2006). The previous literature indicates that the ability of financial variables to predict GDP growth appears to
be largely coincidental, at least in the context of the main industrial countries (e.g., Binswanger, 2004; Stock & Watson, 2003). This
study provides a non-linear modeling approach to compare the ability of financial variables to predict economic growth in small
open economies in the Nordic context.

Forecasts based only on a single financial indicator are known to be unstable (Stock &Watson, 2003). Therefore, this study exam-
ines the predictive content of the combination of financial indicators, the term spread, short-term interest rates and stock returns to
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predict GDP growth in the four Nordic countries: Denmark, Finland, Norway and Sweden. The economic systems of the Nordic coun-
tries can be defined as the Nordic model (Andersen et al., 2007). The primary characteristics and institutional developments of the
Nordic countries are surprisingly similar: a high degree of cultural homogeneity, similar labor market institutions, high tax rates
and extensive income redistribution, comprehensive welfare states and public sectors that commonly exceed 50% of GDP. The Nordic
countries share a commitment to free trade and openness to globalization.Moreover, all of the Nordic countries have a similar degree
of financial institution development. In sum, the Nordic countries' economies appear much more similar to each other than to the
economies of the G-7 countries and the Eurozone.

However, there is one fundamental difference among the Nordic countries' financial systems: each Nordic country has chosen a
differentmonetary regime and differentmethods of conductingmonetary policy. Finland is amember of the Economic andMonetary
Union (EMU); thus, its monetary policy is conducted by the European Central Bank (ECB); Sweden has an independent central bank
with flexible exchange rates; Denmark has pegged its currency unilaterally to the Euro, but its central bank is independent; Norway
has floating exchange rates, but its central bank is under close parliamentary control, i.e., Norway's central bank can exert more
discretion to preserve monetary stability (Howells & Bain, 2008: 167–180).

The diversity ofmonetary policy frameworks across theNordic countriesmay also affect the predictive ability of financial variables
for GDP growth. The ECB closely follows an inflation target and it sets short-term interest rates for the entire euro area. Hence, the
monetary policy of the ECBdoes not directly reflect the economic conditions of the individual countries, especially in the smaller econ-
omies. Because of the Finnishmembership in the Eurozone and theDanish currency peg to the Euro, the short-term interest ratesmay
not be so closely associated with GDP growth in these two countries. In contrast, the central banks in Sweden and Norway are able to
determine the short-term interest rates solely based on the economic conditions in both countries.Moreover, this rationalemay apply
to the predictive ability of the term spread through the short end of the term spread. In addition, the predictive ability of stock returns
is likely to be linked to the size and importance of stockmarkets in each country. Hence, the conductedmonetary policymay have an
effect on stock market valuation, which, in turn, has a wealth effect on consumer spending and economic growth.

The purpose of this study is to address the ability offinancialmarket variables to forecastGDPgrowth in theNordic countries' small
open economies under different monetary regimes. We employ non-linear modeling to address the time-varying properties of
financial variables. More specifically, we apply the inversion–recession signal first proposed by Kuosmanen and Vataja (2014) to
distinguish among different growth regimes within the threshold autoregressive (TAR) modeling framework. The predictive ability
of TAR models is compared to both the linear financial indicators model and to non-linear Markov switching models. Finally, this
paper aims to clarify the association between financial variables and economic growth in the Nordic countries in view of the diversity
of their monetary policy frameworks.

The rest of this paper is organized as follows. Section 2 contains a brief review of the literature. In Section 3, we present ourmodel-
ing strategy and the benchmark models. Section 4 introduces the data. The in-sample models and the results of the out-of-sample
forecasts are presented and analyzed in Section 5. Finally, Section 6 concludes.

2. Literature review

Stock andWatson (2003) note that the own past values of time series are useful predictors when variables are serially correlated,
as is typically the case for GDP growth and many other economic time series. Under these circumstances, it is essential to assess
whether financial variables have predictive content for future GDP growth above and beyond lagged economic growth.

In spite of the widespread agreement that stock returns contain information about future recessions and economic activity, the
predictive ability of stock returns has commonly been overlooked or even ridiculed on many occasions (e.g., Samuelson, 1966;
Stock & Watson, 2003). This skepticism may be because stock markets often give incorrect signals and seem to have no substantial
predictive content in bivariate regressions for future economic growth (e.g., Harvey, 1989). The strength of the association between
the stock market and the real economy may also vary depending on the source of the disturbances driving the business cycle, as
suggested by Canova and De Niccolo (1995). Mauro (2003) has found that the association between stock returns and output growth
is significantly related to the size and importance of the stock market in each country. Moreover, the degree of financial markets'
development has a favorable impact on this association (Patara, Yoonbai, & Chong Soo, 2013).

The relationship between the financial and real sectors has been detected in mature markets for a long time; however, the ability
of stock returns to forecast economic activity is much weaker or even the reverse in the case of emerging markets (Tsouma, 2009).
Moreover, Binswanger (2000, 2004) has presented evidence that during the 1980s, there was at least a temporal breakdown in the
predictive relationship between stock returns and future real activity in the U.S. and the other G-7 countries.

The predictive ability of stock returnswith respect to future output is reduced by including lagged output growth in the regression
(Stock &Watson, 2003). However, when combined with other financial variables, stock market information may be useful to predict
GDP growth (Kuosmanen & Vataja, 2011). Moreover, evidence suggests that the relationship between the stock market and the real
economy is asymmetric: stock returns are able to predict GDP growth when the economy is contracting, but the predictive power of
stock returns in non-recession periods is less evident (Henry, Olekalns, & Thong, 2004; Kuosmanen & Vataja, 2014).

The term spread (commonly, the difference between 10-year government bondyields and 3-month interest rates) is likely to fore-
cast output better when monetary policy is more responsive to output gaps than inflation and when inflation is relatively persistent
(Wheelock&Wohar, 2009). Furthermore, the term spreadhas predictive information about the stockmarket during the bearish trend
(Fernandez-Perez, Fernándetz-Rodríguez, & Sosvilla-Rivero, 2014). Alternatively, Ang, Piazzesi, andWei (2006) have discovered that
the short-term interest rate contains more information about GDP growth than any yield spread and that the term spread does not
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significantly improve forecasts of output growth in theU.S. The corresponding resultwas obtained in Finland during normal economic
growth periods (Kuosmanen & Vataja, 2014).

Several studies have found that the predictive content of both the term spread and stock returns for output growth have dimin-
ished in the globalized economy, even to the extent that since the 1980s, the predictive ability of these financial variables has been
seriously questioned, particularly in the context of the U.S. economy (e.g., Binswanger, 2000; Chinn & Kucko, 2010; Dotsey, 1998;
Haubrich & Dombrosky, 1996; Stock & Watson, 2003). With respect to the term spread, this phenomenon may be linked to the in-
creased stability of output growth (Chinn & Kucko, 2010). The financial crisis has made a difference in that respect: the instability
of economic growth has increased again, and the Great Moderation seems to be over, at least temporarily.

Moreover, Binswanger (2004) suggests that the relationship between stock returns and real activity in many countries may have
weakened because of speculative bubbles or the increasing interdependence of stockmarkets since the 1980s. The speculative bubble
in stockmarkets has dissolved after the financial crises. Therefore, the perception that the predictive ability of stockmarkets has per-
manently disappeared may be greatly exaggerated.

3. Forecasting models

Compared to the previous literature, we have two additional major starting points from which to specify the forecasting models.
First, we utilize a set of financial predictors to combine information from interest and stockmarkets: the term spread, the short-term
interest rate and stock returns. Although financial forecasting models are rarely structural (Estrella, Rodrigues, & Schich, 2003), it is
somewhat surprising that the previous literature has rarely included these indicators in the same forecasting equation. Utilizing sev-
eral financial indicators instead of a single predictor may be advantageous, particularly in the case that the forecasting period is not
uniform but contains different stages of economic growth (cf. Fig. 1). Moreover, a set of financial indicators may be advantageous
for themodels' stability. Second, we apply a flexible TARmodel framework to capture themajor changes in economic conditions dur-
ing the forecasting period. Finally, the predictive ability of TAR models is compared to two benchmarks: the simple linear
autoregressive model and the more advanced non-linear Markov switching model.

3.1. Linear and TAR models

We begin the modeling by specifying the basic linear forecasting model, which consists of the set of financial predictors and past
economic activity (Model 1). This model addresses the marginal predictive content of financial indicators in addition to lagged GDP
growth.

lnytþ4−lnyt ¼ α1 þ
X
i ¼ 1

h

γ1
i Δlnyt−iþ1 þ β1

1TSt þ β1
2it þ β1

3Rt þ u1
tþ4 ð1Þ

where y is the level of real GDP, TS is the term spread, i is the short-term interest rate, R is the stock returns, α is a constant term,
γi1, β11, β21, β31 are parameter estimates, ut + 4 is the error term, and the upper subscripts refer to the model numbers.

However, this model specification does not take into account the possible time variation in the predictive ability of financial indi-
cators, particularly during unsettled economic conditions. When forecasting GDP growth in the 2000s in the Finnish context,
Kuosmanen and Vataja (2014) found it useful to distinguish among different stages of economic activity. It is reasonable to assume
that this stage dependency also applies to the other Nordic countries. Kuosmanen and Vataja (2014) proposed applying the inver-
sion–recession signal to forecast economic activity under changing circumstances. This approach combines the conventional defini-
tion of recession and the inversion of the yield curve as the signal to switch between regimes. In particular, augmenting the yield
curve data into the model-switching information set is novel and motivated by the forward-looking characteristic of the term struc-
ture. We apply the inversion–recession signal to switch between the “normal growth” and the “turbulent” regimes. More specifically,
economic turbulence is defined as a negative value of the term spread or the recession (two or more consecutive quarters of negative
GDP growth); otherwise, the growth is defined as normal. Fig. 1 presents the GDP growth rates and the turbulent regimes during the
sample period.

We assume that different stages of economic activitymaymaterialize either through a shift in themean of theGDP growth process
or through a more fundamental change in the association between financial markets and the real economy. Accordingly, the regime
switch is modeled through change in the constant term (Model 2).We nominate this procedure as restricted regime switching (“half
switching”), and it is expected to be a reasonable choice in the case of the level change in growth ratio. However, in the case of major
changes in the growth process, both the constant term and the parameter estimates of the financial indicators are allowed to change.
This is the logic behind the unrestricted regime (“full switching”) model specification (Model 3).

Equations (2) and (3)modelGDPgrowth as a regime-switching TARprocess. This implies thatwhereasGDPgrowthproceeds linearly
in each regime, the entire process is non-linear. TARmodels have the advantage that the prevailing regime can bedetermined through an
observable on–off switch variable, in our case, by the inversion–recession signal.Moreover, themodel can be estimated by ordinary least
squares (OLS), and non-linear methods are not required despite the non-linearity of the entire model (e.g., Enders, 2010).

lnytþ4−lnyt ¼ D2
N;t þ D2

T;t þ
X
i ¼ 1

h

β2
i Δlnyt−iþ1 þ β2

2TSt þ β2
3it þ β2

4Rt þ u2
tþ4 ð2Þ
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lnytþ4−lnyt ¼ D3
N;t þ D3

T;t þ
X
i ¼ 1

h

β3
i D3

N;t � lnyt−lnyt−1ð Þ
� �

þ
X
i ¼ 1

h

β3
i D3

T;t � lnyt−lnyt−1ð Þ
� �

þβ3
3 D4

N;t � TSt
� �

þ β3
4 D4

T ;t � TSt
� �

þ β3
5 D4

N;t � it
� �

þ β3
6 D3

T;t � it
� �

þ β3
7 D3

N;t � Rt

� �
þ β3

8 D3
T;t � Rt

� �
þ u3

tþ4

ð3Þ

whereDN= “normal growth dummy”=1 ifΔlnyt− i orΔlnyt− i− 1≥0 and TSt≥0,DT= “inversion–recession dummy”=1 ifΔlnyt− i

andΔlnyt − i − 1 b 0 or TSt b 0 (i.e.,DN=0), γi and βi are parameter estimates, and ut + 4 is the error term. The superscripts 2–3 refer to
the model specification. In accordance with the Model (1), y is the level of real GDP, TS is the term spread, i is the short-term interest
rate, and R is the stock returns. The number of autoregressive terms (h) is determined based on the information criteria.

The linear (Model 1) and the ARmodel specifications (Model 4) are nested in the switchingmodel specifications (Models 2–3 and
5). While it is obvious that our sample contains different economic stages (see Fig. 1), it is not self-evident that switchingmodels im-
prove forecasting performance in spite of their ability to fit the data well in-sample. TAR models may forecast poorly out-of-sample
because of the difficulty of selecting the correct regime at the right time (Dacco & Satchell, 1999).

The analysis is performed for a forecast horizon four quarters ahead. Many previous studies have considered several forecast ho-
rizons, typically one, two and four quarters ahead (e.g., Kuosmanen& Vataja, 2011, 2014) or even longer (e.g., Ang et al., 2006; Junttila
& Korhonen, 2011). Our choice to focus only on the one-year forecast horizon is based on the economic rationale. Short forecast ho-
rizons for GDP growth—i.e., one or two quarters ahead—are less relevant economically and seldom necessary in practice. Conversely,
extending the forecast horizon over a number of years markedly increases the forecast uncertainty, and financial variables are most
likely not the best choice for forecasting economic growth on a horizon longer than one year. For example, Kozicki (1997) found
that the predictive power of the term spread for GDP growth falls rapidly as the forecast horizon is extended over four quarters.
This finding is also verified by Wheelock and Wohar (2009) in their extensive research survey.

3.2. Benchmark models

The linear autoregressive time series model (Model 4) constitutes a natural and often-used benchmark to which the forecasting
ability of competing models is compared.

lnytþ4−lnyt ¼ α4 þ
X
i ¼ 1

h

β4
i Δlnyt−iþ1 þ u4

tþ4 ð4Þ

Since Hamilton's (1989) seminal paper, Markov switching models have become a popular tool for the nonlinear modeling of
business cycles and the identification of properties in a financial time series during growth and crisis periods. Studies such as those
by Durland and McCurdy (1994), Filardo (1994), Lammerding, Stephan, Trede, and Wilfling (2013), and Chen, Diebol, and
Schorfheide (2013), among others, have used Markov switching models to investigate and forecast the behavior of macroeconomic
and financial market data. One interesting characteristic of theMarkov switching approach is that there is no need for prior informa-
tion on the states in the time series (Moolman, 2004).

In this paper, the switch between regimes of GDP growth in the TAR model is triggered by the inversion of the yield curve
or the recession. Alternatively, Markov switchingmodels estimate the probability of being at different states of the regression
by using the observed behavior of the variables. These regimes follow an ergodic Markov stochastic process, which is defined
as the transition probability between different states as; Pij = P(st = j|st − 1 = i) with probabilities summed to unity by def-
inition and st ∈ {1, … M}, where M is the number of states (Krolzig, 1997). These probabilities are then estimated iteratively
using a maximum likelihood estimation that depends on the available information at time t. Identifying the probability of the
correct regime may help yield different estimations and forecasts, thus rendering the model a feasible benchmark for the TAR
model employed.

For the Markov switching regression model, we assume that the model has an intercept during the estimation period, and we
choose the lag structure of the autoregressive (AR) term based on the Akaike information criteria. The Markov switching
autoregressive (MSAR) model is expressed as:

lnytþ4−lnyt ¼ μ t stð Þ þ X0tβst þ
X
r ¼ 1

p

∅r stð Þ ARp

� �
þ u5

tþ4 ð5Þ

where y is the level of real GDP, p is the number of autoregressive terms, ARp represents the autoregressive part of the model as
(lnyt + 4− lnyt)t − r− μt − r(st − r), st is the specific regime at t andwe assume that there are two regimes, one for normal growth
and one for turbulence. Moreover, Xt′=(x1t,…, xnt)′ is the (n*1) vector of exogenous regressors, and in our case, they include the
term spread, the short-term interest rate and stock returns.

4. Data

The data are quarterly and cover the 25-year period from 1988Q1 to 2012Q4. GDP growth rates are calculated as logarithmic
changes in the real GDP indices and stock returns as logarithmic changes in the general stockmarkets indices. The short-term interest
rate is the three-month interest rate, and the term spread is defined as the difference between ten-year government bond yield and
the three-month interest rate. This definition of the term spread has proven the most useful for forecasting economic activity
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(e.g., Estrella & Miskin, 1996). The data are obtained from the Organization for Economic Cooperation and Development (OECD) da-
tabases. The details of the data and the data transformations are provided in Table 1.

Table 2 reports the descriptive statistics of the data. Interestingly, GDPgrowth, stock returns and short-term interest rateswere the
highest and the term spread was the narrowest by a distinct margin in Norway, growth in economic activity and short-term interest
rates were the lowest in Denmark, and stock returns were the most volatile and term spreads the widest in Finland.

The time series properties of GDP growth, the term spread, the short-term interest rate and stock returns were explored by using
the DF-GLS unit root test (Elliott, Rothenberg, & Stock, 1996). The number of lagged termswas selected based on themodified Akaike
criterion as proposed by Ng and Perron (2001). The test results consistently suggested that all of the term spreads and stock returns
series were stationary, whereas all of the short-term interest rates series were found non-stationary for the entire sample period. The
GDP growth series were found to be stationary, excluding Norway. The result of non-stationarity in Norway appears peculiar, given
the evident presumption that GDP growth is stationary (Cohrane, 1991). Therefore, we analyzed Norwegian growth ratesmore thor-
oughly by testing possible structural breaks using the Lumsdaine and Papell (1997) unit root test, which allows for amaximumof two
breaks in the time series. The test results suggested two downward level shifts in Norway's economic activity, one starting during
1998Q2 and another starting during 2007Q4. The first break coincides with the Asian financial crisis, and the latter break is associated
with the beginning of the global financial crisis. By considering these shifts, Norwegian GDP growth was found to be stationary, as il-
lustrated in Fig. 2.1

Short-term interest rateswere found to be non-stationary for thewhole sample period. The non-stationarity of short-term interest
rates is most likely due not only to exceptionally high interest rates in defense of the fixed exchange rate system but also to the high
inflation rates of the late 1980s. However, the forecasting period of the study covers the ten-year period from2003Q1 to 2012Q4. Con-
sequently, we also conducted the unit root tests for the 2000s and found evidence of stationarity, excludingNorway (cf. Table 2). Stock
and Watson (2003) considered interest rates both in levels and after first differencing because it is unclear which is the correct ver-
sion. However, Cohrane (1991: 207–208) noted that variables that are already rates—e.g., interest rates—should be used in levels de-
spite the fact that unit root tests often suggest the opposite. Given the mixed results, we conducted the forecasting analysis by
specifying short-term interest rates both in levels and in first differences and ultimately selected the level specification because this
approach consistently yielded the lowest forecast errors.

Inmanyways, theNordic countries are at similar stages of economic andfinancial development. This raises the question ofwheth-
er real economies and financial sectors are also similarly associated in those countries. The similarity of the economic performance is
first assessed on the basis of the pairwise correlations between real economies and financial sectors in theNordic context (Table 3). In
general, the correlation pattern of the economic growth between neighboring countries seems to be surprisingly diverse. Swedish and
Finnish GDP growth proved to be highly correlated (0.85), whereas the corresponding correlations between Sweden and Norway
(0.34) and Finland and Norway (0.36) were much lower. Alternatively, the correlations between the financial variables were clearly
higher than the correlations between the GDP growth figures. The correlation of the term spread between Finland and Sweden was
the highest (0.82), and the term spread between Sweden andNorwaywas the lowest (0.69). The same pattern occurred in the case of
short-term interest rates: the highest correlations were between Finland and Sweden (0.96), and the lowest were between Sweden
and Norway (0.87). The pattern was somewhat different for stock returns: the stock returns between Denmark and Norway demon-
strated the highest correlations (0.84), and the stock returns between Norway and Finland were the lowest correlations (0.61). The
preliminary data analysis of pairwise correlation shows that the associations between real economies and financial sectors differ con-
siderably in the Nordic context. This suggests that the predictive ability of financial variables for economic growth may differ across
the Nordic countries.

Table 1
The data.

Raw data Data transformation Details and source of the data

y = Real GDP (lnyt + 4 − lnyt) × 100
Annual GDP growth
(lnyt − lnyt − 1) × 100
Quarterly GDP growth

Millions of national currency. Seasonally adjusted. Source:
OECD Quarterly National Accounts.

i3 = Short-term interest rate Three-month interbank offer rate or three-month Treasury bill,
Certificates of Deposit or comparable instruments rate.
Per cent per annum. Source: OECD Main Economic Indicators.

i10 = Long-term interest rate Ten-year government bond rate. Percent per annum. Source:
OECD Main Economic Indicators.

TS = Term spread TSt = i10t − i3t
P = Share price index National all-share or broad share price index. Average of monthly figures,

which are averages of daily quotations. Source: OECD Main Economic Indicators.
R = Stock returns Rt = (lnPt − lnPt − 1) × 100

Quarterly stock returns

1 The test statistics for the Lumsdaine–Papell test was−15.58, which is significant at least at the 1% level. Only breaks in the intercept term were allowed, and the
number of autoregressive lags was determined using the Bayesian information criterion (BIC).
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5. Empirical results

The forecasting analysis of this study covers the ten-year period from 2003Q1 to 2012Q4. During this period, GDP growthwas dis-
tinctly two-edged in the Nordic countries (Table 4). The first part of the forecasting period (2003Q1–2007Q4) can be characterized as
a period of relatively steady GDP growth, whereas the latter period (2008Q1–2012Q4) represents weak and turbulent GDP growth
due to the worldwide financial crisis.

During the entire forecasting period, average annual GDP growth was the largest, with a distinct margin in Sweden. Interestingly,
this phenomenon is due to the Swedish economy's more favorable development during the financial crisis compared to the other
Nordic economies, particularly those of Denmark and Finland. Before the financial crisis average GDP growth was the highest in
Finland and Sweden. Danish economic growth was consistently the lowest during the forecasting period.

5.1. In-sample analysis

The initial parameter estimates of the forecasting models (1)–(4) are based on the first 15 years (1988Q1–2002Q4) of the data.2

The estimation method is OLS with heteroscedasticity- and autocorrelation-robust Newey–West standard errors.3 The number of AR
terms in all of the models is determined on the basis of the Schwartz information criterion.4

2 This comprises 60% of the data.
3 The number of truncation lags for the calculation of the Newey–West standard errors was set to 5 on the basis of the sample size (see e.g., Greene, 2012: 960).
4 The Schwartz information criterion suggested one AR term for all countries except for Finland, for which two AR terms were suggested. This lag structure was also

applied throughout the out-of-sample forecasting analysis.

Table 2
Descriptive statistics of the data.

Δlny
Denmark

Δlny
Finland

Δlny
Norway

Δlny
Sweden

TS
Denmark

TS
Finland

TS
Norway

TS
Sweden

Mean 0.32 0.46 0.59 0.52 0.92 1.21 0.25 1.03
Max. 3.82 3.05 3.32 2.31 3.61 4.67 2.77 3.46
Min. −2.45 −6.74 −1.85 −3.94 −5.57 −2.89 −4.44 −4.57
Std. dev. 1.28 1.33 1.12 1.00 1.55 1.48 1.42 1.38
DF-GLS −2.98⁎⁎⁎ −3.16⁎⁎⁎ −1.01 −3.70⁎⁎⁎ −2.52⁎⁎ −2.25⁎⁎ −2.19⁎⁎ −2.37⁎⁎

R
Denmark

R
Finland

R
Norway

R
Sweden

i
Denmark

i
Finland

i
Norway

i
Sweden

Mean 2.07 1.41 2.59 2.03 4.93 5.19 6.05 5.36
Max. 15.39 41.60 29.26 29.19 14.05 15.81 14.37 15.12
Min. −39.29 −34.82 −51.04 −29.02 −0.12 0.20 1.02 0.16
Std. dev. 8.54 13.47 11.64 10.17 3.32 4.13 3.44 3.98
DF-GLSa −2.42⁎⁎ −2.16⁎⁎ −4.39⁎⁎⁎ −3.49⁎⁎⁎ −0.29 −0.78 −0.09 −0.46
DF-GLSb −1.84⁎ −2.01⁎⁎ −0.89 −1.83⁎

Notes: Sample period 1988Q1—2012Q4. DF-GLS(a) = GLS-detrended Dickey–Fuller unit root test (Elliott et al., 1996); H0: a time series contains a unit root. Δlny =
quarterly GDP growth, R = quarterly stock returns, i = short-term (3-month) interest rate, TS = term spread. Significance levels: ⁎ = 10%, ⁎⁎ = 5%, and ⁎⁎⁎ = 1%. a:
1988Q1–2012Q4; b: 2000Q1–2012Q4.
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Fig. 2. Level shifts in Norwegian GDP growth.
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Because the predictive content of the financial indicators is this study's primary interest, we present the in-sample results only for
the linear financial indicator models (1) (Table 5).

The following results appear noteworthy. First, all of the parameter estimates of the financial indicators are correctly signed, ex-
cluding the negative sign for Denmark's term spread; however, this variable was statistically insignificant. Second, the in-sample ex-
planatory power of the financial indicators differs markedly between the two country groups. The explanatory power of themodels is
reasonably high for Sweden (0.58) and particularly high for Finland (0.70); moreover, all of the financial indicators are statistically
significant in this group. Conversely, the estimation results are much weaker for Denmark and, in particular, Norway. The weak per-

formance of the financial indicators in explaining Norway's GDP growth R
2 ¼ 0:07
� �

is also reflected by the fact that all of the param-

eter estimates of financial indicators are insignificant. In the case of Denmark R
2 ¼ 0:15
� �

, only the short-term interest rate is

statistically significant.

5.2. Out-of-sample forecasting analysis

The forecasting analysis aims to mimic the actual forecasting process by using the pseudo-out-of-sample method as proposed by
Stock andWatson (2003). The forecasts are calculated by utilizing all the available information up to the period when the forecast is
made; however, the forecasts are calculated outside the estimation period. We apply this pseudo-out-of-sample forecasting method
recursively. More specifically, we estimate the forecasting models (1)–(5) using the data from the beginning of our sample from
1988Q1 to 2002Q4 and then compute the first forecast for 2003Q1. The analysis continues by re-estimating the models through
2003Q1 and computing the forecast for 2003Q2, and so on.

The out-of-sample forecasting results (Table 6) indicate that the financial indicators constitute useful predictive content for all of
the Nordic countries. The forecast errors (RMSEs) of the basic linear financial indicators model (Model 1) are lower than the forecast
errors of the simple autoregressive benchmark model (Model 4).

The previous literature suggests that the predictive content of financial indicators may depend on economic conditions. The fore-
casting period of this study contains distinctly different economic circumstances (cf. Table 4); therefore, it is reasonable to scrutinize
whether forecasting performance can be improved by applying state-dependentmodel specifications. This is accomplished using the
TAR model specifications (Models 2 and 3), which apply the inversion–recession signal to switch the model between different eco-
nomic states. The results suggest that this is indeed the case: the forecast performance improves in all four of the Nordic countries.
The lowest RMSEs are yielded by themost versatile version of the TARmodels (Model 3) in Denmark, Finland and Sweden; however,
the restricted TAR (Model 2) yielded the best forecasts in the case of Norway. It is also noteworthy that even the less restricted TAR
model specification is capable of yielding lower forecast errors than the simple linear model specification (Model 1). Finally, the fore-
casting ability of the MSAR approach (Model 5) proved to be weak out-of-sample, as it was unable to outperform the simple linear
financial indicators model (Model 1). Moreover, the MSAR model was not capable of beating the simple AR benchmark excluding
Norway. Possible explanations for the poor results of theMarkov switching in out-of-sample forecasting are either a misclassification
of the regimes (Dacco & Satchell, 1999) or parameter instability (Marsh, 2000).

Table 7 reports the relative forecasting performance and the formal Clark–West test results (Clark & West, 2007) for the null hy-
pothesis of equal RMSEs among nested forecasting models. Row 1 compares the predictive ability of the linear financial indicators
model (Model 1) relative to the simple autoregressive benchmark (Model 4), and rows 2–3 focus on the predictive ability of the

Table 3
Pairwise correlations of Nordic data.

Den Fin Nor Swe Den Fin Nor Swe

(a) GDP growth (b) Term spread
Den 1 Den 1
Fin 0.60 1 Fin 0.72 1
Nor 0.60 0.36 1 Nor 0.70 0.71 1
Swe 0.63 0.85 0.34 1 Swe 0.72 0.82 0.69 1

(c) Short-term interest rates (d) Stock returns
Den 1 Den 1
Fin 0.94 1 Fin 0.63 1
Nor 0.88 0.89 1 Nor 0.84 0.61 1
Swe 0.94 0.96 0.87 1 Swe 0.82 0.81 0.80 1

Table 4
Average annual GDP growth during the forecasting period.

Forecasting period Denmark Finland Norway Sweden

2003Q1–2012Q4 0.48 1.59 1.60 2.23
2003Q1–2007Q4 2.00 3.68 2.49 3.41
2008Q1–2012Q4 −1.03 −0.50 0.72 1.06
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restricted (Model 2) and the unrestricted (Model 3) TARmodel specifications relative to the linear financial indicators model (Model
1). Finally, row 5 addresses the predictive content of the Markov switching model (Model 5) relative to the linear financial indicators
model.

The Clark–West test accounts for the bias that arises because estimation of the larger model adds extra noise to the forecast under
the null hypothesis. Therefore, the RMSE ratio N 1 in Table 7 does not automatically imply weaker forecasting performance for the
larger model. More specifically, define e1i as the forecast errors from the more parsimonious Model 1 and e2i as the forecast errors
from the larger Model 2, and Model 1 is nested within Model 2. Suppose that the data are generated from Model 1. Under the null
hypothesis of the equal forecast performance, any discrepancy between the (squared) forecast errors should be zero in infinite
sample, i.e., zi = (e1i)2 − (e2i)2 = 0. In finite samples, however, the estimation of the redundant parameters brings about noise in
the forecasts of Model 2 if the data are generated from Model 1; hence, the forecast errors of Model 2 are expected to be larger,
i.e., (e2i)2 N (e1i)2. However, if the data are generated fromModel 2, the discrepancy of the forecast errors is positive, i.e., (e2i)2 b (e1i)2,
and the null hypothesis is rejected in favor of Model 2 if the discrepancy is sufficiently large. Clark and West (2007: 294) derived
how to account for the noise introduced by estimated redundant variables under the null hypothesis. This is accomplished by
adjusting the zi series as follows: zi⁎=(e1i)2− [(e2i)2− (f1i− f2i)2],where f1 and f2 are the forecasts fromModels 1 and 2, respectively.
Note that the adjusted forecast errors are smaller than the unadjusted forecast errors, i.e., (e2i)2 − (f1i − f2i)2 b (e2i)2; hence zi⁎ ≤ zi.
Thus, the test is one-sided and conducted by regressing zi⁎ series on a constant term. The test statistic is the t-statistic for the constant
term.

The test results in the first row of the Table 7 verify that the financial indicators have statistically significant (10%) predictive
content above and beyond lagged GDP growth in all of the Nordic countries. The improvements in forecasting performance relative
to the simple autoregressive time-series model are the largest in the cases of Finland (26%) and Sweden (18%). These results can
also be considered economically significant. Alternatively, the improvements in forecasting ability for Denmark (11%) and Norway
(8%) prove to be less significant. It is shown in row 2 that the restricted non-linear TAR model specification (Model 2) improves
the forecasting performance relative to the linear financial indicators model (Model 1). The improvement is the largest for Finland
(17%), while in other countries, the improvements are of smaller importance, varying between 3% (Denmark) and 8% (Sweden).
The unrestricted TAR model specification (row 3) yields the largest improvement in forecasting performance in the case of Finland
(26%), whereas for the other countries, the improvements are again rather modest. Finally, the forecasting content of the Markov
switching model (Model 5) is found to be weak relative to the linear financial indicators model, as all of the relative RMSE figures
are greater than one.

The p-values of the Clark–West test (Table 6) suggest that the relative RMSE figures are not straightforward to interpret, especially
in the case of Norway. Remember that the Clark–West test accounts for the bias arising from the noise that the larger model adds
to the forecast under the null hypothesis of equal RMSEs. The relative RMSE figures for Norway show that the unrestricted TAR

Table 5
In-sample estimation results for the linear financial indicator models (1).

Denmark Finland Norway Sweden

Constant 4.52⁎⁎⁎

(1.74)
4.18⁎⁎⁎

(1.10)
3.97⁎⁎⁎

(1.17)
3.99⁎⁎⁎

(1.07)
TSt −0.46

(0.36)
0.40⁎

(0.22)
0.08
(0.35)

0.51⁎⁎

(0.26)
it −0.33⁎

(0.20)
−0.42⁎⁎⁎

(0.15)
−0.08
(0.14)

−0.30⁎⁎⁎

(0.10)
Rt 0.07

(0.05)
0.04⁎⁎⁎

(0.01)
0.03
(0.02)

0.04⁎

(0.02)
Δlnyt −0.28⁎

(0.16)
0.17
(0.34)

−0.34⁎⁎⁎

(0.13)
−0.18
(0.27)

Δlnyt − 1Δ 0.37⁎

(0.22)

R
2 0.15 0.70 0.07 0.58

Notes: The estimation period is 1988Q1–2002Q4. Heteroscedasticity- and autocorrelation-robust Newey–West standard errors are in parentheses below the parameter
estimates. ⁎⁎⁎, ⁎⁎ and ⁎ = statistically significant at least at the 1%, 5% and 10% significance levels.

Table 6
Out-of-sample forecast errors.

(1)
Model

(2)
Denmark

(3)
Finland

(4)
Norway

(5)
Sweden

(1) Linear 2.76 3.36 2.03 2.59
(2) TAR (restricted) 2.69 2.80 1.91 2.39
(3) TAR (unrestricted) 2.57 2.47 2.12 2.34
(4) AR-model 3.10 4.53 2.20 3.16
(5) Markov switching 3.79 5.32 2.11 3.22

Notes: Forecast period: 2003Q1–2012Q4. Figures in columns 2–5 are the RMSEs of the forecasting models.
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(Model 3) and the Markov switching models (Model 5) yield larger RMSEs than the linear financial indicators model (Model 1), but
the p-values suggest that the null hypothesis should be rejected in favor of the unrestricted TAR and Markov switching models
(Models 3 and 5). This means that the (noise-) adjusted forecast errors fromModels 3 and 5 are significantly smaller than the forecast
error from theModel 1. The effect of the noise adjustment is also visible in other p-values. For example, the Finnish relative RMSE fig-
ures indicate a considerably larger improvement in forecasting performance for the linear and the TAR model specifications than in
the case of Denmark, while the p-values for Finland are higher compared to Denmark. Finally, the formal Clark–West results should
be interpreted cautiously because the power of the test is likely to be low because the number of forecasts (40) is relatively low (Ang
et al., 2006: 390).

5.3. Interpretation of the results

The results in this study suggest that the monetary policy framework seems not to be decisive regardless of whether the short-
term interest rate or the term spread is able to forecast economic growth in the Nordic context. For instance, despite the substantial
differences in the monetary regimes between Finland and Sweden, financial variables are of importance in forecasting economic ac-
tivity in both countries. This result is in line with those found by Korkman and Suvanto (2013), who emphasize that in Finland and
Sweden, monetary regimes matter less for economic performance than conducted economic policy and other institutions. In general,
Rose (in press) finds out that small and similar economies are able to maintain radically different monetary regimes with negligible
macroeconomic and financial consequences.

According to many studies (e.g., Wheelock & Wohar, 2009), the term spread should forecast GDP growth less accurately if mon-
etary authorities concentrate exclusively on controlling inflation instead of output growth. Although the ECB and the Bank of
Sweden closely follow the inflation target, interest rate variables appeared to be a useful predictor of economic growth in both coun-
tries. Alternatively, the Bank of Norway is able to pursue discretion in preserving economic stability; however, the terms spread and
short-term interest rate are found to be only vaguely associated with the real economy in Norway. In sum, it appears that neither the
monetary regime nor the ability to conduct independent monetary policy is closely connected with the predictive ability of financial
variables for economic growth. This outcome contradicts the results found by Bordo and Haubrich (2004).

Mauro (2003) notes that the stock-market-capitalization-to-GDP ratio is a useful predictor of whether a country tends to have a
robust predictive association between the stock market and economic growth. This outcome is in line with our results in the Nordic
context. Finland and Sweden are countries with a high stock-market-capitalization-to-GDP ratio, with an average of 81% in Finland
and 89% in Sweden during the sample period. These countries also have the closest association with stock market activity and eco-
nomic activity according to our results. Alternatively, in the cases of Denmark (51%) and Norway (41%), the association between
the stock market and GDP growth proved to be weaker. This diversity in stock market capitalization may also lead to differences in
the transmission of monetary policy because share values are sensitive to interest rates. When the relative size of the stock market
is large in the economy, the conductedmonetary policymay be enhanced throughwealth effects on consumer spending and econom-
ic growth. Consequently, monetary policy may have more important wealth effects on GDP growth in both Finland and Sweden
compared to Denmark and Norway.

Binswanger (2000, 2004) suggests that during the 1980s, there was a fundamental breakdown in the traditional predictive rela-
tionship between stock returns and economic growth in the U.S. and the other G-7 countries. This phenomenon may be due to the
globalization and integration of stock markets such that national stock markets and internationalized corporations are only partially
linked to national economic activity (e.g., Hueng, 2014). Surprisingly, the same phenomenon appears to occur in the interestmarkets:
national economic activity may be only partially linked to the term spread and short-term interest rates; moreover, there may be
considerable time variation in those relationships.

The evidence from the Nordic countries suggests that the strength of the relationship between stock markets and economic
growth may vary considerably between neighboring small open economies. In spite of this phenomenon, the evidence from the
Nordic countries implies that the predictive breakdown may not be as fundamental and irreversible as Binswanger (2000, 2004)
suggests. The observed lack of predictive content may be a consequence of a non-linear time-varying relationship between financial
markets and the real economy, as emphasized byNg andWright (2013). Domian and Louton (1997) note that symmetricmodels omit
information; they also find asymmetry to be of a threshold type. In this study, the non-linear link between real and financial variables
is addressed by applying non-linear regime-switchingmodeling in line with Henry et al. (2004) and Domian and Louton (1997). Our
results suggest that reasonable thresholds can be defined by the inversion-recession approach.

Table 7
Relative forecasting performance.

(1)
Relative RMSEs

(2)
Null hypothesis

(3)
Denmark

(4)
Finland

(5)
Norway

(6)
Sweden

RMSE(1)/RMSE(4) RMSE(1) = RMSE(4) 0.89 (0.04) 0.74 (0.06) 0.92 (0.10) 0.82 (0.00)
RMSE(2)/RMSE(1) RMSE(2) = RMSE(1) 0.97 (0.09) 0.83 (0.11) 0.94 (0.02) 0.92 (0.15)
RMSE(3)/RMSE(1) RMSE(3) = RMSE(1) 0.93 (0.02) 0.74 (0.07) 1.04 (0.09) 0.90 (0.10)
RMSE(5)/RMSE(1) RMSE(5) = RMSE(1) 1.37 (–) 1.58 (–) 1.04 (0.01) 1.24 (–)

Note: Table entries in columns (3)–(6) are RMSE ratios as defined in column (1). Entries in parentheses are the p-values of the Clark–West test for the null hypothesis
given in column (2). (–) = the test statistics is in the wrong tail of the distribution to reject the null hypothesis.
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6. Conclusions

This study addresses the predictive association between financial markets and the real economy in the four Nordic countries:
Denmark, Finland, Norway and Sweden. Our results suggest that this relationship may differ between neighboring countries even
though all of the Nordic countries have a largely equal degree of financial market development, and the countries were similarly af-
fected by the recent severe recession of financial-market origin.Moreover, the link between the financial sector and economic activity
may not depend on the monetary regimes or the independence of monetary policy. The relationship between financial variables and
economic activity is found to be stronger in Finland and Sweden than in Denmark and particularly in Norway.

The association between the financial and real sectors proved to be weakest in Norway among the Nordic countries, even though
Norway's monetary policy is highly independent. Paradoxically, although the Finnishmonetary policy is conducted exclusively by the
ECB, the relationship between financial variables and the real economy is obvious. Given that financial indicators are highly correlated
among all of the Nordic countries, the scant predictive content of financial variables in Norway may indicate a sporadic connection
between the financial markets and the real economy in that country. Generally, if financial markets are only weakly attached to the
national real economy, then it is most likely that the expected predictive content of financial variables is weak.

This study lends support to the notion that the predictive content of financial variables is time-varying. The predictive ability of the
term spread, short-term interest rate and stock returns appears to dependon the state of the economy: duringnormal growth periods,
the relationship is different than it is during unsettled times. This suggests that themodel-switching approach is useful in forecasting
economic activity. Moreover, our results propose that it is reasonable to define the state of the economy by using the inversion-
recession signal to switch between forecasting models.
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1 INTRODUCTION 
 
Conventional wisdom and empirical research9 argue that an increase in interest rates 

(tighter monetary policy) will result in an increase in the opportunity cost of investment, 

alter investors' expectations, and thus impose downward pressure on asset prices. 

Dismantling the asset price into a fundamental and mispricing component may further 

clarify the correlation between asset prices and monetary policy. In the case of the SP500, 

the fundamental part of the price is expected to immediately drop as a result of tightening 

monetary policy. However, the mispricing component may react in two distinct ways to 

a tighter monetary policy. Galí (2014)10 and Galí and Gambetti (2015) argue that when 

imposing an exogenous monetary shock, the mispricing component is expected to 

increase and ultimately cause asset prices to appreciate in response to monetary 

tightening11. The authors attribute this movement to a rational asset price bubble where, 

according to theory, an increase in the interest rate may cause the bubble component of 

the price (mispricing component) to grow and hence result in higher asset price volatility. 

On the other hand, Beckers and Bernoth (2016) find that the mispricing component is 

more complex than can be predicted because of the rational and irrational nature of 

investors and wrong expectations about future expected dividends and expected equity 

premiums12. For example, some market participants do not have the same level of 

information as central banks. Therefore, investors may mistranslate the interest rate 

decisions of the monetary authority, resulting in more volatility in asset prices and 

making predicting the misprice component more difficult. Empirically, Beckers and 

Bernoth (2016) find that both components of the stock price will drop in response to a 

tighter monetary policy. Nevertheless, the common feature of both views is the 

undetermined nature of the mispricing component. Thus, the ultimate expected effect of 

monetary policy on stock prices depends on the average response of mispricing in 

comparison to the fundamental value. This topic is under ongoing policy debate as part 

of the role of central banks in the financial market, especially during high-volatility 

periods of asset pricing.  

 

                                                      
9 For example, Kholodilin et al. (2009), Wang and Mayes (2012), Bjørnland and Leitemo (2009), Rigobon 
and Sack (2004), and Ioannidis and Kontonikas (2008), among others. 
10 Sellin (1997) drew a similar conclusion, in which the author argues that an expectation of tighter monetary 
policy may (temporarily) increase real equity prices. 
11 This argument is consistent with the findings of Faia and Monacelli (2007), in which the authors argue 
that in some cases, the central banks should respond to asset price increases by lowering interest rates. This 
reaction may result in an increase in the economic welfare of the society. 
12 This finding is consistent with Heikensten (2005), who highlighted a similar point about 
miscommunication between central banks and the financial market. 
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This paper examines the expected dynamic response of asset prices to tighter monetary 

policy decisions by identifying the mispricing components in the Swedish equity market. 

This approach should add additional insight into the correlation between interest rate 

decisions and stock prices13. 

 

The choice of Sweden in this study is justified for the following reasons: to best of the 

author’s knowledge, this study is the first to examine the expected response of the 

Swedish stock index to interest rate decision shocks with accounting for structural 

changes in the data and differentiating between fundamental and mispricing 

components of asset prices. In addition, this paper tests the rational asset price bubble 

theory developed by Galí (2014) in the Swedish equity market, adding a different 

perspective for the tested theory. What makes Sweden an interesting study case is that 

Sweden is an open economy and a member of the European Union. However, the country 

is not a member of the European monetary union. Thus, the Riksbank (Swedish central 

bank) decisions are mainly driven by domestic aggregate economic data. Nonetheless, 

the Riksbank has a close collaboration with the European Central Bank as part of the EU 

and the Eurosystem. In this framework, the Riksbank main policy target is stable 

inflation with considering other economic activities (Heikensten, 2005). In comparison, 

the Federal Reserve Bank policy target is more specific to stable inflation and 

unemployment. Since 2015, and as part of quantitative easing, the Riksbank has applied 

a negative interest rate, which therefore should add more insight to the debate about the 

“lean against the wind” policy approach. 

 

The debate about the correlation between asset prices and monetary policy is partially 

due to the financial markets being part of the monetary policy channels used by central 

banks. The recent financial crisis of 2008, with the resulting economic distortions and 

misallocation of capital, revive the monetary policy role of equity price movements. 

Policymakers tend to consider asset price volatility and bubble input variables during the 

policymaking process when asset prices have an inflationary pressure on the economy14. 

In this case, interference from central banks is mainly to maintain inflation stability and 

output growth. See, e.g., Bernanke and Gertler (2000), Filardo (2001), Ferguson (2005), 

                                                      
13 Galí and Gambetti (2015) argue that there is insufficient evidence for a correlation between asset price 
bubbles and interest rate policy, as this point needs further examination. 
14 Policymakers justify this policy for many reasons. For example, it is difficult to identify the bubble in the 
first place, and raising the interest rate to counter the bubble may result in bursting the bubble. In addition, 
increasing the interest rate may fuel the bubble, as investors may require higher premiums for their 
investments (Mishkin, 2011). 
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and Mishkin and White (2002), among others. This policy is called a “cleaning up” policy 

in the aftermath of a crisis (Mishkin, 2017). On the other hand, many researchers argue 

for a different policy reaction by central banks, i.e., more activity during the bubble/bust 

periods to stabilize asset prices despite the expected cost of performing such a policy—

e.g., Roubini (2006), Borio, English, and Filardo (2003), and Kontonikas and Ioannidis 

(2005), among others. This policy is called “lean against the wind”. Gruen et al. (2005) 

suggested that central banks should be active in certain types of asset price bubbles. 

Brunnermeier and Schnabel (2015) argue for more-active central banks because cleaning 

the mess after the bubble has burst is economically expensive. One of the common 

features in some of the previous studies is that they do not provide details about whether 

the movement in the stock price is driven by fundamentals or mispricing elements. 

 

In this paper, following Galí and Gambetti (2015), we consider the interest rate as a 

narrow definition of monetary policy. In addition, we utilize a time-varying parameter 

vector autoregression (TVP-VAR) model to investigate stock price expected reactions to 

tighter monetary interest rate shocks. What makes this paper different compared to 

previous studies is that, in the context of the Swedish equity market, it identifies the 

expected response of the fundamental and the mispricing components of the asset price. 

This identification allows further clarifying of the dynamic reaction of stock prices to 

monetary policy decisions. 

 

Furthermore, this paper utilizes time-varying parameter vector autoregression, TVP-

VAR, with multivariate stochastic volatility. The model reflects possible structural 

changes in the parameter and accounts for heteroskedasticity in the financial data 

without imposing restrictions such as the number of regimes or by dividing the study 

sample into multiple subsamples, which should reflect a possible alteration of how stock 

markets react to monetary policy across extended periods of time. For example, He 

(2006) and Laopodis (2013) find that there are variations in how stock returns react to 

monetary policy news over time. In addition, nonlinearity becomes more prominent 

during a crisis period, where the adverse feedback loop results from increasing 

uncertainty in the value of the assets (Mishkin, 2011). The model is estimated using 

Bayesian inferences and utilizes a Markov chain Monte Carlo method for the model’s 

posterior numerical evaluation of the coefficients. 

 

The results suggest that the real asset price and the fundamental component respond 

negatively to exogenous monetary tightening shock. The fundamental movement of the 
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price in the Swedish market accounts, on average, for fewer than 40% of the expected 

price movements. In other words, the main contributor of asset price movements in 

response to monetary policy decisions is the mispricing component and the randomness 

embedded in its movements. The negative response is more prominent after the mid-

1990s, i.e., after the economic crisis and restructuring period in the Swedish economy. 

These findings are consistent with the “lean against the wind” policy and the results of 

Beckers and Bernoth (2016). However, these findings contrast with the rational asset 

price bubble theory and the findings of Galí (2014) and Galí and Gambetti (2015) for the 

S&P 500 and its response to a tighter monetary policy. The results were consistent under 

different specification choices concerning endogeneity of the shock and across 

alternative subsamples.  

 

The reminder of this paper is organized as follows: The second section includes a brief 

literature review. In the third section, we further include theoretical perspectives of the 

asset price fundamental component. In the fourth and fifth sections, we explain the 

methodology and the data, respectively. In the sixth section, we report the results and 

the robustness tests. The closing section states the conclusion.  
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2 LITERATURE REVIEW 
 
Stock market prices are considered a part of the transmission mechanism that monetary 

policy utilizes to achieve a desired effect on the economy. In addition, stock market 

behavior is, to a large degree, affected by innovations from monetary policy variables. 

Mishkin (2001) suggests that financial markets are used by the monetary authorities to 

affect consumption and investment decisions at the firm and household levels. 

Therefore, there is a plethora of research examining the correlation between financial 

markets and monetary policy in both the developing and developed markets.  

 

For example, Neuhierl and Weber (2016) find that news from federal funds futures has 

prediction ability for equity markets. This effect is not limited to the announcement dates 

of the rates but is rather a continuous process during the year. These results are similar 

to those found by Patelis (1997), where the author used short-horizon vector 

autoregressions and long-horizon regressions to examine how monetary policy affects 

stock price prediction. The author finds a negative correlation between the interest rate 

and stock returns. Korkeamäki (2011) finds that stock prices in the euro area, including 

Sweden, are correlated negatively with interest rates. However, this correlation became 

weaker after the introduction of the euro and development in the bond market. In 

addition, companies currently can more easily raise funds from the market and become 

more efficient in managing interest rate risk. The findings of Wang and Mayes (2012) are 

similar concerning European stocks and ECB interest rate decisions. The authors employ 

an event study method.  

 

Bjørnland and Leitemo (2009) find there is a high interdependence between monetary 

policy and stock prices, where an interest rate increase of 1% results in an approximate 

9% drop in stock prices. The authors identify the short- and long-term restrictions in 

structural vector autoregression for the analysis. Kholodilin et al. (2009) examined this 

correlation for the whole euro area and the ECB decisions on 10 sectoral industry levels. 

They find a negative correlation between the ECB’s interest rate decisions (25 points) 

and equity market return (range between -0.3% and -2.0% or 1.0% for the aggregate 

index). Binswanger (2004) finds that there are speculative bubbles in the European, the 

US and the Japanese equity markets, especially during the 1990s when stock price 

movements were not justified by the fundamental component of the prices, offering 

further justification to analyze both components of asset prices, i.e., fundamental and 

mispricing components. In the case of emerging markets, Sun and Liu (2016) used a 
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TVP-VAR model and found that tightening monetary policy in China would contribute 

to creating the bubble component. These results are according to the findings of Galí and 

Gambetti (2015) for the US equity market.  
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3 THEORETICAL ASPECTS OF ASSET PRICES AND THE 
MONETARY POLICY EFFECT 

 
In this section, we introduce a simple partial equilibrium asset pricing model and include 

some theoretical background about the expected response of the mispricing component. 

In the model, we introduce an exogenous monetary shock in the form of an increased 

interest rate across the financial variables. This paper broadly follows the notations of 

Galí and Gambetti (2015) and includes the assumption of risk neutrality. 

 

The asset price may be expressed in terms of fundamental and mispricing components 

as follows:  Q = Q + Q ,                                                                                                                (1) 

where Q  refers to the asset price, and F and M refer to fundamental and mispricing 

components, respectively. The fundamental element of the asset price can be estimated 

by a simple discount model for the expected future dividends15:  q = C + [(1 )E {d } E {r }],                                                  (2) 

where = /R < 1, with C  as the constant, R as the interest rate and  as the dividend 

growth rate. Introducing the exogenous monetary shock that affects both elements of 

asset prices may be expressed as follows: = (1 )  + ,                                                                           (3) 

 

where  denotes the exogenous monetary shock, and = Q /Q  represents the 

mispricing element portion of the total stock price at time t.  

From (2) and (3), we can estimate the predicted response of the fundamental component 

in more detail:  = (1 ) ,                                                             (4) 

Introducing a positive shock to a real interest rate may create an environment of financial 

constraint for companies, leading to a contraction in distributed dividends, i.e., causing d /  to be negative. Hence, theory and empirical evidence suggest that < 0.  

There is no consensus on how the mispricing element in the asset price is expected to 

respond to exogenous monetary shocks. The “lean against the wind” policy view expects 

that this part of the price will respond negatively to a tighter monetary policy. This view 

                                                      
15 Where we took the log linear form of = ( 1/ ) , where D  is the dividends, and R  
is discount rate (Cochrane, 2005, pg. 397). 
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is theoretically and empirically supported for the SP500 by the study of Beckers and 

Bernoth (2016). On the other hand, Galí (2014) and Galí and Gambetti (2015) provided 

a theoretical and empirical proof that monetary tightening is expected to result in an 

increase in the size of the mispricing component. The results of Galí (2014) and Galí and 

Gambetti (2015) are motivated by the rational bubble theory and the assumption of 

rational investors with risk neutrality. Therefore, there is ambiguity surrounding the 

expected response of the mispricing component of asset prices to a tighter monetary 

policy. Accordingly, the direction of the movement will be undetermined and have no 

specific expected direction; i.e.,  0. Thus, the expected dynamic response of equity 

prices to interest rate shocks is expected to be negative or positive depending on the 

average response size of the fundamental and the mispricing elements. This expectation 

makes it more appealing to empirically test this issue in the Swedish context, as we could 

not find an empirical work to examine this topic in such detail. 
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4 METHODOLOGY: TIME-VARYING PARAMETER VECTOR 
AUTOREGRESSION 

 
In this section, we introduce the time-varying parameter vector autoregression model, 

TVP-VAR, developed by Primiceri (2005). The TVP-VAR model is expected to reflect 

structural changes in the correlation between data items. The variations in the parameter 

were extrapolated from the variance covariance matrix and the model coefficients. In 

addition, this model accounts for multivariate stochastic volatility, which may reflect a 

possible nonlinearity in the contemporaneous correlation between variables in addition 

to heteroskedasticity in the shocks (Primiceri, 2005). Accounting for the structural 

changes in the case of Sweden would result in better forecasting results of the economic 

output (Kuosmanen et al., 2015). The characteristic that makes impulse response 

analysis in TVP-VAR different, compared to the static VAR, is that it estimates the 

response for a shock at each point in the sample rather than the average response for the 

whole sample (Nakajima, 2011), making it possible to capture a possible change in the 

expected response to interest rate shocks for both components of the asset price.  

 

Primiceri (2005) estimated the model using Markov chain Monte Carlo (MCMC) 

methods in the context of Bayesian inference, where the stochastic variance assumption 

makes the maximum likelihood function intractable. In addition, the Gibbs sampling 

algorithm is utilized for the evaluation of the posterior of the parameter16.  

  

This paper broadly follows the notation of the TVP-VAR model from Primiceri (2005) as 

follows:  = + , + + , + ,                   t=1,…,T.,                        (5) 

where  is ( 1), a vector time-varying intercept;  is a (n*1) vector of endogenous 

variables; and ,  is an (n*n) matrix of time-varying coefficients.  is a vector of 

heteroskedastic shocks with ~(0, )17. The  matrix can be decomposed to a 

triangular reduction, = , with the assumption that  and  have the 

following structure: 

 

= ,0 0         …,        0           00            0 ,              and       =   1 , 0 …1 00, ( ),  1   

                                                      
16 Please read Galí and Gambetti (2015) for details about the Gibbs algorithms used. 
17 Where  is a variance covariance matrix in the model. 
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Subsequently, we can have the following VAR model: = + , + + + ,            with   =                           (6) 

We can summarize the model in equation (6) by stacking the coefficients in ,  and  

as follows: = + ,               (7) 

with t=s+1,…n, is an n-dimension identity matrix, and =[1, ,  … , ],  where  is the Kronecker product. In TVP-VAR, the parameters 

in ,  and  are considered to follow the random walk process as follows18: 

 = + ,  = + , = + , with =  and with the 

following assumption concerning the variance covariance matrix and joint normal 

distribution for the innovations: 

~N 0, I 0 00 000 00 0
000 ,        (8) 

where ,    are positive definite matrices. The assumption here is that the lead 

lag structure of , and  are mutually uncorrelated. The purpose of the choice of 

the structure of the matrix in (8) is to reduce the number of estimated parameters and 

make it easier to interpret the structural innovation. Furthermore, the shock is 

considered to follow a Cholesky decomposition. The random walk assumption for the 

parameter permits the model to capture any temporary or permanent shifts in the 

coefficients. The assumption of the random walk for the parameter has been 

implemented in the literature—for example, by Primiceri (2005), Galí and Gambetti 

(2015), Nakajima (2011), and Gupta et al. (2014) among others. Choosing a tight prior 

for the covariance matrix parameter makes it possible to avoid any undesired behavior 

in the TVP that may cause the parameter to overfit the data, especially under the 

assumption of the random walk for coefficients and the variance-covariance matrix 

(Primiceri, 2005, and Nakaijma et al., 2011). 

18 As the sample used is relatively short, the random walk assumption would probably not pose any 
inconsistent estimation concerning the parameter.  
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This paper follows Galí and Gambetti (2015) in setting the prior distribution and the 

initial values of the hyperparameter19. Moreover20, the central bank responds with a lag 

to real stock price innovation, and monetary policy affects GDP, dividends, and inflation 

with a lag, indicating that central banks do not respond instantly to any shock in the 

variables. Furlanetto (2011) suggests that in the EU’s inflation targeting policy, monetary 

policy does not respond contemporaneously to innovations in real stock prices. Hence, 

by design, the model follows this logic. 

 

 

 

                                                      
19Kindly refer to Primiceri (2005) and Galí and Gambetti (2015) for further details about the TVP-VAR model 
and the choices concerning the prior distribution for the coefficients and the covariance matrices. 
20 Similar restrictions were imposed in Galí and Gambetti (2015) and Christiano, Eichenbaum, and Evans 
(2005). 
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5 DATA  
 
This paper uses quarterly data and covers the period between Q1:1982 and Q4:2016 for 

Sweden. This period covers multiple boom/bust episodes and restructuring periods. 

Similar to Galí and Gambetti (2015), we utilized the following variables: gross domestic 

product, GDP-deflator, World Bank commodity price index21, central bank policy rate, 

dividends22, and stock price. Variables measuring inflation, economic growth and 

interest rate (policy tool) are expected to reflect the Taylor-rule policy shock in the 

context of the New Keynesian model. We calculate the real values of the variables. In 

addition, a differenced logarithmic transformation is used to ensure stationarity of the 

variables except for interest rate, where no differenced transformation was implemented. 

We retrieved the data from DataStream. In the model, we used 20%23 of the first 

observations to calibrate the hyperparameter initial values for prior distribution. During 

this period of time, the Swedish economy was going through structural changes with high 

volatility in economic indicators. However, the prior we utilize may still yield a proper 

posterior, where the prior in this case may be considered an approximation for a proper 

prior (Lancaster, 2004, pg. 32)24. Furthermore, a tight prior is used to avoid a possible 

overfit of the parameter. Two lags are used for the estimation. The number of lags is 

based on the Akaike information criteria and the final prediction error for static VAR. A 

similar approach was applied in Gupta et al. (2014), and Simo-Kengne et al. (2015), 

among others, where the authors employed a TVP-VAR with stochastic variance and 

used information criteria for the static VAR to identify the proper lag. The simulation is 

based on 22 000 iterations of the Gibbs sampler, dropping the first 20 000 draws in the 

burn-in period for the purpose of stabilizing the Markov chain within the proposed 

distribution.  

 

Table 1 provides descriptive statistics for the quarterly data of the selected variables. The 

six variables have a positive kurtosis that exceeds 3 except for interest rate. Generally, 

skewness and kurtosis figures indicate rejection of normality of the variables with data 

having a heavy tail. The equity price index has the greatest standard deviation, indicating 

more volatility in comparison with other variables, including the dividend index. 

  

                                                      
21 Adding the commodity price index to the VAR specification is common practice to address the price puzzle 
issue. In addition, the index may give information about future inflation (Balke and Emery, 1994; and 
Bernanke, Boivin, and Eliasz, 2005). 
22 We extracted the dividend series from the dividend yield. 
23 Similar percentage used in Primiceri (2005).  
24 At least for some models. 
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Table 1: Descriptive statistics 

 GDP Inflation 
Commodity 
price 

Interest 
rate dividends OMXS 

 Mean 1.360 0.805 0.326 5.789 2.150 1.880 
 Median 1.470 0.569 0.370 4.100 -0.423 4.012 
 Maximum 3.819 5.064 12.314 15.900 50.761 34.517 
 Minimum -2.161 -1.776 -30.401 -0.500 -34.817 -43.423 
 Std. Dev. 1.128 0.988 5.103 4.668 10.087 13.739 
 Skewness -0.595 1.173 -1.326 0.541 1.528 -0.688 
 Kurtosis 3.602 5.969 11.456 2.025 11.240 4.098 
 probability 0.005 0.000 0.000 0.002 0.000 0.000 
 Obs. 139 139 139 140 139 139 

Note: We used quarterly data for the period between Q1:1982 and Q4:2016 for OMX 30 
Stockholm, interest rate, commodity price, inflation and gross domestic product. The data were 
retrieved from Datastream. 
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6 RESULTS 
 
This section shows an impulse response analysis estimation of the TVP-VAR model in 

(7). The following variables in  are considered: gross domestic product, GDP-deflator, 

World Bank commodity price index, central bank policy rate, dividends, and stock price. 

In addition, we calculate the fundamental value of the stocks following a simple dividend 

discount model in equation (2). Thus, this paper estimates the expected response of both 

the nominal stock prices and the fundamental component of asset price to exogenous 

interest rate shock, where the shock of the mispricing component is defined as ( ). 
Furthermore, a robustness test was provided in section 7 by recalculating the results with 

the sample up to Q4:2007. The shorter period allows for eliminating the effect of two 

main events that may distort the estimation: 1) the zero lower bound and negative 

interest rate starting from Q1:2015; and 2) the crisis period during 2008. Moreover, the 

static VAR results are considered a limited case and benchmark for the TVP model. In 

addition, we estimate the impulse response in four subsamples with a static VAR. 

Figure 1 presents the dynamic response analysis for tighter monetary policy shocks using 

the TVP-VAR model. Generally, TVP-VAR’s results are somewhat similar to those 

obtained from the constant coefficient VAR (reported in Section 7). The results in Panels 

A and B report the expected response of the nominal and real interest rates to an interest 

rate shock. The results suggest a relatively stable response during the sample period, yet 

with a higher response for the nominal interest rate at the end of the sample25. The real 

interest rate response is very stable and persistent during the whole study period. Panels 

C and D show an impulse response for the GDP and its deflator. The GDP expected 

response was negative and time-varying across the study period. The only period where 

the GDP became positive was during 200026. These results are in contrast with the static 

VAR analysis, except in the 2000s, when the GDP response in the static VAR became 

                                                      
25 The results are according to theory and previous literature—for example, in Marini (1992), Occhino 
(2004), and Galí and Gambetti (2015), among others. The point of the analysis is to estimate the standard 
rational expectations of interest rates, whether real or nominal, to a sudden monetary policy shock (the 
random component of interest rate). The logic behind these movements may be due to the fact that an 
economic agent has a perceived expectation about the term structure. Hence, when there is a sudden positive 
shock in the policy rate, the expected response of the real and nominal interest rates is to increase to match 
market predictions, which are based on pre-announced monetary targets, about higher interest rates 
(Marini, 1992). 
26 What may explain the behavior of the GDP is that between the mid-1990s and mid-2000s, Sweden 
experienced a significant increase in manufacturing and in labor productivity, especially in the ICT sector. 
The early 2000s was the peak in the ICT share of the industrial output. For example, during 2000, 
Ericsson constituted 20 percent of total exports in Sweden (Erixon, 2011). 
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positive after 10 quarters. Generally, the results for the GDP with TVP-VAR are 

consistent with the results of Galí and Gambetti (2015). However, in Galí and Gambetti 

(2015), the response is persistently negative. Furthermore, the deflator response is 

persistently positive and stable across the study period. 

 

Panel E displays the response analysis of dividends to a positive interest rate shock. The 

response starts as a negative. It then has a short-lived positive spike before becoming 

negative again. We find that dividends are more responsive to monetary tightening 

during the beginning of the study period. Panel F reports the stock price response, which 

shows a sharply negative response in the first quarter before it continues with the 

negative trend during the next 20 quarters27. These results concerning stock price are in 

sharp contrast to the results of Galí and Gambetti (2015), where stock prices show a 

positive response, especially after the mid-1980s. Panel G shows the expected response 

of the fundamental component. The results suggest that the expected response dips to a 

more negative trend, especially after the 2000s. The expected response is relatively 

stable for the next 20 quarters. 

 
 
Figure 1: Time-varying coefficient VAR impulse response analysis for monetary policy shock 

 
Panel A: Nominal Interest rate                                       Panel B: Real interest rate  

 
 
 
 
 
 
 
 

                                                      
27 The response appears to be permanently negative. 
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Panel C: GDP                                                               Panel D: GDP deflator  

 
 
 
Panel E: Dividends                                                 Panel F:  Stock prices 

 
 
 
Panel G: Fundamental component                         Panel H:  Price minus  
                                                                                        fundamental (mispricing) 

 
Note: The Y axis represents the magnitude of the response to monetary shock, and the X axis 
represents the expected behavior of the response over 20 quarters.  
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Panel H demonstrates the response of the mispricing component, showing a stable and 

persistent negative trend. Similar to the constant VAR estimation, the expected response 

of the mispricing component was initially positive during the beginning of the impact 

period. Thereafter, it quickly turned negative.  
 

Figure 2 demonstrates different representation options for Panel H Figure 1. The figure 

shows the response of the mispricing component to a tighter monetary policy and the 

corresponding simulated probability for the same time horizon. Panel A shows that the 

probability of the positive mispricing response is relatively low across the study period, 

except for the initial impact. These results differ significantly in comparison to Galí and 

Gambetti (2015); the probability in their paper reached 60-90% since the mid-1980s for 

different impact horizons. 

 
Figure 2: Different representation for the response of the mispricing component to a tighter 
monetary policy with an estimated probability for the bubble  

 
Note: In Panel A, the Y axis represents the probability of the expected positive mispricing response 
to monetary policy shock. In Panel B, the Y axis represents the expected response of the mispricing 
component of asset price for the different time horizons of 1 quarter (black), 1 year (purple), and 
3 years (blue). 
 
 

Panel A: Probability of a positive response of 
the mispricing component at selected time 
horizons (bootstrap-based estimated 
probability)  

Panel B: Estimated response of the 
mispricing component at selected time 
horizons   
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7 ROBUSTNESS TESTS 
 
Figure 3 presents the impulse response analysis for tightening monetary policy shocks 

using a constant coefficient VAR model. The constant model is considered a limited 

version of the main model in equation (7). Panels A and B show that monetary policy 

shock results in a positive yet decreasing trend in real prices and real interest rate, 

peaking after two quarters. Panels C and D show that GDP reacted negatively and 

returned to positive after 12 quarters. On the other hand, the GDP deflator reacted 

positively to a tighter monetary policy28. Panels E and F show that monetary policy 

tightening caused a persistent decrease in real stock prices and dividends. For stock 

prices, the decline was sharp, in contrast to Galí and Gambetti (2015), where the price 

index starts to recover shortly after the shock. Dividends, on the other hand, persistently 

responded negatively to a tighter monetary policy. Panel G demonstrates the response of 

the price fundamental component. The figure shows that it is persistently negative 

during the whole period, a rational dynamic considering the negative response of 

dividends to policy tightening. Panel F compares the expected response between the 

fundamental and the real stock price, where we note a large gap between the fundamental 

and price response to monetary tightening shock, indicating that the mispricing 

component of asset price has an expected negative response to a tighter monetary policy. 

On average, the fundamental component explains less than 40% of the expected price 

movements when the shock occurred.  

 
 
Figure 3. Constant coefficient VAR impulse-response analysis to monetary policy shocks 

Panel A: Nominal Interest rate                           Panel B: Real interest rate 

 
 
 

                                                      
28 In Galí and Gambetti (2015), the deflator declined in response to the policy tightening.  
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Panel C: GDP                                                                    Panel D: GDP deflator  

 
 
 Panel E: Dividends                                                         Panel F:  Stock prices 

 
  
Panel G: Fundamental component               Panel H:  Price and fundamental  

 
Note: The Y axis represents the magnitude of the response to a tighter monetary policy, 
and the X axis reflects the time horizon of the expected response29. 
 
Panels A-D in Figure 4 show four different time periods of constant coefficient VAR 

impulse response analysis for the real asset price and fundamental component. The time 

                                                      
29 In Figure 1 and 3 panel D, the results demonstrate the case of price puzzle in the Swedish economy as a 
result of a tighter monetary policy.  
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periods are 1990-1995, 1997-2000, 2003-2007, and 2008-2013. These different dates 

are expected to reflect different economic shifts and changes—for example, the crisis 

during the 1990s, the economic stable growth period, and the post crisis period. The four 

subsamples show similar patterns in the response for both asset prices and its 

fundamentals, with a noticeable decline in the asset price responses across the 

subsamples, possibly indicating that the fundamental component is becoming more 

responsive to policy shock.  

Figure 4. Different subsamples for the constant VAR response analysis to monetary policy 
tightening shock; the blue line represents the fundamental component, and the red line 
represents the real asset price.  

Period 1: 1990-1995          Period 2: 1997-2000 

Period 3: 2003-2007            Period 4: 2008-2013 

Furthermore, we recalculate the impulse response analysis for the TVP-VAR model with a shorter 
sample period, i.e., until Q1:2007. The motivation behind this step is to eliminate two crucial 
factors that may have an effect on the estimated TVP-VAR model: the negative interest rate that 
was set by the Riksbank since Q1:2015 and the financial crisis period.  
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Figure 5. Study period: Q1:1982 to Q1:2007  

Panel A: Fundamental component                                    Panel B:  Price minus fundamental 
                                                                                                   component (mispricing) 

 
Note: The Y axis represents the magnitude of the response to monetary shock, and the X axis 
represents the expected behavior of the response over 20 quarters.  
 
 
Figure 5 reports the expected response of the mispricing and the fundamental 

component. In addition, Figure 6 shows the probability of a positive mispricing response 

to a tighter monetary policy shock. Both figures were generally consistent with the results 

for the full sample, confirming the robustness of the estimation.  

 
Figure 6. Study period: Q1:1982 and Q1:2007; different representations of the response of 
the bubble component to a tighter monetary policy with an estimated probability for the 
bubble 

  
Note: The Y axis represents the probability of the expected positive mispricing response to monetary policy 
shock. In Panel B, the Y axis represents the expected response of the mispricing component of asset price for 
three different time horizons: 1 quarter (black), 1 year (purple), and 3 years (blue). 

Panel A: Probability of a positive response of 
mispricing component at selected time 
horizons (bootstrap-based estimated 
probability)  

Panel B: Estimated response of mispricing 
component at selected time horizons   
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8 DISCUSSION OF THE RESULTS  

 
Figures 1-3 suggest that real stock prices on the Stockholm stock exchange are expected 

to drop 6-11% on average in response to a tighter monetary policy. These figures are 

considerably high. However, they are not very far from the results of Bjørnland and 

Leitemo (2009), who find that in the US, real stock prices dropped 7-9% in response to 

a 1% monetary policy tightening shock. In addition, taking into consideration the higher 

volatility of the Swedish financial variables compared with their US counterparts, the 

results are reasonable. 

 

The assumption of exogenous shock is consistent with the view of central bank neutrality 

concerning asset prices. However, relaxing this assumption as a benchmark makes it 

possible to examine monetary policy from a different perspective. In Figure 7, we relax 

the exogenous condition for the monetary shock and allow for a degree of 

contemporaneous feedback from the stock market prices to the monetary policy. We 

arbitrary examine different calibration coefficients for the comovement between asset 

price and interest rate. In other words, the interest rate is expected to increase by 2 points 

as a result of an increase in the stock market by 10% (the results are demonstrated in 

Figure 7). Under different interaction calibration coefficients (0.001, 0.002, and 0.003), 

we find that the higher the interaction parameter, the more negative is the stock price 

response to a shock in interest rates. The results were consistent with the exogenous 

condition of the interest rate. Hence, examining the correlation between interest rate and 

stock price did not change significantly in either case of interdependence between 

monetary policy and stock prices. Beckers and Bernoth (2016) used a similar approach, 

where they consider monetary policy and economic variables endogenous in their paper.  

 
Figure 7. Mispricing component when considering interest rate as an endogenous variable 

 
Note: The Y axis represents the magnitude of the response to monetary shock, and the X axis 
represents the expected behavior of the response over 20 quarters.  
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The aforementioned results suggest that a tighter monetary policy in Sweden is expected 

to affect both components of the price negatively. In other words, the response to a 

tighter monetary policy was persistent enough to have both elements of the price, i.e., 

fundamental and mispricing components, follow the conventional view of a “lean against 

the wind” policy. 

 

We can derive from Figures 1 and 3, Panel H, that the theory of discounted future 

dividends could explain, on average, less than 40% of expected price movement when 

responding to an exogenous monetary shock. Beckers and Bernoth (2016)30 argue that 

there are two reasons for such behavior. The first reason is the stochastic and 

undetermined nature of asset prices. The second reason comes from the investors’ 

personal and emotional expectations about future equity premiums and fundamentals. 

Thus, both factors have an ambivalent nature when evaluating the expected response of 

the mispricing component to monetary policy shock. Both Galí and Gambetti (2015) and 

Beckers and Bernoth (2016) find that on average, mispricing accounts for 50% of the 

expected movement of the price. Furthermore, in comparison, Adam et al. (2017) find 

that fundamental movements in the SP500 prices are attributed to only one-third of the 

asset price movements, which is due to the inefficiency of how economic agents price the 

financial asset and their irrationality about signals from capital gains (or losses) when 

making investment decisions.  

 

Hence, the correlation between asset prices and monetary policy is not always 

straightforward and needs extra inspection due to the undetermined nature of the 

mispricing component. Sellin (pg.166. 1997) refers to this view in the context of the 

Swedish equity market; he argues that the deviation between the fundamental and the 

real price in the Swedish market may be attributed to monetary policy. We can further 

argue that monetary tightening may contribute to the creation of an excessive 

devaluation of asset prices. Such asset price movements are formed, according to Shiller 

(2000), by the discouraging and abstaining of investors to buy equity in the short term, 

which may cause a decrease in asset prices, contributing to the mispricing in the market.  

 

The results concerning the GDP and the GDP deflator suggest that there is cost associated 

with the “lean against the wind” policy that may place pressure on economic growth and 

                                                      
30 Beckers and Bernoth (2016) find that fundamental and equity premium elements could explain less than 
50% of the asset price movement. 
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welfare, consistent with studies such as Svensson (2014), where the author argues in 

opposition to a “lean against the wind” policy and brands it the wrong policy for Sweden 

because of the associated high costs in unemployment and inflation. 
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9 CONCLUSIONS 

One of the main objectives of policymakers is financial stability. The debate about the 

correlation between asset prices and monetary policy, in the context of neoclassical 

theory, is partially due to the financial markets being part of the monetary policy 

channels used by central banks. However, this correlation is not straightforward, 

especially during the structural changes in the economy resulting from the financial crisis 

or in the environment of quantitative easing in the aftermath of the financial crisis. This 

paper is an attempt to shed more light on this topic by presenting further evidence 

concerning the correlation of asset prices with monetary policy tightening in the Swedish 

equity market. Hence, we examined the dynamic interaction between the fundamental 

and mispricing components of asset prices with projected interest rate decisions. 

Following Galí and Gambetti (2015), we employ the TVP-VAR model with stochastic 

variance to address the structural changes in the economic data. 

The results suggest that both components of asset price (the fundamental and the 

mispricing) respond negatively when imposing exogenous monetary shocks. Hence, the 

results argue in favor of a “lean against the wind” policy during a bubble episode in the 

equity markets. Furthermore, the fundamental component of the price explains, on 

average, less than 40% of the price movement when imposing a tighter monetary policy, 

which adds further uncertainty to the correlation between asset prices and monetary 

policy. Nevertheless, this paper does not examine whether it is appealing to use interest 

rates as an instrument to directly affect asset prices, as this possibility is a different topic. 

The magnitude of the response of asset prices to monetary policy shocks has increased 

significantly since 2000.  

Furthermore, using the TVP-VAR in the paper suggests that nonlinear models are 

becoming a necessity to model the correlation between stock markets and interest rates, 

especially during boom/bust cycles, economic restructuring and the new environment of 

quantitative easing adopted by central banks after the global financial crisis.  

The results presented in this paper are generally consistent with a recent working paper 

by Blot, Hubert, and Labondance (2017), who used local projection methods to examine 

the linear and nonlinear correlation between variables in the euro area. Their findings 

indicate that monetary policy in the euro area does not contribute to the creation of asset 

price bubbles. Therefore, this paper extends Bolt et al.’s (2017) working paper by 
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examining the Swedish case and accounts for the transitory and permanent shifts in the 

coefficients. Thus, it may reflect the nonlinearity between variables more efficiently.  

 

This research can be extended by examining the dynamics correlation between housing 

market and monetary policy tools. This extension would allow the investigation of how 

housing wealth in the Swedish market would be affected by Riskbank’s decisions, 

especially in a quantitative easing environment.  
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1 INTRODUCTION 

Given the importance of the wealth effect generated from financial and housing assets 

for households and economic activities, extensive studies by academics and policy 

makers have examined the correlation between consumption and wealth32 (among 

others; Benjamin et al., 2004, Case, Quigley, and Shiller, 2005, Bostic, Gabriel, and 

Painter, 2009, and Paiella and Pistaferri, 2017)33. The general theoretical framework 

suggests that wealth is expected to change to maintain stable consumption during the 

lifetime of the household. Nonetheless, a sudden change in wealth would result in shifts 

in consumption34 (Paiella, 2009). Despite the extensive research, there is no consensus 

on how wealth affects household consumption. Recent economic crises, coupled with 

fluctuations in stock and housing markets, have revived attention to this correlation 

(Cooper and Dynan, 2016 and Mishkin, 2007).  

This paper provides further empirical evidence on the correlation between changes in 

housing and stock prices, with private consumption growth in the context of the Nordic 

countries Denmark, Finland and Sweden. To examine this correlation, this paper applies 

a time-varying parameter vector autoregression (TVP-VAR) model for the period 

between Q1:1980 and Q4:2016 (Q1:1982 and Q4:2016 for Finland). The intended 

contribution is to further clarify how changing dynamics in wealth elements differ in 

affecting household consumption and how this correlation evolved during times of 

economic restructuring and boom/bust periods in asset prices. The TVP-VAR model35 is 

expected to reflect the dynamic correlation between economic variables amid changing 

economic structures and financial turbulence. Moreover, this model accounts for sudden 

and gradual movements between variables, which may produce a better understanding 

of the correlation across the sample period. This point has not been fully addressed with 

respect to the correlation between wealth effect and consumption in the Nordic 

countries.  

32 In 2016, household final consumption constituted 58.33% of the World’s GDP (World Bank).  
33 In addition, the wealth channel is considered part of monetary policy transmission mechanisms, and this 
adds further importance to the re-examining of the correlation between wealth and consumption (Mishkin, 
2007, Milcheva and Sebastian, 2010, and Boivin, Kiley and Mishkin, 2010). 
34 Theory suggests the following long-term correlation between consumption, wealth and income during the 
life of a working household: = , where  is consumption during the lifetime of the household,  
refers to a proportionality factor, and  refers to the total resources.  is determined by a utility function, 
the asset return, and household age. Modigliani and Brumberg (1954) and Modigliani and Ando (1963) 
pioneered early work about this correlation under the life cycle hypothesis.  
35 The volatility of financial variables is stochastic by nature (Gokmenoglua, 2014). 
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Previous evidence about the correlation between different sources of wealth and 

consumption varies in the literature. Benjamin, Chinloy, and Jud (2004), Case, Quigley, 

and Shiller (2005), Bostic et al. (2009), Guo and Unal (2011), and Paiella and Pistaferri 

(2017), among others, find that households have a higher marginal propensity to 

consume (MPC)36 in response to an increase in housing wealth compared to an increase 

in financial wealth. Dvornak and Kohler (2007), Slacalek (2009)37, De Bonis and 

Silvestrini (2012), Shen, Holmes, and Lim (2014), among others, find that MPC is higher 

in response to an increase in stock market wealth in comparison to an increase in housing 

wealth. On the other hand, Belsky and Prakken (2004) find that both asset classes have 

a similar MPC in the long term. Aye et al. (2015) did not find a definite answer; instead, 

the authors found that wealth effects differ according to the time horizon and the 

direction of price changes. Mishkin (2007) and Sousa (2008) highlighted that the lack of 

consensus when investigating this correlation may be due to using different 

methodologies and different wealth measurements.  

Different major events during the last four decades have shaped the economies of the 

Nordic region—deregulation and economic restructuring, followed by the early 1990s 

financial crisis, the tech bubble crash, the crisis of 2008, and finally the sovereign debt 

crisis in the euro area in 2011. The deregulation in the 1980s in Finland and Sweden 

started during the peak of the economic cycle, while it started earlier for Denmark. 

Between 2002 and 2008, there was a period of great moderation coupled with high 

growth rates and stable employment38. Relaxing credit requirements during the 

deregulation period resulted in higher stock prices, housing prices and consumption 

(Berg and Bergström, 1995). The crisis in the 1990s become a systemic problem for 

Sweden and Finland and a nonsystemic one in the case of Denmark (Honkapohja, 2009). 

In the Nordic countries, the negative effect on housing prices during the recent financial 

crisis was not as bad as in other economies.  

Previous research that investigates the correlation between wealth and consumption in 

the Nordic countries is divided into two groups. The first group examined this relation at 

the individual country level—for example, in Chen (2006), Berg and Bergström (1995), 

and Sierminskaand and Takhtamanova (2007), among others. The second group of 

36 The increase in consumer spending results from an increase in household wealth measured in currency 
units. 
37 Slacalek (2009) forms this conclusion for the case of OECD countries, except in the US and the UK. 
38 Please refer to Honkapohja (2009) for a detailed explanation on the crisis periods in the Nordic region 
since the 1980s. 
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studies used a panel regression analysis. In this group, examining the correlation 

between wealth and consumption in the Nordic countries was mostly in the context of 

the OECD countries using panel regression analysis—for example, Case, Quigley, and 

Shiller (2005), Ludwig and Sløk (2004), Guo and Unal (2011), and Shen, Holmes, and 

Lim (2015), among others39. Mishkin (2007) pointed out that aggregating cross-country 

data may not be the best option for this type of study because of the expected differences 

across countries related to economic condition, institutional structure, wealth 

distribution, and differences in the financial system. Labhard, Sterne, and Young (2005) 

advanced a similar critique for cross-country analysis. In comparison to other OECD 

countries, the Nordic countries have a unique economic model that comprises small open 

economies with high taxation and income redistribution. In addition, there is a large 

public sector that accounts for more than 50% of the GDP (Andersen et al. 2007). 

Consumption constitutes a significant portion of the GDP in the Nordic countries. For 

example, in 2016, this share was 55.3% in Finland, 44.3% in Sweden and 47.4% in 

Denmark (World Bank, 2016). In addition, previous research that examined this relation 

in the Nordic countries did not sufficiently account for the structural changes in their 

economies. Most of the literature that examined the Nordics belongs to the second group. 

Home ownership rates in 2016 were 62% for Denmark, 71.6% for Finland, 65.2% for 

Sweden, 66.2% for the euro area (2015 figure) and 63.7% for the US. On the other hand, 

the direct stock market participation rate is not very high (Finland: 18.7%, Sweden: 22%, 

and Denmark: 28%; Giannetti and Koskinen, 2010). Furthermore, on average, 

household savings as a percentage of household disposable income is the highest in 

Sweden (15.1%) and Denmark (6.2%) compared with the average European Union 

countries (3.2%), while Finland (-1.7%) has had a negative savings rate since 2015 

(OECD, 2017). Ludwig and Sløk (2004)40 noted that Finland and Denmark belong to the 

category of banking-based economies, whereas Sweden is considered a market-based 

financial economy. The financial structure of the economy may affect the transmission 

mechanism of how wealth affects consumption. Cooper and Dynan (2016) suggested that 

wealth distribution in the developed countries needs to be taken into consideration when 

examining the correlation between wealth and consumption. Another reason research 

should consider the Nordic region a separate study group is that the countries generally 

39 Nonetheless, there are studies that examined individual Nordic countries. However, what makes this 
study unique is that it examines the three Nordic countries in one study and compares the wealth effect 
between the countries. 
40Ludwig and Sløk (2004) argue that this categorization of countries as either banking- or financially based 
is arbitrary. 
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have an excess demand for housing in comparison to supply. This situation is due to the 

high degree of regulation in issuing building permits, especially in urban areas. The 

rental market has the same degree of high regulation (IMF 2013 report).  

From a methodological perspective, cointegration analysis is one of the main methods 

used to measure the long-term correlation between wealth and consumption (Paeilla, 

2009, and Cooper and Dynan, 2016)41. Carroll, Otsuka, and Slacalek (2011) criticized this 

approach because the model assumes a long, stable correlation between consumption 

and wealth. However, there are structural changes between economic variables that may 

contradict this assumption. Furthermore, the correlation between household 

consumption and wealth is not straightforward; credit constraints in the financial system 

may contribute to the complexity of the correlation. Paiella (2007) indicated that the 

current evidence from MPC about the correlation between wealth and consumption does 

not reflect any behavioral patterns by household or the timing factor of spending 

decisions. Thus, the use of cointegration analysis or static vector autoregression (VAR) 

models during a changing economic environment may become insufficient in terms of 

reflecting these dynamics. Instead, use of a time-varying parameter vector 

autoregression (TVP-VAR) model with stochastic variance may reflect part of these 

changes and nonlinearities (Koop and Korobilis, 2013). Mishkin (2011) noted that during 

financial crises, nonlinearity becomes more prominent. The model employed in this 

paper is estimated using Bayesian inferences and utilizes Markov chain Monte Carlo 

algorithms to simulate the posterior distribution of the coefficients42. Moreover, the 

dynamics are derived from innovations in both variance-covariance matrices and the 

model coefficients. Thus, the model may have better potential to reflect transitory 

movements in asset prices43.  

Therefore, this paper adds to the debate about the correlation between wealth and 

consumption in the context of two events: the current trend in asset price volatility and 

quantitative easing policies that were implemented after the 2008 global financial crisis. 

The results in this paper suggest that the estimated stochastic volatility, excluding stock 

price, has a downward trend after economic deregulation and the liberalization of the 

41 Both are survey studies. 
42 Bayesian inferences are preferable over maximum likelihood in the case of nonlinear modeling. In 
addition, this family of models allows us to overcome the over-parametrization problem emerging from the 
large amount of data and variables in the VAR (Koop and Korobilis, 2013). 
43 Asset prices have a transitory innovation by nature (Lettau and Ludvigson, 2004). 
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financial market. The restructuring process had caused shifts in how economic 

variables interact with each other. Generally, the magnitude of the consumption 

response to a shock in housing prices is much higher in comparison with a shock in 

stock prices. The results indicate that stock-price changes do not drive consumption in 

financial-based economies in the case of Sweden. The participation rate in the stock 

market did not contribute to the correlation between stock price and consumption, i.e., 

a higher stock ownership rate did not cause a higher stock-price effect on consumption 

in the case of Denmark. The consumption responses to stock-price shocks were mixed 

and varied from positive to negative in the case of Finland (banking-based economy), 

with the highest response to asset price shock in Sweden (financial market-based 

economy). 

The reminder of this paper is organized as follows. The second section explains the 

methodology, while the third section examines the used data. In the fourth section, we 

present the main results, including the convergence test for the MCMC simulation and 

the robustness test for the results. Finally, we state the conclusion.  
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2 METHODOLOGY 

This section introduces a time-varying parameter vector autoregression (TVP-VAR) 

model and the used distribution and hyperparameter of the Bayesian inferences. Since 

Sim’s (1980) paper, the VAR model has become popular for modeling macroeconomic 

and financial data. However, VAR models may suffer from an overparametrization 

problem. In particular, this problem may occur under a stochastic volatility assumption 

and with a time-varying parameter in the model. Thus, Bayesian inference becomes 

popular to overcome these issues (Koop and Korobilis, 2013). The TVP-VAR with 

stochastic variance model was developed by Primiceri (2005). The time-varying 

coefficients are expected to reflect nonlinearities and a changing structure in the 

correlation between the data. The variations in the parameter were extrapolated from 

both the variance covariance matrix and the coefficients in the model. In many cases, 

economic variables appear to have drifting coefficients with stochastic volatility. 

Therefore, modeling these coefficients and ignoring the stochastic nature of the volatility 

may yield a biased estimation. The MCMC algorithm is preferable as a numerical 

integration tool for this model (Nakajima, 2011). 

Reflecting the changing economic environment in the model may be achieved by splitting 

the data and estimating the model with subsamples (Clarida, Galí and Gertler, 1998). 

However, Stock and Watson (1996) indicate that a multiple subsample may result in 

instability in the VAR model. In addition, identifying the subsamples imposes multiple 

restrictions on the model44. The TVP-VAR model provides a less restrictive option when 

examining changing economic conditions, where it outperformed the static counterpart 

models (Arratibel and Michaelis, 2014, and Nakajima et al., 2011).  

Following Primiceri (2005) and Nakajima (2013)45, we consider the following VAR 

model: = + , + + , +       t=1,…,T.,                                              (1) 

where  is the intercept with (n*1) as the vector of time-varying coefficient,  is an (n*1) 

vector of endogenous variables, and ,  are (n*n) time-varying coefficients.  is 

heteroskedastic unobservable shock with ~ (0, ).  is the variance-covariance 

matrix and can be decomposed as the following: = , with the assumption 

that  and  have the following structure: 

44 Ludwig and Sløk (2004) split their study period to assess the sensitivity of the MPC before and after 1988. 
45 We mainly follow Nakaijma (2013) when setting the properties and notation of the model.  
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= ,0 0     …,        000       0 ,              and       =   1 , 0 …1 00, ( ),  1 ,                    (2) 

Hence, we can summarize the model in equation (1) by stacking the coefficients in ,  

and , with the assumption of the time-varying parameter (TVP) within the VAR 

equations system as follows: = + ,                with   =                                                                     (3) 

with t=s+1…n and = [1, ,  … , ],        where  is the Kronecker product. 

In TVP-VAR, the coefficients in  and  follow a random walk process, and  is 

modeled as a geometric random walk similar to ARCH modeling as follows46 (the 

variance in this case, however, is considered to have unobservable states): 

 = + ,  = + , = + , with =  and with the 

following assumption concerning the variance-covariance matrix and joint normal 

distribution for the innovations: 

~N 0, I 0 00 000 00 0
000 ,         (4) 

where ,    are assumed to be diagonal matrices, and  is an n dimensional 

identity matrix. The random walk assumption for the parameter permits the model to 

capture any temporary or permanent shifts in the coefficients47. Bayesian inferences have 

been utilized to estimate the posterior distribution of the parameter in (3). The 

assumption of multivariate stochastic volatility allows us to account for nonlinearity in 

the contemporaneous relationship between variables in addition to the 

heteroskedasticity in the shocks (Primiceri, 2005). 

The random walk assumption in the time-varying parameter has the embedded 

undesired property that the probability of hitting the lower or the upper bound equals 

one. Thus, choosing a tight prior for the covariance matrix parameter allows avoiding the 

undesired behavior generated from this assumption (Primiceri, 2005). We set the initial 

states for the parameter in the Bayesian inferences to indicate that there is no prior 

46As the used sample is relatively short, the random walk assumption would probably not pose any 
estimation inconsistency concerning the parameter.  
47 The assumption that the parameter follows a stationary AR (1) process may ensure that the model does 
not over-fit the data. However, this assumption is at the expense of failing to reflect the structural changes 
in the data (Nakaijma, 2011). Therefore, we consider the random walk assumption in this paper. 
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information about the data. In other words, the initial values for the parameter in the 

prior distribution of ,  and  are identified as follows: = = = 0, 

and = = = 10 . A similar approach has been implemented in Nakaijma 

(2011). Setting a flat prior may allow us to avoid the volatile period in the Nordic 

economies during the 1980s, if we choose to use this period for the initial state 

identification48.  

This paper specifies the priors’ distribution for the i’th diagonal elements of the 

covariance matrix as follows49: ~ (20, 0.01 ), ( ) ~ (2, 0.02), ( ) ~ (2, 0.02), with IW denoting the Inverse-Wishart distribution and G the 

Gamma distribution. We followed the literature when choosing the distribution of 

parameters’ priors (among others, Nakajima et al., 2011, Nakaijma 2013, Aye, Gupta, and 

Modise, 2015, and Aye, Simo-Kengne, Miller, and Gupta, 2015). Gelman (2006) noted 

that the inverse-Whishart and inverse-Gamma distributions become an informative 

prior when using small variances. Moreover, using a flat prior may still produce a proper 

posterior distribution. Lancaster (2004) argues that even in the case of using an 

improper prior, it may still yield a proper posterior, where it may be considered an 

asymptotic approximation for a proper posterior distribution.  

48 Primiceri (2005) chose the first 20% of variables to calibrate the initial states of the parameter for prior 
distribution choices. 
49 The choice of the hyperparameter is arbitrary, following Nakaijma (2013). 
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3 DATA  
 
To examine the wealth effect on consumption, we use quarterly frequency and the 

following four endogenous variables: real household consumption50, real housing prices, 

real disposable income, and real stock prices for the period between Q1:1980 and 

Q4:2016 for Sweden and Denmark and Q1:1982 and Q4:2016 for Finland. These 

variables partially reflect the components of household wealth and private consumption 

in the life cycle hypothesis51. The order of the variables is justified by the fact that private 

consumption will be affected with a lag to wealth variables. We calculate the differenced 

logarithmic changes for variables to ensure stationarity in the data.  

  

The correlation between wealth and private consumption is not as straightforward when 

there are many factors affecting the correlation. For example, there could be household 

age, employment status, house ownership, and indirect ownership of financial assets via 

pension contributions, among other factors. We justify using the changes in real housing 

and stock-price changes as a proxy for household wealth for three reasons: data 

availability, exploit quarterly frequency since the early 1980s, and the scarcity of reliable 

data about household wealth52. During this period, economic restructuring in the Nordic 

countries took place. A similar approach was implemented in the literature (for example, 

in Ludwig and Sløk 2004, Aoki et al., 2004, Aye, Gupta, and Modise 2015, Aye, Simo-

Kengne, Miller, and Gupta 2015, among others).  

 

For the consumption variable, we use the total real aggregate consumption for each 

country, including durable goods, nondurable goods, and services. This approach is 

common in this area of research (for example in Case et al., 2005). Following Aye et al. 

(2015) and to make the comparison between different wealth effects easier, we 

standardize the stock and housing prices in addition to disposable income with a 

standard deviation. All variables are expressed in the local currencies. The real housing 

price data are retrieved from the OECD analytical database. Consumption, disposable 

income, and stock-market data are retrieved from Datastream. We chose the number of 

lags according to statistical information criteria for static VAR. A similar approach was 

applied in Gupta et al. (2014), Jebabli et al. (2014), Simo-Kengne et al. (2015), and Aye 

et al. (2015), among others, where the authors applied a TVP-VAR model with stochastic 

                                                      
50 We follow the concept of consumption defined as follows: “the value of goods and services consumed by 
households and nonprofit institutions serving households expressed in local currency” (Datastream). 
51 Ludwig and Sløk (2004) used a similar set of variables. 
52 Wealth data reliability issues were raised in Paiella (2009). 
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variance and used information criteria for the constant variance. In this paper, the 

Schwarz and Hannan-Quinn information criterion suggests using one lag for Sweden, 

Finland and Denmark. The low lag order is not very uncommon for VAR models where, 

for example, Bonci (2011) used the first lag when examining monetary policy 

transmission in the euro area. Table 1 provides summary statistics for the data. Sweden 

has the highest stock and housing return means compared with Denmark and Finland. 

Denmark has the highest standard deviation for consumption and housing, and Finland 

has the highest standard deviation in stock returns, i.e., higher volatility in comparison 

with other countries. 
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4 RESULTS 
 
In this section, we present the convergence test, the estimated stochastic volatility and impulse 

response analysis results from the time-varying parameter vector autoregression model. We 

mainly focus on the analysis of consumption and stock and housing prices. Moreover, this 

paper utilizes a constant parameter VAR as a benchmark model for the results. As a robustness 

test, market capitalization data are used as a substitute for stock prices.  

 

4.1 Convergence test 

 

Table 2 reports the estimation for the means’ posteriors, the 95% confidence intervals and the 

standard deviation for the coefficients. In addition, it reports the convergence diagnostic test 

of Geweke (1992) and the inefficiency factors. The inefficiency factor and Geweke test examine 

the correlation of the draws and how well the Markov chain mixes. The inefficiency factor is 

calculated as (1 + 2 ), where  is the sample autocorrelation element, and k is the 

number of lags. Moreover, Geweke’s (1992) convergence diagnostics, henceforth CD, can be 

calculated as follows: = ( )/ + / , where = ( ) ;  ( ) is 

the i’th draws, and    are the first and the last n draws of the Markov chain sequence, 

respectively. /  is the standard error of .  is the bandwidth of the Parezen window, 

which is used to calculate  (Nakaijma et al., 2011). The null hypothesis for the CD is 

whether the means of the draws at the start of the chain are independent from the draws at 

the end of the chain. 

 

We obtained the estimation of the TVP-VAR after 30 000 iterations for the three countries. 

We disregarded the first 10% of the draws in the burn-in period to stabilize the Markov chain 

within the proposed distribution.  

 
Table 2 Geweke and inefficiency test for selected coefficients 

 

Panel A: Denmark  

Parameter Mean Stdev 95% intervals CD Ineff. ( )  0.0414 0.0117 [0.0249 0.0692] 0.453 45.73 ( )  0.0407 0.0109 [0.0247 0.0666] 0.838 43.17 ( )  0.0700 0.0205 [0.0410 0.1207] 0.539 44.36 ( )  0.0723 0.0257 [0.0399 0.1384] 0.646 62.34 ( )  0.2452 0.0832 [0.1168 0.4413] 0.011** 69.57 ( )  0.2941 0.1028 [0.1397 0.5313] 0.941 82.17 
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Panel B: Finland  

Parameter Mean Stdev 95% intervals CD Ineff. ( )  0.0426 0.0124 [0.0252 0.0725] 0.129 50.01 ( )  0.0419 0.0117 [0.0256 0.0700] 0.349 42.08 ( )  0.0559 0.0145 [0.0354 0.0912] 0.915 34.44 ( )  0.0709 0.0215 [0.0404 0.1224] 0.521 45.20 ( )  0.4246 0.1152 [0.2254 0.6769] 0.549 46.58 ( )  0.3516 0.0957 [0.1976 0.5705] 0.650 38.96 
 
Panel C: Sweden  

Parameter Mean Stdev 95% intervals CD Ineff. ( )  0.0399 0.0107 [0.0245 0.0655] 0.295 31.75 ( )  0.0395 0.0116 [0.0245 0.0691] 0.336 48.91 ( )  0.0639 0.0182 [0.0381 0.1084] 0.496 47.34 ( )  0.0662 0.0215 [0.0377 0.1201] 0.008*** 61.21 ( )  0.2265 0.0741 [0.1150 0.4040] 0.803 63.93 ( )  0.3620 0.0916 [0.2091 0.5645] 0.420 45.52 
Note: ***, ** and * are at a significance level of 1%, 5% and 10%, respectively.  
 
In Table 2, the subscript numbers 1 and 2 for the parameter refer to the first and second 

diagonal elements in ,  and . The convergence diagnostic (CD) test did not reject the 

efficient convergence of the Markov chain to the posterior distribution of the parameter at 5% 

significance (except in two chains). Moreover, the inefficiency indicators are generally at an 

acceptable level for all the mean posterior groups, where lower values indicate a better 

convergence in the MCMC (Nakajima, 2013 and Primiceri, 2005)53. Thus, the results suggest 

that the burn-in period is sufficient for the convergence of the Markov chain. Figure 5 in the 

appendix plots the MCMC estimation of the parameter, where the autocorrelation of the 

MCMC draws is shown; the middle panel represents the sample path, and the bottom panel 

represents the posterior densities. Figure 5 and Table 2 demonstrate that the MCMC 

algorithms generate an efficient posterior distribution.  

 

4.2 Time-varying volatility modeling 

 

Figure 1 presents the posterior estimation of stochastic volatility (SV) in Denmark, Finland, 

and Sweden. SV does not directly reflect the raw data but rather the residuals of the VAR 

model, which is equivalent to = exp ( 2). Generally, the variables show a change stochastic 

volatility across the study period. These distinct changes indicate shifts in stochastic volatility, 

justifying the usage of the TVP-VAR.  

                                                      
53 In the case of Primiceri (2005), the inefficiency test values were less than 75.  
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A common characteristic for housing price SV is that it has one distinct spike and other minor 

spikes. The major spike is during the 1980s and 1990s, and the second (minor) spike is around 

the year 2008. Moreover, SV for the variables, excluding stock price, has a downward trend 

after economic restructuring during the 1980s. We note the lack of synchronization between 

consumption and the stochastic volatilities of other variables.  

 

In more detail, the results for Denmark show that housing had a higher SV in the pre-2000s 

and peaked during the mid-1980s. Thereafter, volatility decreased across the study period, 

with a minor increase during 2010. Consumption’s SV peaked during the late 1980s and 

early 1990s, with a small spike during the recent financial crisis, but with a lower magnitude 

compared with the one during the 1990s. Stock prices have a relatively high SV, with peaks 

during the 1980s period, the tech bubble, and the recent financial crisis. The mid-1980s 

marked the end of the economic liberalization process. In addition, the magnitude of SV 

increased during recent crises in comparison with the pre-2000s period. Disposable income 

demonstrates a relatively stable SV, except for the spike during the 2008 crisis.  

 

For Finland, the results indicate that housing price SV peaked during the 1990s and had a 

minor spike during the recent financial crisis. Consumption volatility peaked during the 

early 1980s and 1990s crises and peaked again during 2011. In other words, the recent 

financial crisis did not have an immediate effect on consumption volatility for Finland. For 

the stock market, the bubble burst during 2000 is much more visible for Finland compared 

with the other countries. Furthermore, disposable income SV had a significant spike during 

the 1990s and became relatively stable thereafter.  

  

For Sweden, housing price SV peaked during the 1990s and 2008 crises. Both stock and 

consumption SV follow a similar trend, where volatility started high in the pre-1990s with a 

downward trend during the study period. Disposable income SV peaked during the early 

1980s, early 1990s, and mid-2000s. Afterward, volatility stabilized. 

 

Figure 1 demonstrates that the stochastic volatility of disposable income has different episodes 

of high volatilities in the three countries. One explanation of such movement in the SV is the 

volatility in unemployment rates54.  

 
                                                      
54 We added the changes in unemployment rate graph in Figure 7 in the appendix. This paper sets the square 
differenced logarithms of seasonally adjusted unemployment volumes as proxy for “realized” volatility of the 
unemployment rate. Unemployment is defined according to the international labor organization (source: Oxford 
Economics). Figure 7 in the appendix shows a clear jump in unemployment rates’ volatility in the three economies 
during specific time periods. These movements are directly reflected in the disposable income SV in Figure 1.  
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Figure 1: posterior estimate for stochastic volatility  

Panel A: Denmark                                                                                              

  
Panel B: Finland 
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Panel C: Sweden                                                                                             

  
Note: This figure demonstrates the posterior estimate for stochastic volatility of the structural shock, =exp ( 2). The upper part of the graph (red) represents the data sample. The graph below (blue) represents the 
posterior means estimates, with 95% confidence  intervals of stochastic volatility for housing prices, stock prices, 
disposable income (labor) and consumption.  
 
 
4.3 Impulse response analysis55 
 
The impulse response function, IRF, allows us to examine the expected propagation of the 

shock and the dynamics of consumption in response to changes in housing and stock market 

prices. What makes the impulse response analysis in the TVP-VAR model different compared 

to the static VAR is that it estimates the response for the shock at each point in the sample 

rather than the average response for the whole sample. Furthermore, we set the impulse 

                                                      
55 In this paper, we mainly focus on wealth and consumption and do not include disposable income in the impulse 
response analysis.  
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response analysis of the static VAR as a benchmark, where it is considered a limited case of 

the TVP model. Hence, we calculate the impulse response and choose three different time 

points to test for the response—1990, 2009, and 2012 for the four countries. These points of 

time reflect the great depression in the Nordics, the global financial crisis and the more recent 

sovereign European debt crisis. The size of the shock is one standard deviation, with the 

assumption of independent shocks. The focus in this paper is on the expected response 

analysis of consumption changes during three different time horizons: one, four, and eight 

quarters.  For Denmark, Figure 2 shows the consumption response to a shock in housing and 

stock prices. The results suggest that the expected response of consumption is positive for both 

asset classes, with a diminishing magnitude of expected response for 4 and 8 quarters.  

 

The magnitude of the expected response is significantly higher for 1 quarter in comparison 

with longer horizons. The response has a changing nature, showing an increased magnitude 

in response to a shock, especially after the 1990s (i.e., after the restructuring period and the 

beginning of the volatility period in the Danish economy). The peak of the response was during 

the recent financial crisis.  

 

On the other hand, the consumption response to a shock in the stock market varies across the 

study period; it becomes low during the 1990s before later developing an increasing trend until 

the recent 2008 crisis, after which it drops56. This behavior may indicate that during a 

financial crisis period, consumption becomes less responsive to a stock price shock. The 

response for longer horizons (4 and 8 quarters) is positive, with a very low and stable 

magnitude across the study period.  

The magnitude of the response for a shock in housing prices is much higher in comparison 

with stock prices. According to Ludwig and Sløk (2004), Denmark belongs to the category of 

banking-based economies. Thus, the results are consistent with Ludwig and Sløk (2004)57, 

who find that housing wealth has a higher effect on consumption. The results from the static 

VAR are consistent with the results of the TVP model.  

 

 

 

 

 

 

                                                      
56 The expected response for a 1% shock in housing price ranges from 0.1-0.25%, and for a stock price shock, 0.02-
0.075% 
57 Ludwig and Sløk (2004) use panel data analysis in the context of autoregression distributed lag analysis 
(ARDL).  
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Figure 2: Impulse response analysis for the TVP-VAR and Static VAR for Denmark 

 
Note: Impulse responses of consumption growth to shocks in real housing and stock returns, where the 
Y axis is the response magnitude, and the X axis is the time horizon.  
 
Figure 3 shows consumption responses to a shock in house prices and stock prices in quarterly 

changes in Finland. The results suggest that the expected response of consumption to a stock 

price shock varies from positive to negative over time and forecast horizons. On the other 

hand, the response to a shock in house prices is positive across different time horizons. The 

magnitude of both types of shock has a diminishing propagation for 4 and 8 forecasted 

quarters. Consumption response is dynamic and demonstrates that there is an increased 

sensitivity (magnitude of the response) to a shock after the 1990s, where it ranges from 0.11-

0.3%. The peak of the response was before the recent financial crisis.  

 

The negative periods of consumption response to shocks in stock prices were during the 

bubble/bust period in 2000 and after the 2008 crisis. The response for longer horizons (4 and 

8 quarters) was positive and stable across the study period. The magnitude of the response for 

a shock in house prices is much higher in comparison with a shock in stock prices. Finland is 

categorized as a banking-based economy, and the results in this case are according to Ludwig 

and Sløk (2004), concerning the banking-based economy. Furthermore, the results from the 

static VAR are consistent with the results of the TVP model in both the magnitude of the 

response and the peak timing. In addition, the static VAR results show that the response has 

a fast-diminishing magnitude for both shocks, except during the 1990 period, where the shock 

was persistent for more than 10 quarters.  
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Figure 3: Impulse response analysis for the TVP-VAR and Static VAR for Finland 

 
Note: Impulse responses of consumption growth to shocks in the real housing price and stock returns, 
where the Y axis is the response magnitude, and the X axis is the time horizon. 
 
Figure 4 shows the consumption response to a shock in the housing market and stock price 

quarterly changes for Sweden58. Consumption response patterns to shocks in house prices 

across different time horizons are positive, and the magnitude of the response is significantly 

higher for 1 quarter in comparison with other horizons. This response has a changing nature, 

showing an increased sensitivity to shock, especially after the 1990s. The peak of the response 

was after 2010.  
 

On the other hand, the response of private consumption to a shock in stock market prices 

varies across the study period with an increasing trend. The response for longer horizons (4 

and 8 quarters) was positive and stable across the study period but close to zero. The 

magnitude of the response for a shock in housing prices is much higher in comparison to a 

shock to stock prices. Furthermore, the magnitude of private consumption response to a shock 

in stock price is highest in Sweden in comparison to other Nordic countries. According to 

Ludwig and Sløk (2004), Sweden belongs to the category of market-based economies, but in 

contrast with Ludwig and Sløk’s (2004) findings, the private consumption response to a shock 

in house prices was higher. The results from the static VAR are consistent with the results of 

the TVP model in both the magnitude and the sign.  

                                                      
58 The expected response of consumption to a 1 % increase in house price shock for a 1 quarter horizon ranges 
from 0.15 to 0.23% and for a stock price shock 0.07 to 0.15%. 
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Figure 4: Impulse response analysis for the TVP-VAR and Static VAR for Sweden 

 
Note: Impulse responses of consumption growth to shocks in the real housing prices and stock 
returns, where the Y axis is the response magnitude, and the X axis is the time horizon. 
 
 
Furthermore, as a robustness test, we substitute stock price changes with market 

capitalization59 changes for the four countries; Ludwig and Sløk (2004) used a similar 

approach. In this case, the available sample starts from 1994. The shorter study period allows 

us to omit the effect of the economic crisis during the 1990s. We focus the analysis on the 

expected response of 1 quarter, since the magnitude of the response for longer time periods is 

very low. Figure 6 in the appendix demonstrates that the results did not significantly change. 

Housing wealth has a higher effect in comparison with financial wealth. However, there are 

changes in the details of how wealth shock propagation affects private consumption. In 

Finland, the consumption response to a shock in stock price remains negative during the study 

period. For Denmark, the magnitude of the consumption response to a shock in the stock price 

has increased, but it is below the magnitude of the response to a housing shock. Moreover, 

after 2013, the consumption response has become negative.  

 

These results are not very far from the established literature that examines the relation 

between wealth and consumption. For example, in the case of multiple country aggregated 

data, Ludwig and Sløk (2004) find that elasticity of consumption relative to financial wealth 

                                                      
59Adjusted for inflation. 
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is 0.025-0.052 and is 0.012-0.018 for housing wealth. In their paper, Ludwig and Sløk (2004) 

employ a panel autoregressive distributed lag model (ARDL). Case et al. (2005) find, for the 

panel of 14 countries, that elasticity of the correlation between housing wealth and 

consumption is between 0.11 and 0.166; for financial wealth, the range is (-0.010)-0.02. 

Furthermore, Bertaut (2002) finds that the elasticity between consumption and wealth range 

is 0.09-0.23 for financial wealth and 0.1-0.16 for equity wealth. In the case of the US, Aye et 

al. (2015) use TVP-VAR with yearly frequency and find that the expected response of 

consumption to a shock in housing price ranges between (-0.05) and 0.2, whereas the expected 

response to a shock in stock price is from (-0.35)-0. In the case of an individual country study, 

Chen (2006) finds that, in the short term, consumption is expected to increase by 0.064 (after 

1 quarter) in the case of a 1% increase in housing wealth and by 0.054 in the case of a 1% 

increase in financial wealth (after 3 quarters). Sierminskaand and Takhtamanova (2007) find 

that elasticity of consumption to financial wealth is 0.02 and is 0.1 to housing wealth. The 

authors used a reduced-form model. Hence, the negative correlation between wealth and 

consumption is observed in the literature, depending on the methodology and the wealth 

measurement.  

 

The results in this paper for the three countries suggest that consumption responds positively 

to a shock in housing prices; this response is according to theory. The results concerning stock 

price changes were mixed and vary over time. Furthermore, consumption sensitivity to house 

price changes and stock price growth (the magnitude of the response) increased after post 

economic restructuring during the 1980s. The results suggest that the magnitude of response 

to a shock in house prices is higher (on average, twice the magnitude) compared with the stock 

price shocks across the study period. We find that for both types of shock, in housing and stock 

market prices, the magnitude of the expected response of consumption becomes significantly 

low for the 4 and 8 quarters ahead horizon. One possible explanation for the diminishing effect 

of wealth for longer periods of time is that asset price movements have transitory innovation; 

this point was highlighted by Lettau and Ludvigson (2004). 

 
Lehmussaari (1990) did not find a clear indication that economic restructuring changes in 

Sweden affect the correlation between consumption and other economic variables. 

Nonetheless, the results in this paper suggest that economic restructuring has altered this 

relation. Previous research argues that the effect of housing wealth on consumption is greater 

than the effect of financial wealth, possibly due to the higher percentage of private household 

ownership in the Nordic countries compared to participation rates in the stock market. The 

high ownership rate indicates that housing wealth is more distributed among the population 

in comparison to a more concentrated ownership of financial wealth. Furthermore, the 
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deregulation of the early 1980s, creating an environment of easy credit, may further contribute 

to having a higher housing wealth effect on consumption. Ludwig and Sløk (2001) identify two 

transmission channels that explain the positive correlation between housing wealth and 

consumption: the realized and unrealized wealth effect channels. The realized wealth effect is 

generated from refinancing or selling the property. Unrealized wealth is generated from the 

sentiment that households have more wealth than before, resulting in further consumption 

decisions. 

 

On the other hand, the negative correlation between stock-price quarterly changes and 

household consumption may be due to the following. During the working life of a household, 

stock-market performance exceeding household expectation creates an incentive for the 

individual to increase her/his stock holdings at the expense of less consumption, so she/he 

can have a higher retirement contribution (Choi, Laibson, Madrian, and Metrick, 2009). A 

similar approach was introduced by Ludwig and Sløk (2001), where the authors explain the 

negative correlation between financial wealth and consumption with the substitution channel. 

This channel suggests that higher stock prices encourage households to increase their holdings 

in the stock market and delay consumption spending. 

 

The results in this paper belong to the line of research that argues that housing wealth has 

more of an effect on consumption, similar to Benjamin et al. (2004), Case et al. (2005), 

Sierminska and Takhtamanova (2007), Bostic, Gabriel, and Painter (2009), Guo and Unal 

(2011), and Paiella and Pistaferri (2017), among others. During the study period, there was a 

change in both the magnitude and sign of the response, which was similar to the Aye, Simo-

Kengne, Miller, and Gupta (2015) findings for the US market. 

 

What makes this study prominent compared with previous studies is that it shows not only the 

expected impulse-response analysis between wealth and consumption in static VAR but also 

how the relation has changed during the study period without dividing the study sample into 

subsamples and the restrictions that come with such a solution in the Nordic context. 

Nonetheless, in comparison with the literature, the range of the wealth effect over 

consumption does not change significantly, even when using the TVP-VAR analysis. There are 

caveats concerning using stationary data when examining the relation between consumption 

and wealth. Taking the first difference may cause lost information for the long-term relation 

between variables (Brook, 2008). Nonetheless, using stationary data allows a stable 

estimation for the VAR, and it is common practice in the literature when examining the wealth 

effect on consumption with VAR analysis—for example, in Aye, Simo-Kengne, Miller, Gupta 

(2015) and Edelstein and Lum (2004), among others. 
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5 CONCLUSIONS 

This paper provides further empirical evidence on the correlation between changes in housing 

and stock prices and private consumption quarterly changes in the Nordic region. To examine 

this correlation, we use a time-varying parameter vector autoregression (TVP-VAR) model 

with stochastic variance to reflect the dynamics of the changing economic structure during the 

period between Q1:1980 and Q4:2016 (Q1:1982 and Q4:2016 for Finland). We used the 

following variables: real household consumption, real housing prices, real disposable income, 

and real stock prices. 

The results suggest that estimated stochastic volatility has a changing nature, with a downward 

trend after economic deregulation and the liberalization of the financial market. The 

restructuring process, which ended during the mid-1980s, may have caused shifts in how 

housing wealth may interact with private consumption.  

This paper suggests that consumption response to a 1% shock in housing prices is higher 

(approximately twice the magnitude) compared to a shock in stock prices in the four countries. 

The response for longer time period horizons (4 and 8 quarters) was positive but negligible. 

These shocks have a transitory nature and dissipate in the short term. Moreover, the 

response to stock market shocks was mixed and varies from positive to negative in the case of 

Finland (banking-based economy). The participation rate in the stock market did not play a 

role in this correlation, which may indicate that financial wealth does not drive consumption 

in a financially-based economy (Sweden), which is in contrast to the findings of Ludwig and 

Sløk (2004) and Slacalek (2009).  

The results from the benchmark model, static VAR, did not differ from the results of the TVP-

VAR model. We provide a robustness test by substituting the stock price changes with market 

capitalization and the study period between Q1:1994 and Q4:2016. Generally, the results 

support the main findings in this paper and offer a similar story and outcome, albeit with 

differences in details; the consumption response for a shock in financial wealth in Finland did 

not become positive, and the response of consumption in Denmark became negative after 

2012.  
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7 APPENDICES 

7.1 MCMC estimation results  

Figure 5: MCMC estimation results of the parameter in the TVP-VAR model for the four variables; 
consumption, housing prices, income, and stock prices.  

Panel A: Denmark  

 
 
Panel B: Finland 
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Panel D: Sweden 

 
Note: the top panel represents the autocorrelation within the bandwidth of 500 (the width of the 
Parezen window), the middle panel represents the sample path within 30000 iterations, and the bottom 
panel represents the posterior densities. The subscript numbers, 1 and 2, refer to first and second 
diagonal elements.  
 
7.2 Impulse response analysis for the TVP-VAR with market capitalization as 
proxy for housing market.  
 
Figure 6: Market capitalization       
          
             Panel A: Denmark                                    Panel B: Finland                                                            

   



98 
 

 

 
 
Panel C: Sweden   

 
Note: Impulse responses of consumption growth to shocks in the real housing price and stock market 
capitalization, where the Y axis is the response magnitude and the X axis is the time horizon. 
 

7.3 Unemployment rate volatility  
 
Figure 7 seasonally adjusted unemployment volatility 
 
Panel A: Denmark                                                              Panel B: Finland 
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Panel C: Sweden 
 

 
 
Note: As a proxy for the realized volatility, we calculate the square of the differenced logarithms of the 
seasonally adjusted unemployment volumes. The unemployment is defined according to the 
international labour organization. 
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