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Abstract 

This thesis examines the Swedish aggregate consumption function using the concept of 

cointegration, and explores whether consumption, income, financial wealth, and housing 

wealth share a long-run trend. The goal of the study was to determine the strength of this 

cointegrating relationship, the relative roles of housing wealth and financial wealth in the 

consumption function, and a suitable method for forecasting consumption. The strength of the 

cointegrating relationship, incorporated in a vector error-correction model (VECM), is 

evaluated by that model’s forecasts. Its forecasting performance is assessed via accuracy tests 

and comparisons to alternative models. The study also examines the effect of allowing for 

intercept correction in the VECM’s forecasts. The preferred VECM demonstrates that 

consumption is the variable that error corrects to restore the long-run relationship after a 

disequilibrium, with a correction time of less than three quarters. The results indicate the vital 

role of financial wealth in the consumption function, while revealing that housing wealth has 

no significant effect on consumption in either the long run or in the short run. When it comes 

to forecasting, the alternative, data-driven Bayesian vector autoregressive model generated 

relatively accurate short-run forecasts, while the theory-driven VECM generated relatively 

accurate long-run predictions. Moreover, the results further indicated the existence of the 

cointegrating relationship as the VECM outperformed the vector autoregressive model at both 

long horizon and short horizon forecasts. Additionally, intercept correction slightly improved 

short-run, but not long-run, forecasts, giving no indication of a misspecified VECM, or a 

significant structural shift during the forecast period, 2010-2015.   
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1. Introduction 

 

“Consumption is the sole end and purpose of all production.” – Adam Smith 

 

In Sweden, aggregate private consumption accounts for more than 45% of national income, 

which means consumption fluctuations have significant effects on the economy.1 Recent 

international empirical work has revealed substantial consumption responses to changes in 

house prices (Berger et al., 2015), suggesting wealth is one of the main drivers in the 

consumption function. The preceding decade has witnessed remarkable changes in household 

wealth, particularly due to increasing stock market valuations and rising house prices, which 

may have had implications for consumer spending patterns. In recent years, Sweden has seen 

a sharp increase in house prices, and several macroeconomic analysts, the European 

Commission (2017), and Swedish policy makers (e.g., Thedéen, 2015) have expressed 

concern, arguing that a correction could significantly decrease consumption.2 As consumption 

not only accounts for a significant share of gross domestic product (GDP) but also represents 

one of the central tax bases, understanding its determinants is vital for policymakers. 

Nonetheless, to date, the determinants of consumer spending and the best means of modeling 

it are still a matter for debate, and this essay seeks to fill that gap.  

Since Keynes’ General Theory of Employment, Interest and Money was published in 

1936, the relationship between consumption and income has dominated models of the 

consumption function. Over time, adjustments have been made, such as including additional 

explanatory variables like wealth; however, to capture the effect these factors have on 

consumption and to be able to forecast future consumption requires a suitable model. The 

vector autoregressive model (VARM) and the Bayesian vector autoregressive model 

(BVARM) have proven powerful in forecasting economic times series (Bańbura et al., 2015). 

Though these models require stationary time series, and as consumption is expected to be 

non-stationary, this approach requires differencing, which results in a loss of long-run 

information and thus steps away from theory. By contrast, an unrestricted VARM imposing 

an error-correction constraint (i.e., vector error-correction model [VECM]), makes it possible 

                                                 
1 See KI (2017) for a review of the current state of the Swedish economy.  

2 See Dermani et al. (2016) for a discussion of the Swedish housing market.  
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to also reproduce long-run dynamics and hence moves closer to economic theory.3 The error-

correction approach is appropriate if the VECM and the VARM significantly differ in 

performance. If the hypothesized long-run relationship exists, the former model is expected to 

produce better forecasts, at least in the long run.     

When assessing how to model the consumption function, the question of the relative 

roles of economics and statistics arises. Several Swedish studies have modeled consumption 

with a single-equation VECM (i.e., an error correction model [ECM]); however, if consumers 

are forward-looking, changes in consumption can anticipate shifts in wealth which the ECM 

cannot predict since the correction (to restore the long-run relationship) only runs through 

consumption. Lettau and Ludvigson (2001; 2004) have argued that it is possible to overcome 

this problem by using a VECM, and the approach has gained some success, especially when it 

comes to forecasting asset wealth in the U.S. and the U.K. (e.g., Fernandez-Corugedo et. al, 

2007).4 Thus, these findings raise the question of whether a substantial proportion of Swedish 

studies have used an inappropriate approach by employing the ECM instead of the VECM. 

These doubts are especially pertinent, as the most recently published study (i.e., Chen, 2006) 

has claimed that the correction runs through housing wealth instead of consumption.  

Another central concern when modeling the consumption function is which measure of 

consumption to use, and the choice usually falls on either expenditure on nondurable goods 

and services or total consumption. Typically, the former is selected, based on the argument 

that theory applies to the flow of consumption expenditures, and durable goods are not 

considered to be part of this flow.5 However, this study used total consumption based on 

Rudd and Whelan’s (2006) arguments that in Lettau and Ludvigson’s theoretical framework 

(which is used in this essay), the correct measure of consumption is total consumption. 

Additionally, using total consumption has the advantage of yielding results comparable with 

those of most recent Swedish studies. Furthermore, it allows for more practical forecasts, as 

policymakers usually do not desire to only predict a portion of consumption expenditures.  

The goal of this essay is to estimate the Swedish consumption function and to determine 

a suitable method for forecasting consumption. Naturally, the first sub-question concerns the 

                                                 
3 Moreover, Engle and Granger (1987) have stated that a pure VARM is misspecified if there is a cointegrating 

relationship between the variables. 

4 See Lettau and Ludvigson (2001) for a discussion of why deviations from the common long-term trend may 

forecast variables other than consumption.  

5 This is because durables are regarded as replacements and additions to the existing stock rather than a service 

flow from the existing stock. 
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determinants of consumption. This question seeks to shed light on the relative roles of 

housing wealth and financial wealth in the consumption function, as previous Swedish studies 

have been unable to establish a consensus on this topic. The second sub-question considers 

the choice of a suitable consumption model and its effectiveness in forecasting. This essay 

uses the error-correction method, since this approach has been widely adopted to model 

consumption in previous Swedish studies. However, the most recently published study used 

data from 2005, and there is a risk that the cointegrating relationship has changed due to the 

impact of factors such as the decreasing interest rate, increased savings rate, and the 2008 

global financial crisis.6 Moreover, the majority of Swedish studies have not compared the 

ECM’s forecast performance with alternative frameworks, including the simple random walk 

model (RW). This lack of side-by-side comparison poses questions; for example, if the ECM 

fails to beat the RW, it can be concluded that attempting to forecast consumption by an error-

correction approach is pointless. The third sub-question asks whether the model can be 

improved, and specifically whether such modifications could boost its forecasting 

performance by using the intercept correction (IC) strategy. This forecasting strategy—as 

suggested by Clements and Hendry (1996)—endeavors to handle a non-time-invariant data-

generating process (DGP). It accomplishes this by correcting the intercept at each forecast 

origin to readjust the forecast after a deviation has occurred. Intercept correction can thus 

boost forecast performance but also say something about the model and the stability of the 

estimated parameters, and signal a structural shift during the forecast period. As the use of IC 

has not been tested in the context of Swedish consumption forecasts, this study takes up this 

challenge.  

This thesis is organized as follows: Chapter 2 contains a literature review. A brief 

presentation of the theoretical framework linking consumption, labor income, wealth, and 

expected returns is provided in Chapter 3. Chapter 4 explains the methodological approach, 

focusing on the VECM and on approaches for incorporating IC when forecasting. Chapter 5 

presents the different measures used and provides a brief presentation of the data. The results 

of the VECM are presented and analyzed in Chapter 6, while Chapter 7 assesses the model’s 

ability to forecast consumption. Finally, Chapter 8 and 9 summarizes the key findings, 

discusses and concludes the essay. 

 

                                                 
6 The model also offers an indication of the consumption level (i.e., it answers the question of whether the 

consumption level is above or below the long-run equilibrium level). 
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2. Literature review 

This chapter presents the most central empirical work on the consumption function. Various 

theories on this function have developed over time, starting with Keynes’ consumption 

function, as has the relevant empirical research. Key issues when forming a consumption 

model that aims to provide reliable forecasts include the relative roles of economics and 

statistics, how the variables in the model should be treated, and whether households see 

changes in certain variables as being temporary or not. In particular, recent international 

empirical research has been concerned with permanent-transitory effects and the question of 

how the wealth variable should be approached. In Sweden, consumption models based on the 

ECM approach have been increasingly popular, although there is a disagreement over how to 

take the wealth variable into account and how that factor affects consumption once it is 

broken down. The chapter ends with a brief overview of empirical research on consumer 

indicators, and by considering additional variables that can be included in the short-run part of 

the VECM. It also considers how different modeling approaches can affect a model’s 

forecasting performance. 

 

2.1 International research 

It was Keynes (1936) who first introduced the consumption function into economic analysis, 

through the now well-known linear relationship between consumption and national income.7  

Keynes argued that “the amount of aggregate consumption mainly depends on the amount of 

aggregate income,” and that this relationship is fairly stable. Keynes theory still provides 

some valuable insights, although from an early stage several studies (e.g., Kuznets, 1942; 

1946) demonstrated that the relationship he described did not match with empirical facts.  

Developments of the consumption function came thanks to Modigliani and Brumberg 

(1954), who introduced the life-cycle hypothesis, and Friedman (1957), who introduced the 

permanent-income hypothesis. According to Friedman, income should be viewed as 

endogenous, since consumption is determined not only by current income but also by future 

income. Further developments came with Spiro (1962), Ando and Modigliani (1963), Ball 

and Drake (1964), and Stone (1964) who considered the relationship between consumption, 

income, wealth, and the interest rate.8 Additionally, Leland (1968) and Sandmo (1970) 

                                                 
7 Earlier work by Ramsey (1928) and Fischer (1930) should not, however, be disregarded. 

8 However, it can be noted that the real interest rate was often found to be insignificant. 
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revealed that introducing uncertainty into the utility function lowers consumption and thereby 

increases savings (often referred to as “precautionary savings”).  

A milestone in research on the consumption function came with two influential studies 

presented in 1978. In the first paper, Davidson et al. (1978) introduced an econometric model 

of consumer expenditure built on the error-correction mechanism, the DHSY model.9 In the 

second paper, Hall (1978) argued that rational expectations should be included in the life-

cycle hypothesis. Using a Euler-equation approach based on the first-order condition of an 

optimal choice of a fully forward-looking consumer, Hall demonstrated that consumption 

follows a random walk and that changes in consumption over time are therefore 

unpredictable.10 Hall’s approach has a noteworthy advantage over other models, as it is 

immune to the well-known critique of Lucas (1976), who argued that the parameters of 

macroeconometric models implicitly depend on agents’ expectations for the policy process. 

Lucas further posited that these parameters are unlikely to remain stable, as policymakers 

change their behavior. 

The potentially forward-looking behavior of consumers contributed to a significant 

amount of empirical research on the aggregate consumption function. Flavin (1981) and 

Campbell and Mankiw (1989; 1990) reported that consumption is sensitive to income, and 

suggested that the permanent income hypothesis is not valid, since some consumers are 

credit-constrained and spend their entire income. Such findings are often described in terms of 

consumption exhibiting “excess sensitivity.” Moreover, Deaton (1987) and Campbell and 

Deaton (1989) found that consumption does not immediately respond to news. The changes 

are too small, and as a result, consumption demonstrates what is called “excess smoothness.” 

Some researchers have tried to relate these two phenomena by such aspects as liquidity 

constraints or habit persistence among households.11 The random-walk hypothesis has also 

been evaluated using microdata, and similarly, several of these studies have found significant 

departures from the random-walk prediction (e.g., Shea, 1995). Though Hall’s theory has 

been tested and evaluated with modifications (to take into account the previously mentioned 

problems), none of these modifications has earned large support. 

                                                 
9 The DHSY model is named after the authors – James Davidson, David Hendry, Frank Srba, and Stephen Yeo. 

10 Notwithstanding, Hall’s study found that though neither lagged values of income nor consumption can predict 

changes in consumption, lagged stock-price movements do exhibit significant predictive power of future 

consumption growth. 

11 For example, Carroll et al. (2000) and Fuhrer (2000) have suggested that consumption habits result in a slow 

response of consumption to income shocks. 
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In contrast to Hall’s (1978) hypothesis, the DHSY model is not immune to the critique 

of Lucas, leading to key questions about the relative role of economics and statistics—and 

thus, to questions about whether the DHSY model is derived from economic theory or simply 

fit the data. One simplified interpretation is that the Euler equation tests theories, whereas 

ECMs can answer a variety of questions and provide forecasts (Fernandez-Corugedo et al., 

2003). However, as ECMs simultaneously model long-run dynamics and short-run 

fluctuations, and as Engle and Granger (1987) revealed that a system can be represented in an 

error-correction structure, this approach also has theoretical justifications grounded in 

economics (Lettau and Ludvigson, 2001; 2004).12  

If consumers are forward-looking, changes in consumption can anticipate shifts other 

variables which the single-equation ECM cannot predict, since deviations from the common 

trend in, for example, consumption, income, and wealth are only corrected through 

consumption, and do not operate via income or wealth drivers (Fernandez-Corugedo et al., 

2003). Lettau and Ludvigson (2001; 2004) suggested that this issue could potentially be 

overcome by using a VECM instead of a ECM, as the former model can assimilate the 

dynamic responses of all variables in the cointegrated system. Using this approach, Lettau and 

Ludvigson (2001; 2004) and Fernandez-Corugedo et al. (2003; 2007) concluded that the 

disequilibria tend to be corrected via changes in wealth or income rather than through 

consumption. Expected future events thus impact agents’ current decisions, which means 

consumption has already adjusted while wealth or income has not. This is in line with Hall’s 

hypothesis. In contrast to these four studies, Davis and Palumbo (2001) and Barrell and Davis 

(2007) argued that consumption is the variable that equilibrium corrects. In addition, Chan 

and MacDonald (2015), used the same data as Lettau and Ludvigson (2004), likewise arguing 

that consumption equilibrium corrects, but only when the model allows for an asymmetric 

response of households to shocks. 

The recent literature has been concerned with the link between consumer spending and 

household wealth. Before Hall’s paper (1987), the traditional view of consumption suggested 

that there is a short-run response to changes in wealth and that wealth does not respond to 

movements in consumption. Changes in wealth are therefore due to permanent exogenous 

shocks, the effects of which do not wither away over time. However, if consumers are 

forward-looking, only permanent wealth shocks should affect their spending. Consumption 

may therefore be affected to different degrees by increases in wealth, depending on whether 

                                                 
12 See chapter 3. 
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households see the rise as permanent or temporary. Indeed, Lettau and Ludvigson (2004) 

found that in the U.S., consumption responds differently to temporary and permanent changes 

in wealth.13 Likewise, Fernandez-Corugedo et al. (2003), using data for the U.K., found that a 

significant part of short-term fluctuations in wealth is decoupled from permanent 

consumption. However, later research has also argued that wealth should be treated as 

disaggregated, because, for example, households might view some wealth as more uncertain 

(and thus might not treat an increase as permanent). A typical approach involves 

disaggregating wealth into housing wealth and financial wealth.14 Using this approach, Sousa 

(2010), exploiting data for the U.S. and the U.K., showed that deviations from the shared 

trend in consumption, financial wealth, housing wealth, and labor income are mainly 

described as transitory movements in financial wealth. In contrast, Veirman and Dunstan 

(2010), using data from New Zealand, found that transitory changes in wealth predict 

transitory changes in consumption. These authors also argued that it is vital to split the wealth 

variable into a housing wealth factor and financial wealth factor. 

 

2.2 Previous Swedish Studies 

Empirical Swedish research has been based on both the life-cycle hypothesis and the 

permanent-income hypothesis. An early study by Matthiessen (1972), which found the 

marginal propensity to consume (MPC) of disposable income to be 0.43, was built on the 

permanent income hypothesis, while a later study by Ettlin (1976) was based on the life-cycle 

hypothesis. These two studies were followed by Campbell and Mankiw (1991) and Agell and 

Berg (1996), who extended Hall’s model and suggested that his hypothesis should be rejected 

because of the presence of rule-of-thumb consumers (people that spend all their income). 

However, in a more recent study using a VARM, Hansson (2001a) found that this was not the 

case and instead rejected the hypothesis because of consumption habits. Furthermore, 

Hansson (2001b) found that permanent and transitory income shocks have a significant effect 

on consumption but that the latter have a much smaller impact. 

                                                 
13 Since consumption, wealth, and labor income are expected to be cointegrated, their annualized growth rates 

must be conjoined in the long run, and therefore, the same is true of their volatiles. However, Lettau and 

Ludvigson (2004) observed that in the short term, wealth growth is far more volatile than both consumption and 

labor income growth. The authors concluded that this finding signals the existence of a significant transitory 

component in wealth that is unrelated to consumer spending and labor income.  

14 Bostic et al. (2009) provided a summary of the role of financial and housing wealth and concluded that the 

housing effect is often stronger. 
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As regards studies using the ECM, Berg and Bergström (1991) found it essential to 

incorporate the error term into the consumption model and demonstrated that considering 

wealth in a disaggregated form (i.e., housing wealth and financial wealth) improves the model 

significantly. Kanis and Barot (1993) found that an increase in inflation boosts savings and 

that models using aggregate or nondurable consumption as the dependent variable provide 

more stable forecasts than do those employing durables. Moreover, these two studies 

concluded that changes in housing wealth have a greater effect on consumption than changes 

in financial wealth. In contrast, Markowski (1994) found the long-run elasticity of total 

consumption was greater for net financial assets. Likewise, Berg and Bergström (1995) found 

the financial wealth effect to be greater and further concluded that a decomposed wealth 

variable significantly improves the model. Johnsson and Kaplan (1999) used Swedish annual 

data for the period 1970-1998 and showed the long-run MPCs (out of total consumption) were 

0.80, 0.16, and 0.04, with regards to disposable income, financial assets, and net housing 

stock, respectively. By contrast, Lyhagen (2001) found the housing effect to be larger, while 

Barot (2003) claimed that both components of wealth have an equal role. Additionally, 

Bjellerup (2005b) offered no clear answer to the wealth puzzle, apart from showing that 

wealth effects are relatively small. However, using both a rule-of-thumb model and an ECM, 

he found the wealth distribution to be an omitted variable in the aggregate consumption 

function. 

Lastly, with regards to studies using the VECM, Chen (2006) disaggregated wealth into 

financial wealth and housing wealth. He suggested that the level of consumption is mainly 

affected by changes in housing wealth and that the results are stable when using either net and 

gross housing wealth in the specification. Furthermore, Chen found that nearly all the 

variance in movements of consumption, income, and financial wealth are permanent, while a 

substantial proportion of the variance in housing wealth is transitory. Bjellerup (2005a) found 

the financial wealth effect to be positive and the housing wealth (i.e., nonfinancial wealth) 

effect to be negative—albeit minor—in the long-run equation. He moreover found that there 

is a significant difference between the parameters in both the cointegration and the short-run 

relation when shifting the dependent variable from non-durable consumption to total 

consumption, thus suggesting that non-durable consumption is not a perfect proxy for total 

consumption. 
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2.3 Forecasting consumption: Principles and practice 

An assessment of previous Swedish studies suggests additional variables (in addition to 

consumption, income, and wealth) would potentially improve the ECM. These Swedish 

studies indicated that the interest rate, consumer confidence, and the employment rate are all 

significant factors in need of consideration. For example, Barot (2003) found the employment 

rate and the interest rate to be omitted variables, and Lyhagen (2001) demonstrated that a 

proxy for consumer’s uncertainty should be included in the ECM. Consumer indicators have 

gained some attention at an international level as well, and several researchers have found that 

such variables can increase the precision of a consumption forecast: Carroll et al. (1994), 

Ludvigson (2004), and Vosen and Schmidt (2011) found that the interpretative power of 

consumer-sentiment indicators in relation to U.S. consumption goes beyond that of other 

macroeconomic variables. However, several strands of the literature have also argued that a 

substantial portion of these indicators simply reflects agents’ knowledge of general economic 

conditions (e.g., Fuhrer, 1993; Croushore, 2005). 

Using a VARM to forecast consumption does not require many assumptions, as the 

model lets the data determine the specification and only uses a limited amount of theoretical 

information about the relationships between variables.15 An ECM is a restricted VARM in 

differences. The ECM specification restricts the long-run behavior of the endogenous 

variables to converge to their long-run equilibrium relationship while allowing for short-run 

dynamics (Engle and Granger, 1987). Theoretically speaking, an ECM or a VECM should 

produce better long-horizon forecasts (if the cointegrating vector exists) than a VARM. 

However, their performance for shorter time periods is less clear. Engle and Yoo (1987) ran a 

simulation study considering a bivariate system and found that the forecast accuracy was 

improved in the long-run, but not in the short run-run, when cointegration relations were 

incorporated. Clements and Hendry (1995) found that imposing long-run constraints yields 

more accurate forecasts, especially for small sample sizes. Hoffman and Rasche (1996) used 

empirical data to compare the forecasting accuracy (for inflation, GDP, and other variables) 

of the VECM to the VARM. They concluded that the latter performs best for the first four 

years, while the VECM is preferable for four- to eight-year horizons.  

A model that is closely related to the VARM is the BVARM, which has recently gained 

in popularity for economic times series and policy analysis (Adenomon et al., 2015). For 

                                                 
15 However, economic theory is relevant for vector autoregressive modeling when it comes to the selection of 

variables. 
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example, it is one of the main forecasting tools that is employed at the Swedish Riksbank 

(Iversen et al., 2016). A key component in the plethora of BVARM specifications is the 

shrinkage of dynamic parameters, which offers a solution to the potential problem of over-

parametrization. It is clear that in some cases, this approach can improve the forecasting 

accuracy of VARMs (e.g., Louzis, 2016); however, the BVARM is somewhat problematic, as 

it relies relatively heavily on the judgments of the forecaster. 

There are other ways to improve the forecasting performance apart from switching 

models or adding additional variables. Clements and Hendry (1994; 1996) proposed that one 

method to reducing the forecasting bias is to use IC: The underlying idea of this method is to 

readjust the intercept at each forecast origin to realign the forecast after a deviation has 

occurred. According to the authors, models that assume a constant, time-invariant DGP can 

rule out regime shifts or structural changes in the economy. Clements and Hendry (1996) 

found a significant reduction in the forecasting bias when incorporating IC into a VECM 

(rather than into a VARM) to forecast wages, prices, and unemployment. Lyhagen et al. 

(2015) examined the forecast accuracy of a VARM predicting the Swedish GDP relative to a 

VECM with the same purpose. The authors demonstrated that the VECM outperformed the 

VARM and that IC enhanced the former model’s forecasting accuracy.  

 

3. Theory  

In this chapter, the theoretical framework for the analysis is explained. Following Lettau and 

Ludvigson (2001), this framework is based on a log-linear approximation of the intertemporal 

budget constraint for a representative household, yielding a relationship between 

consumption, labor income, non-human wealth, and asset returns.16 Whereas Lettau and 

Ludvigson did not consider wealth in a disaggregated form, however, this study does.17 

 

3.1 A life-cycle model of consumption growth, labor income, and asset 

returns 

Let us consider a representative-agent economy in which all wealth—human capital 

included—is tradeable and in which the consumer’s budget constraint can be written as an 

accumulation equation of aggregate wealth: 

                                                 
16 A decision-maker making choices for both the present and the future faces an intertemporal budget constraint. 

17 Thus, this essay follows a similar approach as Bjellerup (2005a) and Sousa (2010), among others. 
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𝑊𝑡+1 = (1 + 𝑅𝑤,𝑡+1)(𝑊𝑡 − 𝐶𝑡),                                                                                  (1) 

 

where 𝑅𝑤,𝑡 is the rate of return on aggregate wealth and 𝐶𝑡 is consumption. Aggregate wealth 

(𝑊𝑡) is the sum of human capital (𝐻𝑈𝑡) and asset wealth (𝐴𝑊𝑡). If the consumption-aggregate 

wealth ratio is stationary, the budget constraint can be approximated with a first-order Taylor 

expansion of equation (1), as Campbell and Mankiw (1989) have demonstrated. This 

procedure yields the following expression: 

 

∆𝑤𝑡+1 = 𝑤𝑡+1 − 𝑤𝑡 ≈ 𝑟𝑤,𝑡+1 + 𝑘 + (1 −
1

𝑊−𝐶

𝑊

)(𝑐𝑡 − 𝑤𝑡).                                         (2) 

 

Lower-case letters denote that the log of the variable, 
𝑊−𝐶

𝑊
 (< 1) is the steady-state ratio of 

new investments to total wealth (denoted as 𝑣 below), and 𝑘 is a constant that plays no role in 

the analysis (unimportant constants are omitted from here onward). Solving this equation 

forward to eliminate future wealth (𝑤𝑡+1) and imposing that lim
𝑖→∞

𝑣𝑤
𝑖 (𝑐𝑡+𝑖 − 𝑤𝑡+𝑖) = 0, yields: 

 

𝑐𝑡 − 𝑤𝑡 = ∑ 𝑣𝑤
𝑖 (𝑟𝑤,𝑡+𝑖 − ∆𝑐𝑡+𝑖)

∞
𝑖=1 .                                                                            (3) 

 

Taking conditional expectations of both sides of equation (3), and defining Et as the 

expectation operator conditional on information at time t, gives: 

 

𝑐𝑡 − 𝑤𝑡 = 𝐸𝑡 ∑ 𝑣𝑤
𝑖 (𝑟𝑤,𝑡+𝑖 − ∆𝑐𝑡+𝑖)

∞
𝑖=1 .                                                                        (4) 

 

Equation (4) reveals that if the consumption-aggregate wealth ratio (𝑐𝑡 − 𝑤𝑡) is not constant, 

it must forecast changes in asset returns or in consumption growth. That is, it can only vary if 

consumption growth, asset returns, or both are predictable. As regards the log of aggregate 

wealth, this variable is approximated by the following equation: 

 

𝑤𝑡 ≈ 𝛾𝑎𝑤𝑡 + (1 − 𝛾)ℎ𝑢𝑡 ,                                                                                            (5) 

 

where 𝑎𝑤𝑡 is the sum of the log of housing wealth (ℎ𝑤𝑡) and the log of financial wealth 

(𝑓𝑤𝑡), and 𝛾 =
𝐴𝑊

𝑊
  is the share of asset holdings in total wealth. Equation (5) includes one 
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unobserved variable: human capital. Lettau and Ludvigson (2001) overcame this problem by 

assuming that aggregate labor income can adequately describe the nonstationary component 

of human capital. Therefore, ℎ𝑢𝑡 = 𝑞 + 𝑦𝑡 + 𝑧𝑡, where q is a constant, z is a stationary mean 

zero random variable, and Y can be thought of as the dividend on human capital (as suggested 

by Campbell [1996]). In this case, the return to human capital can be defined as: 

 

𝑅ℎ𝑢,𝑡+1 =
(𝐻𝑈𝑡+1+𝑌𝑡+1)

𝐻𝑈𝑡
.                                                                                                  (6) 

 

A log-linear approximation of 𝑅ℎ𝑢,𝑡+1 implies that: 

 

𝑧𝑡 = 𝐸𝑡 ∑ 𝑣ℎ𝑢
𝑗

(∆𝑦𝑡+1+𝑗 − 𝑟ℎ𝑢,𝑡+1+𝑗)∞
𝑗=0 .                                                                      (7) 

 

In equation (7), the log of aggregate labor income captures the nonstationary component of 

human capital. In turn, it follows that the components of the consumption-wealth ratio can be 

expressed by observable variables, given that aggregated wealth can be described by 𝑊𝑡 =

𝐴𝑊𝑡 + 𝐻𝑈𝑡 = 𝐹𝑊𝑡 + 𝐻𝑊𝑡 + 𝐻𝑈𝑡. An approximation of the log of aggregate wealth can now 

be estimated by: 

 

𝑤𝑡 ≈ 𝛾𝑎𝑤𝑡 + (1 − 𝛾)ℎ𝑢𝑡 ≈ 𝛾𝑓𝑤𝑓𝑤𝑡 + 𝛾ℎ𝑤ℎ𝑤𝑡 + (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)ℎ𝑢𝑡 .                  (8) 

 

Additionally, the return to aggregate wealth can be decomposed into the returns of its 

components: 

 

1 + 𝑅𝑤,𝑡 = 𝛾(1 + 𝑅𝑎𝑤,𝑡) + (1 − 𝛾)(1 + 𝑅ℎ𝑢,𝑡)                                                                        

≈ 𝛾𝑓𝑤(1 + 𝑅𝑓𝑤,𝑡) + 𝛾ℎ𝑤(1 + 𝑅ℎ𝑤,𝑡) + (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)(1 + 𝑅ℎ𝑢,𝑡).                       (10)                                                                                          

 

Campbell (1996) demonstrated that equation (10) can be transformed into an approximation 

equation for log returns: 

 

𝑟𝑤,𝑡 ≈ 𝛾𝑟𝑎𝑤,𝑡 + (1 − 𝛾)𝑟ℎ𝑢,𝑡 ≈ 𝛾𝑓𝑤𝑟𝑓𝑤,𝑡 + 𝛾ℎ𝑤𝑟ℎ𝑤,𝑡 + (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)𝑟ℎ𝑢,𝑡 .          (11) 
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Substituting equation (8) and equation (11) into the ex-ante budget constraint (equation [4]) 

yields:  

 

       𝑐𝑡 − 𝛾𝑓𝑤𝑓𝑤𝑡 − 𝛾ℎ𝑤ℎ𝑤𝑡 − (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)ℎ𝑢𝑡 

       =   𝐸𝑡 ∑ 𝑣𝑤
𝑖 {[𝛾𝑓𝑤𝑟𝑓𝑤,𝑡+𝑖 + 𝛾ℎ𝑤𝑟ℎ𝑤,𝑡+𝑖 + (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)𝑟ℎ𝑢,𝑡+𝑖] − ∆𝑐𝑡+𝑖}

∞
𝑖=1 .        (12)                  

 

Equation (12) contains the unobservable variable human capital. This factor can be removed 

using ℎ𝑢𝑡 = 𝑞 + 𝑦𝑡 + 𝑧𝑡, an equation subsequently placed in equation (12) to obtain 

 

       𝑐𝑡 − 𝛾𝑓𝑤𝑓𝑤𝑡 − 𝛾ℎ𝑤ℎ𝑤𝑡 − (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)𝑦𝑡 = 𝐸𝑡 ∑ 𝑣𝑤
𝑖 {[𝛾𝑓𝑤𝑟𝑓𝑤,𝑡+𝑖+𝛾ℎ𝑤𝑟ℎ𝑤,𝑡+𝑖 +∞

𝑖=1

      (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)𝑟ℎ𝑢,𝑡+𝑖] − ∆𝑐𝑡+𝑖} + (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)𝑧𝑡.                                          (13) 

 

Equation (13) is easier understood if it is simplified: 

 

𝑐𝑡 − 𝛾𝑓𝑤𝑓𝑤𝑡 − 𝛾ℎ𝑤ℎ𝑤𝑡 − (1 − 𝛾𝑓𝑤 − 𝛾ℎ𝑤)𝑦𝑡 = 𝜖𝑡 .                                                (14) 

 

The right-hand-side variables are presumed to be stationary, and thus, equation (14) implies 

the existence of cointegration between 𝑐𝑡, 𝑦𝑡, 𝑓𝑤𝑡, and ℎ𝑤𝑡. Consequently, this equation 

implies that a VECM exists. The left-hand-side deviations in the common trend should simply 

be a plausible proxy for market expectations of future financial and housing wealth returns, 

income increases, or consumption growth.18 The economic implication is that deviations from 

the long-run trend reflect—and are therefore able to predict—the future growth of these 

variables (since the disequilibrium error must equilibrate via at least one of the four 

variables). When consumption deviates from the current equilibrium relationship, it could be 

because of an expected change in a future consumption driver. For example, households may 

know that labor income is about to permanently fall and as a result, consumption will be low 

relative to the long-run level. By combining the approximate budget constraint relation 

(equation [13]) with models of consumer preferences, it is likewise possible to obtain 

approximate consumption functions. Thus, consumption may also be the variable that error 

corrects because of factors such as habit persistence and rule-of-thumb satisfiers (Fernandez-

                                                 
18 When the left-hand side is high, consumers expect high future financial-asset returns, high housing asset 

returns, rise in income, or low future-consumption growth. 
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Corugedo et al., 2003). For example, Abel’s (1990) model, which includes habit persistence, 

defines utility as follows: 

 

𝑈𝑡 =
1

(1−𝜎)
(

𝐶𝑡

𝑋𝑡
𝜏)1−𝜎                                                                                                      (15) 

 

where 𝑋𝑡 = 𝜌𝑋𝑋𝑡−1 + (1 − 𝜌𝑋)𝐶𝑡−1, which is the habit-formation reference consumption 

level, and where 1 ≥ 𝜏 ≥ 0 indexes the degree of habit persistence.19 In this model, the Euler 

equation includes future consumption growth, implying that a consumption ECM exists.  

 

4. Methodological framework  

Chapter 3 demonstrated that a cointegration relationship might exist between consumption, 

earnings, financial wealth, and housing wealth, and this chapter commences by explaining 

how to exploit this phenomenon via the VECM. Sweden consumption studies have generally 

adopted the single-equation ECM approach. This study used a VECM, due to the concerns 

raised by Ludvigson and Lettau (2001; 2004) and Fernandez-Corugedo et al. (2007) that the 

correction might run through variables other than consumption. In addition, the most recently 

published Swedish study (i.e., Chen, 2006) found that the correction runs through housing 

wealth. Using a VECM revealed whether this is, in fact, the case, as this model can test the 

exogeneity of one variable with respect to another.20  

Subsequently, this chapter elucidates how IC can handle a non-time-invariant DGP. 

Intercept correction refers to the practice of specifying non-zero values for a model’s error 

term over the forecast period. This is achieved by adding the most recent residual, or a 

weighted combination of the preceding periods errors, before further prediction. There are 

various ways to interpret IC depending on the problem in need of attention; yet, one of them 

                                                 
19 If 𝜏=0, there is no habit persistence, and if 𝜏=1, then only consumption relative to previous consumption 

matters. The memory in the habit-formation reference level is indexed by 𝜌, and the higher the value of 𝜌, the 

further in the past the reference level (or, more accurately, the longer is the “mean lag” of the habit reference 

level).  

20 A central assumption when building a single-equation ECM is weak exogeneity, which is linked to which 

variable adjusts to maintain the long-run relationship. The estimation of the conditional consumption function 

includes the implicit inference that consumption is the only variable which equilibrium corrects. This assumption 

can be tested by observing whether the coefficients in the ∝-vector (see Section 4.1)—also called loadings—in 

the VECM are significantly different from zero. 
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is that by adding back the most recent error the model is set back on track. However, a better 

forecast performance can also indicate a misspecified model. Lastly, Section 4.3 provides a 

description of the different methods used to evaluate the model’s forecasting performance. 

 

4.1 The vector error-correction model 

Understanding the error-correction approach first requires familiarity with the concept of 

cointegration, which offers a solution to the problem that nonstationary variables used in a 

linear regression may yield spurious results (Granger and Newbold, 1974). Cointegration can 

be explained by considering two time series—namely 𝑎𝑡 and 𝑏𝑡—that we assume are 

integrated of order one (i.e., they need to be differenced once to achieve stationarity). A 

standard approach when facing integrated variables is to use their first difference (or some 

higher-order) to achieve stationarity; however, if cointegration exists, differencing is not 

necessary. Instead, as Engle and Granger (1987) have pointed out, a linear combination of 𝑎𝑡 

and 𝑏𝑡 may be stationary, and if such a linear combination exists, the variables are said to be 

cointegrated. When this is the case, the variables can be used in a model without differencing. 

We call the linear combination the cointegrating equation which should be interpreted as the 

long-run equilibrium relationship between the variables.  

A VECM is a restricted VARM that restricts the long-run behavior of the endogenous 

variables to converge to their long-run equilibrium relationship, while allowing for short-run 

dynamics (for a more comprehensive review of the model, see Johansen [1995]). The model 

can be easily understood by initially considering the single-equation ECM, which is estimated 

in two steps. First, the long-run consumption-income-wealth relationship is identified (the 

cointegrating equation), and in the second step, a short-run consumption equation is 

estimated. At this stage, the residuals from the first step are included. When incorporating the 

error-correction mechanism to an unrestricted VARM in difference, it converges to a VECM. 

The preferred model of consumption postulates a vector 𝑥𝑡 of first-order integrated 

(I(1)) variables, where 𝑥𝑡 = [𝑐𝑡 , 𝑦𝑑𝑡 , 𝑓𝑤𝑡 , 𝑛ℎ𝑤𝑡], and where 𝐶𝑡 denotes consumption, 𝑌𝐷𝑡 

represents disposable income, 𝐹𝑊𝑡 is financial wealth, and 𝑁𝐻𝑊𝑡 is net housing wealth. 

Lower-case letters denote the log of the variable (e.g., ln (𝐶𝑡+1) ≡ 𝑐𝑡+1). If a unique 

cointegration relationship exists it is possible to estimate the following VECM: 

 

∆𝑥𝑡 = 𝑣+∝ 𝛽′𝑥𝑡−1 + Γ(𝐿)∆𝑥𝑡−1 + 𝐶(𝐿)𝑧𝑡−1 + 𝑒𝑡 ,                                                  (16) 
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where v and ∝ ≡ (∝𝑐, ∝𝑦𝑑 , ∝𝑓𝑤 , ∝𝑛ℎ𝑤)′ are (4 × 1) vectors, and 𝑧𝑡−1 is an (4 × 1) vector of 

exogenous I(0) variables. The terms Γ(𝐿) and 𝐶(𝐿) are finite-order distributed lag operators, 

and 𝛽 ≡ (1, −𝛽𝑦𝑑 , −𝛽𝑓𝑤 , −𝛽𝑛ℎ𝑤 , )′ is the (4 × 1) vector of the cointegrating coefficients in 

the long-run equation.21 The term 𝛽′𝑥𝑡−1 can be interpreted as the equilibrium error from the 

previous period (the residuals from the long-run equation) and the ∝-vector as determinants of 

how fast adjustment occurs to restore the equilibrium error from the past period. In the long-

run equilibrium, the error-correction term is equal to zero. However, when the variables 

deviate from the long-run equilibrium, the error-correction term is nonzero, and some of the 

variables must thus adjust to restore the equilibrium relation. At least one of the coefficients 

in ∝ must be different from zero, or there will be no adjustment towards the long-run 

equilibrium, and, therefore, no long-run solution. Consequently, the ∝-vector reveals which 

variables participate in the restoration of the equilibrium. In a VECM, all adjustment 

coefficients can take nonzero values. In this manner, it differs from the ECM, which relies on 

the assumption that ∝ ≡ (∝𝑐, 0, 0, 0)′, implying that ∝𝑐 represents the speed which 

consumption (and consumption only) must change to restore the equilibrium relationship 

between consumption, income, financial wealth, and net housing wealth. 

 

4.1.1 Exogenous variables 

The inclusion of exogenous variables in the 𝑧𝑡−1 vector may be regarded as a step away from 

theory. The cointegration relationship among the variables in 𝑥𝑡 was theoretically justified via 

the theory presented in Chapter 3 and was of primary interest in this study. Therefore, the 

study at hand first attempted to establish the long-run relationship and thereafter sought to 

determine additional variables that when included in the short-run part of the model, 

improved its forecasting performance. In this regard, it is imperative to elucidate why and 

how these variables were expected to affect consumption. For this reason, the subsequent 

section describes the motivations for selecting the short-run variables. 

Studies have usually found the real interest rate (𝑅) to be insignificant in the 

consumption function, and it is therefore often omitted. However, the interest rate is part of 

the solution for the individual’s intertemporal utility optimization problem in the life-cycle 

hypothesis. An increase in the interest rate has both an income effect (which is positive when 

the individual is a net lender) and a substitution effect (which is negative). Furthermore, the 

concept of precautionary saving suggests that households adjust their spending depending on 

                                                 
21 By using the coefficients in the 𝛽 vector, one can construct the consumption function: 𝑐𝑡 =  𝛽𝑦𝑑𝑦𝑑𝑡 +

𝛽𝑓𝑤𝑓𝑤𝑡 + 𝛽𝑛ℎ𝑤 𝑛ℎ𝑤𝑡. 
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the level of uncertainty. Increased uncertainty about the future increases marginal utility in the 

current period, and as a result, consumption declines and savings rise. The level of uncertainty 

is an unobservable variable, which entails that a proxy is required. In this study, the consumer 

confidence index (𝐶𝐶𝐼) and the employment level (𝐸) were used as such proxies. These 

variables were selected based on the results of two previous Swedish studies: Lyhagen (2001) 

and Barot (2003). Additionally, the thesis at hand argued that changes in house prices (𝑑(𝐻𝐼)) 

may be a suitable proxy for consumer confidence. Additionally, the study assessed whether 

the financial stress index (𝑆𝑡𝑟𝑒𝑠𝑠) constructed by Ankargren et al. (2016), aimed at providing 

an early signal of a possible recession, was a significant exogenous variable. The theory 

behind this last variable is not well-grounded, yet a significant short-run effect could reveal 

relevant connections. 

 

4.2 Intercept correction 

In the absence of anticipated structural breaks in the future or other external factors, it is 

standard to set the future values of the equations’ error terms to zero. However, if past 

systematic forecast errors have occurred, or if a recent deterministic shift has happened, it 

may be beneficial to set a new value for the intercept to offset such errors. In the study at 

hand, a simple form of IC was applied and was in accordance with how Lyhagen et al. (2015) 

used the method. To exemplify how they used the method, let us consider the one-step-ahead 

forecast for an 𝐴𝑅(1), which is 𝑋𝑡+1 = �̂� + �̂�𝑋𝑡. In this case, the IC for the one-step-ahead 

forecast is: 

 

𝑋𝑡+1
∗ = �̂� + �̂�(𝑋𝑡 + 𝜖𝑡),                                                                                                                                   

 

where 𝜇 + �̂�𝜖𝑡 is the new intercept, and 𝜖𝑡 is the value of the previous forecast error. Thus, 𝜖𝑡 

represents the adjustment due to the fact that the original model’s misspecification is assumed 

to continue into the forecast period. However, if the process is unchanged, the penalty of 

using IC will increase the uncertainty of the model’s predictions. 

In this study, the adjustment procedure differs slightly from Lyhagen et al. (2015). I 

wanted the adjustment to occur more slowly because IC generally leads to more volatile 

(frequently to overly volatile) forecasts and since the theory behind making a model of GDP 

growth is more uncertain than the theory used in this study. Clements and Hendry (1996) have 

suggested that it is possible to use other adjustment schemes as a weighted combination of the 
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preceding periods errors. Nonetheless, to keep the approach simple without incorporating a 

suitable weighting scheme, this study used a weight on last period’s error of 0.5. 

 

4.4 Evaluation of accuracy of the model: Forecast performance 

The sharpness and the forecasting performance of this essay’s model were evaluated by 

comparing it with alternative models. The VECM was compared to the more basic RW, as 

this is a standard approach for forecast evaluation (Lyhagen et al., 2015). Even though the 

RW is a basic model, it is typically perceived as a benchmark model that is difficult to beat 

(see, e.g., Rossi, 2013). Moreover, when it comes to consumption, the RW’s strong 

performance is not surprising in the light of Hall’s (1978) hypothesis. The second model used 

for comparison was the more advanced and data-driven BVARM, which takes a clear step 

away from theory. The comparison therefore revealed whether a theory-driven model could 

outperform a data-driven one. A comparison with the VARM was also carried out to evaluate 

whether the theoretical cointegration relationship could enhance the accuracy of the 

forecasts.22 Additionally, the VARM and VECM forecasts was performed incorporating IC. 

The models were evaluated by studying their forecasts. I choose to start five years back 

in time so that the forecasts would not be overly dependent on the forecasting performance for 

the most recent years in the sample. Additionally, including more years helped to reveal 

whether significant regime shifts occurred in the final years of the sample, which was 

assessed by comparing the VECM forecasts with and without IC.  

First, the models were estimated from the first quarter (Q1) of 1993 to 2009Q4. Next, 

forecasts were generated for one, two, three, and four quarters ahead. In the subsequent step, 

the models were re-estimated to also include 2010Q1. Forecasts were again generated for one 

to four quarters ahead. This procedure was repeated for the whole sample (1993Q to 2015Q4), 

and the results was 24 one-quarter-ahead forecasts, 23 two-quarter-ahead forecasts, and so on. 

In Figure 1, the complete sample for consumption is presented and the forecast period is 

highlighted with a dotted line. 

 

 

 

                                                 
22 Furthermore, it is unclear from either theoretical or empirical studies which of the two produces the best short-

horizon forecasts. 
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Figure 1. Log of total consumption  

 

Different evaluations methods can yield divergent results and offer dissimilar 

information; for this reason, this study used several forecasting performance tests: the root-

mean-square error (RMSE), the means-absolute error (MAE), the mean-absolute-percentage 

error (MAPE), and bias. The RMSE and the MAE measure the distance of the forecast error 

from the correct value and make no distinction between negative and positive forecast errors. 

The MAPE presents the forecast error in terms of a percentage, and bias provides information 

on whether the model tends to over- or underestimate the dependent variable. The evaluation 

criterion is that the smaller the value, the better the model’s forecasting ability. These test 

values are estimated as follows: 

 

𝑅𝑀𝑆𝐸 = √
∑ (𝑥𝑖 − 𝑥𝑖)2𝑁

𝑖=1

𝑁
,                                                                                                            

 

𝑀𝐴𝐸 =
∑ |𝑥𝑖 − 𝑥𝑖|

𝑁
𝑖=1

𝑁
,                                                                                                                     

 

𝑀𝐴𝑃𝐸 =
1

𝑁
 ∑

|�̂�𝑖 − 𝑋𝑖|

𝑋𝑖

𝑁

𝑖=1
∗ 100, and                                                                                      

 

𝐵𝑖𝑎𝑠 =
∑ 𝑥𝑖 − 𝑥𝑖

𝑁
𝑖=1

𝑁
,                                                                                                                        

 

where N represents the number of forecasts, 𝑥𝑖 denotes the predicted value, and 𝑥𝑖 signifies 

the true value.23 In addition to these tests, the study assessed the models’ performance in 

predicting the direction of consumption during the next forecast period (i.e., one, two, three, 

or four quarters ahead, depending on the forecast horizon). This was accomplished by 

                                                 
23 For a more detailed discussion of evaluation measures, see, for example, Elliott et al. (2006). 
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examining each model’s ability, expressed as a percentage, to determine whether 

consumption growth would be below or above the value predicted by the RW. As the RW 

contains a drift parameter, this turned out to be a test to, loosely speaking, ascertain if the 

models could predict whether consumption would grow above or below its constant growth 

rate in the following period (Figure 2 illustrates the quarterly consumption growth). This 

measure is called direction and calculated as follows: 

 

𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 =
∑ 0.5 𝑠𝑔𝑛[(𝑥𝑖 − �̂�𝑅𝑊,𝑖)(�̂�𝑖 − �̂�𝑅𝑊,𝑖)] + 0.5𝑁

𝑖=1

𝑁
,                                             

 

where 𝑥𝑅𝑊,𝑖 denotes the predicted value by the RW.  

 

 

Figure 2. Quarterly consumption growth  

 

5. Description of the data and variables 

This chapter presents the data and the choice of variables, definitions, and methods. Details 

on sources, description of the variables and their construction, and the necessary calculations 

are available in Appendix B.  

Quarterly data was used in the estimation. This approach not only allowed for short-run 

consumption forecasts but also increased the number of observations (as compared to using 

annual or semi-annual data). Statistics Sweden (SCB) provides seasonally adjusted 

consumption data; however, its disposable income data is not seasonally adjusted. Therefore, 

the X-13 filter, developed by the United States Census Bureau (2017), was used to remove the 

seasonality component in disposable income (see Appendix B).  

The data covered the period 1993Q1 to 2015Q4. Earlier data was not used, because 

available and reliable information was lacking for earlier quarters. However, the timeframe 
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employed in this study represents a natural starting point, considering that Sweden underwent 

a large tax reform in 1992 and abandoned its fixed exchange rate. All variables are expressed 

in fixed prices deflated by the consumer price index, with 1993Q1 used as the base quarter, 

and are expressed in aggregated terms.24 The same prices index was used for all series. Rudd 

and Whelan (2006) have argued that this method is crucial when estimating a long-run 

relationship, though their claim contrasts with some previous studies that have used different 

prices indexes (e.g., Lettau and Ludvigson, 2001).  

In the main part of the analysis, total consumption was adopted as the consumption 

measure. This follows Rudd and Whelan’s (2006) suggestion that in the theoretical 

framework used in this study, this is the correct measure of consumption. Additionally, 

policymakers are typically interested in forecasts of total consumption, rather in estimates 

considering only a part of total expenditures. However, there was some concern that this 

might not provide a perfect match with theory as some researches argue non-durable goods 

and services might be considered a better proxy of pure consumption. Thus, the model was 

also tested with non-durable consumption as the dependent variables (full analysis of this 

approach available upon request).25 The question then naturally arose as to whether the two 

measures could be used interchangeably? Bjellerup (2005a) considered this puzzle by using 

Swedish data and concluded they cannot and therefore an inspection of the two variables are 

necessary.26  

Figure 3 presents the ratio of total consumption to non-durable consumption. The figure 

does not illustrate a clear trend, other than a sharp drop in durable consumption in relation to 

total consumption around the 2008 financial crisis. The same holds when examining the 

growth rates of the two variables: rather surprisingly, both appear to have similar volatility 

levels. Thus, the choice of total consumption as the dependent variable was not expected to 

have a considerable effect on the VECM’s parameters.27 

 

                                                 
24 For simplicity, all variables are expressed as aggregated. However, the model was also estimated expressing 

the variables in per-capita terms as a control, yielding similar results. 

25 The total flow of consumption is unobservable because the service flow from a large part of the durable stock 

is unobservable.  

26 See Koop et al. (2008) and Rudd and Whelan (2006) for a discussion of how the choice of the consumption 

term and other variables can affect the results of the VECM and other models. 

27 Furthermore, using total consumption allow for comparison with previous Swedish studies, namely, Berg and 

Bergström (1995), Johnsson and Kaplan (1999), Lyhagen (2001), Bjellerup (2005a), and Chen (2006). 
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Figure 3. Ratio of total consumption to non-durable consumption  

 

The wealth variable was split into financial wealth and housing wealth, because a 

significant number of previous Swedish studies have indicated that the two measures may 

have different effects on consumption. One concern is that theory predicts a relationship 

between net wealth and consumption. The national account (NA) provides data of household 

debts; however, it is not a straightforward process to separate this factor into “financial debt” 

and “housing debt.” All debt was therefore deducted from housing wealth, following 

Johnsson and Kaplan (1999) and Bjellerup (2005a) and because the debts of Swedish 

households typically consists of mortgages loans (FI, 2016). Gross financial wealth thus 

became a proxy for net financial wealth. Figure 10 (in Appendix F) show the log of financial 

wealth and net housing wealth from 1993 to 2015. Moreover, the original data on wealth 

corresponded to the end-period values. Lettau and Ludvigson (2004) have argued that a 

timing convention for wealth is needed, because the level of consumption is measured as a 

flow during a quarter. These authors used end-period values; this study, however, argues that 

the average stock over a quarter is the most accurate measure, as agents, when making 

consumption decisions, consider their wealth at each point in time, rather than at the 

beginning or the end of the quarter.  

Lastly, a problematic element was found in the data, and it might have affected the 

cointegrating relationship. Namely, the savings rate for Swedish households changed over the 

sample period. Figure 4 plots the savings rate and reveals that from 1993 onward, a clear 

downward trend in savings among Swedish households emerged. This decline might be 

connected to the crisis of the 1990s. The downward trend in savings hit its low point at the 

beginning of 1998, and from this point, savings level again began to rise. However, they 

dipped in 2000, perhaps for reasons connected to the dot-com crash. A likely explanation for 

this pattern is that during the middle of the 1990s, the Swedish pension system was in the 

midst of a transformation, and in 1998, the Swedish Riksdag decided to approve a newly 
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reformed pension system.28 Figure 4 gives an indication that the reform changed the behavior 

of households, increasing their savings. This reaction potentially sought to offset the decrease 

in government savings. To control for this, a dummy variable—taking the value of 1 from 

1998Q1 onwards—was included in the VECM as an exogenous variable, thus allowing for 

the possibility of a structural break.  

 

 

Figure 4. Savings rate calculated as 𝒚𝒅 − 𝒄𝒕 

 

6. Vector error-correction model results and analysis 

This chapter and subsequent one aim to fulfill the objective of this essay. As the method used 

in this study is based on the error-correction approach, it requires that the variables in the 

long-run equation are I(1) and cointegrated. Section 6.1 evaluates if consumption, disposable 

income, financial wealth, and net housing wealth were integrated of order one, using two 

different unit-root tests. It also assesses whether they were cointegrated via the Johansen 

cointegration test. The chapter continues by attempting to identify to what extent and how the 

particular variables included in the consumption function affect consumption, and if there 

were any significant short-run variables. Section 6.2 and 6.3 provide the answer to these 

questions. The next chapter (7) connects the modeling sub-question with the sub-question 

asking whether the model could be improved by evaluating the VECM’s forecasts with and 

without IC, and by considering alternative models. For the sake of convenience, variable 

description and titles of the variables are presented in Appendices A and B.  

 

                                                 
28 See, for example, Palme (2001) for a discussion of the new pension system. 
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6.1 Testing for cointegration 

The VECM employed in this analysis built on the theoretical model explained in Chapter 3, 

which suggests that the variables in 𝑥𝑡 (i.e., consumption, disposable income, financial 

wealth, and net housing wealth) entering the consumption function should be cointegrated. To 

begin with, the order of integration of each variable in 𝑥𝑡 was tested by the augmented 

Dickey-Fuller unit-root (ADF) test and the Philips-Perron test (the results are presented in 

Tables 12 and 13 in Appendix E).29 The tests revealed that at the 5% level, it was not possible 

to reject the hypothesis that the variables entering the cointegrating relationship are I(1).  

The short-run variables likewise needed to be tested for their order of integration, 

because it is inappropriate to include non-stationary short-run variables in a VECM. The 

consumer confidence indicator series (𝐶𝐶𝐼), changes in house prices (d(HI)), and the stress 

index (𝑆𝑡𝑟𝑒𝑠𝑠) were found stationary, while the employment rate (𝐸) and the interest rate 

series (𝑅) had unit roots.30 If these latter two variables are differenced once, they achieve 

stationarity. Thus, this method made it possible to include them in the short-run equations.  

The next step was to identify any or the number of cointegrating relationships among 

the variables in 𝑥𝑡, which was accomplished via the Johansen method. First, the numbers of 

lags needed to be determined. This step is critical since Johansen’s testing procedure is based 

on the likelihood function assuming independence and normality of the errors. 

To get an indication of the correct lag length, a VARM in levels was estimated. The 

Schwarz information criterion indicated that two lags were appropriate while Akaike 

information criterion suggested five lags. However, using either of these two lag lengths the 

Lagrange multiplier (LM) test for autocorrelation in the residuals rejected the hypothesis of 

no autocorrelation. Therefore, to remove the autocorrelation in the errors, the model was 

estimated with additional lags. Ultimately, seven lags were sufficient to remove the serial 

correlation in errors, and thus six were sufficient for the VECM (the LM test is presented in 

Table 14 Appendix E). To examine if this lag length was too long, the joint-significance Wald 

lag-exclusion test was performed on the VARM with seven lags. The test result strengthened 

the choice of seven lags, as it indicated that all lags should be retained at the 10% significance 

                                                 
29 The main advantage of the Philips-Perron test is that it is non-parametric. For a description of how the ADF-

test is performed, see Dickey and Fuller (1979), and for an explanation of how the Philips-Perron test is 

performed, see Philips and Perron (1998). 

30 The ADF test demonstrated that the interest rate was stationary, while the Philips-Perron test indicated that it 

contained a unit-root. As a result, I used the first-difference of the interest rate. 
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level. Lastly, the normality of the errors was examined with the Jarque-Bera test, which 

suggested that the errors were normally distributed.31  

As the residual problem had been handled, the next step was to examine the potential 

cointegrating relationships using the Johansen cointegration test.32 In the test specification, I 

allowed for trends in the data but for no trend in the cointegrating space. The results are 

presented in Table 1.  

 

Table 1. Johansen cointegration test  

Series: 𝑐𝑡, 𝑦𝑑, 𝑓𝑤, 𝑛ℎ𝑤  

Exogenous variables: 𝐷𝑈𝑀98: 1  

Linear trend, no trend in cointegrating space, 6lags  

Number of 

cointegrating 

equations 

Trace 

statistic 

Critical 

value 

Prob. Max-Eigen 

Statistic 

Critical 

value 

Prob. 

r=0  52.45 ** 47.86 0.02  32.40 ** 27.58 0.01 

r≤1  20.04  29.80 0.41    13.87  21.13 0.38 

r≤2    6.17  15.49 0.68       5.88  14.26 0.63 
Note: ** denotes rejection of the null hypothesis at the 5% level. 

 

Both the trace test and the Max-eigenvalue test indicated cointegration at the 5% level 

and suggested that the system only contained one cointegrating vector. However, the critical 

values of this test assume no exogenous series, and as a robustness check the test was 

performed excluding the dummy. Excluding the dummy from the VARM made it rather 

unstable, and the lag length had to be switched. Nevertheless, the cointegration test still 

indicated the presence of cointegration at the same significance level (results from this test are 

presented in Table 15 in Appendix E). 

 

6.2 Short- and long-run dynamics 

As the tests in Section 6.1 indicated the theoretical underground unique cointegration 

relationship exists between consumption, disposable income, financial wealth, and net 

housing wealth, it was possible to proceed to estimate the VECM. In Section 4.1, additional 

exogenous variables that could potentially improve the model’s explanatory power in the 

                                                 
31 The results of the Wald and Jarque-Bera tests are not presented in this essay but are available upon request. 

32 Johansen’s method consists of estimating the ∝ 𝛽′ matrix from an unrestricted VARM and testing whether one 

can reject the restrictions implied by the reduced rank of ∝ 𝛽′. For additional information regarding the 

cointegration test, see Johansen (1991; 1995).  
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short run were discussed. To examine whether these variables should be included in the short-

run equations, I started with a broad model including all short-run and long-run variables. The 

approach was to examine which factors that were significant and then drop insignificant 

variables from the model. After variables were excluded, diagnostic tests needed to be 

performed again.  

Using this approach, only 𝐶𝐶𝐼 was found significant at the 10% level in the short-run 

consumption function (having the right sign) and thus 𝑑(𝐻𝐼) and 𝑑(𝐸) did not appear to 

affect households’ confidence levels. Additionally, the 𝑅 and the 𝑆𝑡𝑟𝑒𝑠𝑠 did not appear to add 

any additional information to the model. However, even though 𝐶𝐶𝐼 was found to be 

significant, including it in the VECM resulted in autocorrelation in the errors that was not 

possible to fully remove. For this reason, this variable was not included in the model. 

Consequently, this study did not found that any exogenous variable—besides the dummy 

variable—should be included in the VECM to improve it. 

As the results signposted not to include any exogenous factors, the model therefore only 

included the cointegrating variables. Table 2 reports the Johansen VECM results using these 

variables. For simplicity’s sake, the table only provides the two first lags of the variables 

in 𝑥𝑡. 

 

Table 2 – Vector error-correction model results 

Long run 𝑐𝑡
 
=

 
10.59 +

 
0.41𝑦𝑑
(6.32)

  
+ 0.17𝑓𝑤 

(4.06)
 
+

 
0.00𝑛ℎ𝑤

(0.22)
 

Dependent 

variable 
Equation 

 

∆𝑐𝑡𝑡  

  

∆𝑦𝑑𝑡  

  

∆𝑓𝑤𝑡   

  

∆𝑛ℎ𝑤𝑡  

∝  - 0.39 ** 

 

- 0.02 

  

- 0.11 

  

- 0.13 

 ∆𝒄𝒕𝒕−𝟏  - 0.01 

  

- 0.23 

  

- 0.08 

  

- 0.04 

 ∆𝒄𝒕𝒕−𝟐  

 

0.30 ** 

  

0.27 

   

0.46 

   

0.34 

 ∆𝒚𝒅𝒕−𝟏  - 0.03 

  

- 0.41 ** 

  

0.02 

  

- 0.05 

 ∆𝒚𝒅𝒕−𝟐  - 0.15 ** 

 

- 0.34 ** 

 

- 0.22 

  

- 0.04 

 ∆𝒇𝒘𝒕−𝟏  

 

0.07 * 

  

0.06 

   

1.03 ** 

  

0.26 ** 

∆𝒇𝒘𝒕−𝟐  

 

0.02 

   

0.12 

  

- 0.81 ** 

 

- 0.04 

 ∆𝒏𝒉𝒘𝒕−𝟏  

 

0.00 

  

- 0.16 

  

- 0.30 

   

0.87 ** 

∆𝒏𝒉𝒘𝒕−𝟐  - 0.05 

  

- 0.10 

   

0.23 

  

- 0.72 ** 

𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕  - 0.01 ** 

  

0.00 

   

0.01 

   

0.00 

 𝑫𝑼𝑴𝟗𝟖: 𝟏  

 

0.01 ** 

  

0.01 

   

0.01 

   

0.01 

 �̅�𝟐  

 

0.60 

   

0.46 

   

0.77 

   

0.63 

 Note: t-statistics in parenthesis. ** indicates significance at the 5% level, and * indicates significance at the 10% 

level. Estimation sample 1993Q1 to 2015Q4. 
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The long-run estimates at the top of the table report the results from the first step of the 

Johansen procedure (i.e., the 𝛽-vector of cointegrating coefficients). Table 2 suggests that the 

elasticity of disposable income is 0.41, while the elasticity of financial wealth is 0.17. Both 

coefficients were found statistically significant at the 5% level. In contrast, the coefficient for 

net housing wealth was insignificant, suggesting that this variable does not affect 

consumption in the long run. Consequently, these results contribute to the renewed interest 

concerning the linkages between asset wealth and consumption. Recent international 

empirical work has demonstrated that consumption reacts to house price movements (e.g., 

Berger et al., 2015), and in recent years, Sweden has seen a sharp increase in house prices. 

These rising prices and the international empirical work have created concerns among policy 

makers, as they regard the rising prices as a significant risk for the Swedish economy.33 

However, Table 2 distinctly reveals that in the long run, consumption would not be affected 

by a correction in the housing market (and thereby, by a drop in net housing wealth). 

Accordingly, it seems that such a correction would only have other impacts on the economy. 

In a similar manner, the results indicate that the latest years rise in house prices should have 

had a minor effect on consumption expenditures in Sweden. 

The question of how housing wealth affects consumption is an essential one, and as 

others have argued differently (that consumption does respond to changes in housing wealth), 

the robustness of the results in Table 2 must be tested. An obvious reason for an ambiguous 

sign for 𝑛ℎ𝑤 is a wrong definition of the variable. To assess this, net housing wealth was first 

substituted with gross housing wealth, since the treatment of the household debt variable may 

have affected the estimates. However, the coefficient’s value was still zero, and the other two 

coefficients in the long-run equation only changed slightly. Next, the housing index series 

(see Appendix B for a description of this variable) was used as a proxy for households’ 

housing wealth. The housing variable was still insignificant, while the elasticity of disposable 

income shrank to 0.34. At the same time, the elasticity of financial wealth increased to 0.18. 

Finally, I assessed whether the housing wealth variable runs with a lag because it is likely that 

households find it difficult to evaluate the value of their housing wealth at each point in time, 

as they do not sell this form of property frequently and as statistics on house prices are 

                                                 
33 Yet, it should be noted that the concern also pertains to household debts. The share of total debt rose from less 

than 400% of quarterly disposable income in 1993 to over 700% of quarterly disposable income in 2016, 

according to the data used in this study. 
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published after a delay. To test this hypothesis, the net housing variable was lagged one 

period; however, neither did this approach change the main conclusion.  

The adjustment vector in Table 2 demonstrates that the consumption equation’s loading 

coefficient (i.e., ∝𝑐𝑡) is significant and has the correct sign (negative). In contrast, the 

elements of the adjustment vector corresponding to income, financial wealth, and net housing 

wealth is statistically indistinguishable from zero, suggesting these variables as weakly 

exogenous with respect to consumption and that it is consumption that equilibrium corrects in 

the long run. Thus, when consumption deviates from its habitual ratio with disposable 

income, financial wealth, and net housing wealth, it is consumption that is expected to adjust 

until the equilibrium relationship is restored.  

To conclude that 𝑦𝑑, 𝑓𝑤, and 𝑛ℎ𝑤 were weakly exogenous, restrictions were imposed 

on the loading coefficients in the VECM. The restrictions placed on the coefficients were 

formatted as follows: 𝛽𝑐𝑡 = 1, ∝𝑦𝑑= 0, ∝𝑓𝑤= 0, ∝𝑛ℎ𝑤= 0, and the likelihood ratio test was 

used to assess whether these coefficient restrictions should be placed on these adjustment 

parameters or not. Re-estimating the model with these restrictions yielded a p-value of 0.90, 

indicating that it was not possible to reject the null hypothesis of weak exogeneity at any 

significance level (see Table 3). Thus, the test results suggested 𝑦𝑑, 𝑓𝑤, and 𝑛ℎ𝑤 as weakly 

exogenous, and, therefore, these coefficients restrictions were kept in my preferred model. 

The updated results are reported in Table 3. 
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Table 3 – Restricted vector error correction model results  

Coefficient 

restrictions 
𝛽𝑐𝑡 = 1, ∝𝑦𝑑= 0, ∝𝑓𝑤= 0, ∝𝑛ℎ𝑤= 0 

Probability° 0.90 

Long run 𝑐𝑡
 
=

 
10.40 +

 
0.42𝑦𝑑
(6.42)

  
+ 0.15𝑓𝑤 

(3.64)
 
+

 
0.01𝑛ℎ𝑤

(0.60)
 

Dependent 

variable 
Equation 

 

∆𝑐𝑡𝑡  

  

∆𝑦𝑑𝑡  

  

∆𝑓𝑤𝑡   

  

∆𝑛ℎ𝑤𝑡  

∝  - 0.39 ** 

  

0.00 

   

0.00 

   

0.00 

 ∆𝒄𝒕𝒕−𝟏  - 0.01 

  

- 0.23 

  

- 0.08 

  

- 0.05 

 ∆𝒄𝒕𝒕−𝟐  

 

0.30 ** 

  

0.27 

   

0.45 

   

0.32 

 ∆𝒚𝒅𝒕−𝟏  - 0.03 

  

- 0.40 ** 

  

0.03 

  

- 0.04 

 ∆𝒚𝒅𝒕−𝟐  - 0.14 ** 

 

- 0.34 ** 

 

- 0.22 

  

- 0.03 

 ∆𝒇𝒘𝒕−𝟏  

 

0.08 * 

  

0.06 

   

1.03 ** 

  

0.26 ** 

∆𝒇𝒘𝒕−𝟐  

 

0.02 

   

0.12 

  

- 0.81 ** 

 

- 0.04 

 ∆𝒏𝒉𝒘𝒕−𝟏  

 

0.00 

  

- 0.16 

  

- 0.30 

   

0.87 ** 

∆𝒏𝒉𝒘𝒕−𝟐  - 0.05 

  

- 0.10 

   

0.23 

  

- 0.72 ** 

𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕  - 0.01 ** 

  

0.00 

   

0.01 

   

0.00 

 𝑫𝑼𝑴𝟗𝟖: 𝟏  

 

0.01 ** 

  

0.01 

   

0.01 

   

0.01 

 �̅�𝟐  

 

0.60 

   

0.46 

   

0.63 

   

0.76 

 Note: t-statistics in parenthesis. ** indicates significance at the 5% level, and * indicates significance at the 10% 

level. Estimation sample 1993Q1 to 2015Q4. The full model is presented in Table 16 in Appendix E. 

°Probability likelihood ratio test. 

 

Imposing restrictions compelled the coefficients to adjust slightly. The long-run 

coefficients in Table 3 reveal the elasticity of disposable income is slightly higher (0.42), 

whereas the elasticity of financial wealth is a bit smaller (0.15) than in Table 2. Both 

coefficients were significant; however, the housing variable was still found insignificant. 

Thus, the altered model yielded the same conclusion as the non-restricted VECM: Consumers 

do not increase their consumption when their housing wealth rises. There are several reasons 

that potentially explain this phenomenon, but one obvious explanation is that housing wealth 

is an illiquid asset, unlike, for example, financial wealth. Another reason might be that 

households perceive rises in house prices as uncertain or temporary and therefore do not 

directly increase their spending when their housing wealth increases. 

Turning to the short-run equations, the loading coefficient in the consumption equation 

was discovered to be significant and have the correct sign, indicating the presence of rule-of-

thumb consumers or habit persistence in consumption. The equilibrium coefficient of -0.39 

suggests that deviations from the trend are corrected within approximately two-and-a-half 

quarters. As Swedish consumers do not adjust their expenditure directly (the equilibrium 
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coefficient is less than one) it favors the habit persistence hypothesis, which is in line with the 

finding of Hansson (2001a). Bjellerup (2005a) likewise found ∝𝑐𝑡 to be significant; however, 

behavior among households appears to have changed because the value that he calculated was 

lower (-0.20).34 

Since consumption adapts gradually to trend movements in wealth and income, it 

should contain a transitory component, correlated with the permanent shocks in wealth or 

income. Thus, permanent movements in wealth or income are not immediately accompanied 

by a full adjustment in consumption to its trend level, generating a transitory component in 

consumption and a temporary deviation from the mean in the cointegrating residual. 

Exploring how each of the variables in the long-run equation is related to permanent and 

transitory shocks to the system would be beyond the scope of this essay, as to extract the 

permanent and transitory shocks, one would need a scheme for identifying them. That process 

would require suitable (and convincing) assumptions and deep analysis. Nevertheless—as 

explained above—it is evident that consumption contains a significant transitory 

component,35 and as the other three adjustment coefficients (∝𝑦𝑑 , ∝𝑓𝑤 , ∝𝑛ℎ𝑤) were found 

statistically indistinguishable from zero, this finding implies that disposable income, financial 

wealth, and net housing wealth have a large weight in the permanent innovations and a small 

weight in the transitory innovations. Hence, deviations from the shared trend in consumption, 

disposable income, financial wealth, and net housing wealth are better described as transitory 

shifts in consumption. This conclusion suggests that when forecasting consumption, the 

VECM should provide relatively sharper forecasts at longer horizons, as in the long run, it is 

expected that consumption is mainly driven by permanent shocks, while in the short run, 

temporary shocks have a greater effect.  

Continuing with the short-run parameters, the coefficients associated with the lags for 

the variables in 𝑥𝑡 indicates that increases in financial wealth have a positive effect on 

consumption in the short run. However, Table 3 shows the lagged value of disposable income 

growth is not statistically significant for the first lag, providing no evidence that households 

follow the rule-of-thumb or are liquidity-constrained, which strengthens the hypothesis of 

                                                 
34 The results in this essay indicate less habit persistence among consumers. However, it could also be that 

consumers in Sweden today find it easier to adjust consumption due to fewer credit constraints.  

35 As the element of the adjustment vector corresponding to consumption was found large and significant, this 

indicated that consumption has a sizable weight in the transitory innovations and a small weight in the 

permanent innovations. See Lettau and Ludvigson (2001; 2004) for a more thorough discussion considering 

decomposition of shocks that have permanent and transitory effects. 
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habit formation in consumption. The lagged value of net housing growth was insignificant for 

all lags, with the exception of the third, fifth, and sixth ones (see Table 16). The first two (lag 

three and five) were significant at the 10% level and suggest a positive impact on 

consumption; however, the results show lag six is significant at the 5% level but that the 

associated coefficient is negative. Thus, the results offered a mixed picture but provided some 

evidence that a short-run increase in housing wealth can slightly affect consumption.  

At first glance, Table 3 signposts that it is irrelevant to include the housing variable in 

the VECM or if one does treat wealth as aggregated, as the housing variable was found to be 

insignificant in the long-run equation. However, financial and housing wealth is expected to 

affect consumption differently, depending on, for instance, the liquidity level, the distribution 

of assets across income groups, and as households tend to see some wealth increases as more 

temporary. Besides, the estimates in Table 3 indicate that the two factors have different 

influences on consumption, while Table 1 revealed that the cointegrating relationship exists 

between the four variables. For these reasons, I found no reason to exclude the housing 

variable from the VECM or to treat the wealth variable as aggregated.36 

The stability of the long-run coefficients was evaluated by using another model (i.e., 

Dynamic ordinary least squares [DOLS]) and by reducing the sample size. Both approaches 

enhanced the robustness of the long-run coefficient estimated in Table 3 (see Appendix D for 

the full stability analysis). 

 

6.2 Comparison with previous studies 

The long-run elasticity parameters (i.e., the 𝛽-vector) of consumption, disposable income, 

financial wealth, and net housing wealth: (1, 0.41, 0.15, 0.01), estimated in Table 3, reveal the 

importance of financial wealth in the consumption function and provide a piece to the 

Swedish wealth puzzle. A short glance at results of previous Swedish studies makes this point 

clear: Berg and Bergström (1991), Kanis and Barot (1993), and Lyhagen (2001) concluded 

that changes in housing wealth have the greatest effect on consumption, while Berg and 

Bergström (1995) and Markowski (1994) claimed that financial wealth has the greatest effect. 

More recent studies have tended to support this supposition that financial wealth is the most 

important. Johnsson and Kaplan (1999) estimated the following long-run parameters: (1, 0.80, 

0.16, 0.04). Bjellerup (2005a) approximated the parameters: (1, 0.50, 0.19, -0.01), via the 

DOLS model, while Chen (2006) estimated the long-run parameters to be: (1, 0.258, 0.052, 

                                                 
36 For a more detailed discussion of different wealth effects, see Case et al. (2005). 
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0.197), using gross housing wealth, and the long-run parameters to be: (1, 0.43, 0.06, 0.11), 

when net housing wealth was used in the estimation.  

According to Table 3, changes in housing wealth should not influence consumption in 

the long run, which is in line with the findings of Bjellerup (2005a) and Johnsson and Kaplan 

(1999). The other coefficients are likewise similar to those found by Bjellerup, although he 

found the elasticity of disposable income to be higher than the elasticity found in this essay 

(0.50 compared to 0.42). The elasticity of disposable income estimated by Johnsson and 

Kaplan was considerably higher than the elasticity found in this study and in Bjellerup’s 

analysis. A feasible explanation for these differences is that Johnsson and Kaplan used yearly 

data. However, the financial wealth elasticity is roughly similar across the three studies, 

ranging from 0.15 to 0.19.  

This essay’s conclusions differ from those of the most recently published study in this 

field that used Swedish data. Chen’s (2006) estimate of disposable income is almost identical 

to the one found in this study, but the coefficients for financial wealth and housing wealth 

differ. Chen found the housing effect to be the more crucial factor, while the financial wealth 

effect as rather small. Additionally, he found the loading coefficient to be insignificant in the 

consumption equation, while significant in the housing equation. There are some possible 

explanations for the different results. First, Chen did not use seasonally adjusted data, which 

is the standard approach when using a VECM to construct the consumption function. Second, 

he employed a different measure of income, defining it as labor income (i.e., compensation 

paid to employees, plus transfer income, minus household taxation and social contributions). 

In contrast, this study used disposable income. Chen’s variable adheres more closely to the 

theory presented in this study; however, the relevant data series are rather uncertain. Third, 

the Swedish housing market was relatively turbulent during the period of his study.  

Turning to international studies, the results in this thesis differ slightly from Lettau and 

Ludvigson’s (2004) well-cited paper. They found that the long-run coefficients were 0.60 for 

income and 0.30 for aggregate wealth. Moreover, the loading coefficient was only significant 

in the asset equation. Potential explanations for these differences include the fact that Lettau 

and Ludvigson did not treat wealth as disaggregated and used non-durable consumption as a 

proxy for pure consumption. However, when using non-durable consumption as the 

consumption variable, I estimated the relationship to be (this analysis is available upon 

request): (1, 0.52, 0.12, 0.00), and when treating wealth as aggregated, the loading coefficient 

in the wealth equation remained insignificant. Thus, the results might simply reveal 

behavioral differences among households and environmental differences between the two 
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countries. Lettau and Ludvigson (2004) claimed that household net worth in the U.S. is 

dominated by transitory fluctuations in stock market wealth. However, stock cycles amount 

for a smaller share of the wealth variation in Sweden. Moreover, Lettau and Ludvigson’s 

results reflect forward-looking behavior among consumers in the U.S. and the fact that their 

actions are affected by expected future events. In contrast, my results indicate that Swedish 

households cannot predict future changes in wealth. Instead, consumption in Sweden relies on 

habit and, therefore, consumption exhibits a delayed response to shocks.     

 

7. Forecasting and evaluation of the models 

In this chapter, the strength of the cointegrating relationship and the predictive power of the 

preferred model (presented in Table 3) are examined. Specifically, this chapter assesses its 

forecasting power relative to that of the alternative models introduced in Chapter 4. The 

VECM is expected to have relatively strong forecasting power at long horizons, as the 

deviations from the common trend in the variables in 𝑥𝑡 are anticipated to reveal something 

about the future path of consumption growth. In an attempt to improve the model IC was 

incorporated in the VECM. Intercept correction can represent, for example, the influence of 

anticipated future events.37 The estimation of the alternative models is presented in Appendix 

C. However, they were estimated in a similar manner as the VECM, and the BVARM was 

estimated with the same priors as Villani (2009). First, the one- and four-step-ahead 

consumption forecasts are evaluated. Next, the overall forecast performance of the models is 

explored. 

 

                                                 
37 The IC approach comes with two problems. First, one can never be certain about what has been corrected for. 

Second, IC has a credibility cost, as the question arises of if one believes in a model, what is the purpose of 

overruling its forecasts. The latter problem may be justified if one believes that the DGP has changed in the 

forecast period, causing any model to become misspecified. 
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7.1 One-step-ahead forecasting performance 

 
Figure 5. Actual consumption and the one-step-ahead forecasts of all models  

Note: Forecast period 2010Q1 to 2015Q4.  

 

Figure 5 provides the one-step-ahead forecasts. A visual inspection makes evident that all of 

the models performed well at short horizons, except for the VARM with IC (VARM IC) as its 

forecasts were too volatile, in line with expectations. In contrast, allowing for IC in the 

VECM (VECM IC) did not produce extremely volatile forecasts and the reason might be that 

the VECM performed rather well, thus yielding few significant errors in need of correction. 

The VARM and the BVARM slightly overestimated consumption growth at the beginning of 

the forecast period, while the forecasts of the VECM and VECM IC followed consumption 

more closely. After 2012Q, it is not possible to observe significant differences between the 

forecasts of these four models.  

Visualizing the relative forecasting performance of these models, Table 4 contains the 

evaluation measures for the one-step-ahead forecasts. To make the forecasts results easily 

comparable, the performance of the models is indicated relative to that of the RW. Thus, a 

number below 1 implies a better forecast performance than that of the RW. 

According to the evaluation measures, the RW did not have the best performance. 

Instead, the BVARM outperformed all other models, according to the RMSE, MAE, and 

MAPE. The VARM had the best performance according to the bias assessment; however, this 

measure can be somewhat misleading, as it distinguishes between positive and negative 
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forecast errors, implying that substantial over- and underestimations can cancel each other 

out. Therefore, the MAE is a more suitable measure, and it revealed that the VARM 

performed relatively poorly. Nevertheless, the bias can provide valuable insights, as it gives 

an indication of whether a model had a tendency to over- or underestimate consumption 

during the forecasting period. The VARM had a small tendency to overestimate consumption, 

while the VECM yielded rather inaccurate predictions, as it tended to underestimate 

consumption during the forecast period. 

The last row in Table 4 illustrates the percentage of times the model predicted whether 

consumption would grow below or above the value predicted by the RW. As can be observed 

in the table, the VECM IC performed the best, with an accuracy of 71%. This outcome was 

far better than that of the VECM, indicating that the IC strategy yields slightly better forecasts 

at short time horizons. The VECM IC also outperformed the RW, according to the MAE and 

MAPE, while the VECM did not. Nonetheless, according to the RMSE, the ordinary model 

performed better, signposting that incorporating IC yielded some relatively large forecasts 

errors since these types of errors have large impact upon the RMSE value. In sum, it is 

unclear whether IC improves short-run performance of the VECM, except when it comes to 

pointing out the direction of consumption growth in the next quarter.  

 

Table 4. Evaluation measures for the one-step-ahead forecasts 

Measure RW VARM VARM IC VECM VECM IC BVARM  

RMSE 1 1.098 2.063 0.984 1.055 0.885 

MAE 1 1.199 2.204 1.023 0.976 0.878 

MAPE 1 1.199 2.218 1.022 0.975 0.878 

Bias 1 0.751 14.582 3.001* 2.095* 0.954 

Direction - 46% 50% 58% 71% 67% 
Note: The RW served as the benchmark for the RMSE, MAE, MAPE, and bias measures. A value of less than 1 

implied that a model outperformed the RW. The direction measure show the percentage of times the model 

predicted whether consumption would grow below or above the value predicted by the RW. Bold values denote 

the best-performing model. * indicates that the model tended to underestimate consumption. 
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7.2 Four-step-ahead forecasting performance  

 
Figure 6. Actual consumption and the four-step-ahead forecasts of the four best-

performing models 

Note: Forecast period 2010Q4 to 2015Q4.  

 

Figure 6 reveals that the models performed worse when it comes to the long-run (i.e., one-

year-ahead) forecasts. Here, the VARM IC’s forecast have been excluded, due to that model’s 

poor performance. The VARM and BVARM overestimated consumption at the beginning of 

the forecast period, as was the case for the one-step-ahead forecast, while the VECM and 

VECM IC underestimated consumption. In 2011Q3, all models overshot consumption, and 

thus, they were unable to predict the downturn in this quarter and the next one. However, the 

VECM beat the other models, exhibiting a relatively small forecast error in 2011Q3. In the 

following quarters, all models produced better predictions, although both the VECM and 

VECM IC generated a large forecast error in 2012Q3, and the VECM IC displayed a 

significant forecast error in 2015Q2. The forecast error in 2012Q3 generated by the VECM 

reveals a somewhat sluggish adjustment to the downturn in consumption in 2011Q3 and 

2011Q4.  

A BVARM is expected to adjust more slowly than an ordinary VARM, and Figure 6 

supports this hypothesis. For example, the VARM’s forecast errors are larger than those of the 

BVARM for 2011Q3 and 2011Q4, but despite this fact the VARM “corrected” the error 

faster. It is also evident that when IC was permitted in the VECM, it led to more volatile 
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forecasts, as exemplified by the few spikes (e.g., in 2011Q3 and 2015Q2) where the VECM 

IC’s prediction significantly deviated from those of the ordinary VECM.  

The visual inspection of Figure 6 suggests that IC did not improve the VECM’s 

forecasts. How intercept corrected forecasts function is related to whether the forecast errors 

are permanent or short-lived and to the true source of the error.38 Therefore, models allowing 

for IC are expected to handle large variations more successfully, since they can adjust more 

quickly. However, incorporating IC can lead to overcompensations for small fluctuations, and 

this indeed seems to be the case during the forecast period studied here.  

Turning to Table 5, which displays the evaluation measures, it suggests that the VECM 

produced the best one-year-ahead forecasts. The model was only outperformed by the VARM 

when it came to the bias. However, the RW was more accurate than the VARM according to 

all other measures (hence, again expressing the weakness of the bias measure). Thus, 

incorporating the cointegrating relationship in the VARM significantly improved the 

forecasting performance. Moreover, allowing for IC in the VARM did not, as with the short-

run forecasts, help to improve the predictions.  

According to the MAE, MAPE, bias, and direction the BVARM’s performance was 

somewhat close to that of the VECM, yet it was far behind according to the RMSE. Allowing 

for IC in the VECM did not improve the model, according to all measures except the bias; for 

this reason, I conclude that IC does not increase forecast performance of the VECM. This 

conclusion offers some evidence that there were no significant regime shifts during the 

forecast period that could have offset the robustness of the long-run parameters. Moreover, 

this result provides no indication of that the preferred model in Table 3 is misspecified.  

 

Table 5. Evaluation measures four-step-ahead forecasts  

Measure RW VARM VARM IC VECM VECM IC BVARM 

RMSE 1 1.179 1.348 0.885 1.073 0.956 

MAE 1 1.132 1.302 0.929 1.103 0.934 

MAPE 1 1.130 1.307 0.921 1.094 0.934 

Bias 1 0.565 2.212 0.957* 0.747* 0.972 

Direction - 43% 57% 62% 62% 57% 
Note: The RW served as the benchmark for the RMSE, MAE, MAPE, and bias measures. A value of less than 1 

implied that a model outperformed the RW. The direction measure show the percentage of times the model 

predicted whether consumption would grow below or above the value predicted by the RW. Bold values denote 

the best-performing model. * indicates that the model tended to underestimate consumption. 

                                                 
38 For example, the error may have arisen due to an incorrect model, the wrong coefficients, changes in the 

coefficients over time, or incorrectly measured coefficients. 
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Before examining the overall forecast performance, I attempted to comprehend why the 

VECM tended to underestimate consumption. An obvious reason is that the model’s 

cointegrating residual is positive during this period. Indeed, as Figure 7 demonstrates, 

consumption was (slightly) above its long-run trend during most of that period. The 

cointegrating residual also offers an explanation to why the VECM expected consumption to 

grow slowly at end of the forecast period: The long-run relationship was seemingly hit by a 

shock so that consumption deviated from its long-run trend.39 

 

 
Figure 7. The cointegrating residual 

 

7.3 Overall forecasting performance 

This section examines the overall forecast performance by inspecting the RMSE, MAE, and 

direction measures for all forecasts. Tables exhibiting the overall forecast performance, as 

signified by the MAPE and bias, are presented in Appendix E. 

The overall forecast results, also including the two- and three-quarters-ahead forecast 

horizons, suggest that the VECM and BVARM outperformed all other models (see Tables 6, 

7, and 8). According to the MAE, the VECM was only bested by the RW for the two shortest 

forecast periods. In addition, the tables reveal that incorporating the cointegrating relationship 

in the VARM improved the forecasts, not only in the long run but also in the short run. This 

latter finding is somewhat surprising, but it highlights the strength of the cointegrating 

relationship among consumption, disposable income, financial wealth, and net housing wealth 

described in Chapters 3 and 6. Moreover, the results clearly indicated that Hall’s hypothesis 

that it does not make sense to model consumption should be rejected, as they demonstrated 

that other models were able to outperform the RW at all forecast horizons. 

                                                 
39 As consumption was above its long-run trend, the model signaled that consumption growth in the coming 

periods (beyond 2015Q3) would be relatively low. 
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Table 6. Mean absolute error for all forecast periods  

Period RW VARM VARM IC VECM VECM IC BVARM 

1 1 1.199 2.204 1.023 0.976 0.878 

2 1 1.227 1.695 1.031 1.158 0.868 

3 1 1.100 1.405 0.977 1.281 0.915 

4 1 1.132 1.302 0.929 1.103 0.934 
Note: The RW served as the benchmark and a value of less than 1 implied that a model outperformed the RW. 

Bold values denote the best-performing model. 

 

Table 7. Root-mean-square error for all forecast periods  

Period RW VARM VARM IC VECM VECM IC BVARM 

1 1 1.098 2.063 0.984 1.055 0.885 

2 1 1.542 1.700 0.928 1.088 0.879 

3 1 1.121 1.440 0.897 1.082 0.918 

4 1 1.179 1.348 0.885 1.073 0.956 
Note: The RW served as the benchmark and a value of less than 1 implied that a model outperformed the RW. 

Bold values denote the best-performing model. 

 

Table 8. Direction for all forecast periods  

Period RW VARM VARM IC VECM VECM IC BVARM 

1 - 46% 50% 58% 71% 67% 

2 - 48% 48% 61% 74% 65% 

3 - 55% 64% 73% 73% 73% 

4 - 43% 57% 62% 62% 57% 
Note: The direction measure show the percentage of times the model predicted whether consumption would 

grow below or above the value predicted by the RW. Bold values denote the best-performing model. 

 

8. Summary and conclusions 

This essay investigated the Swedish consumption function by the use of the error-correction 

methodology. Specifically, it used a representative consumer’s budget constraint to derive a 

long-run relation between the trend deviations among consumption, disposable income, 

financial wealth, and net housing wealth, and incorporated it in a VECM. 

Using data for the period from 1993Q1 to 2015Q4, this essay arrived at the following 

conclusions: (1) Consumption, disposable income, financial wealth, and net housing wealth 

share a long-run trend (i.e., they are cointegrated); (2) Financial wealth has a significant effect 

on consumption in the long run with an elasticity of 0.15, while consumers appear to not 

consume out of their housing wealth; (3) Adjustments toward the common long-run trend 

occur via changes in consumption; (4) Consumer confidence, changes in the interest rate, 

changes in house prices, changes in the employment rate, and the financial stress index did 
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not improve the explanatory power of the short-run part of the VECM; (5) Swedish 

households exhibit signs of habit persistence; (6) The VECM yields relatively accurate 

forecasts compared to alternative models, and the strength of the cointegrating relationship 

was confirmed as the VECM outperformed the VARM for both short- and long-run forecasts; 

and (7) Incorporating IC did not improve the VECM’s forecasts, giving no indication of a 

structural shift at the end of the sample period or of a misspecified model. 

 

9. Discussion  

This thesis estimated the following consumption function: 𝑐𝑡 = 10.40 + 0.42𝑦𝑑 + 0.15𝑓𝑤 +

0.01𝑛ℎ𝑤, and its existence was supported since the cointegrating relationship, when 

incorporated into a VARM, improved short- and long-run forecasts of future consumption. 

However, according to the simplest form of the permanent income hypothesis, consumption 

should follow a random walk, and thus, attempting to forecast consumption would not make 

sense. Nonetheless, this essay demonstrated that it is possible to beat the RW, as it was even 

outperformed at short horizons. The alternative, data-driven BVARM generated relatively 

accurate short-run forecasts, while the theory-driven VECM outperformed the alternative 

models at long horizons. Moreover, the IC forecasting strategy showed to slightly improve 

short-term forecasts, but not long-term forecasts. Thus, giving no indication of that it is 

possible to modify the VECM so to improve its performance. 

The study’s contribution to the Swedish wealth puzzle—demonstrating that financial 

wealth is the wealth variable of relevance for future consumption—has policy implications. 

Large movements in housing wealth do not need to be associated with a subsequently large 

movement in consumption, thus indicating that macroeconomic stabilizing policies should not 

be centered around the housing market. Consequently, the results of this study do not support 

the current views held by several policymakers. A question that arises is whether the beliefs 

about a strong housing wealth-consumption linkage is connected to the limited number of 

reforms within the Swedish housing market in the last decade. In contrast, large swings in 

financial wealth may be associated with substantial changes in future consumption. This 

finding is of particularly importance since it implies that policymakers need to examine the 

behavior of financial markets carefully when establishing macroeconomic stabilizing policies.  

This work, however, has limitations. Due to data constraints, the sample only contained 

92 observations, and I was forced to use variables that do not perfectly match with the theory, 

thus creating some uncertainty regarding the stability of the estimated parameters. For 
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example, as the data does not reach over many turbulent periods in the housing market, there 

is a chance that the housing effect was found small due to households not increasing spending 

when housing prices rise but decrease spending if housing prices sharply drop. Similarly, the 

methodology also has limitations. For instance, it is not possible to determine with complete 

conviction whether cointegration exists. A further concern involves omitted variables as this 

study did not find any short-run variables to be included in the VECM, in contrast to some 

recent Swedish studies that have found variables such as consumer confidence and the wealth 

distribution to be significant in the ECM.  

Lastly, this work is a starting point for future research. It lays foundations for analyzing 

both permanent and temporary shocks to the system, and for considering an asymmetric error-

correction response. Furthermore, it may be possible to produce more accurate forecasts of 

consumption by estimating a more parsimonious VECM by, for example, using a DOLS 

approach. Another way to improve forecasts could be by further developing the data-driven 

BVARM, that showed to provide relatively accurate short-run forecasts.  
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Appendices 

 

Appendix A: List of acronyms 

 

Table 9. List of acronyms 

Acronym Definition 

BVARM Bayesian vector autoregression model 

DGP Data-generating process 

DHSY model An error-correction model by James Davidson, David Hendry, 

Frank Srba, and Stephen Yeo 

DOLS Dynamic ordinary least squares 

ECM Error-correction model 

GDP Gross domestic product 

IC Intercept correction 

KPI Consumer price index 

LM Lagrange multiplier 

MAE Mean absolute error 

MAPE Mean absolute percentage error 

MPC Marginal propensity to consume 

NA National account 

RMSE Root-mean-squared-error 

SCB Statistics Sweden 

VECM Vector error-correction model 

VECM IC Vector error-correction model allowing for intercept correction 

VARM Vector autoregressive model 

VARM IC Vector autoregressive model allowing for intercept correction 

 

 

 

Appendix B: Data description 

 

Table 10. List of variables 

Notation Description 

𝐶𝑇  Total consumption 

𝑌𝐷  Disposable income 

𝐹𝑊  Financial wealth 

𝐻𝑊  Gross housing wealth 

𝑁𝐻𝑊  Net housing wealth 

𝐻𝐼  Housing index 

𝐸  Employment rate 

𝑅  Real interest rate 

𝐶𝐶𝐼  Consumer confidence index 

𝑆𝑡𝑟𝑒𝑠𝑠   Financial stress index 
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Consumption 

Consumption was measured as either total consumption expenditures or expenditures on 

nondurables and services during the quarter. This data was obtained from the NA database at 

the Statistics Bureau of Sweden (SCB) website (http://www.scb.se/en) and is seasonally 

adjusted. Non-durable consumption is defined as total consumption less durable and semi-

durable goods. 

 

Disposable income 

Disposable income data was obtained from the SCB website and was defined as net 

disposable income according to the NA. Thus, transfers and taxes are added or deducted. The 

same definition is used in Lyhagen (2001), Johansson and Kaplan (1999), Barot (2003), and 

Bjellerup (2005a). 

 

Financial wealth 

Financial wealth was defined as the total financial wealth of households and non-profit 

institutions serving households (NPISH), according to the NA. Quarterly data was available 

from 1995Q4 onward, and therefore, the series for the earlier quarters were obtained via the 

Cholette’s (1984) modification of Denton’s (1971) interpolation method, with the household 

financial assets series from FI (2016) used as the associated indicator series. 

 

Housing wealth 

Net housing wealth was defined as non-financial wealth minus debts. The data was collected 

from the NA, and all debts were assumed to be related to non-financial wealth. The NA only 

provides yearly data of gross non-financial wealth. Quarterly data was obtained via Cholette’s 

interpolation method, with the housing index series serving as the associated indicator series. 

 

Household debts 

Debts were defined as total household debts according to the NA. Quarterly data was only 

available after 1995Q3, and so quarterly series from 1995Q4 were obtained using Cholette’s 

interpolation method, with the FI (2016) debt series used as the associated indicator series. 
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Housing index 

The real-estate price index was obtained from the SCB website and was defined as the real-

estate price index for seasonal and secondary-use. Growth values are calculated based on the 

average price over the quarter.  

 

Consumer price index 

The consumer price index (KPI) was obtained from the SCB website, and 1993Q1 was used 

as the base quarter. The series deflated by the index is consumption, income, financial wealth, 

housing wealth, debts, and the real-estate price index. 

 

Employment rate 

Employment data was collected from the labor force surveys available on the SCB website. 

The survey describes employment conditions for the entire population aged 15-74 years old. 

 

Real housing interest rate 

In this study, the housing interest rate was used as a proxy for the interest rate that households 

face. I argue that this interest rate comes closer to households’ actual interest rate for loans 

than does, for example, the central bank’s repo rate. The disadvantage of this proxy is that the 

housing interest rate may not be the interest rate that households receive when they put their 

money into a bank account. Housing interest rate data was collected from Thomson Reuters 

(http://www.thomsonreuters.com) and was defined as Spintab’s three-month interest rate. The 

real interest rate was calculated using the KPI. A three-month interest rate was chosen, 

because most mortgage loans are short-term loans in Sweden (FI, 2016). 

 

Financial stress index 

See Ankargren et al. (2016) for a description of how this index is constructed. 

 

Seasonality 

Like Lyhagen (2001), Bjellerup (2005a), and Chen (2006)—but in contrast with Johnsson and 

Kaplan (1999) and Barot (2003)—this study used quarterly data. The advantage of quarterly 

data versus semi-annual or annual data is that the number of observations increases. On the 

other hand, a seasonality problem arises. Consumption data is seasonally adjusted by the 

SCB, while the seasonal component in disposable income was removed using the X-13 filter, 



 iv 

a tool developed by the United States Census Bureau (2017). Figure 9 show the disposable 

income series – unadjusted and seasonally adjusted. 

 

 

Figure 9. Log of Disposable income – unadjusted and seasonally adjusted  

 

Appendix C: Estimation of alternative models 

 

The VARM 

The VARM was estimated in a similar manner as was the preferred VECM (see Table 3), but 

it excludes the long-run part of the model. Diagnostics of the VARM were performed and 

described in Section 6.1. The estimated VARM was not, however, estimated in levels. Instead 

it was estimated by using first difference. It thus included six lags, as did the VECM. 

Furthermore, the dummy taking a value of one after 1997Q4 and all quarters onward were 

included in the model.  

 

The BVARM 

The BVARM was estimated similarly to the VARM, and it therefore included six lags and the 

dummy variable. Likewise, it was estimated in first difference form. As it served as a 

benchmark model, no model diagnostic tests were performed. Moreover, the hyperparameters 

of the model follow Villani (2009) and, therefore, I used Litterman/Minnesota priors, setting 

the overall tightness to 0.2, the cross-variable tightness to 0.5, and the lag decay parameter to 

1. 
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Appendix D: Stability of the long-run relation 

In this section, the robustness of the estimated long-run relationship is examined. That a 

model exhibits instability over long periods of time is not unusual, but what is important is 

whether the instability is substantial enough to alter the main econometric conclusion.  

First, the robustness of the estimated long-run relationship was evaluated by the use of a 

different technique, namely the DOLS approach. I experimented with various lead/lag lengths 

when estimating the model, finding that the parameters were not sensitive to the chosen 

length. Therefore, the same lag length as employed in preferred model (i.e., six lags) was 

used. For this system, the coefficients appeared as follows (t-statistics appear below the 

coefficients): 

 

𝑐𝑡 =11.10+0.37𝑦𝑑
(5.28)

+0.18𝑓𝑤
(4.19)

+0.01𝑛ℎ𝑤 .
(0.30)

                                                                                  

 

Compared to the preferred model (see Table 3), the long-run coefficients are only 

slightly different. Thus, again, the picture that emerged was that housing wealth does not have 

a significant impact on consumption in the long run.  

Another way to test the stability of the parameters is to estimate the model over 

subsamples. Although it can be argued it is not appropriate to throw away information, it 

might give an indication of the stability of the estimated coefficients or their lack thereof. This 

study’s sample only contained 92 observations. Hence, splitting the sample in half is not 

sensible, since the sample periods would have been too short. As the stability check is 

concerned with the stability of the coefficients in the latter part of the sample, the first 28 

observations were dropped, thereby considering the sub-period from 2000Q1 to 2015Q4. The 

VECM results from this estimation are presented in Table 11 (keeping the cointegrating 

restrictions and using the same lag length as in Table 3). 
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Table 11 – Restricted vector error-correction model results   

Coefficient 

restrictions 
𝛽𝑐𝑡 = 1, ∝𝑦𝑑= 0, ∝𝑓𝑤= 0, ∝𝑛ℎ𝑤= 0 

Probability° 0.17 

Long run 𝑐𝑡
 
=

 
9.66 +

 
0.49𝑦𝑑
(8.32)

  
+ 0.10𝑓𝑤 

(2.38)
 
+

 
0.03𝑛ℎ𝑤

(1.95)
 

Dependent 

variable 
Equation 

 

∆𝑐𝑡𝑡  

  

∆𝑦𝑑𝑡  

  

∆𝑓𝑤𝑡   

  

∆𝑛ℎ𝑤𝑡  

∝  - 0.59 ** 

  

0.00 

   

0.00 

   

0.00 

 Note: t-statistics in parenthesis. **indicates significance at the 5% level, and * indicates significance at the 10% 

level. Estimation sample 2000Q1 to 2015Q4. °Probability likelihood ratio test. For the sake of simplicity and 

clarity, the full model is not provided here.  

 

For simplicity, and because the focus is on the stability of the long-run coefficients, 

Table 11 only provides the long-run relationship and the loading coefficients. The estimates 

are close to those of the preferred model, and thus the coefficients appear to be rather stable 

when manipulating with the sample. It is noteworthy that the housing variable was almost 

significant at the 5% level; however, the elasticity of 3% is small compared to that of 

financial wealth. As a final stability check, I also tried including a dummy, taking a value of 

one from 2008Q1 and onward to check for a structural change due to the financial crisis. 

When using all observations, however, the dummy was found to be insignificant.  

In sum, the robustness check revealed the stability of the parameters. It also indicated 

that the main conclusion of the study holds true—namely, housing wealth has a small effect 

on consumption in the long run. 
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Appendix E: Tables 

 

Table 12. Augmented Dickey-Fuller unit-root test 

Variable Deterministic terms Lag length Prob. H0: I(1) – 

Critic 5% Constant Trend 

𝒄𝒕  x x 0 0.71 Accepted 

𝒄𝒏  x x 0 0.30 Accepted 

𝒚𝒅   x x 1 0.61 Accepted 

𝒉𝒘  x x 3 0.13 Accepted 

𝒏𝒉𝒘  x x 3 0.22 Accepted 

𝒇𝒘  x x 7 0.84 Accepted 

𝑬  x  2 0.21 Accepted 

𝑹  x x 4 0.37 Accepted 

𝑺𝒕𝒓𝒆𝒔𝒔    0 0.00 Rejected 

𝑪𝑪𝑰  x  0 0.00 Rejected 

𝒅(𝑹)    3 0.00 Rejected 

𝒅(𝑯𝑰)    2 0.02 Rejected 

𝒅(𝑬)    1 0.00 Rejected 
Note: The lag length was selected via the Schwarz information criterion. Lower case letters denotes the log of 

the variable, and d(•) denotes the change in the variable. 

 

Table 13. Philips-Perron unit-root test 

Variable Deterministic terms Prob. H0: I(1) – 

Critic 5% Constant Trend 

𝒄𝒕  x x 0.55 Accepted 

𝒄𝒏  x x 0.22 Accepted 

𝒚𝒅  x x 0.61 Accepted 

𝒉𝒘  x x 0.78 Accepted 

𝒏𝒉𝒘  x x 0.85 Accepted 

𝒇𝒘  x x 0.57 Accepted 

𝑬  x  0.83 Accepted 

𝑹  x x 0.05 Rejected 

𝑺𝒕𝒓𝒆𝒔𝒔    0.00 Rejected 

𝑪𝑪𝑰  x  0.00 Rejected 

𝒅(𝑹)    0.00 Rejected 

𝒅(𝑯𝑰)    0.00 Rejected 

𝒅(𝑬)    0.00 Rejected 

Note: Newey and West (1987) bandwidth selection.  
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Table 14. Lagrange multiplier test for autocorrelation 

Model: Vector autoregressive model 7 lags 

Dependent variable: 𝑐𝑡 

Lags LM-stat Prob. 

1 21.78 0.15 

2 22.16 0.14 

3 19.75 0.23 

4 17.42 0.36 

5 21.57 0.16 

6 16.36 0.43 

7 21.23 0.17 

8 15.37 0.50 

 

 

Table 15. Johansen cointegration test  

Series: 𝑐𝑡, 𝑦𝑑, 𝑓𝑤, 𝑛ℎ𝑤  

Exogenous variables: -  

Linear trend, no trend in cointegrating space, 5lags  

Number of 

cointegrating 

equations 

Trace 

statistic 

Critical 

value 

Prob. Max-Eigen 

Statistic 

Critical 

value 

Prob. 

r=0  52.15 ** 47.86 0.01  42.15 ** 27.58 0.00 

r≤1  13.00  29.80 0.89    8.73  21.13 0.85 

r≤2    4.27  15.49 0.88       0.32  14.26 0.57 

Note: The lag length differs from the length chosen in Table 1 due to a much more unstable model when 

excluding the dummy. The results demonstrated an optimal lag length of 5, although some instability remained 

in the errors. ** denotes rejection of the null hypothesis at the 5% level.  
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Table 16 – Restricted vector error-correction model results – Full model 

Coefficient 

restrictions 
𝛽𝑐𝑡 = 1, ∝𝑦𝑑= 0, ∝𝑓𝑤= 0, ∝𝑛ℎ𝑤= 0 

Probability° 0.90 

Long run 𝑐𝑡
 
=

 
10.40 +

 
0.42𝑦𝑑
(6.42)

  
+ 0.15𝑓𝑤 

(3.64)
 
+

 
0.01𝑛ℎ𝑤

(0.60)
 

Dependent 

variable 
Equation 

 

∆𝑐𝑡𝑡  

  

∆𝑦𝑑𝑡  

  

∆𝑓𝑤𝑡   

  

∆𝑛ℎ𝑤𝑡  

∝  - 0.39 ** 

  

0.00 

   

0.00 

   

0.00 

 ∆𝒄𝒕𝒕−𝟏  - 0.01 

  

- 0.23 

  

- 0.08 

  

- 0.05 

 ∆𝒄𝒕𝒕−𝟐  

 

0.30 ** 

  

0.27 

   

0.45 

   

0.32 

 ∆𝒄𝒕𝒕−𝟑   0.22 *   0.29    0.30   - 0.11  

∆𝒄𝒕𝒕−𝟒  - 0.02   - 0.30    0.16    0.05  

∆𝒄𝒕𝒕−𝟓   0.18   - 0.16    0.21    0.04  

∆𝒄𝒕𝒕−𝟔   0.20 *   0.36    0.16   - 0.24  

∆𝒚𝒅𝒕−𝟏  - 0.03   - 0.40 **   0.03   - 0.04  

∆𝒚𝒅𝒕−𝟐  - 0.14 **  - 0.34 **  - 0.22   - 0.03  

∆𝒚𝒅𝒕−𝟑  - 0.11   - 0.28 *  - 0.17   - 0.14  

∆𝒚𝒅𝒕−𝟒   0.03    0.10   - 0.25   - 0.05  

∆𝒚𝒅𝒕−𝟓   0.07 **   0.22 *  - 0.26   - 0.17  

∆𝒚𝒅𝒕−𝟔  - 0.11 **   0.09   - 0.25   - 0.03  

∆𝒇𝒘𝒕−𝟏   0.08 *   0.06    1.03 **   0.26 ** 

∆𝒇𝒘𝒕−𝟐   0.02    0.12   - 0.81 **  - 0.04  

∆𝒇𝒘𝒕−𝟑   0.00   - 0.08    0.80 **  - 0.03  

∆𝒇𝒘𝒕−𝟒  - 0.05    0.11   - 0.80 **  - 0.03  

∆𝒇𝒘𝒕−𝟓   0.17 *  - 0.24 *   0.29   - 0.02  

∆𝒇𝒘𝒕−𝟔  - 0.08    0.21 *  - 0.26    0.00  

∆𝒏𝒉𝒘𝒕−𝟏   0.00   - 0.16   - 0.30    0.87 ** 

∆𝒏𝒉𝒘𝒕−𝟐  - 0.05   - 0.10    0.23   - 0.72 ** 

∆𝒏𝒉𝒘𝒕−𝟑   0.17 *   0.27   - 0.07    0.62 ** 

∆𝒏𝒉𝒘𝒕−𝟒  - 0.08   - 0.23    0.17   - 0.02  

∆𝒏𝒉𝒘𝒕−𝟓   0.15 *   0.30 *   0.01   - 0.09  

∆𝒏𝒉𝒘𝒕−𝟔  - 0.11 **  - 0.12   - 0.04   - 0.02  

𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕  - 0.01 **   0.00    0.01    0.00  

𝑫𝑼𝑴𝟗𝟖: 𝟏   0.01 **   0.01    0.01    0.01  

�̅�𝟐   0.60    0.46    0.63    0.76  
Note: t-statistics in parenthesis. **indicates significance at the 5% level and * indicates significance at the 10% 

level. Estimation sample 1993Q1 to 2015Q4. °Probability likelihood ratio test. 
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Table 17. Mean absolute percentage error for all forecast periods  

Period RW VARM VARM IC VECM VECM IC BVARM 

1 1 1.199 2.218 1.022 0.975 0.878 

2 1 1.227 1.704 1.026 1.155 0.868 

3 1 1.099 1.412 0.970 1.121 0.915 

4 1 1.130 1.307 0.921 1.094 0.934 
Note: The RW served as the benchmark and a value of less than 1 implied that a model outperformed the RW. 

Bold values denote the best-performing model. 

 

Table 18. Bias for all forecast periods  

Period RW VARM VARM IC VECM VECM IC BVARM 

1 1 0.751 14.582 3.001* 2.095* 0.954 

2 1 0.893 4.849 1.252* 0.811* 1.067 

3 1 0.509 3.194 1.308* 0.968* 1.011 

4 1 0.565 2.212 0.957* 0.747* 0.972 
Note: The RW served as the benchmark and a value of less than 1 implied that a model outperformed the RW. 

Bold values denote the best-performing model. * indicates that the model tended to underestimate consumption. 

 

 

Appendix F: Figures  
 

 
Figure 10. Log of financial wealth and net housing wealth 

Note: The left-hand scale refers to financial wealth and the right-hand scale refers to net housing wealth. 
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