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ABSTRACT 

The Swedish households’ debt relative to income has increased for 

some time now, with the Riksbanks’ executive board expressing its 

concern for the risk it brings. It has been debated whether or not to take 

the high indebtedness into account when setting the policy rate. There 

is at the same time no consensus about the relationship between the 

repo rate and household debt. This study aims to examine the effect of a 

change in the repo rate on household debt-to-income ratio, using a 

VAR-model. The result is that a 1 percentage point shock to the repo 

rate for one quarter will have a negative impact on the household debt-

to-income ratio by 1.75 percentage points after about 8 quarters. 

However this may not decrease the risk associated with the debt due to 

higher unemployment.  

 

Keywords:  Macroeconometrics, Vector autoregression, Household 

debt, Debt-to-income ratio, Monetary policy.  
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1. INTRODUCTION 

The Swedish Riksbank has in recent time expressed concern regarding 

Swedish households’ high debt-to-income ratio, measured as nominal 

debt divided by nominal income. This has divided the executive board 

for some time, and was first discussed back in 2008 by then Deputy 

Governor Wickman-Parak. The debt-to-income ratio, at the time 154 

percent, was not Wickman-Parak’s concern but its growth rate 

(Wickman-Parak, 2008). According to the Riksbanks’ recent projections 

the ratio will rise to 178 percent by the end of 2016 (Sveriges Riksbank, 

2013a).  There is however no consensus over how the Riksbanks’ repo 

rate affects the households’ debt-to-income ratio and the risk 

associated with it. 

In July 2013 a divided executive board decided to hold the repo rate 

unchanged at 1 percent, despite of the inflation being far below the 

target of 2 percent. This was defended with arguments that a lower rate 

would increase the risk associated with the households’ debt, and 

referred to the Riksbank’s responsibility for the overall financial 

stability (Sveriges Riksbank, 2013b and 2013c). Deputy Governor 

Jansson (2013) defended the Riksbanks’ policy as reducing risk 

associated with the households’ high debt-level and also referred to 

dampening the inflated house prices.  

Former Deputy Governor Svensson (2012b) in contrast argues the 

inflation-target and employment rate has been set aside since 2012 for 

a more restrictive monetary policy aiming at dampening the growth of 

the household’s debt-to-income ratio. Svensson refers to a previous 

study that indicates a 1 percentage point increase in the repo rate for 4 

quarters would decrease the debt-to-income ratio by 1 percent and 

increase unemployment by 50 basis points (Sveriges Riksbank, 2012). 

Deputy Governor Flodén (2013) states that an adequate set of 

regulations is more important than monetary policy in order to reduce 
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financial risk and imbalances. 1  Flodén furthermore agrees that higher 

debt makes the households more sensitive to an economic downturn, 

but also raises doubt about the recent development in household debt 

stating that it is unknown whether the increase is explained by 

underlying structural factors or imbalances. Despite this, Flodén argues 

it is “in principle justified” for the Riksbank to take the higher 

indebtedness among households into account when deciding the policy 

(Flodén, 2013). 

The purpose of this study is to examine the relationship between the 

repo rate and household’s debt-to-income ratio and in extension the 

risk associated with it, i.e. how the Riksbanks’ monetary policy affects 

the risk. The study is limited to how the Swedish households respond to 

changes in the Riksbanks’ repo rate. The following sections will give a 

brief overview of research regarding how household debt, inflation and 

unemployment react to monetary policy. After that a description of 

VAR-models and the data used in this study. Finally the results are 

presented along with conclusions from the study.    

                                                        
1 For more information see Sveriges Riksbank (2010) Monetary policy in Sweden. 
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2. MONETARY POLICY AND HOUSEHOLD DEBT 

Central banks can have different strategies on how it should conduct its 

monetary policy, but the main assignment is price stability. The 

Swedish Riksbank has an inflation target on 2 percent per year, but as a 

flexible inflation targeter the Riksbank also consider real economic 

activity and financial stability when deciding how to set the repo rate. 

Examples of these are economic growth and employment. Inflation is 

the main target because monetary policy cannot affect the long term 

level of for example employment or production. The Riksbank tries to 

forecast the economic activity, international and domestic, in order to 

make an informed decision about today’s repo rate and to signal its 

future movements via the projected path for future repo rates 

(Gottfries, 2013, and Sveriges Riksbank, 2011a). The real debt-to-

income can be expressed as 

 
            

                
   (2.1) 

where P is the price level.  Equation 2.1 shows that the ratio depends 

positive on the nominal debt and negative on price level and nominal 

income.  

2.1.  HOUSEHOLD DEBT 
Using debt households’ can even out their consumption over time. 

Decreasing rates provides incentive to shift consumption to today 

relative tomorrow by taking on more debt. Furthermore, decreasing 

rates in combination with increasing debt results in an unchanged debt-

expense, but higher contemporary consumption possibilities. But with 

larger real debt comes more risk, and leaves the households with a high 

debt-to-income ratio exposed to shocks like for example unemployment 

or interest rate hikes. The households’ short run sensitivity to a repo 

rate-change however depends among other things on whether they 

have a fixed or variable rate. A household with a variable rate, which is 

the most common in Sweden, should be more sensitive to a repo rate-

change.  The households’ long-term expectations on rates also influence 
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how they are affected by a repo rate-change. The rate is expected to 

change during the lifetime of a loan with a variable rate. Still if the 

change is expected, household response should be smaller than if the 

change should have been unexpected. An unexpected change may force 

the household to re-evaluate their expectations on future movements, 

and re-calculate their expected cost of a loan (Barba & Pivetti, 2009 and 

Debelle, 2004). 

House prices are also likely to be an important factor when studying 

household debt, since mortgages are often the greater part of 

households debt. Declining house prices in combination with increasing 

rates could be stressful for low- and middle income households (Barba 

& Pivetti, 2009 and Debelle, 2004). Yet a recent report finds that the 

distribution of the debt in Sweden is unbalanced and the households 

with high income and/or high education have the vast part of the debt, 

meaning the higher indebtedness is in general found at the more 

resistant households. (SOU 2013:78). Furthermore Kuttner (2010) 

finds that interest rates only have a modest effect on house prices. This 

concurs with Konjunkturinstitutet’s (2013) view that declining house 

prices only would have a modest macroeconomic effect in Sweden.  

However it is debated whether nominal debt is a sticky variable or not. 

Svensson (2013) argues that nominal debt is sticky, and is thus not 

affected as much as inflation by a change in the repo rate. A repo rate 

increase with this theory applied to equation 2.1 results in an increase 

in real debt-to-income ratio. Although Laséen and Strid (2013) got a 

different result when testing Svensson’s model versus actual data.  They 

found that data suggests the nominal debt reacts faster and stronger 

than according to Svensson’s model (Laséen & Strid, 2013).  
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2.2.  INCOME AND PRICE LEVEL 
Macroeconomic theory states that in the short run nominal income is 

sticky, and inflation is a little bit more flexible and responds faster to a 

rate change. This is due to wages are normally negotiated every 1 to 3 

years (Gottfries, 2013). 

Unemployment is also an important factor when looking at income, due 

to unemployment leads to loss of income. A higher repo rate results in 

lower inflation and therefore a higher rate of unemployment in the 

short run, as showed by the Phillips curve.2 Higher indebtedness makes 

the households’ less resistant to unemployment. This loss of income 

would be even more stressful for the households’ if combined with 

rising interest rates and thus higher debt-expenses, which may result in 

defaulting and credit losses for the financial sector (Debelle, 2004). 

Furthermore unemployment tends to strike the low educated 

population in a greater extent (Borjas, 2013). 

 

 

 

 

 

 

  

                                                        
2 See Gottfries (2013) a detailed view of the Phillips curve. 
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3. ESTIMATION USING VAR 

The effect the repo rate has on household debt-do-income will be 

estimated using a VAR-model. The data has been collected from 

Statistics Sweden, Eurostat and the Riksbank.  

3.1 VAR 

Vector Autoregressive (VAR) model is a widely used tool for estimating 

the effect of monetary policy. For instance Bernanke & Mihov (1998), 

Bagliano & Favero (1997), Mojon & Peersman (2001) and Svensson 

(2012a). The VAR-model was developed by Sims in the 1980s, and is an 

extension of the regular Auto Regressive (AR) model to the multiple 

variable case. While an AR is a single variable model explained by its 

own lagged values, a VAR is explained by the current and lagged values 

of its k variables (Enders, 1994, Koop, 2005 and Stock & Watson, 2012). 

This is the basic structured two variable VAR: 

                                  (3.1) 

                                   (3.2) 

In order to be able to estimate the shocks,     and     , restrictions must 

be imposed. Assuming monetary policy acts with a lag, so in an example 

with the repo rate (r) and inflation (π), assumptions can be made that a 

rate-change does not have a contemporary effect on inflation, but 

inflation have a contemporary effect on rate since its observed when 

deciding the rate. That applied to equation 3.1 and 3.2 results in: 

                                  (3.3) 

                              (3.4) 

 

by assuming      , and where     is the monetary policy shock. This 

assumption is consistent with those in Bernanke & Mihov (1998). Then 

it is possible to measure how the variables respond to a shock, by using 
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the estimates of the parameters in equation (3.3) and (3.4) and solve 

for its impulse response (Enders, 1995, Favero, 2001 and Galí, 2008). 

A VAR consisting of k-equations is estimated with basic OLS, assuming 

the k error terms to be serially uncorrelated and the time series to be 

stationary. A VAR in standard form consisting of 2 variables with 1 lag 

can therefore expressed as 

                             (3.5) 

                             (3.6) 

where     is the intercept,     the parameter on the lagged value of  , 

    the parameter on the lagged value of   and     the reduced form 

error term. (Enders, 1994, Lütkepohl, 2005, Stock & Watson, 2001 & 

2012 and Svensson, 2012a). 

The number of lags to use can be determined in several ways, for 

example using information criterion, although an important 

requirement is to have no residual autocorrelation.  This can be tested 

with a Residual Autocorrelation LM Test. However when decide the 

number of lags to use, it is also important to note that tests with 

different sample sizes are not comparable (Ng & Perron, 2005). Enders 

(1995) recommends starting with the longest reasonable length, and 

for quarterly data that could be 12 lags. It is important at the same time 

not include too many lags due to additional parameters quickly 

consumes degrees of freedom (Enders, 1995 and Lütkepohl, 2005). 
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3.2 DATA 

This chapter describes the data used in the study and how it has been 

processed. The variables included in the VAR are: debt-to-income ratio, 

unemployment rate, inflation and the repo rate. Debt-to-income ratio 

and the repo rate are included because they are the main variables of 

this study. Unemployment rate and inflation are also included due to 

the influence the repo rate has on them and to capture monetary 

dynamics. The sample period is between 1993:3 and 2013:2, and after 

interpolation (see below) and differences results in 74 observations. 

This period has been chosen partly due to the change in monetary 

policy and establishment of the inflation target-directive in 1993, and 

partly due to limitations in data (see appendix A for descriptive charts). 

Dummy-variables for each quarter are included in the VAR to 

seasonally adjust the time series. 

The time series has been tested for stationarity using an ADF-test (See 

Appendix B).  If the data is non-stationary, trends need to be handled. 

This can be done using first differences where 

             (3.5) 

 yt is the observed value in this quarter with the value of the previous 

quarter subtracted (Andersson et al, 2010 ).  While first differences are 

effective to eliminate trend, it also include noise and risks erasing 

possible important long-term effects (Enders, 1995 and Maddala, 

2009). 
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HOUSEHOLD DEBT-TO-INCOME RATIO 

The household debt-to-income ratio has been collected from Statistics 

Sweden, with annual observations until 2001, and after that on a 

quarterly basis. It is therefore required to interpolate the annual 

observations, between 1993:4 and 2001:4, in order for the time series 

to fit. The time series has been interpolated using the Catmull-Rom 

Spline-method (EViews 7 user’s guide, 2010).3 This variable is 

measured as household’s nominal debt divided by their nominal 

disposable income, and is therefore expressed as a percentage. The data 

is non-stationary according to an ADF-test (See Appendix B) and has a 

clear trend as shown in figure 3.1. That trend needs to be eliminated 

using first-differences, shown in figure 3.2.  

 

Figure 3.1 Debt-to-income ratio between 1994 –2013. 

 

 

Figure 3.2 Differentiated Debt-to-income ratio. 

                                                        
3 The Catmull-Rom Spline-method uses two previous and two future observations 
when interpolating, unlike regular linear interpolation which uses one previous and 
one future observation.  
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REPO RATE 

The repo rate is the policy variable set by the Riksbank, and due to the 

repo rates changes at irregular times it is measured as the rate at the 

start of the quarter. This time series is non-stationary according to an 

ADF-test (See Appendix B), and is therefore measured with first 

differences as shown in figure 3.4. 

 

Figure 3.3 The repo rate between 1994 – 2013 

 

 

Figure 3.4 Differentiated repo rate. 

INFLATION  

Inflation is measured using an adjusted monthly consumer price index, 

collected from Statistics Sweden. The CPIF-index is measured in units of 

SEK, and is used to determine the underlying inflation using a fixed rate. 

Therefore is not sensitive to changes in rates. The CPIF is therefore a 

proper instrument to measure how inflation is effected by a change in 

the repo rate (Sveriges Riksbank, 2008). Due to its monthly frequency, 

the time series had to be fitted to quarterly frequency. This is done by 
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calculating the mean of the period, and then the difference is calculated 

as  

                     (3.6) 

with the natural log of CPIF in this quarter subtracted with the natural 

log 4 quarters before, as shown in figure 3.8. Inflation can sometimes 

give puzzling responses when included in a VAR. A contractionary 

monetary chock can show a small temporary price level-increase, 

although theory suggests the opposite. This is referred to as the prize-

puzzle. One explanation is that the central bank forecasted a higher 

price level, and therefore increased the rate.  This could partially be 

solved by including a commodity prices index, to capture expectations 

and forecasts about the future (Bernanke & Mihov, 1998, Favero, 2001 

and Walsh, 2010).   

 

Figure 3.7 CPIF between 1993 – 2013 

 

 

Figure 3.8 Inflation between 1994 - 2013. 
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UNEMPLOYMENT RATE 

Time series regarding the unemployment rate have been collected from 

Eurostat. The time series is non-stationary according to an ADF-test 

(See Appendix B), and is therefore measured with first differences as 

shown in figure 3.6.  Previous studies using a VAR-model suggest the 

largest effect on unemployment of a change in interest rates occurs 

after 4-6 quarters (Gottfries, 2013). 

 
Figure 3.5Unemployment rate between 1994 – 2013. 

 

 
 Figure 3.6 Unemployment rate after differentiating. 
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4. RESPONSES 

Here I present impulse-responses for shocks to an unexpected repo rate 

increased with a normal shock of one standard deviation (40 basis 

points) in one quarter before returning back.  These impulse-response 

functions are identified by assuming that the policy variable, i.e. repo 

rate, has no contemporary effect on the other variables.   

As showed in the Residual Autocorrelation LM Tests (Appendix C) there 

is no residual autocorrelation when 8- or 12 lags, but with 6 lags a 

suspicions 10th lag autocorrelation appear that do not exist in the other 

tests. This will therefore be disregarded. The responses with 12 lags 

have too large standard errors to draw any conclusions from (Figure D. 

4, appendix D), and hence 6 lags will be used to avoid to waste degrees 

of freedom.  

 

Figure 4.1: Impulse-responses in 10 quarters with 6 lags plotted with ±2 S.E. 

Results indicate a shock to the repo rate will have a negative effect on 

household’s debt-to-income ratio, and there is a prolonged period of 

high repo rate after the shock. A 40 basis point shock in the repo rate 

will dampen the debt-to-income ratio by approximately 70 basis points 
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after 8 quarters i.e. 2 years. This means an increase by 100 basis points 

in the repo rate will reduce the debt-to-income ratio by 175 basis 

points. The same 100 basis point increase has an effect on 

unemployment by first reducing it, and then an increase of almost 125 

basis points 8 - 10 quarters after the shock. The decrease in 

unemployment rate could be related to the prize-puzzle. The response 

of inflation shows an increase by 0.5 – 1 percent, which would be 1.25 – 

2.5 percent to a 100 basis point increase in the repo rate.  This is not 

consistent with standard macroeconomic theory, and is most likely 

explained by the prize-puzzle. However the results for debt-to-income 

ratio and unemployment are not statistical significant, as shown by the 

dashed lines in figure 4.1. 

These results support Svensson’s (2013) findings that a higher repo 

rate would lead to an increase in the unemployment rate, but it does 

not support an increase in the debt-to-income ratio, implying nominal 

debt is not as rigid as suggested by Svensson (2013). The results of this 

study rather support Laséen and Strid’s (2013) findings that the debt 

would decrease, implying that nominal debt is flexible.  

According to these estimates, the risk-effects of a shock to the repo rate 

would: (1) lower risk with a lower debt-to-income ratio and (2) higher 

risk with higher unemployment due to its effect on income. The 

responses of inflation should however not be taken too seriously. 

Furthermore the increase in risk from higher unemployment may not 

be too alarming, due to the distribution of debt and whom is affected by 

unemployment. The vast part of the debts lies with the high income 

and/or educated population, a group that is not as affected by 

unemployment as the low income and/or educated population. 
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5. CONCLUSIONS 

The purpose of this study was to examine and quantify the effect of a 

change in the repo rate on household debt-to-income ratio. Evidence 

suggests an increased repo rate would have a negative impact on the 

debt-to-income ratio, by a factor of 1.75 percentage points for a 1 

percentage point shock.  Hence indicating that nominal debt is more 

flexible than Svensson (2013) suggested. A higher repo rate also results 

in an increase in unemployment. This is consistent with previous 

studies. However the risk associated with the debt is decreasing with 

lower debt-to-income ratio, but increasing with higher unemployment. 

So even though the ratio itself has decreased, the risk might not. This 

study does not answer the question whether the Riksbank reduced the 

risk associated with household debt with a tighter monetary policy. It 

should be noted that interpolation and differentiating adds caveats to 

the results. Moreover, the results are associated with considerable 

statistical uncertainty as reflected by the wide error bands.  

It might be interesting for further studies to examine the structure of 

the risk associated with household debt, and thereby be able to 

estimate the net risk effect of a change in the repo rate. The households’ 

savings and assets could also be included in a deeper analysis.  
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APPENDIX A: DESCRIPTIVE TABLES 

TABLE A. 1: BEFORE DIFFERENTIATING. 
 

 CPIF DEBT-TO-INCOME RATIO REPO RATE UNEMPLOYMENT 

 Mean  174.5659  1.288208  0.033251  0.074813 

 Median  174.3367  1.224862  0.032500  0.075000 

 Maximum  200.8200  1.695229  0.089100  0.103000 

 Minimum  149.2767  0.908324  0.002500  0.051000 

 Std. Dev.  15.76203  0.281707  0.020520  0.012823 

 Skewness  0.128675  0.157637  0.934926  0.232114 

 Kurtosis  1.733850  1.489747  3.813657  2.171804 

     

 Jarque-Bera  5.216766  7.438322  12.99495  2.816927 

 Probability  0.073654  0.024254  0.001507  0.244519 

     

 Sum  13092.44  96.61561  2.493800  5.611000 

 Sum Sq. Dev.  18384.68  5.872534  0.031161  0.012167 

     

 Observations  75  75  75  75 

 

TABLE A. 2: AFTER DIFFERENTIATING. 
 dDebt-to-income ratio dRepo rate dUnemployment Inflation 

 Mean  0.010261 -0.000838 -0.000135  0.016290 

 Median  0.010162  0.000000 -0.000500  0.014527 

 Maximum  0.033412  0.007500  0.010000  0.032858 

Minimum -0.009930 -0.025000 -0.007000 0.000737 

 Std. Dev.  0.009974  0.005177  0.003138  0.006924 

 Skewness  0.177475 -1.909526  0.594553  0.404754 

 Kurtosis  2.492937  8.769553  3.728397  2.411872 

     

 Jarque-Bera  1.181233  147.6081  5.995653  3.087030 

 Probability  0.553986  0.000000  0.049895  0.213629 

     

 Sum  0.759289 -0.062000 -0.010000  1.205470 

 Sum Sq. Dev.  0.007261  0.001957  0.000719  0.003500 

     

 Observations  74  74  74  74 
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APPENDIX B: ADF-TESTS FOR STATIONARITY 

The Augmented Dickey-Fuller (ADF) test is useful when testing if data is 

stationary or non-stationary i.e. contains a unit root. Here is the null 

hypothesis that the data is non-stationary, and is then tested if it still is 

non-stationary when differentiated. Debt-to-income ratio, repo rate and 

unemployment where all non-stationary to start with, as shown by its 

p-value in table B. 1, 2 and 3. However all three series is difference-

stationary, and can hence be used while differentiated and meet the 

condition of stationarity. See EViews 7 User’s Guide II (2010) for more 

information. 

TABLE B. 1: ADF-TEST FOR DEBT-TO-INCOME RATIO 
Null Hypothesis: DEBT-TO-INCOME RATIO has a unit root 

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -0.340938  0.9127 

Test critical values: 1% level  -3.522887  

 5% level  -2.901779  

 10% level  -2.588280  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(DEBT-TO-INCOME RATIO)  

Method: Least Squares   

Date: 12/02/13   Time: 16:24   

Sample (adjusted): 1995Q2 2013Q2  

Included observations: 73 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     DEBT-TO-INCOME RATIO    

(-1) -0.001080 0.003166 -0.340938 0.7342 
D(DEBT-TO-INCOME RATIO 

(-1)) 0.644470 0.087804 7.339835 0.0000 

C 0.005306 0.004158 1.276035 0.2062 
     
     R-squared 0.436320     Mean dependent var 0.010537 

Adjusted R-squared 0.420215     S.D. dependent var 0.009753 

S.E. of regression 0.007426     Akaike info criterion -6.927441 

Sum squared resid 0.003860     Schwarz criterion -6.833312 

Log likelihood 255.8516     Hannan-Quinn criter. -6.889929 

F-statistic 27.09197     Durbin-Watson stat 2.250920 

Prob(F-statistic) 0.000000    
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TABLE B. 2: ADF-TEST FOR REPO RATE 
Null Hypothesis: REPO RATE has a unit root  

Exogenous: Constant   

Lag Length: 1 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.263824  0.1863 

Test critical values: 1% level  -3.521579  

 5% level  -2.901217  

 10% level  -2.587981  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(REPO RATE)   

Method: Least Squares   

Date: 12/02/13   Time: 16:28   

Sample (adjusted): 1995Q1 2013Q2  

Included observations: 74 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     REPO RATE(-1) -0.058071 0.025652 -2.263824 0.0266 

D(REPO RATE(-1)) 0.488470 0.101192 4.827136 0.0000 

C 0.001504 0.001015 1.482107 0.1427 
     
     R-squared 0.274082     Mean dependent var -0.000838 

Adjusted R-squared 0.253633     S.D. dependent var 0.005177 

S.E. of regression 0.004473     Akaike info criterion -7.941883 

Sum squared resid 0.001420     Schwarz criterion -7.848475 

Log likelihood 296.8497     Hannan-Quinn criter. -7.904621 

F-statistic 13.40359     Durbin-Watson stat 2.033370 

Prob(F-statistic) 0.000012    
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TABLE B. 3: ADF-TEST FOR UNEMPLOYMENT RATE 
Null Hypothesis: UNEMPLOYMENT has a unit root  

Exogenous: Constant   

Lag Length: 2 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.411688  0.1421 

Test critical values: 1% level  -3.522887  

 5% level  -2.901779  

 10% level  -2.588280  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(UNEMPLOYMENT)  

Method: Least Squares   

Date: 12/02/13   Time: 16:26   

Sample (adjusted): 1995Q2 2013Q2  

Included observations: 73 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     UNEMPLOYMENT(-1) -0.058351 0.024195 -2.411688 0.0185 

D(UNEMPLOYMENT(-1)) 0.410559 0.113323 3.622903 0.0006 

D(UNEMPLOYMENT(-2)) 0.252204 0.115122 2.190758 0.0318 

C 0.004328 0.001831 2.363217 0.0209 
     
     R-squared 0.357124     Mean dependent var -0.000110 

Adjusted R-squared 0.329172     S.D. dependent var 0.003152 

S.E. of regression 0.002581     Akaike info criterion -9.027852 

Sum squared resid 0.000460     Schwarz criterion -8.902347 

Log likelihood 333.5166     Hannan-Quinn criter. -8.977836 

F-statistic 12.77670     Durbin-Watson stat 2.042124 

Prob(F-statistic) 0.000001    
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APPENDIX C: LAG-TESTS 

TABLE C.1: USING INFORMATION CRITERIA 
 

This is a test for lag order selection, using different information criteria. 

Most of them recommend using 1 lag. There is however significant 

autocorrelation when using 1 lag, as showed in table C 2, and the 

recommendations will hence be disregarded.  

 

VAR Lag Order Selection Criteria     

Endogenous variables: DIR U P R      

Exogenous variables: C Q2 Q3 Q4     

Date: 12/05/13   Time: 17:05     

Sample: 1995Q1 2013Q2     

Included observations: 62     
       
        Lag LogL LR FPE AIC SC HQ 
       
       0  948.1534 NA   1.03e-18 -30.06946 -29.52053 -29.85394 

1  1013.034  113.0174   2.13e-19* -31.64625  -30.54837*  -31.21520* 

2  1026.712  22.06193  2.33e-19 -31.57136 -29.92455 -30.92478 

3  1033.919  10.69379  3.18e-19 -31.28770 -29.09195 -30.42560 

4  1044.642  14.52785  3.96e-19 -31.11748 -28.37279 -30.03984 

5  1067.298   27.77261*  3.44e-19 -31.33221 -28.03858 -30.03904 

6  1078.281  12.04582  4.52e-19 -31.17037 -27.32780 -29.66168 

7  1098.189  19.26594  4.67e-19 -31.29643 -26.90493 -29.57222 

8  1117.289  16.01876  5.28e-19 -31.39641 -26.45597 -29.45667 

9  1152.849  25.23660  3.84e-19 -32.02740 -26.53802 -29.87213 

10  1187.454  20.09289  3.27e-19 -32.62754 -26.58923 -30.25675 

11  1211.364  10.79824  4.79e-19 -32.88272 -26.29546 -30.29639 

12  1253.119  13.46916  5.52e-19  -33.71350* -26.57731 -30.91166 
       
        * indicates lag order selected by the criterion    

 LR: sequential modified LR test statistic (each test at 5% level)   

 FPE: Final prediction error     

 AIC: Akaike information criterion     

 SC: Schwarz information criterion     

 HQ: Hannan-Quinn information criterion    
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TABLE C. 2: RESIDUAL AUTOCORRELATION LM TEST 1 LAG 
VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 12/02/13   Time: 16:13 

Sample: 1993Q3 2013Q2 

Included observations: 73 
   
   Lags LM-Stat Prob 
   
   1  30.97458  0.0136 

2  12.04420  0.7409 

3  14.55005  0.5578 

4  41.16550  0.0005 

5  24.54438  0.0783 

6  21.21261  0.1705 

7  11.45943  0.7803 

8  21.93918  0.1452 

9  8.829298  0.9203 

10  15.79440  0.4674 

11  9.847045  0.8745 

12  11.92579  0.7491 

13  14.02407  0.5969 
   
   

Probs from chi-square with 16 df. 

 

TABLE C. 3: RESIDUAL AUTOCORRELATION LM TEST 2 LAGS 
VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 12/02/13   Time: 16:14 

Sample: 1993Q3 2013Q2 

Included observations: 72 
   
   Lags LM-Stat Prob 
   
   1  13.13038  0.6632 

2  10.17981  0.8571 

3  13.37411  0.6452 

4  29.71610  0.0195 

5  16.93102  0.3901 

6  23.82478  0.0934 

7  10.79984  0.8217 

8  22.39249  0.1310 

9  8.597481  0.9291 

10  24.60307  0.0771 

11  12.27267  0.7250 

12  11.80552  0.7573 

13  16.03766  0.4503 
   
   

Probs from chi-square with 16 df. 

 

 

 



VII 
 

TABLE C. 4: RESIDUAL AUTOCORRELATION LM TEST 4 LAGS 
VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 12/02/13   Time: 16:06 

Sample: 1993Q3 2013Q2 

Included observations: 70 
   
   Lags LM-Stat Prob 
   
   1  30.92160  0.0138 

2  19.84760  0.2272 

3  18.78631  0.2799 

4  24.48707  0.0794 

5  18.57294  0.2914 

6  25.07869  0.0685 

7  13.57168  0.6306 

8  24.18068  0.0856 

9  7.685944  0.9577 

10  22.64819  0.1235 

11  20.27945  0.2079 

12  13.09449  0.6658 

13  12.63605  0.6992 
   
   

Probs from chi-square with 16 df. 

 

TABLE C. 5: RESIDUAL AUTOCORRELATION LM TEST 6 LAGS 
 

 

 

 

 

VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 12/18/13   Time: 11:10 

Sample: 1995Q1 2013Q2 

Included observations: 68 
   
   Lags LM-Stat Prob 
   
   1  25.32182  0.0643 

2  18.97051  0.2702 

3  12.54701  0.7055 

4  22.54362  0.1265 

5  13.60487  0.6281 

6  20.36531  0.2042 

7  12.51318  0.7080 

8  19.18112  0.2594 

9  19.21187  0.2578 

10  27.78578  0.0335 

11  15.62881  0.4792 

12  13.17883  0.6596 
   
   

Probs from chi-square with 16 df. 



VIII 
 

TABLE C. 6: RESIDUAL AUTOCORRELATION LM TEST 8 LAGS 
VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 12/02/13   Time: 16:07 

Sample: 1993Q3 2013Q2 

Included observations: 66 
   
   Lags LM-Stat Prob 
   
   1  21.61043  0.1562 

2  12.55554  0.7049 

3  20.68669  0.1909 

4  14.04837  0.5951 

5  13.94020  0.6032 

6  24.68503  0.0756 

7  14.95206  0.5282 

8  17.79570  0.3360 

9  12.77385  0.6892 

10  21.68435  0.1537 

11  16.01581  0.4519 

12  21.42226  0.1628 

13  19.70424  0.2338 
   
   

Probs from chi-square with 16 df. 

 

TABLE C. 7: RESIDUAL AUTOCORRELATION LM TEST 12 LAGS 
VAR Residual Serial Correlation LM Tests 
Null Hypothesis: no serial correlation at lag 
order h 

Date: 12/02/13   Time: 16:05 

Sample: 1993Q3 2013Q2 

Included observations: 62 
   
   Lags LM-Stat Prob 
   
   1  19.56197  0.2406 

2  19.85225  0.2269 

3  25.74888  0.0577 

4  21.41568  0.1631 

5  17.93577  0.3277 

6  12.86590  0.6825 

7  14.65897  0.5497 

8  17.58139  0.3490 

9  23.68046  0.0967 

10  21.05265  0.1765 

11  15.50223  0.4882 

12  18.20193  0.3122 

13  15.24806  0.5066 
   
   

Probs from chi-square with 16 df. 
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APPENDIX D: RESPONSES WITH OTHER LAG-

LENGTHS 

Figure D. 1: 2 lag 
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Figure D. 3: 8 lags 

 

Figure D. 4: 12 lags 
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