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Abstract 
Capital inflows can have beneficial effects for the receiving country, such as fostering 

economic growth. But they can also have severe negative effects, such as increasing financial 

vulnerability and overall macroeconomic instability. There is a widespread perception among 

academics as well as policymakers that capital inflows are correlated with asset prices. This 

essay aims to examine if there is a long-run relationship between capital inflows and asset 

prices. Three different measures of capital inflows and two measures of asset prices are 

examined, using time series data from the United States, Switzerland and Denmark. The time 

period studied is 1980Q1-2014Q4 for the United States and Denmark, and due to data 

limitations 2000Q1-2014Q4 for Switzerland. The empirical results confirm that there is a 

long-run relationship between house prices and aggregated capital inflows for all three 

countries, but not for share prices or disaggregated capital inflows. The long-run relationship 

is estimated by a Vector Error Correction Model (VECM). The estimation results show strong 

evidence of a structural break in the years leading up to the global financial crisis of 2007-

2008. The analysis of the time period preceding the structural break show that the factors 

determining the long-run relationship differ across the three countries. Furthermore, cross-

country heterogeneity is found in the response to a disequilibrium. 

 

Keywords: asset prices, capital inflows, vector error correction model, VECM, house prices. 
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1. Introduction 
Capital inflows are often considered as welfare improving and beneficial for countries. For 

example, they can foster economic growth, and provide risk sharing through increased 

financial integration. However, capital inflows can have widespread negative consequences 

such as exacerbating business cycles, and increasing financial vulnerabilities and overall 

macroeconomic instability. During the recent decades both advanced and emerging countries 

have experienced large capital inflows and at the same time asset prices have increased. A 

possible connection between these variables has concerned policymakers for a long time. 

(Forbes and Warnock 2012, Yeşin 2015) The recent developments raise the question: is there 

a relationship between capital inflows and asset price changes?  

A range of previous research examines the relationship between capital inflows and asset 

prices (e.g. Fratzscher and Straub 2009, Fratzscher et al. 2010, Olaberría 2012). The general 

perception that these are correlated is now widespread among academics as well as 

policymakers. This perception is also supported by the theoretical works of e.g. Krugman 

(1998), Aoki et al (2009), and Adam et al (2011). Most of the previous empirical studies on 

the subject find a positive and significant relationship between capital inflows and asset prices 

(see e.g. Reinhart and Reinhart 2009, Aizenman and Jinjarak 2009, 2014, Kim and Yang 

2009, Tillmann 2014).  

There are two common features in most of the above mentioned empirical studies. First, most 

of the previous research focuses on the short or medium time horizon of the relationship 

between asset prices and capital inflows (e.g. by estimating and analysing vector auto-

regressive (VAR) models). Therefore, this essay further aims to examine: is there a long-run 

relationship between asset prices and capital inflows? The second common feature is the use 

of the current account as a proxy for capital inflows. The current account balance is the 

broadest and most easily accessible indicator of capital inflows (Reinhart and Reinhart 2009). 

It measures a country’s net exports to the rest of the world. Thus, the current account includes 

the goods and services measured in the trade balance, but also such components as income 

from interests, dividends, and foreign aid (Bergin 2011). Current account deficits in countries, 

such as the United States, are financed by capital inflows from other countries with surpluses.  

However, in some of the previous research it is argued that focusing on the current account as 

a measure of capital inflows may be misleading (e.g. Favilukis 2012, Olaberría 2012). 

Favilukis (2012) argues that a serious shortcoming of the current account as a measure of 

capital inflows is its inability to capture valuation adjustments. Furthermore, Olaberría (2012) 

argues that it is necessary to look at disaggregated inflows to understand the association 

between capital inflows and asset prices, since different types of capital inflows vary in their 

effect on the economy. Though there are limitations in data availability for a large number of 

countries for other indicators than the current account, previous research indicates that there 

are several insights to be made from considering other indicators. 

This essay aims to contribute to the existing literature by considering two measures of asset 

prices: house prices and share prices, and three alternative measures of capital inflows: the 

financial account balance, gross portfolio inflows and net portfolio inflows. The advantage of 
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these measures is that capital inflows are directly visible in the financial account balance, 

which tracks the international sale of assets and debt securities. The three main investment 

categories of the financial account are portfolio investments, foreign direct investment and 

reserve assets (Bergin 2011). Thus, the financial account provides a more direct measure of 

capital inflows than the current account, while portfolio inflows enable the examination of the 

association of disaggregated capital inflows and asset prices. 

Furthermore, this study aims to add to the previous knowledge on the subject by focusing on a 

longer time horizon, and in particular by examining if there is a long-run relationship between 

asset prices and capital inflows. This is done by considering quarterly time series data for 

three individual countries that are historically known to have experienced large capital 

inflows, namely: the United States, Switzerland and Denmark. The time period studied is 

1980Q1-2014Q4 for the United States and Denmark, and due to data limitations the time 

period is 2000Q1-2014Q4 for Switzerland. Each of these countries may be considered as a 

financial centre with highly integrated financial markets and a stable economic environment 

for foreign investors. Some of the previous research indicate that there is unexplored 

heterogeneity in the way the relationship of asset prices and capital inflows operates across 

countries (e.g. in a study on Asian emerging countries, Tillmann (2012) finds cross-country 

differences in the sensitivity of the response of house prices to capital inflows). By studying 

individual time series rather than a panel of countries, this study is able to address the 

possibility of such cross-country differences and may thus shed further light on general 

validity of cross-country studies. 

The methodology of this essay is based on a four step procedure of cointegration analysis, as 

presented in Enders (2010). The four steps of the analysis consist of unit root testing, 

cointegration analysis, estimating the vector error correction model (VECM) and lastly model 

assessment and diagnostic checks. The empirical results provide three main findings. First, 

the analysis confirms that there is a long-run relationship between house prices and capital 

inflows for all three countries, but not for share prices. However, the cointegration analysis 

indicates that the set of variables considered to be endogenous to the relationship differ for 

each country. Second, analysing the whole time period provides few meaningful results. 

Instead, the results show strong evidence of a structural break in the years leading up to the 

global financial crisis of 2007-2008. The conclusion drawn from this observation is that the 

occurrence of the global financial crisis substantially alters the determination of the long-run 

relationship of house prices and capital inflows.  

Third, by instead analysing a subsample period, 1980Q1-2005Q4 for the United States and 

Denmark, and 2000Q1-2005Q4 for Switzerland, several interesting results are found. To 

begin with, it is possible to conclude that there is a long-run relationship between house prices 

and aggregated capital inflows, measured by the financial account balance. However, no long-

run relationship is identified for disaggregated capital inflows, measured by portfolio 

investments. For the United States and Switzerland one additional variable is found to be 

endogenous to the long-run relationship of asset prices and capital inflows. In addition to 

house price growth and aggregated capital inflows being cointegrated, for the United States 

GDP is concluded to be cointegrated, and for Switzerland credit growth is found to be 
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cointegrated. Lastly, the estimated speed of adjustment processes from a disequilibrium and 

the error corrections from temporary shock are found to differ in sign and magnitude for the 

three countries. 

The rest of this essay is organised as follows. Section two provides definitions of key terms 

and a brief overview of capital inflow and asset price in each of the countries. The third 

section provides the theoretical framework considered for this essay. The fourth section 

describes the data used and describes the research method of this essay. The fifth and sixth 

sections present the empirical results of the full sample study and the subsample study. The 

seventh section concludes.  

2. Background 

2.1. Definitions of Key Terms 

The three main categories of a country’s balance of payments consist of the current account, 

capital account and financial account. The current account measures a country’s net exports to 

the rest of the world. It includes the goods and services measured in the trade balance, but 

also earnings on investments such as interests and dividends. The capital account reflects 

international capital transfers. Lastly, the financial account displays international capital flows 

related to investments and thereby tracks international sales of asset and debt securities 

(Bergin 2011). 

The components of the financial account include direct investment, portfolio investment and 

reserve assets. Portfolio investments differ from direct investment, where the latter involves 

the investor taking a larger interest in a target business and possibly also a higher involvement 

in daily management. Portfolio investments can span a wide array of asset types, for example 

stocks, government bonds, corporate bonds, treasury bills and real estate investment trusts. 

Portfolio investments can also include various financial derivatives and physical investments 

such as real estate and land. When recorded in a country’s balance of payments, claims made 

by foreign investors (non-residents) on financial assets owned by domestic asset holders 

(residents) are considered as liabilities, while in the opposite case claims are considered as 

assets (IMF 1995:40-41). 

Gross capital inflows are defined as net foreign purchases of domestic assets, whereas net 

purchases of foreign assets by domestic investors are gross outflows. Hence, the residency of 

the asset determines whether a flow is a gross inflow or gross outflow (Forbes and Warnock 

2012). Gross capital flows consist of both private and public investments. Public capital flows 

are defined as flows that go to or stem from the public sector, while the remaining part is 

defined as private capital flows. Reserve accumulations by central banks are also included in 

public capital flows (Yeşin 2015). Reserves accumulation in turn measures the resources 

acquired or dispersed of home country liabilities (Reinhart and Reinhart 2009). During 

normal times, as opposed to times of crisis and financial turmoil, public capital flows 

generally constitute a small portion of gross capital flows (Yeşin 2015).   
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2.2. Capital Inflows and Asset prices in the United States, Switzerland and Denmark 

The past few decades have been marked by dramatic boom and bust cycles in asset prices, a 

pattern that is unmatched both in amplitude and scope and that affected many countries 

around the globe. Several economies have also experienced a substantial appreciation in asset 

prices during the years leading up to the global financial crisis of 2007-2008 (Favilukis et al. 

2012, Punzi 2013). The development of capital inflows and house price appreciation in the 

United States, Switzerland and Denmark are shown in the graphs below (Graphs 1,2 and 3). 

The portfolio investments depicted in the graphs are represented by inflows of portfolio 

liabilities, i.e. portfolio investment inflows to the receiving country from non-resident 

investors.  

 

Resources: Thomson Reuters (2015f), IMF (2015) and Thomson Reuters (2015e), BIS (2015b), Thomson Reuters 

(2015d) 

As for the United States, Graph 1 indicates that there is a positive correlation between 

portfolio investment inflows and asset prices. Though a positive development of the asset 

prices is seen throughout the period studied, 1980Q1-2014Q4, it appears as there was an 

increase in portfolio investment inflows, taking off during the 1990s. This observation is also 

largely confirmed by previous findings. In a study on the United States and Japan, Punzi 

(2013) finds that house prices are positively correlated with capital inflows
1
. Furthermore, this 

relationship is found to have been strengthened since the 1990s, which is argued to be the 

result of the period being characterised by global financial liberalisation and deregulation, in 

both advanced and emerging economies. In their study on the OECD countries, Aizenman 

and Jinjarak (2009) argue in a similar manner. They conclude that the national real estate 

market has become increasingly globalised since financial liberalisation and deregulation took 

place in many emerging market countries during the 1990s.   

For the years during the Mexican currency crisis in 1994 and the years leading up to the Asian 

financial crisis of 1997, Graph 1 show that portfolio inflows increase during the period and 

                                                           
1
 Since capital inflows are measured with the current account as a proxy, Punzi (2013) finds that house price is 

negatively correlated with the current account deficit. 
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peak around the last quarter of 1996. During the same time period, the house and share price 

indices indicate that asset prices increased steadily.  

During the end of the 1990s a speculative bubble, the ‘dot-com’ bubble, grew and 

subsequently collapsed. The boom and bust had a strong impact on the United States equity 

market and affected a number of other sectors, ranging from financial to industrial sectors 

(Brooks et al. 2010). Further, Graph 1 show that the volatility in portfolio inflows was high 

during this period, as it first decreased sharply during the last quarters of 1998 and the first of 

1999, and then increased again during the first years of the 2000s. At the same time, it appears 

that the share prices fell after the last quarters of 1999, reflecting the bust of the ‘dot-com’ 

bubble.  

Another possible factor of explanation relates to the idea of a saving glut, as presented by 

Bernanke (2005). Bernanke argues that the rapid increase in the United States external deficits 

between 1996 and 2000 (external deficit expanded by about 300 billion USD during these 

years) might be explained by the emergence of a global saving glut. Sources of this savings 

glut are considered to stem from a strong savings motive of rich countries with aging 

populations, and from emerging market countries that were shifting from net users to net 

suppliers of funds to international capital markets, and thus canalising large amounts of 

investments to the United States (Bernanke 2005). 

Largely in line with the saving glut hypothesis, Bergin (2011) finds that the rise in total 

financial inflows during the mid-2000s stemmed almost entirely from a rise in international 

net sales of debt securities, including government and private-issued securities. Furthermore, 

Bergin argues that this pattern reflects a tendency of United States investors selling assets 

with low risk and yields (i.e. portfolio inflows) while buying assets of high risk and returns 

during the years leading up to the financial crisis of 2007-2008. These higher value assets 

implied an increased value of collateral and further possibilities to take loans. In this sense, it 

may be argued that increased stock and asset prices induced further capital inflows. 

 

Resources: Thomson Reuters (2015f), IMF (2015) and Thomson Reuters (2015e), BIS (2015b), Thomson Reuters 

(2015d) 
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Many countries around the world experienced waves of international capital flows in the 

1980s and 1990s (Milesi-Ferretti and Tille 2011, Forbes and Warnock 2012). As for the case 

of Denmark, Graph 2 reveals a high volatility in the financial account balance from the mid-

1980s. Financial market liberalisation, and in particular of foreign access to financial markets, 

started already in the 1960s for Denmark, while the definite liberalisation processes were 

introduced during the end of the 1970s. In practice, genuinely free money and currency 

markets were seen in Nordic countries during the 1980s (Honkapohja 2012).  

During years leading up to the Nordic financial crisis that took place during of the beginning 

of the 1990s, some of the major banks in the Nordic countries started making losses, and 

support from the public sector became necessary (Honkapohja 2009). In the same time period 

house prices saw a boom and bust, which is also indicated by the weak development of house 

prices during these years, as is seen in Graph 2. The asset prices in Denmark grew at an 

increased rate from the mid-1980s to the end of the 1980s, and slowed down during the 

subsequent bust years. For share prices, the impact of the ‘dot-com’ bubble is also seen for 

Denmark, indicated by a sharp increase followed by a sharp decrease in share prices during 

the first years of the 2000s. Most of the Nordic countries started their economic recovery after 

the financial crisis around 1993-1994 (Honkapohja 2009). Given the asset price development 

in Denmark, Graph 2 indicates a similar development as the price increase appears to take off 

again from mid-1990s. The Danish housing market experienced a price boom and bust during 

the years preceding the global financial crisis 2007-2008 (Dam et al. 2011), which is also 

reflected by the sharp increase seen in Graph 2, staring from the last quarters of 2003. 

Resources: Thomson Reuters (2015f), IMF (2015) and Thomson Reuters (2015e), BIS (2015b), Thomson Reuters 

(2015d) 

Due to limitations in the availability of data for the financial account balance and portfolio 

inflows, the period studied for Switzerland, 2000Q1-2014Q4, is shorter than for the other two 

countries. The shorter study period reduces the ability to interpret the development shown in 

Graph 3. However, some remarks can still be made. House prices appear to have been 

growing steadily over the time period, with an average quarterly growth rate of 0.89%. 

Compared to the United States, with an average quarterly growth rate of 1.21%, and Denmark 

with an average quarterly growth rate of 1.41%, Switzerland has seen a steady but less 
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powerful average house price development. It has been argued by some authors that the 

robust price appreciation in Switzerland is caused by the Swiss National Bank’s monetary 

easing during the end of the 1990s and beginning of the 2000s, which caused interest rate 

reductions on mortgage rates (Maclucans 2012). 

Share prices on the other hand appear to have experienced a greater volatility, and do not have 

a similar clear positive trend. At the same time, share prices seem to be positively correlated 

with capital inflows. Furthermore, Graph 3 indicates that the portfolio investments have 

experienced a period of increased volatility during the first years of the 2000s, and was 

increased sharply from the end of 2003, and again from the beginning of 2005. These 

observations made from the graph are also largely in line with recent research (e.g. Yeşin 

2015), which finds that private (quarterly) capital inflows before the financial crisis were 

substantial and volatile. During the crisis, their volatility was significantly increased, but only 

to become far more muted during the years after the crisis (Yeşin 2015). 

3. Theoretical Framework 
A variety of theoretical and empirical research models have been presented with the aim of 

explaining the link between asset prices and capital inflows. In most of the theoretical models, 

the chain of effect runs from increased capital inflows to appreciations in asset prices, while 

in some models it is argued that causation may go the other way around. (Olaberría 2012) In 

most of the previous empirical research the relationship between capital inflows and asset 

prices is modelled to allow for a dynamic relationship, where it is acknowledged that the 

relationship is not strictly exogenous. That is, capital inflows can affect asset prices, but 

changes in asset prices can also encourage or discourage capital inflows. (Fenga et al. 2011) 

Previous theoretical and empirical studies indicate that there are several channels by which 

capital inflows might result in increased asset prices. This section aims to summarise the main 

mechanisms of this relationship, and four channels of impact are identified. In summary these 

are: the effect of capital inflows on the demand of assets, exchange rates, interest rates and 

credit expansions.  

First, foreign capital inflows can directly affect the demand for assets. In general, an 

association between capital inflows and asset prices appears sensible as capital inflows reflect 

an increase in demand from the rest of the world for a particular country’s assets. (Reinhart 

and Reinhart 2009) In addition, capital inflows to one market might affect other markets as 

well. For example, increased portfolio inflows invested on the stock market may increase 

stock prices, but as a result decrease the expected returns of the stocks. Then investors seek 

assets with higher returns, and capital inflows are canalised to other asset markets such as the 

real estate and bond markets. (Kim and Yang 2009) 

Second, in some previous studies the effect of capital inflows on the exchange rate is 

considered as a channel through which asset prices are affected. Specifically, capital inflows 

tend to put an appreciation pressure on the exchange rate. However, the effect of capital 

inflows on the exchange rate depends on the type of exchange rate regime, since a more 
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heavily managed exchange rate regime implies a higher likelihood of the monetary authorities 

intervening on the foreign exchange market. (Kim and Yang 2009, Cardarelli et al. 2010) 

To avoid currency appreciation, the monetary authorities can buy foreign currency, which 

eases the appreciation pressure. Nevertheless, the intervention will at the same time increase 

the foreign exchange reserves and (if operations are not sterilised) increase the domestic 

money supply. This in turn, may boost liquidity flows into asset markets and cause asset 

prices to rise. Under a floating exchange rate regime, foreign portfolio inflows directly affect 

the demand for domestic currency assets, leading to an appreciation in the nominal exchange 

rate. Combined with slow adjustments of price levels, the real exchange rate might also 

appreciate (Kim and Yang 2009, Cardarelli et al. 2010). 

Third, increased capital inflows have often been linked to reductions in international interest 

rates, economic growth in advanced economies, and global commodity price booms (Reinhart 

and Reinhart 2009). Capital inflows caused by a fall in world interest rates can lead to 

consumption and investment booms. For most economies, declining world interest rates 

would induce a decrease in the domestic interest rates as well, which may stimulate further 

investments. (Aoki et al 2009) 

Fourth, explaining how capital inflows generate increased asset prices, both the theoretical 

(see e.g. Adam et al. 2011) and empirical literature (see e.g. Kim and Yang 2009, Aizenman 

and Jinjarak 2014) point towards increased credit limits and credit growth expansions. Credit 

growth is an important channel of impact, as it implies an increased value of collateral assets. 

However, the association of credit growth with asset prices and capital flows appears to go in 

both directions. Olaberría (2012) describes the effect of increased credit limits on asset prices 

as a circular process, in which asset price appreciation increases the value of the collateral. 

This in turn extends the borrower’s credit limit and promotes further investment that pushes 

asset prices even higher. Hence, Olaberría identifies the credit limit as a propagation 

mechanism, which may stimulate booms in asset prices. The same mechanism may have 

indirect effects by boosting the demand for assets, such as houses. Since most households at 

least partly finance their house purchase through the banking system, credit growth 

acceleration may increase the demand for houses, and thereby increase their prices. 

(Aizenman and Jinjarak 2014) 

4. Methodology 

4.1. Data 

The data set consist of quarterly data for three countries: the United States, Denmark and 

Switzerland. For the United States and Denmark, the time period studied is 1980Q1-2014Q4. 

Due to limited data availability, the time period of the data for Switzerland is 2000Q1-

2014Q4. In total, the variables considered for this study are: house price growth, share prices, 

financial account balance, net and gross portfolio inflows, long and short term interest rates, 

population growth rate, real effective exchange rate, gross domestic product, consumer price 

index and credit growth. 
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The data for the variables is mainly collected from the Bank for International Settlements 

(BIS), OECD and Thomson Reuters. Data collected from the BIS cover house prices, credit 

growth and the real effective exchange rate. Data for the real gross domestic product, inflation 

(measured by consumer price index, CPI) and share prices are collected from the OECD. Data 

on the long term and short term interest rates and the population growth rate are collected 

from Thomson Reuters’s database. Data for the financial account balance, gross and net 

portfolio inflows are collected from Thomson Reuters’s database and the International 

Financial Statistics (IFS) from the International Monetary Fund (IMF). These last two data 

series are converted to ratios, by being divided by GDP and are thus given as percentage rates 

of GDP.  

A detailed description of the variables, their units of measurement, resources and some 

descriptive statistics are presented in Appendix 1. All variables, except those measured as 

percentage rates (i.e. short and long-term interest rates, financial account balance and gross 

and net portfolio inflows), are logged to enable the interpretation of the estimated coefficients 

in term of elasticities. 

The variables included in the empirical model are chosen with the aim of reflecting the four 

channels of impact identified in the theoretical and empirical literature on the subject. The 

variables chosen to measure asset prices are a share price index and the growth rate of a house 

price index. The terms asset prices, share prices and house prices are used interchangeably, 

while share prices and house prices are used when it is necessary to point out differences for 

the two types of asset prices. Capital inflows are measured by the financial account balance, 

and net and gross portfolio inflows. These variables are the main variables representing the 

first channel of impact, the effect of capital inflows on the demand of assets. In addition, the 

long term interest rate yields on domestic government bonds is included as well, reflecting 

spill-over effects onto other assets markets. Demand of houses is also likely to be affected by 

changes in the size of the population. To reflect this aspect of the demand, a population 

growth rate variable is also included as an explanatory factor for house prices. 

The second channel, the impact associated with the exchange rate, is represented by an index 

of the real effective exchange rate. The third channel of impact, the effect of world interest 

rates and economic booms, is measured by the short term domestic interest rate, the gross 

domestic product and the domestic consumer price index. The short term interest rate of the 

three open economies considered for this study aims to reflect the effect of the world interest 

rate. Small and open economies will see an automatic adjustment of the domestic interest rate 

towards the world interest rate, while large and open countries can affect or even set the world 

interest rate. The gross domestic product and the consumer price index reflect the effect of 

economic booms and consumption booms. The fourth and final channel of impact, the effect 

related to credit expansion, is captured by data on credit growth. 

4.2. Research Method 

In most of the previous empirical research the relationship between capital inflows and asset 

prices is modelled to allow for a dynamic relationship, where it is acknowledged that the 

relationship is not strictly exogenous. The empirical method mostly used by previous research 
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to model the relationship is vector auto-regressive (VAR) models (see e.g. Reinhart and 

Reinhart 2009, Aizenman and Jinjarak 2009, 2014, Tillmann 2014). However, if there is a 

long-run relationship between the variables, i.e. they are cointegrated, a vector error 

correction model (VECM) may be estimated instead. The advantage of the VECM, as 

compared to the VAR, is that the VECM enables estimation of the long-run relationship and 

the responses of the variables to disequilibrium. To examine the long-run relationship, the 

research method
2
 of this essay is based on a four step procedure of cointegration analysis, as 

presented in Enders (2010). The four steps of the analysis are: 

1. Unit Root Testing. The aim of the first step is to test the series for unit root and to 

determine the order of integration. This step of the process is conducted using three types of 

unit root test: Augmented Dickey-Fuller (1979) (ADF), Philips-Perron (1988) (PP) and 

Kwiatkowski-Phillips-Schmidt-Shin (1992) (KPSS). 

2. Cointegration Analysis (estimating and testing the cointegration equation). If series are 

concluded to be non-stationary and integrated of the same order, it is necessary to examine 

whether there is a long-run relationship between the variables, i.e. if they are cointegrated. If 

the variables are not cointegrated, there is a risk of running a spurious regression (Wooldrigde 

2013:646). The adjustment to long-run equilibrium is captured by the cointegrating vector, 

which is obtained by estimating the long-run relationship. Cointegration is then tested by 

performing two residual based tests: the Engle-Granger (1987) and the Phillips-Ouliaris 

(1990) tests. 

3. VECM. If the variables are concluded to be cointegrated, it is possible to estimate the 

relationship by the means of a VECM and obtain the speed of adjustment coefficients and 

estimates of the short term error correction coefficients. 

4. Model Assessment and Diagnostic Checks. The VECM assumes that residuals appear as 

white noise in the model. Thus, it is important that the estimated residuals also approximate 

white noise. Therefore, the residuals are tested for serial correlation and multivariate normal 

distribution.   

5. Empirical Results – Full Sample 

5.1. Unit Root Tests 

In this essay, three unit root tests are performed on the each of the data series: the ADF, PP 

and KPSS test. Based on theoretical knowledge and a visual examination of the series, most 

of the series can safely be assumed to contain both an intercept and a trend while for some 

only an intercept. Therefore, all tests are performed twice. First, the tests allow for the 

presence of an intercept only, and second for an intercept and a trend. If the specifications 

indicate different results, the choice of specification is based on theoretical arguments and a 

                                                           
2
 The methodology of the empirical analysis is outlined in this section. For the interested reader, a more detailed 

methodological guide on each step of the methodology is presented in Appendix 2. For a deeper guide the reader 

is advised to consult econometric textbooks such as Enders (2010) or Davidson and Mackinnon (2004). 
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visual examination of the plot of the series. If one test result deviates from the two others, the 

overall conclusion is based on the result of the majority of the tests.  

Next, the order of integration is determined. This is done by performing the unit root tests 

once more but now on the first difference of the non-stationary variables. For all three tests, 

all the differenced variables are now found to be stationary. Since the variables where found 

to contain unit root in level but not in their first difference, they are concluded to be integrated 

of order one, I(1). The full results of the unit root tests are shown in Appendix 3. A summary 

of the conclusions drawn from the test results is shown below, where I(0) indicates stationary 

and I(1) indicates integrated of order one and thus non-stationary. 

5.2. Cointegration Analysis 

To determine whether the non-stationary variables have a long-run equilibrium relationship, 

the next step of the analysis is to perform cointegration tests. The cointegration tests are 

performed on the variables that where concluded to be non-stationary. In this essay, the 

Engle-Granger (1987) cointegration test is used. As a complement, the Phillips-Ouliaris 

(1990) test for cointegration is also conducted. The full cointegration test results, including all 

statistics and corresponding probabilities are shown in Appendix 4. A summary of the most 

important results is shown in Tables 2 and 3 below. 

The Engle-Granger test is conducted by first estimating the long-run relationship for each of 

the asset price variables for all three country: 

  house_prt = a0 + ∑ aixit
𝑛
𝑖=1 + et       (1), 

  ln share_prt = a0 + ∑ aixit
𝑛
𝑖=1 + et      (2), 

where ∑ aixit
𝑛
𝑖=1  is a sum that represent the n variables that were found to be non-stationary 

and their corresponding coefficients, a0 and ai are parameters to be estimated, and et is the 

error term. From these regressions models each vector of estimated residuals is saved. Next, 

the two ADF test statistics (the τ-statistic and z-statistic) are evaluated. 

Table 1: Unit Root Tests    

Variable The United States Switzerland Denmark 

GDP I(1) I(1) I(1) 

Financial account balance I(1) I(1) I(1) 

Credit growth rate I(1) I(1) I(1) 

CPI I(1) I(1) I(1) 

Eer I(1) I(1) I(1) 

House price growth rate I(1) I(1) I(1) 

Population growth rate I(1) I(1) I(1) 

Short term interest rate I(1) I(1) I(0) 

Share prices I(1) I(1) I(0) 

Long term interest rate I(1) I(1) I(0) 

Portfolio inflows I(0) I(0) I(0) 

Net portfolio inflows I(0) I(0) I(0) 
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The testing procedure starts by estimating equation (1) for house prices, for each of the 

countries. The ADF tests show that the estimated residuals are stationary, which implies that 

the variables are cointegrated. To confirm cointegration of the variables, the testing procedure 

is continued by testing other linear combinations of variables. This is done by switching place 

of  house_prt in the above equation with one of the independent variables, and performing 

the ADF test on the resulting residuals. Thus, the testing procedure results in eight more 

estimated equations and eight more residual series for each country. Next, the ADF test is 

performed on each of the estimated residual series.  

For the United States the result of the eight tests are inconclusive, as the result indicated by 

the τ-statistic and z-statistic differs. The τ-statistic can only reject the null hypothesis of no 

cointegration for the financial account balance, while the z-statistic rejects for house price 

growth, the financial account balance and GDP. The Philips-Ouliaris test is performed on the 

three variables that the z-statistic indicates as being cointegrated. The results of the Philips-

Ouliaris test indicate that house price growth is not cointegrated with the other variables. 

Hence, according to the Philips-Ouliaris test and the τ-statistic of the Engle-Granger test only 

one linear combination of non-stationary variables results in stationary residuals. However, 

this result implies that the dependent variable of that equation is stationary, and that all the 

other variables are insignificant in the estimated relationship. These results imply that the 

financial account balance is stationary, which is in contrast to the results of the unit root tests. 

Therefore, the results of the Philips-Ouliaris test and the τ-statistic of the Engle-Granger test 

are disregarded and the conclusion is based on the results of the z-statistic in the Engle-

Granger test instead. The following variables are concluded to be cointegrated for the United 

States: house price growth, financial account balance and GDP. 

Table 2: Engle-Granger Cointegration Test on House Price Growth 

Engle-Granger Residual Based Cointegration Test: House Price Growth 

Allowing for intercept 
 

  

The United States   τ prob. z prob. 

  House price growth -4.853 0.158 -81.921*** 0.000 

  Financial account balance -10.450*** 0.000 -124.659*** 0.000 

  GDP -4.087 0.478 -44.117* 0.086 

Switzerland   τ prob. z prob. 

  House price growth -8.384** 0.000 -62.278*** 0.000 

  Financial account balance -5.729** 0.041 -43.305** 0.032 

  Credit growth rate -7.981*** 0.000 -60.729*** 0.000 

Denmark   τ prob. z prob. 

  House price growth -3.973 0.401 -41.523* 0.070 

  Financial account balance -5.807*** 0.008 -67.772*** 0.000 

 Credit growth rate -2.876 0.886 -110.689*** 0.000 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 
      

For Switzerland both the τ-statistic and z-statistic of the Engle-Granger test indicate that 

house price growth, the financial account balance and the credit growth are cointegrated. On 

the other hand, the Philips-Ouliaris test finds that only the two first variables are cointegrated. 

The conclusion drawn from the tests is therefore that the two variables that both the tests 
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reject the null hypothesis of no cointegration, are cointegrated: house price growth and the 

financial account balance.  

Table 3: Phillips-Ouliaris Cointegration Test on House Price Growth 

Phillips-Ouliaris Residual Based Cointegration Test: House Price Growth 

Allowing for intercept 
 

  

The United States   τ prob. z prob. 

  Financial account balance -10.027*** 0.000 -131.659 0.000*** 

Switzerland   τ prob. z prob. 

  House price growth -7.718*** 0.000 -58.888*** 0.000 

  Financial account balance -5.794*** 0.000 -42.489*** 0.000 

Denmark   τ prob. z prob. 

  House price growth -4.820*** 0.003 -47.079*** 0.000 

  Financial account balance -3.037 0.261 -26.378** 0.044 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 
      

For Denmark the results of the Engle-Granger test, based on the τ-statistic and z-statistic 

differ. The τ-statistic can only reject the null for house price growth, while the z-statistic 

rejects for house price growth, the financial account balance and the population growth rate. 

Performing the Philips-Ouliaris test on the variables indicated by the z-statistic as 

cointegrated, the results of the two test statistics again differ. But both the τ-statistic of the 

Engle-Granger test and Philips-Ouliaris test are unable to reject the null for population 

growth. Following the same reasoning as for the United States, the house price growth and the 

financial account balance are concluded to be cointegrated for Denmark. 

In summary, the cointegration tests conclude that there is a long-run relationship between the 

variables house price growth, financial account balance and GDP for the US, and house price 

growth and financial account balance for Switzerland and Denmark. The fact that not the 

same variables are found to be cointegrated for the three countries may reflect structural 

differences between the countries’ economies and thus how house prices are determined over 

the long-run.  

Table 4: Engle-Granger Cointegration Test on Share Prices 

Engle-Granger Residual Based Cointegration Test: Share Prices 

 Allowing for intercept 

  τ prob. z prob. 

United States -3.605  0.819 -44.566  0.137 

Switzerland -3.998 0.417 -26.485 0.377 

Denmark
3
  -  -  -  - 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 

     

As for share prices, the same testing procedure is followed. First, equation (2) is estimated 

and the ADF test is performed on the resulting residual series. The results indicate that the 

share prices regressed on the financial balance, credit growth rate, GDP, CPI, effective 

exchange rate, and short and long term interest rates, form a linear combination of non-

                                                           
3
 The Danish share price series were concluded to no follow a unit root process, thus cointegration analysis is not 

possible of the series.   



16 

 

stationary variables that result in a non-stationary residual. Hence, share prices are concluded 

to not be cointegrated with the other variables and the testing procedure need not be 

continued. The results are shown in Table 4. 

5.3. VECM  

To execute the last step of the analysis, a VECM is estimated. The estimation of a VECM is 

performed in two steps. First, the cointegration equation is estimated, i.e. the long-run 

relationship. Second, the speed of adjustment parameters and short term adjustments 

parameters are estimated.  

The long-run relationship is estimated to obtain the cointegrating vectors, one for each 

country. The residuals obtained from the three estimated cointegration equations are then 

saved. These residuals are lagged one step, and used to estimate the speed of adjustment 

coefficients in the second step of the estimation of the VECM. The cointegration equations, 

from which the cointegrating vectors are obtained, represent the long-run equilibrium 

relationship. When the long-run relationship is in equilibrium, the error term is zero. But in 

practice, there are deviations from the long-run equilibrium relationship and the estimated 

residuals represent these deviations. As seen in Table 5 below, the first estimated coefficient 

of the cointegrating vector, house price growth, is normalized to 1. Normalizing is a common 

procedure conducted to facilitate the evaluation of the vector, since the cointegrating vector is 

not unique (Enders 2010:372).  

The plots of the estimated residuals from the long-run relationship are shown in Appendix 4. 

When evaluating these plots it becomes clear that the financial crisis of 2007-2008 influences 

the long-run relationship of house prices and capital inflows. In particular, from the first 

quarter of 2006 the plotted residual series is highly volatile and deviates substantially from the 

actual one, indicating that there is a structural break in the data in this time period. This 

pattern is the most apparent for the United States and clearly visible from the plot. Since the 

crisis was initiated in the United States, this observation appears quite plausible as well. For 

Denmark, the same sharp change in residuals is seen around the first quarter of 2006 and 

thereafter the volatility of the residual series is relatively higher. For Switzerland, the shorter 

time period makes it more difficult to isolate erratic and deviating behaviour of the estimated 

residual series. However, there are some sharp fluctuations in the fitted residuals around the 

same time period. The presence of a structural break can make the results of the analysis 

misleading. Thus, bearing this in mind the results need to be interpreted with caution. The 

cointegrating vectors obtained from estimating the long-run relationship are shown in Table 5. 

By solving for the dependent variable in the cointegration equations, the signs of the 

estimated equations are reversed. For the United States, the coefficients of the cointegrating 

vector have the expected signs. The long-run effect of a persistent increase in GDP is positive 

on house price growth, indicating a 0.281 percentage point increase in house price growth 

over the long-run. However, the estimated long-run effect of capital inflows on house price 

growth is close to zero, which is a less plausible result since previous research has found a 

positive association between the variables (e.g. Kim and Yang 2009, Tillmann 2014).  
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For Switzerland, the estimated coefficient of capital inflows in the cointegrating vector is not 

of the expected sign. The positive sign shown in Table 5 indicates an effect negative 

relationship between house prices and capital inflows, which is less plausible given the 

theoretical framework of this essay presented in section three, and the historical development 

of house prices and capital inflows outlined in section two of this essay. For Denmark, the 

estimated coefficient for capital inflows in the cointegrating vector has the expected sign. This 

indicates that a persistent increase of capital inflows has positive effect on house price growth 

over the long-run.  

Moving on to the second step of estimating the VECM, the saved residuals from the last step 

of the analysis, together with the lagged and differenced endogenous variables and 

differenced control variables are included in the VECM. The control variables are exogenous 

to the model and consist of those variables that the cointegration tests found not to be 

cointegrated. Hence, the contemporaneous effects of these variables on house prices growth 

are still considered in the model. For each country the estimation of the VECM is estimated 

using ordinary least squares (OLS) according to the following equation: 

∆yt = αyêt−1 + ∑ αi∆yt−i 

𝑝

𝑖=1

+ Λ∆xt + εy,t 

where ∆yt is a vector containing all endogenous variables, αy is a vector of speed of 

adjustment parameters, êt−1 is the series of saved residuals from last step of the analysis, Λ is 

a matrix of parameters to be estimated, ∆xt  is a vector of all differenced control variables, εy,t 

is an error term and p is the number of lags included (chosen by an automatic lag length 

selection criterion, the Schwarz Information Criterion). The parameters αi and the elements of 

Λ represent the effect of short-run fluctuations of the variables on the endogenous variables. 

The speed-of-adjustment parameters, 𝛼𝑦, indicate how fast the variables move back towards 

Table 5: Cointegrating Vectors 

The United States Variable Coefficient t-stat 

  House price growth 1.000   

  Financial account balance 0.000*** -10.230 

    (0.000)   

  GDP -0.281*** 47.678 

    (0.000)   

Switzerland       

  House price growth 1.000   

  Financial account balance 0.248*** 4.609 

    (0.005)   

Denmark       

  House price growth 1.000   

  Financial account balance -0.015*** -4.221 

    (0.003)   

Asymptotic standard error shown in parenthesis 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 
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the long-run equilibrium. The vectors ∆yt and ∆xt are specified in accordance with the 

findings from the unit root and cointegration tests for each country according to the following 

specifications: 

The United States:   

∆yt = (∆ house_prt , ∆finans_bal t, ∆ ln GDP𝑡)′,  
∆xt = (∆long_intrt, ∆short_intrt, ∆ln CPIt, ∆pop_grt, ∆ ln eert , ∆ credit_grt) 
p = 1 

Switzerland: 

∆yt = (∆ house_prt , ∆finans_bal t)′, 
∆xt = (∆long_intrt, ∆short_intrt, ∆ ln GDPt , ∆CPIt, ∆pop_grt, ∆ ln eert , ∆ credit_grt) 
p = 1 

Denmark: 

∆yt = (∆ house_prt , ∆finans_bal t, )′,  
  ∆xt = (long_intrt, short_intrt, ∆ ln GDPt , ∆credit_grt, ∆ln CPIt, ∆pop_grt, ∆ ln eert) 

p = 1 

If the speed of adjustment parameters are negative and large, the adjustment in response to a 

disequilibrium as fast and pulls the system towards the equilibrium, relative to if the 

parameters are close to zero. If 𝛼𝑦is zero, then 𝑦𝑡 does not respond to any deviation from the 

long-run equilibrium in the last period (t - 1). If it is instead equal to minus one, the variables 

adjust fully to equilibrium in one period. If the speed of adjustment parameter instead is 

positive, it means that the adjustment is not towards equilibrium but away from it, and thus 

acts destabilising for the system. At least one of the speed of adjustment parameters should be 

significantly different from zero, if the variables are cointegrated. If all of them are zero, there 

is no error correction process. (Enders 2010:375-376)  

The estimation results from the second step of estimating the VECM are shown in Table 6. 

Noting that all variables now are differenced, the logged variables are now interpreted as 

elasticities and the effect of the variables measured growth rates or percentage rates are 

interpreted as the change in the elasticity. Overall, the estimated coefficients show clear signs 

of the presence of a structural break in the data that affects the estimation results. Specifically, 

many of the estimated coefficients are not of the expected sign and thus indicate effects 

opposite to those outlined in the theoretical framework of this essay presented in section 

three. The full estimation results, including t-statistics and asymptotic standard errors are 

shown in Appendix 4. 

For the United States, the estimated speed of adjustment parameter of the house price growth 

indicates that a positive deviation from the long-run relationship causes a further deviation 

from the long-run equilibrium in the next period, and thus destabilises the system. The same 

holds for the estimated speed of adjustment parameter of capital inflows, while the adjustment 

parameter for GDP has a negative sign, indicating that the adjustment occurs towards the 

equilibrium in response to a positive deviation from the long-run relationship.  

The results for Switzerland show that both of the estimated speed of adjustment coefficients 

have a negative sign, indicating that a positive deviation from the long-run relationship 

induces an adjustment towards the equilibrium. However, the magnitude of the estimated 
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speed of adjustment coefficient for house price growth is very small, which is interpreted as a 

slow adjustment towards the long-run equilibrium. 

Lastly, for Denmark the estimated speed of adjustment coefficients are of opposite signs, 

which show that there are both adjustments towards and further away from the long-run 

equilibrium in response to positive deviations in the long-run relationship. The estimated 

speed of adjustment parameter for house price growth says that a positive deviation from the 

long-run relationship results in an adjustment towards the equilibrium in the next period. For 

capital inflows the effect is the opposite. However, the magnitude of the estimated speed of 

adjustment parameter for capital inflows is very large, which makes the result implausible and 

hard to interpret.  

Table 6: VECM      

 VECM Estimation Results           

 

 The United States 

N = 133, T = 1980Q1-2014Q4 

Switzerland 

N = 55, T = 2000Q1-

2014Q4 

Denmark 

N = 133, T = 1980Q1-

2014Q4 

Dependent: ∆ h_prt ∆fin_bal t ∆ ln GDPt ∆ h_prt ∆fin_bal t ∆ h_prt ∆fin_bal t 

𝛼𝑦 0.000 10519168*** -0.001 -0.002 -3.138*** -0.225*** 24.373*** 

Error 

correction: 
       

∆ h_pr𝑡−1 0.949*** 297071 0.095*** -0.105 162.665* -0.202** -21.464*** 

∆fin_bal𝑡−1 0.000 -0.177** 0.000 0.000 0.128 -0.001 -0.308*** 

∆ ln GDPt−1 -0.004 734299 0.374***     
 

  

Exogenous 

variables: 
       

∆ cred_grt -0.004 144528 0.112 -0.075 162.4694** -0.072 11.263 

∆ ln GDPt    
-0.027 44.470 0.004 -6.312** 

 ∆ pop_grt -0.037 -9337785 -0.024 0.030 -11.826 -0.020 11.731* 

∆ ln cpit -0.013 1530000*** 0.266*** 0.047 -106.263 0.013 4.635 

∆ ln eert -0.001 6781.895 0.002** -0.001 -0.579 0.000 0.149 

∆ short_intrt -1.050 2820000** 1.473 0.007 -10.544 -0.109*** 3.222 

∆ long_intrt
4 0.002 -678306.4 0.000 0.002 -1.636 0.000 0.063 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 

        

As for the rest of the estimated coefficients, only six of the estimated coefficients for the 

United States have the expected sign and are significant. In particular, a positive effect of a 

temporary shock in house price growth implies an appreciation in house price growth for the 

next period as well. The inflation rate and population growth rate have positive 

contemporaneous effects on capital inflows, and a temporary shock in GDP causes an 

increase in the next periods GDP as well. In addition, the inflation rate is found to have a 

contemporaneous positive effect on GDP. The remaining coefficients either have an effect 

opposite to that predicted by the theoretical framework or are not significant.  

                                                           
4
 For Denmark short and long term interest rates where concluded to be stationary variables, thus variables are 

not differenced in the estimation. 
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For Switzerland, only two of the estimated coefficients are found to be significantly different 

from zero. These coefficients show the effect of a temporary positive shock in house price 

growth on capital inflows, and the contemporaneous effect of an increase in credit growth on 

capital inflows. Both are found to affect capital inflows positively but are of an extremely 

high and therefore less plausible magnitude. The results for Denmark show that the only 

coefficients that are significant do not have the expected signs, making the results difficult to 

interpret as these estimated effects are opposite to those predicted by theory and previous 

empirical research. 

Lastly, to assess the model adequacy some important diagnostic checks need to be performed 

on the residuals. The VECM assumes that residuals appear as white noise in the model. Thus, 

it is important that the estimated residuals also approximate white noise. The residuals are 

tested for serial correlation and multivariate normal distribution. Evaluating the tests results 

for serial correlation, it is not possible to reject the null hypothesis of no serial correlation for 

any of the three countries. Hence, there are no signs of serial correlation in the residuals. The 

null hypothesis of multivariate normal distribution is rejected at the 5% significance level for 

all three countries, and the residuals cannot be concluded to approximate a normal 

distribution. The results of the residual diagnostic testing are shown in Appendix 4.  

5.4. Remedies for Model Deficiencies 

In summary, the results of the analysis suffer from several weaknesses. To a large extent the 

estimated coefficients of the VECM systematically deviate from the expected results and are 

to a high degree non-significant. Taken together with the visual analysis of the plotted 

residuals from the estimated long-run relationship and the rejection of the null hypothesis of 

multivariate normality for the residuals from the estimated VECM’s, the results of the VECM 

are likely to be strongly affected by a structural break. 

To account for the structural break, a first attempt consists of including a dummy variable in 

the model. The dummy variable can account for a vertical shift in the modelled relationship 

and takes the value 0 for the years preceding the identified structural break, i.e. 1980Q1-

2005Q4 for the United States and Denmark and 2000Q1-2005Q4 for Switzerland. The 

dummy variable takes the value 1 for the years following the structural break, i.e. 2006Q1-

2014Q4. The two steps of the VECM are then re-estimated, but now including the dummy 

variable. However, the resulting estimates still show the same weaknesses as without the 

dummy variable. The dummy variable is therefore not sufficient to account for effects of the 

structural break, which indicates that the global financial crisis has of a more complex effect 

on the determination of the long-run relationship. Thus, the crisis is concluded to substantially 

change the terms governing the long-run relationship of house price growth and capital 

inflows.  

The above results lead to the conclusion that, within the methodological framework of this 

essay, it is not possible to examine the long-run association of house prices and capital 

inflows for the whole time period. Instead, the long-run relationship of asset prices and capital 

inflows during time period before the crisis is considered separately, i.e. 1980Q1-2005Q4 for 

the United States and Denmark and 2000Q1-2005Q4 for Switzerland. The separation provides 
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a more homogenous data set, which facilitates the analysis and still provides enough 

observations to conduct a meaningful analysis. The examination of the remaining time period, 

including the years leading up to the global financial crisis of 2007-2008, the outburst of the 

crisis, and the years following the crisis is left to future research. The considerably higher and 

non-homogenous volatility in data during this period may make the variables less 

representative for modelling the long-run relationship. However, most likely future data can 

help to determine how the global financial crisis may have changed the determination of the 

long-run relationship between asset prices and capital inflows. 

6. Empirical Results – Subsample 

6.1. Unit Root Tests 

The conclusions from the unit root tests performed on the full sample are not different from 

those performed on the subsample. Therefore, there is no need to present the result again as a 

summary can be seen in Table 1 in the text and the full results can be seen in Appendix 3. 

6.2. Cointegration Analysis 

The testing procedure starts by estimating equation (1) again for each of the countries. The 

ADF tests show that the estimated residual series is stationary, which implies that the 

variables are cointegrated.  

Table 7: Engle-Granger Cointegration Test on House Price Growth 

Engle-Granger Residual Based Cointegration Test: House Price Growth 

Allowing for intercept 

 

  

The United States 

 

τ prob. z prob. 

  House price growth -6.691***  0.009 -60.698**  0.012 

  Financial account balance -9.785***  0.000 -99.330***  0.000 

  GDP -5.945**  0.043 -52.961**  0.049 

Switzerland   τ prob. z prob. 

  House price growth -8.390***  0.000 -62.330***  0.000 

  Financial account balance -6.723***  0.007 -43.285**  0.054 

  Credit growth rate -7.853***  0.001 -59.629***  0.001 

Denmark   τ prob. z prob. 

  House price growth -7.441***  0.000 -78.957***  0.000 

  Financial balance -9.143***  0.000 -103.817***  0.000 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 
      

To check that other linear combinations of the variables result in a stationary residual series, 

the testing procedure is continued in the same way as in the full sample cointegration analysis, 

i.e. by running eight more regressions, where each of the remaining variables
5
 switch place 

with  house_prt in equation (1). The cointegration test is then performed on each of the eight 

estimated residual series. From the total of nine regressions, three of the resulting series of 

estimated residuals were found to be stationary for the United States and Switzerland, while 

                                                           
5
 The financial account balance, long and short term interest rates, population growth rate, real effective 

exchange rate, gross domestic product, consumer price index and credit growth 
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only two for Denmark. The dependent variables of these regressions are thus concluded to be 

cointegrated. A summary of the tests results for these variables are shown in Table 7. The full 

result for all variables is shown in Appendix 5. 

To complement to the results of the Engle-Granger test, the Phillips-Ouliaris test is performed 

as well. The Phillips-Ouliaris test is conducted on the subsets of variables indicated by the 

Engle-Granger test to be cointegrated. As seen in Table 8 shown below, the Phillips-Ouliaris 

test confirms the previous result for all the variables. 

Table 8: Phillips-Ouliaris Cointegration Test on House Price Growth 

Phillips-Ouliaris Residual Based Cointegration Test: House Price Growth 

Allowing for intercept 

 

  

The United States 

 

τ prob. z prob. 

  House price growth -4.278**  0.016 -28.116**  0.024 

  Financial account balance -8.922***  0.000 -114.824***  0.000 

  GDP -5.099***  0.001 -45.012***  0.000 

Switzerland   τ prob. z prob. 

  House price growth -7.498***  0.000 -55.661***  0.000 

  Financial account balance -5.188***  0.002 -37.265***  0.001 

  Credit growth rate -6.753***  0.000 -50.917***  0.000 

Denmark   τ prob. z prob. 

  House price growth -6.665***  0.0000 -67.067***  0.000 

  Financial account balance -8.285***  0.0000 -98.951***  0.000 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 

      

So far, all variables have been tested for unit root and cointegration. As for stock prices, the 

unit root tests still indicate that the variable is non-stationary, but is not found to be 

cointegrated with any of the other variables. It is therefore not possible to conclude that stock 

prices have any long-run equilibrium relationship with any of the included variables. The 

relatively more volatile nature of stock prices as compared to house prices may make it harder 

to detect a long-run relationship for stock prices. Hence, it is not possible to proceed with the 

analysis of stock prices. 

The cointegration tests conclude that for the United States there is a long-run association 

between the variables house price growth, financial account balance and GDP. For 

Switzerland, cointegration is found for house price growth, financial account balance and 

credit growth. For Denmark cointegration is found for house price growth and the financial 

account balance. 

6.3. VECM 

The resulting cointegrating vectors from the first step of estimating the VECM are shown in 

Table 9 below. The cointegrating equations, from which the cointegrating vectors are 

obtained, represent the long-run equilibrium relationship. Again, by solving for the dependent 

variable in the cointegration equations, the signs of the estimated equations are reversed. 

All the estimated long-run coefficients are positive and significant, and exhibit a positive 

effect on house price growth over the long-run. In particular, for the United States a persistent 
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increase of capital inflows appreciates house price growth by approximately 1.655 percentage 

points over the long-run. The effect of capital inflows is of greatest magnitude for the United 

States, even though it is positive for the other two countries as well. The effect is the smallest 

for Denmark, indicating that a persistent increase in capital inflows will appreciate house 

price growth by 0.009 percentage points over the long-run. These results are consistent with 

those found by previous research (though on the short term relationship) where a positive 

effect is commonly found (see e.g. VAR analysis by Reinhart and Reinhart 2009, Aizenman 

and Jinjarak 2009, 2014, Tillmann 2014).  

For the United States a persistent increase of GDP induces a positive effect on house price 

growth over the long-run. Taken together with the positive effect of capital inflows these 

results indicate that, over the long-run capital inflows exhibit a stronger impact than GDP on 

house price growth. However, previous research has found a strong association between 

economic booms and capital inflows (e.g. Reinhart and Reinhart 2009). Hence, the relatively 

small estimated effect of GDP on house price growth may indicate that the effect of GDP on 

asset prices is mainly secondary. If this is the case, GDP would boost the effect of capital 

flows on asset prices. 

Table 9: Cointegrating Vectors 

The United States Variable Coefficient t-stat 

  House price growth 1.000   

  Financial account balance -1.655*** -5.189 

    (0.319)   

  GDP -0.736** -2.041 

    (0.361)   

Switzerland       

  House price growth 1.000   

  Financial account balance -0.017*** -10.748 

    (0.002)   

  Credit growth rate -0.031*** -8.187 

    (0.004)   

Denmark       

  House price growth 1.000   

  Financial account balance -0.009* -1.942 

    (0.005)   

Asymptotic standard error shown in parenthesis 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 
 

For Switzerland, a persistent increase of the credit growth rate causes an approximate increase 

of 0.031 percentage points in house price growth over the long-run. This result is largely in 

line with those found by Aizenman and Jinjarak (2014). In their panel study on 36 countries, 

they find the domestic credit to be one of the most important explanatory factors for real 

estate valuations.  
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Next, the second step of the estimation of the VECM is executed. The saved residuals from 

the last step of the analysis estimation, together with the lagged and differenced endogenous 

variables and differenced control variables are included in the VECM. For each country the 

estimation of the VECM is conducted using OLS according to the following equation: 

∆yt = αyêt−1 + ∑ αi∆yt−i 

𝑝

𝑖=1

+ Λ∆xt + εy,t, 

The vectors ∆yt and ∆xt are specified in accordance with the findings from the unit root and 

cointegration tests for each country, according to the specifications shown below, the other 

parameters are specified in the same way as in the full sample analysis. The results are shown 

in Table 10 below and as in the full sample analysis, the variables are differenced and thus the 

effect of the variables is interpreted as elasticities and change in elasticities. 

The United States: 

 ∆yt = ( ∆ house_prt , finans_bal t, ln GDP𝑡)′, 
 ∆xt = (∆long_intrt, ∆short_intrt, ∆credit_grt, ∆ln CPIt, ∆pop_grt, ∆ ln eert) 
 p = 2 

Switzerland: 

 ∆yt = (∆ house_prt , ∆finans_bal t, ∆ credit_grt)′, 
 ∆xt = (∆long_intrt, ∆short_intrt, ∆ ln GDPt , ∆ln CPIt, ∆pop_grt, ∆ ln eert)  
 p = 1 

Denmark: 

 ∆yt = (∆ house_prt , ∆finans_bal t, )′, 
 ∆xt = (long_intrt, short_intrt, ∆ ln GDPt , ∆credit_grt, ∆ln CPIt, ∆pop_grt, ∆ ln eert) 
 p = 1 

As Table 10 shows, almost all of the estimated speed of adjustment parameters are significant. 

For the United States, the speed of adjustment parameters for the house price growth and 

GDP are negative and very small which indicates a slow adjustment towards the equilibrium 

in response to a positive deviation from the long-run equilibrium. However, the response of 

capital flows to a positive deviation instead indicates a further deviation from the long-run 

equilibrium.  

The results for Switzerland show that only two of the three estimated speed of adjustment 

coefficients are significant. The estimated adjustment parameter of the credit growth is 

positive, but implausibly large and difficult to interpret. The extreme magnitude of the 

coefficient may be caused by the short time period of available data for Switzerland, covering 

only five years. The remaining coefficient, the speed of adjustment of the house price growth, 

is significantly and negative, which indicates that house price growth tends to adjust towards 

the long-run equilibrium in response to a positive deviation.  

Lastly, for Denmark both of the estimated speed of adjustment parameters are significant. In 

line with the results for the United States and Switzerland, a positive deviation from the long-

run equilibrium in the previous period induces an adjustment towards the long-run 

equilibrium for house price growth and a further deviation from the equilibrium for capital 

inflows. However, the estimated speed of adjustment parameter for capital inflows is 
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implausibly large which again makes it difficult to interpret its implication for the dynamics 

of the system. 

Table 10: VECM      

VECM 
        

 
The United States Switzerland 

 
Denmark 

 

 
N = 101, T = 1980Q1-2005Q4 N = 22, T = 2000Q1-2005Q4 

N = 101, T = 1980Q1-

2005Q4 

Dependent: ∆ h_prt ∆fin_bal t ∆ ln GDPt ∆ h_prt ∆fin_bal t ∆ cred_grt ∆ h_prt ∆fin_bal t 

𝛼𝑦 -0.004** 0.281*** -0.009*** -0.673* 54.646 39.925*** -0.387*** 18.893*** 

Error 

correction:         

∆ h_pr𝑡−1 0.807*** 13.034** 0.170 0.080 102.993 -56.629*** -0.128 -16.553*** 

∆ h_pr𝑡−2 -0.090 -3.812 -0.137 
     

∆fin_bal𝑡−1 -0.001 -0.144 0.009** 0.000 0.206 0.214** 0.000 -0.486*** 

∆fin_bal𝑡−2 0.000 0.109 0.005 
     

∆ ln GDPt−1 0.076 -0.098 0.193* 
     

∆ ln GDPt−2 -0.055 1.525*** 0.061 
     

∆ cred_grt−1 
   

0.000 0.641 -0.118 
  

Exogenous 

variables:         

∆ cred_grt 0.094 3.950 0.252** 
   

0.080 3.217 

∆ ln GDPt    
0.185 -39.105 -27.695** 0.004 -3.349* 

 ∆ pop_grt -3.698** -47.735 0.271 0.062 9.852 -7.896 -0.076 1.104 

∆ ln cpit 0.000 0.448* 0.000 -0.627 125.948 -11.117 0.024 4.354** 

∆ ln eert 0.002 0.385* 0.007 0.160 -74.046 48.008 -0.029 4.314 

∆ short_intrt 0.000 -0.030 0.000 -0.001 1.146 2.366*** 0.000 0.087 

∆ long_intrt
6 0.000 0.021 0.000 0.001 -1.219 0.345 0.000 0.097 

*** indicates 1% significance level, ** indicates 5% significance level, * indicates 10% significance level 
         

The coefficients denoted as error correction terms in the table show the response of an 

endogenous variable to a shock in the same variable during previous periods. Starting with the 

house price growth, the results indicate that a positive shock in house price growth of one 

percentage point in the period t - 1, results in a positive response in period t for the United 

States. However, a positive shock in house price growth of one percentage point in period t – 

2 does not result in a significant response in period t. The results imply that an appreciation of 

the house price growth in the previous period will persist only in the current period but with a 

lower magnitude. A positive shock in the previous period house price growth induces a 

positive response in capital inflows for the United States, indicating a positive dynamic 

relationship between capital inflows and asset prices.  

The results for Switzerland indicate that a positive shock to house price growth causes a 

decrease in credit growth in the next period. This response is the opposite of what is predicted 

by recent empirical research (e.g. Olaberría 2012, Punzi 2013), since increased asset prices 

imply an increased value of collateral, which in turn should imply an increase in the credit 
                                                           
6
 For Denmark short and long term interest rates where concluded to be stationary variables, thus variables are 

not differenced in the estimation. 
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limit and a further possibility for households to borrow additional money. However, the 

contradictory response of credit growth found here might be explained by credit providers’, 

lending institutions’ and households’ beliefs about the nature, duration and permanency of the 

house price growth increase. The negative response may, for instance, be interpreted as 

households selling their houses as prices grow faster, implying a decreased need for credit. 

For Denmark the response of capital flows is indicated to be opposite compared to the United 

States. Hence, the results reveal that an increase in house price growth in the previous period 

induces a decrease in capital inflows, which is in contrast to the relationship predicted by the 

theoretical framework and found by previous empirical research (e.g. Aizenman and Jinjarak 

2009, 2014, Tillmann 2014).  

Moving on to capital inflows, a positive shock is estimated to induce a positive response in 

the next periods GDP for the United States, a positive response in credit growth for 

Switzerland and a negative response in capital inflows for Denmark. Starting with the results 

for the United States, the response of GDP is largely in line with previous research (see e.g. 

Reinhart and Reinhart (2009), who found a strong association between economic booms and 

capital inflows). Thus, the above result indicates that a positive surge in the previous period’s 

capital inflows boosts GDP by approximately 0.009 percentage points in the current period. 

For Switzerland, a positive surge of capital inflows in the previous period induces a 

significantly positive response in current period’s credit growth by 0.214 percentage points. 

This result may be interpreted as a surge in capital inflows leading to further borrowing, 

indicated by the increase in credit growth. However, given the negative response of credit 

growth to an appreciation in house price growth in the last period, the positive response of 

credit growth to capital inflows may be interpreted as money and investments being 

channelized to other assets markets than the house markets.  

As for Denmark, the negative response of capital inflows to a positive shock in the previous 

period may reflect a saturation effect of the investment markets. For instance, as capital flows 

in and is invested on the market, the increased demand on that market may cause prices to 

increase. Thus, in the next period the price levels are higher, which may have a deterring 

effect on capital inflows as investment is no longer as profitable.  

Lastly, for the United States, a shock in GDP does only have a significant effect on its own 

value in next period. However, a shock of GDP in time period t - 2 does only have a 

significant effect on capital inflows in time period t. The first result may be due to a 

momentum effect during economic upswings, that persists over the next period. Hence, a 

positive income shock translates into an increase in the next period as well, e.g. through 

increased investments that generate more income. The second result implies that there is a 

two period lag in the response of capital inflows to a positive income shock. This result 

appears reasonable as indicators of increased income, such as GDP, may be slow in their 

adjustment and thus not felt in the current or even next period. For instance, it may take some 

time to make investment decisions, and thus there is a lagged response of the capital inflows 

from such investments. 
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Moving on to the control variables, the estimated coefficients for the United States indicate 

that the population growth rate has a significant negative effect on house price growth. This 

result in contrast to the expected since a larger population is expected to increase the demand 

on the house market and thereby push prices up. However, the timing of the effect of an 

increased population and an increasing in demand for houses may differ. Supposedly, there is 

a time lag between families growing in size and their ability or demand to buy a new house. A 

positive effect of consumer prices on capital inflows is observed for both the United States 

and Denmark, even though the estimated magnitude is much stronger for Denmark. The 

positive effect may reflect the effect of the general price level onto capital inflows. A positive 

effect is plausible if consumption booms and asset price booms develop in tandem, indicating 

that that asset prices are related to the development of the overall inflation level.  

Furthermore, the results for the United States indicate that the real effective exchange rate 

exhibits a positive effect on capital inflows. The effect of an increase in the effective 

exchange rate may be interpreted as an increase in purchasing power. Imports become 

relatively cheap as a stronger domestic currency has more purchasing power abroad, while the 

competitiveness of the export sector is decreased. Thus, the expected effect is the opposite of 

the one observed above, since the effect of an increased purchasing power should imply that 

capital flows out rather than in. However, in strong financial centres, such as the United 

States, the effect of the currency may be interpreted differently. Many countries view the 

United States dollar as a safe investment to accumulate their foreign reserves in, and 

furthermore, the United States as a safe haven for their investments. Thus, a strong dollar 

might not trigger the expected response in capital inflows from an increased real effective 

exchange rate. 

For Switzerland, the negative effect of GDP, and positive effect of the short term interest rate 

on credit growth are significant. Both these effects appear counter intuitive. A higher income 

should imply an increase in the credit limits and thus more borrowing. A higher interest rate 

should on the other hand imply less borrowing (since it becomes more expensive for the 

borrowers). The results show that the effect of an increase in GDP induces a large negative 

effect on credit growth. This negative effect may be interpreted as a decreased need to borrow 

money as incomes increase, which leads to a decreased need of credit. The positive effect of 

the short term interest may be interpreted as the credit providers and lenders becoming more 

willing to provide money as their returns rise, which causes credit growth to increase. 

For Denmark, GDP is found to exhibit a negative effect on capital inflows. The expected 

effect of GDP on capital inflows is positive since an increase in GDP aims to reflect the effect 

of an economic upswing or boom. Again, previous research has found that economic booms 

and capital inflows have a positive relationship (e.g. Reinhart and Reinhart 2009, Cardarelli et 

al. 2010). However, the negative result found here only reflects the effect of an exogenous 

increase in GDP on capital inflows. The unexpected sign of this effect might therefore be 

connected to the inability of an exogenous increase to capture the dynamic association of the 

variables as is considered in previous research. 
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Lastly, the model adequacy is examined by performing some diagnostic checks on the 

residuals. Conducting the test for serial correlation and multivariate normal distribution of the 

estimated residual, it is not possible to reject neither the null hypothesis of no serial 

correlation nor the null hypothesis of multivariate normal distribution for any of the three 

countries. The full results of the estimation, including standard errors, t-statistics and residual 

diagnostic testing are shown in Appendix 5.  

6.4. Net and Gross Portfolio Inflows 

Neither gross nor net portfolio inflows were found to be non-stationary. Therefore, it is not 

possible to test for cointegration. For aggregated capital inflows however, as measured by the 

financial account balance, the cointegration tests indicates cointegration with the other 

variables. Therefore, it is possible to conclude that aggregated capital inflows have a long-run 

equilibrium relationship with house prices (together with GDP for the United States, and 

credit growth for Switzerland). As an extension of the analysis of the long-run relationship for 

aggregated capital inflows and house prices, the short term dynamics of the disaggregated 

capital inflows (as measured by gross and net portfolio inflows) are considered as well. Since 

it is not possible to perform cointegration analysis on the disaggregated capital inflows, 

neither a cointegrating vector nor VECM can be estimated.  

Instead, a stationary VAR model is estimated. To facilitate the comparison of the effect of the 

aggregated capital inflows and disaggregated capital inflows, the VAR is estimated using the 

same sets of endogenous and exogenous variables as were assumed for the VECM. In 

particular, the endogenous variables for the United States are: house price growth, GDP, and 

gross or net portfolio inflows. For Switzerland: house price growth, credit growth, and gross 

and net portfolio inflows. For Denmark: house price growth and gross and net portfolio 

inflows. The rest of the variables are included as exogenous control variables. For each 

country, two versions of the VAR model are estimated: one including gross portfolio inflows 

and one including net portfolio inflows, as a measure of capital inflows. 

To perform the estimation, all of the non-stationary variables are differenced and thus 

transformed to stationary processes. For each country the estimation is conducted using OLS 

according to the following equation:   

∆yt = ∑ αi∆yt−i 

𝑝

𝑖=1

+ Λ∆xt + εy,t 

where ∆yt is a vector containing all differenced endogenous variables, ∆xt  is a vector of all 

differenced exogenous variables, Λ is a matrix of parameters to be estimated, εy,t is an error 

term, and p is the number of lags included. For each country ∆yt and ∆xt are specified as is 

shown below. The results are shown in Table 11, and again since the variables are differenced 

the effect of the variables is interpreted as elasticities and change in elasticities. The same 

diagnostic checks are performed on the estimated residuals as for the VECM. Hence, the 

residuals are tested for serial correlation and multivariate normal distribution. Conducting the 

tests, it is not possible to reject neither the null hypothesis of no serial correlation nor the null 

hypothesis of multivariate normal distribution for any of the three countries. The full results 
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including standard errors, t-statistics, and diagnostic checks of residuals are shown in 

Appendix 5.  

The United States: 

∆yt = (∆ house_prt , portfolio_inv t, ∆ ln GDP𝑡)′, 
∆xt = (∆long_intrt, ∆short_intrt, ∆ credit_grt, ∆ln CPIt, ∆pop_grt, ∆ ln eert) 
p = 2 

 Switzerland: 

∆yt = (∆ house_prt , portfolio_inv t, ∆ credit_grt)′, 
∆xt = (∆long_intrt, ∆short_intrt, ∆ ln GDPt , ∆ln CPIt, ∆pop_grt, ∆ ln eert)  
p = 1 

 Denmark: 

∆yt = (∆ house_prt , portfolio_inv t )′, 
∆xt = (long_intrt, short_intrt, ∆ ln GDPt , ∆ credit_grt, ∆ln CPIt, ∆pop_grt, ∆ ln eert) 

p = 2 
 

Though the interpretation of the VAR model lacks the long-run and error correction aspects, 

the results of the short term dynamics of VECM and VAR are largely in line. Some of the 

important differences and resemblances are explained below. 

Starting with the house price growth, in the subsample VECM analysis, where aggregated 

capital inflows are considered, the effect of a positive shock on house price growth in United 

States are found to persist into the next time period, but with a lower magnitude. The 

corresponding result is found in the VAR analysis, using both ways of measuring 

disaggregated capital inflow, but now a slightly higher magnitude is found. A similar, positive 

and self-reinforcing momentum effect is found for house price growth for Switzerland and 

Denmark as well, though with slightly smaller magnitudes than for the United States. 

Next, an increase in the disaggregated capital inflows is found to cause an appreciation in next 

period’s house price growth for the United States and Denmark. This positive effect is in line 

with the effect predicted by the theoretical framework and found in previous research (see e.g. 

Fratzscher et al. 2010, Aizenman and Jinjarak 2009, 2014). However, it was not possible to 

identify the same effect in the analysis of aggregated capital inflows. For the United States, 

only net portfolio inflows have a significant effect on the next period’s house price growth. 

For Denmark it is the opposite case, since only gross portfolio inflows have a significant 

effect on the next period’s house price growth. 

As for the effect of the control variables onto the house price growth, the previous analysis of 

aggregated capital inflows found that the population growth rate has a negative 

contemporaneous effect on house price growth for the United States. A similar effect is found 

in the current analysis, but only using gross portfolio inflows as measure of disaggregated 

capital inflows. For both types of measures the credit growth rate is found to exhibit a positive 

effect on house price growth. The last effect is largely in line with the expected and has been 

identified in the previous literature (e.g. using the current account as measure Aizenman and 

Jinjarak 2014 finds credit to be an important explanatory factor for house price valuation 

changes) and is not found for any of the countries in the previous analysis of aggregated 

capital inflows. The same effect is now found for Denmark as well.  
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7
 For Denmark short and long term interest rates where concluded to be stationary variables, thus variables are not differenced in the estimation. 

Table 11: VAR                

VAR               

 The  United States Switzerland Denmark 

 
∆ h_prt port_net t ∆ ln GDPt ∆ h_prt port_in t ∆ ln GDPt ∆ h_prt port_net t ∆ cred_grt ∆ h_prt port_in t ∆ cred_grt ∆ h_prt port_net t ∆ h_prt port_in t 

∆ h_pr𝑡−1 
0.836**
* 

-2.326 0.050 
0.864**
* 

-1.080 0.057 0.565* -35.380 0.144 0.443* -7.856 -0.034 0.402*** -0.057 
0.380**
* 

0.008 

∆ h_pr𝑡−2 -0.106 10.084* -0.150 -0.117 6.743 -0.151       0.091 -0.100 0.103 -0.065 

port_net t−1 
0.005**

* 
0.447*** 0.002    0.000 0.364 0.001    0.009 0.167   

port_net t−2 0.001 0.266** -0.001          -0.117 0.159   

port_in t−1    0.003 0.409 0.002    0.005 0.188 -0.001   0.233* 0.125 

port_in t−2    0.001 
0.425**

* 
-0.001         -0.074 0.088 

∆ ln GDPt−1 0.080 0.192 0.202** 0.072 
0.054**
* 

0.200           

∆ ln GDPt−2 -0.034 -2.420 0.045 -0.039 -1.493 0.044           

∆ cred_grt−1 
      

0.299 -143.118 0.449* 0.126 1.881 0.357     

∆ cred_grt 0.133** -1.123 0.254*** 0.142** -1.051 0.255***       0.256* 0.076 0.252* 
0.345**

* 

∆ ln GDPt       0.251 -53.187 0.252* 0.180 17.803 0.245 -0.033 0.035 0.001 -0.008 

 ∆ pop_grt -0.022 -1.419* -0.015 -0.027* -1.558 -0.016 -0.381 72.707 0.033 -0.310 13.121 -0.046 -0.270 0.002 -0.296 -0.117 

∆ ln cpit -0.042 -7.445 -0.105 -0.030 -7.458 -0.105 0.000 -1.085 0.002 -0.004 -0.281 0.003 
-

0.004*** 
-0.001 -0.004** -0.001 

∆ ln eert 0.000 0.004 0.002** 0.000 0.012 0.002** 6.387 3357.067 -0.165 7.510 -16.364 -4.521 -5.297 -2.549 -5.520 -5.699** 

∆ short_intrt -0.321 38.384 1.242* -0.576 47.336 1.210* 0.001 -0.161 -0.002 0.006 -0.140 -0.007 -0.001 -0.001 -0.001 -0.001 

∆ long_intrt
7 0.000 -0.018 0.002 0.000 -0.035 0.002 0.236 -93.185 0.875** 0.198 

66.401*

* 
0.644* 0.449** -0.187 0.438** -0.207 
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A negative effect of the CPI and a positive effect of the long term interest rate on house price 

growth are found for Denmark. The negative effect of an increase in the CPI, or the inflation 

rate, on house price growth may be interpreted as households shifting their consumption and 

investment behaviour in response to an increased price level. As the price of consumption 

goods increase, less money is available to invest in houses and demand is withdrawn from the 

housing market. However, this effect is not in line with findings of previous research that 

indicate that consumption booms are often accompanied by asset market booms (e.g. Reinhart 

and Reinhart 2009). The positive effect of the long term interest rate on house price growth 

may reflect that the price levels of different assets are positively correlated.  

Continuing with the effects on disaggregated capital inflows, a first observation can be made 

by comparing the effect that an increase in the house price growth has on the net portfolio 

inflows and aggregated capital inflows in the next period. For the United States, the 

coefficients for both measures of capital inflows yield very similar results. However, the 

effect is a bit smaller on net portfolio inflows than for aggregated capital inflows. Continuing 

with the effect of the lagged aggregated and disaggregated capital inflows have on 

themselves. A difference between the two analyses is that an increase in the portfolio inflows 

persists over both a one and two period time lag, and has a positive and significant effect on 

the current period’s portfolio inflows. This self-reinforcing effect is found for both measures 

of disaggregated capital flows.  

As for the control variables, a positive effect of credit growth and a negative effect of the 

effective exchange rate on gross portfolio are found for Denmark. Both results are in line with 

the expected effects. The positive effect of the credit growth on portfolio inflows may be 

explained in the same manner as the positive effect of credit growth on asset prices, as is 

found the analysis of aggregated capital inflows. The negative effect of the effective exchange 

rate implies that a decrease in external competitiveness hampers the Danish export industry. 

As less goods are sold abroad, less capital flows in to the country, since each item sold 

implies a payment received from selling the goods. For Switzerland, a positive effect of the 

long-term interest rate is found on gross portfolio inflows. This result may be explained in the 

same way as for Denmark, i.e. the positive effect of the long term interest rate on house price 

growth may reflect that the price levels of different assets are positively correlated.  

The third and final endogenous variable for the United States is GDP. Again, there are 

similarities between the estimation results considering aggregated capital inflows and net 

portfolio inflows. Both estimations show that an increase in previous period’s GDP has a 

persistent positive effect on itself in the current period. Moving on to the control variables, a 

first observation is that for all three measures of capital inflows, credit growth is found to 

have significantly positive effect on GDP. A difference between the estimation result 

including the aggregated and disaggregated capital inflows is that for the latter, the 

estimations results of both the effective exchange rate and the short term interest rate are 

found to exhibit positive effects on GDP. Both measures of portfolio inflows provide almost 

identical magnitudes of the estimated coefficients. The positive effect of the short term 

interest rate is not in line with the expected result, since low interest rates are often related to 

high investments levels and economic booms. Quite naturally, low interest rates have also 
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been found by previous research to be related to asset prices booms (see e.g. Ferrero 2012). 

The positive effect of the effective exchange rate may be interpreted as an increase in 

purchasing power, which may boost the economy and thus have a contemporaneously positive 

effect on GDP. 

The third and final endogenous variable for the Switzerland is credit growth. For net portfolio 

inflows, the previous period’s credit growth is found to have a persistent and positive effect 

onto the current period credit growth. This result is largely in line with Olaberría (2012) and 

the description of the effect of increasing credit limits on asset prices as a circular propagation 

mechanism, where asset price appreciation in turn increases the value of collateral, and thus 

extends the borrower’s credit limit. As for the control variables, GDP is found to have a 

positive effect on net portfolio inflows. For both measures of portfolio inflows, the long term 

interest rate is found to have a positive effect on credit growth. These effects may again be 

explained in line with the arguments of Olaberría (2012), where the circular propagation 

mechanism of credit onto asset prices may go in the opposite direction as well, i.e. from 

increased asset prices (in this case measured by the long-term interest rate, i.e. the return on 

government bonds) to increased credit growth and to increased capital inflows. 

7. Conclusion 
The purpose of this essay is to answer the question: is there a relationship between capital 

inflows and asset price changes? Both previous empirical and theoretical research indicate 

that there is a significant positive relationship between asset prices and capital inflows. In 

previous empirical research a broad and indirect measure of capital inflows, the current 

account, is frequently used. In addition, previous research has only been focusing on the short 

or medium time horizon of the relationship between asset prices and capital inflows. This 

essay aims to add to previous knowledge by examining if there is a long-run relationship 

between asset prices and capital inflows. The long-run relationship is examined using a set of 

measures that captures capital inflows directly.  

The study is conducted using time series data for the United States, Switzerland and 

Denmark. The time period studied is 1980Q1-2014Q4 for the United States and Denmark. 

Due to data limitations, the time period studied is 2000Q1-2014Q4 for Switzerland. These 

countries are chosen since all three have experienced large capital inflows during the recent 

decades, and may be considered as financial centres with highly integrated financial markets 

and stable economic environments for foreign investors. The methodology of this essay is 

based on a four step procedure of cointegration analysis, as presented in Enders (2010). The 

four steps of the analysis consist of unit root testing, cointegration analysis, estimating the 

vector error correction model (VECM) and lastly model assessment and diagnostic checks.  

The empirical results provide three main findings. First, by focusing on a long time horizon of 

the relationship between asset prices and capital inflows, the analysis can indeed confirm that 

there is a long-run relationship between house prices and capital inflows for all three 

countries, but not for share prices. The relatively more volatile nature of share prices, as 
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compared to house prices, may make it harder to discover a long-run relationship for share 

prices.  

Second, the analysis of the whole sample provides few meaningful results on the long-run 

relationship. Most of the estimated coefficients are found to be non-significant and the results 

systematically deviate from the expected. The results are difficult to interpret and do not 

provide any reliable result on the mechanisms of the long-run relationship between asset 

prices and capital inflows. The deficiencies of the modelled relationship are found to be 

caused by a structural break, which is identified in estimated residual series. The residuals 

show strong evidence of a structural break in the years leading up to the global financial crisis 

of 2007-2008. By comparing the results from the cointegration analysis performed on the full 

sample to the one performed on the subsample, it is clear that the cointegration testing process 

provides more homogenous results in the subsample analysis, than the full sample. The 

conclusion drawn from these observations is that the occurrence of the global financial crisis 

substantially alters the determination of the long-run association of house prices and capital 

inflows.  

Third, by instead analysing a subsample period, 1980Q1-2005Q4 for the United States and 

Denmark, and 2000Q1-2005Q4 for Switzerland, several interesting results are found. To 

begin with, the results show that there is a long-run relationship between house prices and 

aggregated capital inflows, measured by the financial account balance. No long-run 

relationship is identified for disaggregated capital inflows, measured by portfolio inflows, 

since the series are found to be stationary. Therefore, it is not possible to go further with the 

long-run analysis including disaggregated capital inflows. 

The short-term relationship of asset prices and disaggregated capital inflows is still possible to 

examine, but by the means of a stationary VAR model. Comparing the results from this 

analysis with those found using aggregated capital inflows (from the second step of estimating 

the VECM), some common tendencies appear. For the United States, the estimated 

coefficients when capital inflows are measured as gross portfolio inflows tend to be of a 

slightly higher magnitude, as compared to the other two measures of capital inflows. For 

Denmark it is the opposite, net portfolio inflows tend to yield greater coefficients, while for 

Switzerland there is no clear tendency. Net portfolio inflows are the difference between the 

inflows and outflows of portfolio investments. Thus, net portfolio inflows capture an aspect 

that neither of the two other measures of capital inflows does. Given the positive relationship 

between asset prices and capital inflows, it appears reasonable that the relationship goes in the 

opposite direction for capital outflows, since outflows imply that investments are being 

channelized to other markets and purposes abroad. In this sense, net portfolio inflows capture 

not only the relationship of asset prices and capital inflows, but provide an indirect measure of 

the relationship of asset prices and capital outflows. The above tendencies of the size 

differences in the estimated coefficients may imply that the negative effect of capital outflows 

on asset prices is more strongly felt in Denmark than in the United States. 

As for aggregated capital inflows, the cointegration analysis indicates that the set of variables 

considered to be endogenous to the relationship differ for each country. For the United States 
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and Switzerland one additional variable is found to be endogenous to the long-run relationship 

of asset prices and capital inflows. For the United States, the additional variable is GDP and 

for Switzerland is credit growth. The fact that not the same variables are found to be 

cointegrated for the three countries may reflect structural differences between the countries’ 

economies, and how house prices are determined over the long-run. 

The estimated speed of adjustment processes from a disequilibrium and the error corrections 

from temporary shock differ for the three countries. However, some general tendencies are 

also observed. For all three countries the estimated speed of adjustment coefficients for house 

prices indicate that a deviation from the long-run relationship causes an adjustment towards 

the equilibrium. The opposite is found for capital inflows, as an adjustment is found to be 

destabilising for the system and pushes the deviation further away from the equilibrium. As 

for the short-term adjustments in response to temporary shocks, the results differ across the 

countries and no general tendencies occur. Taken together, these results confirm that there is 

cross-country heterogeneity in the relationship of asset prices and capital inflows, as has been 

indicated by some of the previous research (e.g. Olaberría 2012). Even though some general 

tendencies are discovered, this essay adds to previous knowledge on cross-country 

heterogeneity by confirming that differences across countries are present in the long-run 

relationship as well. 

This study has confirmed that there is a long-run relationship between house prices and 

aggregated capital inflows, but the results of this essay are by no means exhaustive. Important 

aspects of the subject remain unexplored, and are left for future research to examine. This 

essay finds a significant long-run relationship for house prices, but not for share prices. A 

challenge for future research is thus to examine if other types of assets have a long-run 

relationship with capital inflows. Another interesting matter that is left to future research is if 

there are further lessons to be learned about the cross-country heterogeneity of the long-run 

relationship of asset prices and capital inflows, by studying a different set of countries. Lastly, 

the results of this study indicate that the modelled relationship is altered by the global 

financial crisis of 2007-2008. This means that the occurrence of the crisis alters how the 

relationship between house price and capital inflows is determined, and also the consequences 

that are implied by such a relationship. In the future, as more data will be available, it is also 

possible to examine if and how the long-run relationship is altered by the global financial 

crisis. This knowledge is interesting in itself, but also has implications for how the connection 

between asset prices, capital inflows, and economic and financial instabilities is determined. 
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9. Appendices 

Appendix 1: Description of Variables and Descriptive Statistics 

Description of the Variables 

Variable Unit Description Source 

ln GDPt 

Millions of US 
Dollar, 2005 

constant prices 

Gross domestic product - expenditure approach, seasonally 

adjusted. The variable is logged. 
OECD (2015a) 

 cred_grt 
Billions, in 
domestic currency 

Credit provided by domestic banks, all other sectors of the 
economy. The variable is logged and differenced. 

BIS (2015a) 

ln CPI𝑡 Index Consumer price index - all items. 100 = 2010. Variable is logged. OECD (2015b) 

short_intr𝑡 Percentage rate Short-term interest rate. 
Thomson Reuters (2015a), 
DKOCFISTR, SWOCFISTR, 

USOCFISTR 

long_intr𝑡 Percentage rate Long-term interest rate on government bonds. 
Thomson Reuters (2015b), 
USOCFILTR, SWOCFILTR, 

DKOCFILTR 

ln eert Index 

Real EER, weighted by averages of bilateral exchange rates 

adjusted by relative consumer prices. Narrow index basket, 
comprising 27 economies. The variable is logged. 

BIS (2015a) 

 pop_grt Percentage rate 

The number of people living in a country, expressed in thousands 

of persons. Variable is logged and differentiated to obtain the 
growth rate. 

Thomson Reuters (2015c), 

SWXPOPT.P, DKPOPTOTP, 
USOPOE05O 

 h_prt Index 
House price index. Variable is logged and differentiated to obtain 

the growth rate. 
BIS (2015b) 

ln sh_prt Index 
Switzerland index of total (all) shares, UBS 100 Index. Denmark, 
index of total (all) shares,  KAX CSE index. United States, Index 

of total (all) share Prices, 2010 = 100. Variable is logged. 

Thomson Reuters (2015d), 
SWQSP001F, DKQSP001F, 

USQ62F 

fin_bal t 

Percentage of GDP 

Balance of payments, financial accounts balance. Data for United 
States and Denmark from Thomson-Reuters covers 1980Q1-

2008Q4. This data is combined with IMF's International Financial 

Statistics, for the period 2009Q1-2014Q4. Data for Switzerland 
from Thomson Reuters covers 2000Q1-2014Q4. USD, Millions. 

Variable is divided by GDP. 

IMF (2015), Thomson Reuters 
(2015e), USI78BJDA, 

DKI78BJDA, SWQB6119A 

port_in t 
Percentage of GDP 

Portfolio investments, inward. The monetary value of investment 

in equity and debt securities of a reporting country made by non-
residents. USD, Billions. Variable is divided by GDP. 

Thomson Reuters (2015f), 

SWXPOII.A, USFNLBPIB, 
DKXPOII.A 

port_net t Percentage of GDP 

Balance of payments, financial account, portfolio investments - 

difference between inward and outward portfolio investments. US 
Dollars, Billions. The variable is divided by GDP 

Thomson Reuters (2015g), 

SWXPOIO.A, USFNFAPIB, 
DKXPOIO.A 

Descriptive Statistics                 

The  United States  pop_grt short_intr𝑡 long_intr𝑡 ln GDPt ln CPI𝑡 ln eert fin_bal t  cred_grt  h_prt 

 Mean 0.003 6.763 7.724 15.989 4.134 4.829 0.005 0.019 0.015 

 Maximum 0.004 18.393 14.847 16.397 4.508 5.162 0.019 0.040 0.047 

 Minimum 0.002 1.070 3.620 15.586 3.589 4.629 -0.003 0.000 -0.007 

 Std. Dev. 0.000 3.877 2.853 0.245 0.245 0.123 0.004 0.008 0.011 

 Observations 103 104 104 104 104 104 104 103 103 

Switzerland                   

 Mean 0.002 3.185 3.610 12.453 4.421 4.421 0.040 0.012 0.007 

 Median 0.002 2.765 3.763 12.423 4.495 4.417 0.041 0.010 0.007 

 Maximum 0.005 10.070 6.813 12.768 4.615 4.780 0.153 0.043 0.044 

 Minimum 0.000 0.012 0.563 12.154 3.976 4.079 -0.136 -0.021 -0.029 

 Std. Dev. 0.001 2.721 1.539 0.180 0.181 0.155 0.044 0.011 0.014 

 Observations 139 140 140 140 140 139 58 138 139 

Denmark                   

 Mean 0.001 6.665 7.689 11.937 4.297 4.535 -0.002 0.017 0.011 

 Maximum 0.003 20.073 21.884 12.183 4.671 4.637 0.075 0.072 0.119 

 Minimum -0.001 0.250 0.000 11.591 3.575 4.421 -0.099 -0.021 -0.075 

 Std. Dev. 0.001 4.923 5.218 0.186 0.274 0.052 0.023 0.016 0.028 

 Observations 139 140 140 140 140 139 138 138 138 
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Appendix 2: Methodological Guide 

Unit Root Tests 

The first step of the methodology consists of testing for the number of unit roots in the series, i.e. their order of 

integration (Enders 2010:373). In a non-stationary series as opposed to stationary series there is dependence of 

the mean of the series on time. Testing for unit root is important, as non-stationary data variables may be related 

only through their correlation with a third variable. If the relationship appears significant, while the variables are 

actually independent, estimating that relationship would lack economic meaning. The result of such a regression 

model is often referred to as a spurious regression (Wooldridge 2013:644). This step of the testing process is 

conducted using three types of unit root test statistics: Augmented Dickey-Fuller (ADF), Philips-Perron (PP) and 

Kwiatkowski-Phillips-Schmidt-Shin (KPSS). 

The ADF is the simplest and most widely used unit root test, developed by Dickey and Fuller (1979) (Davidson 

and Mackinnon 2004:620). The general regression considered for the ADF unit root tests takes form: 

∆𝑦𝑡 = 𝛼0 +  𝛾𝑦𝑡−1 + 𝛼1𝑡 + ∑ 𝛽𝑖
𝑝
𝑖=2 ∆𝑦𝑡−𝑖 + 1 + 𝜀𝑡, 

where t is a time index, 𝑦𝑡  is the series that is being tested, 𝛼0 is a deterministic intercept term, 𝛼1𝑡 is a 

deterministic time trend term, 𝜀𝑡 is the error term and p is the lag length. The coefficient  𝛾 is the term being 

tested. The null hypothesis of the test is that that the series follows a unit root process, i.e.H0: 𝛾 = 0. The test is 

conducted by calculating an F-statistic, which is compared to the critical values reported by Dickey and Fuller 

(1979). The null hypothesis is rejected if the calculated statistic is greater than the critical value. The test 

equation shown above may or may not contain an intercept, 𝛼0, and a time trend, 𝛼1𝑡 depending on the nature of 

the series that is being tested (Enders 2010:206-207).  

As a complement to the ADF test, a non-parametric unit root test, proposed by Philips and Perron (1988), is 

used. The test statistic is based on a similar equation as the ADF and has a null hypothesis of unit root. However, 

the statistic is calculated differently, by allowing for serial correlation (Davidson and MacKinnon 2004:623). 

Thus, the PP test poses a suitable complement to the ADF test. Furthermore, the KPSS (1992) test is conducted 

as well. Notably, the test differs from the other two unit root tests by assuming a different null hypothesis. Here, 

the tested series is assumed to be stationary under the null hypothesis. The test statistic is based on the residuals 

of an OLS regression of tested series on an exogenous variable (either an intercept term or both a intercept and 

trend term) and an error term. From this regression the sum of the estimated residuals are used to calculate a LM 

test statistic. The statistic is then compared to the critical values presented in KPSS (1992). Since the test 

assumes the series contains either an intercept or an intercept and a trend, it provides an appropriate additional 

check of series that can be assumed to contain either or both of these deterministic terms. 

Cointegration Tests 

If series are concluded to be non-stationary, it is necessary examine whether there is a long-run relationship 

between the variables, i.e. if they are cointegrated. If the variables are not cointegrated, there is a risk of running 

a spurious regression (Wooldrigde 2013:646). Formally, the variables are cointegrated if it is possible form some 

linear combination in a set of non-stationary variables that is stationary. This means that cointegrated variables 

satisfy one (or more) economically meaningful long-run relationships, even though they can diverge 

considerably from these relationships in the short-run (Davidson and Mackinnon 2004:624).  

In order to determine if the variables are cointegrated, Engle and Granger (1987) suggested a residual based test. 

The basic idea of the test is to run an OLS regression on the variables being tested: 𝑦𝑡 = 𝛽0 + 𝛽1𝑧𝑡 + 𝑒𝑡, where 

𝑦𝑡  and 𝑧𝑡 are non-stationary series and 𝑒𝑡 is the error term. The sequence of estimated residuals, ê𝑡, is then tested 

for unit root using the same type of ADF equation as shown above, where either or both a deterministic intercept 

and trend term may be included:  

∆ê1𝑡 = 𝛼0 +  𝛾ê1𝑡−1 + 𝛼1𝑡 + ∑ 𝑎𝑖+1∆ê1𝑡−𝑖
𝑛
𝑖=1 + 𝜀𝑡. 



39 

 

If the variables are cointegrated, the regression form a linear combination of non-stationary variables that is 

stationary. In other words, the estimated residuals are stationary (Davidson and Mackinnon 2004:636). The null 

hypothesis of the test is that the series follows a unit root process, which in this case means that the variables are 

not cointegrated. This means that the regression is spurious under the null hypothesis and regular inference is not 

valid. Thus, the critical values suggested by Dickey and Fuller (1979) for the ADF test cannot be used. Instead, 

when evaluating the calculated statistics, critical values from Mackinnon (1996) are considered (Enders 

2010:373-374). Two ADF test statistics will be used to test for cointegration, one based on the t-statistic (τ-

statistic), and the other based directly on the normalized autocorrelation coefficient: γ = ρ̂ -1 (z-statistic). 

The Engle and Granger test is then ran on each linear combination of the non-stationary variables, where each of 

the variables is considered as the dependent variable of the regression. For example, if test is first performed on 

the residual of the model: 𝑦𝑡 = 𝛽0 + 𝛽1𝑧𝑡 + 𝑒𝑡, then another test is performed on the residuals obtained a second 

regression model as well: 𝑧𝑡 = 𝛽0 + 𝛽1𝑦𝑡 + 𝑒𝑡. Suppose now a set of g non-stationary variables are being tested. 

Then, each of the variables is then regressed on the others and g series of estimated residuals are obtained: 

ê1𝑡 , … . , ê𝑔𝑡. If the g variables are cointegrated, all g linear combinations of these variables should be 

cointegrated. Therefore all residuals should be stationary. (Davidson and Mackinnon 2004:637-638) If the test 

results indicate that some linear combination of the variables is stationary, while other combinations are not, it is 

possible that only a subset of variables is cointegrated (Enders 2010:379).  

To complement the Engle and Granger test, a second test of cointegration is considered, the Phillips-Ouliaris 

test. The basic idea of the Phillips-Ouliaris test is the same as for the Engle and Granger test, since both are 

residual based tests. However, the Phillips-Ouliaris test is nonparametric, and builds on the Phillips-Perron (PP) 

methodology. (Haug 1992) 

Estimating a VECM  

If the variables are concluded to be cointegrated, it is possible to estimate the relationship by the means of a 

vector error correction model (VECM). If the non-stationary variables 𝑦𝑡  and 𝑧𝑡 are found to be cointegrated. It 

is then possible to explore their long term equilibrium relationship and error correction towards the long-run 

equlibrium. The estimation of a VECM is performed in two steps. First, the cointegrating relation is estimated. 

Suppose the long-run equilibrium of the variables is given by 𝛽0 + 𝛽1𝑦𝑡 + 𝛽2𝑧𝑡 = 0, where 𝑦𝑡  and 𝑧𝑡 represent 

the cointegrated variables and 𝛽 = [𝛽0, 𝛽1, 𝛽2] is the cointegrating vector. Stacking the variables 𝑦𝑡  and 𝑧𝑡 in a 

vector, 𝑥𝑡,  the system 𝛽𝑥𝑡′ is said to be in equilibrium when 𝛽𝑥′𝑡 = 0. Deviations from long-run equilibrium are 

then given by 𝛽𝑥′𝑡 = 𝑒𝑡, i.e. the error term (Enders 2010:359). Next, the error correction terms from the 

estimated cointegrating relations are constructed and a VAR in first differences estimated. Using the lagged 

residuals obtained from estimating the long-run relationship, (𝛽0 + 𝛽1𝑦𝑡−1 + 𝛽2𝑧𝑡−1) = ê𝑡−1, the error 

correction terms are estimated using a VAR in first difference: 

∆𝑦𝑡 = 𝛼1 + 𝛼𝑦ê𝑡−1 + ∑ 𝛼11(𝑖)𝑖=1 ∆𝑦𝑡−𝑖 + ∑ 𝛼12(𝑖)𝑖=1 ∆𝑧𝑡−𝑖 + 𝜀𝑦𝑡, 

∆𝑧𝑡 = 𝛼2 + 𝛼𝑧ê𝑡−1 + ∑ 𝛼21(𝑖)𝑖=1 ∆𝑦𝑡−𝑖 + ∑ 𝛼22(𝑖)𝑖=1 ∆𝑧𝑡−𝑖 + 𝜀𝑧𝑡. 

Since the above equations contain only stationary variables they may be estimated with OLS and it is possible to 

evaluate the significance of the estimated variables using the standard t-distribution (Enders 2010:374-375). 

Estimating a VAR 

If the variables are found to not be cointegrated, a vector autoregressive model (VAR) may be estimated instead. 

Using a VAR to model variables that are concluded to not be cointegrated, it is possible to estimate a dynamic 

model in first differences, reflecting the short-term dynamics of the relationship (Wooldrigde 2013:651). In 

particular, the VAR approach treats every endogenous variable in the system as a function of the lagged values 

of all of the endogenous variables. Since only lagged values of the endogenous variables appear on the right-

hand side of the equations, simultaneity is not an issue and OLS yields consistent estimates. In general, a VAR is 

specified according to the equations below, where 𝑦𝑡  and 𝑧𝑡 represent two endogenous variables that are 

assumed to follow unit root processes, all the 𝛼 terms are parameters, and 𝜀𝑦𝑡 and 𝜀𝑧𝑡 error terms. The number of 

lags is chosen by an automatic information criterion, the BIC.  



40 

 

∆𝑦𝑡 = 𝛼1 + ∑ 𝛼11(𝑖)𝑖=1 ∆𝑦𝑡−𝑖 + ∑ 𝛼12(𝑖)𝑖=1 ∆𝑧𝑡−𝑖 + 𝜀𝑦𝑡, 

∆𝑧𝑡 = 𝛼2 + ∑ 𝛼21(𝑖)𝑖=1 ∆𝑦𝑡−𝑖 + ∑ 𝛼22(𝑖)𝑖=1 ∆𝑧𝑡−𝑖 + 𝜀𝑧𝑡, 

Appendix 3: Unit Root Test Results and Some Notes on the Interpretation 

For the US and Switzerland GDP, share prices and the long term interest rate all three tests indicate that the 

series are non-stationary. Neither the ADF nor the PP test is able to reject the null hypothesis of the series 

following a unit root process. The KPSS test rejects the null hypothesis of the series following stationary 

processes. For Denmark all three tests indicate that GDP is non-stationary. Considering the plot of Danish share 

prices, it is clear that the series contains a positive trend and intercept. Considering this specification, both the 

ADF and KPSS tests indicate that the series is stationary. While the PP test cannot reject the null of unit root, 

indicating that the series is stationary. For the long term interest rate, for a specification allowing for intercept 

but not trend both the ADF and PP tests indicate that the series is stationary, while the KPSS rejects the null of 

stationarity. Thus, both share prices and the long term interest rate are concluded stationary. 

For the population growth rate for all three countries, the short term interest rate and the financial balance as 

percentage rate of GDP for the US, the ADF and the KPSS indicate that the variables follow a unit root process. 

However, The PP test rejects the null hypothesis and indicates that the series is stationary. For Denmark and 

Switzerland the test results for the short term interest rate and population growth rates are mixed over test types 

and specifications. Theoretically, neither the financial account balance nor interest rates contain a trend. This is 

also confirmed by the plots of the data, as none of the series show any tendency to return to a long-run mean and 

the series are volatile. Considering a test specification allowing only for intercept, the ADF and KPSS tests 

indicate that Swiss the short term interest rate, and financial account balance for both countries contains unit 

root. The PP test rejects the null of unit root regardless of specification. For Denmark, the ADF and the PP test 

indicates that the short term interest rate is stationary, while the KPSS test reject the null hypothesis of 

stationarity. Therefore, the short term interest rate is found to be non-stationary for the US and Switzerland while 

the financial account balance as percentage rate of GDP is concluded non-stationary for all three countries.  

For the CPI and the credit growth rate results are mixed over tests and specifications. Considering the 

development of credit, it has over the period of 1980Q1-2014Q4 on average grown 3.2% for the US, 1.7% for 

Denmark and 1.2% for Switzerland. Considering the plots of the data, it is not easily seen whether the series 

contains trend or not, while it is clearer that the suitable test specification should allow for an intercept. 

According to this specification, both the ADF and the KPSS tests indicate that the credit growth rate is non-

stationary for all three countries. While the PP test rejects the null hypothesis of unit root regardless of 

specification for the US and Switzerland but cannot reject for Denmark. Considering CPI instead, it is clear that 

the variables has a positive trend for all three countries. Thus, a suitable test specification is to allow for both the 

presence of an intercept and a trend in the CPI series. For this specification, both the ADF and the KPSS 

indicates that all three series follows a unit root process. While the PP test rejects the null hypothesis of unit root 

regardless of specification. In conclusion, both the credit growth rate and the CPI are found non-stationary. 

For all three countries, both the ADF and PP tests indicate that portfolio net and gross inflows are stationary. 

Hence, both variables are concluded to be stationary for all three countries. Lastly, the effective exchange rate is 

concluded to be non-stationary for all three countries, as both the ADF and PP test are unable to reject the null of 

unit root. The result of the KPSS test is sensitive to the test specification cannot reject the null of stationarity 

when allowing for both trend and intercept. However, following the result indicated by two out of three tests, the 

effective exchange rate is concluded to be non-stationary. For Denmark and the house price growth variable, 

KPSS test indicate that the series is non-stationary regardless of specification, while the ADF rejects the null 

hypothesis for the specification containing only intercept. The PP test rejects for both specifications. From the 

plot it appears as the house prices contains a trend. For both the United States and Switzerland neither ADF nor 

PP is able to reject the null, while the KPSS is sensitive to test specification. Thus, for all three countries the 

variable is concluded non-stationary. 
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Unit Root Test Results: The United States 

Augumented Dickey-Fuller test, Null hypothesis: Unit root    

  ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡  pop_grt port_in t  port_net t short_intr𝑡 

 ADF Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p 
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0.62 

-
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0.00 

-
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0.00 

-2.97 
 
0.14 

Phillips-Perron test, Null hypothesis: Unit root 

 ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡  pop_grt port_in t port_net tt short_intr𝑡 

 PP Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p Stat p 
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Kwiatkowski-Phillips-Schmidt-Shin test, Null hypothesis: Stationary  
                

  

 
ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡  pop_grt port_in t port_net t short_intr𝑡 

Intercept  1.49***  1.36***  1.42***  0.52**   0.78***  1.05*** 1.41***  1.38***  0.47**  1.08***  0.89***  1.22*** 
Trend, 

Intercept 
 0.35***  0.27***  0.31***  0.09  0.09  0.14*  0.12  0.22***  0.24***  0.04  0.14  0.14* 

Unit Root Test Results: Switzerland 
Augumented Dickey-Fuller test, Null hypothesis: Unit root                                    
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Phillips-Perron test, Null hypothesis: Unit root 
                  

  

 
ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡  pop_grt port_in t port_net t short_intr𝑡 
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Kwiatkowski-Phillips-Schmidt-Shin test, Null hypothesis: Stationary  
                

  

 
ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡  pop_grt port_in t port_net t short_intr𝑡 

Intercept  1.49***  1.36***  1.42***  0.53**  0.78***  1.05***  1.40*** 1.38***  0.47**  1.08***  0.89***  1.21*** 

Trend. 
Intercept 

 0.35***   0.27***  0.31*** 0.09 0.09 0.14 0.12  0.22***  0.24*** 0.03 0.14 0.13 
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Unit Root Test Results: Denmark 

Augumented Dickey-Fuller test, Null hypothesis: Unit root                                    

 
ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡   pop_grt port_in t port_net t short_intr𝑡 
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Phillips-Perron test, Null hypothesis: Unit root 
                  

  

 
ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡 pop_grt port_in t port_net tt short_intr𝑡 
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Kwiatkowski-Phillips-Schmidt-Shin test, Null hypothesis: Stationary  
              

  

 
ln CPI𝑡 ln GDPt ln sh_prt  cred_grt ln eert fin_bal t  h_prt long_intr𝑡  pop_grt port_in t  port_net t short_intr𝑡 

Intercept  1.49***  1.36***  1.42***  0.53**  0.78***  1.05***  1.40***  1.38***  0.47**  1.08***  0.89***  1.21*** 
Trend, 

Intercept 
 0.35***  0.27***  0.31*** 0.09 0.09 0.14 0.12  0.22***  0.24*** 0.04 0.14 0.14 
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Appendix 4: Cointegration Test Results, Residual Plots, VECM Results and Residual Diagnostics –Full Sample 

Engle-Granger Residual Based Cointegration Test: House Prices – Full Sample        Serial Correlation LM Tests (1 lag) 

Allowing for intercept                      
Null Hypothesis: no serial correlation 

The United States     Switzerland     Denmark    

Dependent τ prob. z prob. τ prob. z prob. τ prob. z prob.   (Fin_bal) LM-Stat Prob 

 h_prt -4.853 0.158 -81.921 0.000 -8.384 0.000 -62.278 0.000 -3.973 0.401 -41.523 0.070  The United States 14.198 0.12 

fin_bal t -10.450 0.000 -124.659 0.000 -5.729 0.041 -43.305 0.032 -5.807 0.008 -67.772 0.000  Switzerland 12.481 0.188 

ln GDPt -4.087 0.478 -44.117 0.086 -3.801 0.644 -24.196 0.623 -2.292 0.976 -11.299 0.974  Denmark 2.503 0.644 

 pop_grt -2.635 0.971 -17.293 0.921 -4.745 0.233 -32.491 0.246 -2.876 0.886 -110.689 0.000     

 cred_grt -4.295 0.375 -21.538 0.810 -7.981 0.000 -60.729 0.000 -3.382 0.698 -25.756 0.502     

ln CPI𝑡 -3.633 0.704 -21.357 0.812 -3.023 0.915 -15.583 0.939 -3.901 0.439 83.474 1.000     

long_intr𝑡 -2.381 0.120 -4.885 0.476 -3.442 0.795 -19.143 0.842 - - - -     

short_intr𝑡 -4.029 0.508 -20.621 0.801 -2.933 0.933 -15.178 0.946 - - - -     

Phillips-Ouliaris Residual Based Cointegration Test: House Prices – Full Sample      Normality Test (on joint components) 

Allowing for intercept                      
Null hypothesis: multivariate normal distribution 

The United States     Switzerland     Denmark    

Dependent τ prob. z prob. τ prob. z prob. τ prob. z prob.  Jarque-Bera Prob  

 h_prt -2.930 0.631 -16.301 0.626 -7.718 0.000 -58.888 0.000 -4.820 0.003 -47.079 0.000   196.694 0.000 (N = 133) 

fin_bal t -10.027 0.000 -131.659 0.000 -5.794 0.000 -42.489 0.000 -3.037 0.261 -26.378 0.044   31.999 0.000 (N = 55) 

ln GDPt -2.360 0.864 -9.073 0.928 
    

  
  

    116.807 0.000 (N = 133) 

 pop_grt    
  

    
-1.924 0.806 -5.852 0.893  

Test on joint components 
 cred_grt     -0.018 0.997 -0.030 0.997   

  
   

 

Plots of Residuals from the Long-Run Relationship 
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VECM Estimation Results – Full Sample 
     

The United States 
   

Switzerland 
 

Denmark 
 

N = 133, T = 1980Q1-2014Q4 
 

N = 55, T = 2000Q1-2014Q4 N = 133, T = 1980Q1-2014Q4 

 ∆  h_prt ∆fin_bal t ∆ ln GDPt ∆  h_prt ∆fin_bal t ∆  h_prt ∆fin_bal t 

𝛼𝑦 0.000 10519168*** -0.001 -0.002 -3.138*** -0.225*** 24.373*** 

 (0.000) (1705905) (0.002) (0.001) (0.725) (0.058) (5.270) 

 [ 0.067] [ 6.166] [-0.618] [-1.629] [-4.325] [-3.846] [ 4.624] 

∆  h_pr𝑡−1 0.949*** 29707166 0.095*** -0.105 162.665* -0.202** -21.464*** 

 (0.036) (2.6E+07) (0.03483) (0.156) (95.476) (0.087) (7.907) 

 [ 25.691] [ 1.138] [ 2.730] [-0.670] [ 1.703] [-2.298] [-2.714] 

∆fin_bal𝑡−1 0.000 -0.177** 0.000 0.000 0.128 -0.001 -0.308*** 

 (1.3E-1) (0.088) (1.2E-1) (0.000) (0.144) (0.001) (0.085) 

 [-0.360] [-1.997] [-0.92469] [-0.195] [ 0.883] [-1.199] [-3.612] 

∆ ln GDPt−1 -0.004 73429900 0.374*** 
    

 (0.079) (5.6E+07) (0.075) 
    

 [-0.056] [ 1.304] [ 4.983] 
    

∆  cred_grt -0.004 14444528 0.112 -0.075 162.4694** -0.072 11.263 

 (0.097) (6.9E+07) (0.091) (0.121) (74.164) (0.151) (13.589) 

 [-0.040] [ 0.210] [ 1.225] [-0.614] [ 2.190] [-0.477] [ 0.828] 

∆ ln GDPt    
-0.027 44.470 0.004 -6.312** 

 
   

(0.048) (29.393) (0.033) (2.989) 

 
   

[-0.552] [ 1.512] [ 0.122] [-2.111] 

∆  pop_grt -0.037 -9337785 -0.024 0.030 -11.826 -0.020 11.731* 

 (0.019) (1.4E+07) (0.01872) (0.025) (15.041) (0.076) (6.855) 

 [-1.841] [-0.665] [-1.281] [ 1.236] [-0.786] [-0.262] [ 1.711] 

∆ ln cpit -0.013 153000000*** 0.266*** 0.047 -106.263 0.013 4.635 

 (0.076) (5.4E+07) (0.0720) (0.123) (74.756) (0.036) (3.276) 

 [-0.165] [ 2.834] [ 3.701] [ 0.379] [-1.421] [ 0.366] [ 1.414] 

∆ ln eert -0.001 6781.895 0.002** -0.001 -0.579 0.000 0.149 

 (0.001) (584889) (0.001) (0.002) (1.058) (0.001) (0.105) 

 [-1.601] [ 0.011] [ 2.12374] [-0.374] [-0.547] [-0.277] [ 1.41285] 

∆ short_intrt -1.050 2820000000** 1.473 0.007 -10.544 -0.109*** 3.222 

 (1.722) (1.2E+09) (1.623) (0.015) (9.325) (0.035) (3.212) 

 [-0.609] [ 2.318] [ 0.907] [ 0.473] [-1.130] [-3.059] [ 1.003] 

∆ long_intrt 0.002 -678306.4 0.000 0.002 -1.636 0.000 0.063 

 
(0.001) -1031637 (0.001) (0.003) (1.552) (0.001) (0.122) 

 
[ 1.1645] [-0.657] [-0.073] [ 0.953] [-1.054] [-0.164] [ 0.516] 

 Critical t-values: (100 d,f,) 1%: 2.626, 5%: 1.984, 10%: 1.660 
Critical t-values: (60d,f,) 1%: 2.660, 5%: 2.000, 10%: 

1.671 

Critical t-values: (100 d,f,) 1%: 2.626, 5%: 1.984, 10%: 

1.660 
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 Appendix 5: Cointegration Test Results, VECM Results and Residual Diagnostics –Subsample  

VECM Estimation Results - Subsample 

The United States 
   

Switzerland 
 

Denmark 
 

N = 101, T = 1980Q1-2005Q4 
 

N = 22, T = 2000Q1-2005Q4 N = 101, T = 1980Q1-2005Q4 

 ∆  h_prt ∆fin_bal t ∆ ln GDPt ∆  h_prt ∆fin_bal t ∆  cred_grt ∆  h_prt ∆fin_bal t 

𝛼𝑦 -0.004** 0.281*** -0.009*** -0.673* 54,646 39,925*** -0,387*** 18,893*** 

 (0.002) (0.104) (0.002) (0.392) (39,211) (7,398) (0,115) (5,686) 

 [-2.418] [ 2.698] [-3.707] [-1.723] [ 1,394] [ 5,397] [-3,352] [ 3,323] 

∆  h_pr𝑡−1 0,807*** 13,034** 0,170 0,08 102,993 -56,629*** -0,128 -16,553*** 

 (0,105) (6,191) (0,160) (0,314) (93,808) (17,699) (0,115) (5,654) 

 [ 7,650] [ 2,105] [ 1,058] [ 0,256] [ 1,098] [-3,199] [-3,352] [-2,928] 

∆  h_pr𝑡−2 -0,09 -3,812 -0,137 
     

 (0,104) (6,118) (0,158) 
     

 [-0,868] [-0,623] [-0,868] 
     

∆fin_bal𝑡−1 -0,001 -0,144 0,009** 0,000 0,206 0,214** 0,000 -0,486*** 

 (0,003) (0,152) (0,004) (0,001) (0,423) (0,080) (0,002) (0,087) 

 [-0,217] [-0,943] [ 2,266] [-0,113] [ 0,488] [ 2,678] [-0,169] [-5,587] 

∆fin_bal𝑡−2 0,000 0,109 0,005 
     

 (0,002) (0,111) (0,003) 
     

 [-0,215] [ 0,977] [ 1,595] 
     

∆ ln GDPt−1 0,076 -0,098 0,193* 
     

 (0,069) (4,063) (0,105) 
     

 [ 1,105] [-0,024] [ 1,834] 
     

∆ ln GDPt−2 -0,055 1,525*** 0,061 
     

 (0,065) (3,809) (0,099) 
     

 [-0,848] [ 0,400] [ 0,620] 
     

∆  cred_grt 0,094 3,95 0,252** 
   

0,08 3,217 

Engle-Granger Residual Based Cointegration Test: House Prices – Subsample            Serial Correlation LM Tests (1 lag) 

 
The United States 

 
Switzerland Denmark  Null Hypothesis: no serial correlation 

Dependent τ prob. z prob. τ prob. z prob. τ prob. z prob.   (Fin_bal) LM-Stat Prob. 

 pop_grt -4.33 0.62 54.89 1.00 -8.38 0.00*** -62.28 0.00*** -9.14 0.00*** -103.82 0.00***  The United States 10.617 0.303 

short_intr𝑡 -4.74 0.41 -41.76 0.25 -5.73 0.04** -43.31 0.03** -2.80 0.90 -13.51 0.94  Switzerland 12.481 0.188 

long_intr𝑡 -7.50 0.00*** 599.54 1.00 -3.80 0.64 -24.20 0.62 -7.44 0.00*** -78.96 0.00***  Denmark 8.704 0.069 

ln GDPt -5.75 0.08* -52.96 0.05** -4.75 0.23 -32.49 0.25 -2.16 0.98 -12.48 0.96  Normality test (on join components) 

ln CPI𝑡 -4.83 0.37 -32.54 0.59 -7.98 0.00*** -60.73 0.00*** -3.95 0.41 -47.39 0.03**  Null hypothesis: multivariate normal distribution 

ln eert -2.90 0.99 -32.63 0.57 -3.08 0.90 -29.16 0.37 -3.38 0.70 -25.76 0.50  Jarque-Bera Prob.   

fin_bal t -9.78 0.00*** -99.33 0.00*** -3.02 0.92 -15.58 0.94 -3.68 0.55 -15.61 0.90  3.206 0.201 (N = 101) 

 cred_grt -2.95 0.98 -12.72 1.00 -3.44 0.79 -19.14 0.84   
  

   0.787 0.675 (N = 22) 

 h_prt -6.69 0.01*** -60.70 0.01*** -2.93 0.93 -15.18 0.95 -2.77 0.83 -17.33 0.76  2.325 0.313 (N = 101) 
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 (0,084) (4,923) (0,127) 
   

(0,170) (8,356) 

 [ 1,122] [ 0,802] [ 1,978] 
   

[ 0,469] [ 0,384] 

∆  cred_grt−1 
   

0,000 0,641 -0,118 
  

 
   

(0,002) (0,653) (0,123) 
  

 
   

[ 0,025] [ 0,98124] [-0,956] 
  

∆ ln GDPt    
0,185 -39,105 -27,695** 0,004 -3,349* 

 
   

(0,219) (65,376) (12,334) (0,04) (1,993) 

 
   

[ 0,846] [-0,598] [-2,245] [ 0,091] [-1,680] 

∆ ln eert 0,002 0,385* 0,007 0,16 -74,046 48,008 -0,029 4,314 

 (0,004) (0,233) (0,006) (0,141) (42,101) (7,943) (0,086) (4,218) 

 [ 0,472] [ 1,654] [ 1,180] [ 1,135] [-1,758] [ 6,043] [-0,33873] [ 1,02273] 

∆ ln cpit 0,000 0,448* 0,000 -0,627 125,948 -11,117 0,024 4,354** 

 (0,004) (0,237) (0,006) (0,563) (168,122) (31,719) (0,046) (2,265) 

 [ 0,121] [ 1,886] [ 0,071] [-1,115] [ 0,749] [-0,350] [ 0,511] [ 1,922] 

∆ short_intrt 0,000 -0,030 0,000 -0,001 1,146 2,366*** 0,000 0,087 

 (0,000) (0,021) (0,001) (0,007) (2,220) (0,419) (0,001) (0,062) 

 [-0,555] [-1,445] [-0,864] [-0,151] [ 0,516] [ 5,649] [-0,143] [ 1,389] 

∆  pop_grt -3,698** -47,735 0,271 0,062 9,852 -7,896 -0,076 1,104 

 (1,455) (85,460) (2,211) (0,088) (26,305) (4,963) (0,048) (2,364) 

 [-2,541] [-0,559] [ 0,123] [ 0,705] [ 0,374] [-1,591] [-1,585] [ 0,467] 

∆ long_intrt 0,000 0,021 0,000 0,001 -1,219 0,345 0,000 0,097 

 
(0,001) (0,035) (0,001) (0,006) (1,878) (0,354) (0,001) (0,073) 

 
[-0,776] [ 0,595] [-0,088] [ 0,146] [-0,649] [ 0,973] [-0,133] [ 1,316] 

Critical t-values: (100 d,f,), 1%: 2,626, 5%: 1,984, 10%: 1,660 Critical t-values: (21 d,f,), 1%: 2,831, 5%: 2,080, 10%: 1,721 Critical t-values: (100 d,f,), 1%: 2,626, 5%: 1,984, 10%: 1,660 

VAR Esimation Results and Residual Diagnostic Test Results – Subsample 

Serial Correlation LM Tests Normality test Serial Correlation LM Tests Normality test 

Null Hypothesis: no serial correlation Null hypothesis: multivariate normal dist. Null Hypothesis: no serial correlation Null hypothesis: multivariate normal distribution 

(Port_net) LM-Stat Prob Jarque-Bera Probability 
 

(Port_in) LM-Stat Prob Jarque-Bera Probability 
 

The United States 11.73878 0.2284 3.205911 0.201301 (N = 101) The United States 12.51093 0.1860 3.760257 0.1526 (N = 101) 

Switzerland 5.963712 0.7435 3.708407 0.9295 (N = 24) Switzerland 1.002710 0.9855 3.708407 0.9295 (N = 24) 

Denmark 3.809511 0.4324 3.931014 0.4154 (N = 101) Denmark 7.143006 0.1285 4.442136 0.1085 (N = 101) 

LM-statistic and probabilities for 1 lag Test on joint components LM-statistic and probabilities for 1 lag Test on joint components 

VECM Estiamtion Results – Subsample 

 
The United States Switzerland Denmark 

 ∆  h_prt ∆fin_bal t ∆ ln GDPt ∆  h_prt ∆fin_bal t ∆ ln GDPt ∆  h_prt ∆fin_bal t ∆  cred_grt ∆  h_prt ∆fin_bal t ∆  cred_grt ∆  h_prt ∆fin_bal t ∆  h_prt ∆fin_bal t 

∆  h_pr𝑡−1 0.83*** -2.326 0.050 
0.86**

* 
-1.080 0.057 0.565* -35.380 0.144 0.443* -7.856 -0.034 0.402*** -0.057 0.380*** 0.008 

 (0.113) (6.453) (0.159) (0.112) (7.494) (0.156) (0.320) (99.878) (0.261) (0.252) (20.988) (0.22) (0.102) (0.087) (0.103) (0.074) 

 [ 7.434] [-0.360] [ 0.314] [ 7.71] [-0.144] [ 0.363] [ 1.766] [-0.354] [ 0.554] [ 1.763] [-0.374] [-0.147] [ 3.900] [-0.648] [ 3.677] [ 0.108] 

∆  h_pr𝑡−2 -0.106 10.084* -0.150 -0.117 6.743 -0.151 
      

0.091 -0.100 0.103 -0.065 
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 (0.101) (5.800) (0.143) (0.103) (6.901) (0.144) 
      

(0.105) (0.090) (0.104) (0.074) 

 [-1.044] [ 1.738] [-1.052] [-1.13] [ 0.977] [-1.051] 
      

[ 0.862] [-1.112] [ 0.986] [-0.866] 

∆fin_bal𝑡−1 0.01*** 0.45*** 0.002 0.003 0.409 0.002 0.000 0.364 0.001 0.005 0.188 -0.001 0.009 0.167 0.233* 0.125 

 (0.002) (0.103) (0.003) (0.00) (0.093) (0.002) (0.001) (0.365) (0.001) (0.003) (0.265) (0.003) (0.122) (0.104) (0.136) (0.097) 

 [ 2.872] [ 4.338] [ 0.919] [ 2.06] [ 4.09] [ 0.731] [ 0.192] [ 0.997] [ 1.341] [ 1.459] [ 0.707] [-0.446] [ 0.073] [ 1.605] [ 1.713] [ 1.285] 

∆fin_bal𝑡−2 0.001 0.266** -0.001 0.001 0.42*** -0.001 
      

-0.117 0.159 -0.074 0.088 

 (0.002) (0.108) (0.003) (0.002) (0.101) (0.002) 
      

(0.121) (0.103) (0.141) (0.102) 

 [ 0.547] [ 2.469] [-0.398] [ 0.906] [ 4.194] [-0.319] 
      

[-0.961] [ 1.533] [-0.521] [ 0.869] 

∆ ln GDPt−1 0.080 0.192 0.202** 0.072 0.05*** 0.200 
          

 (0.070) (3.986) (0.098) (0.070) (4.714) (0.098) 
          

 [ 1.144] [ 0.041] [ 2.063] [ 1.026] [ 0.011] [ 2.037] 
          

∆ ln GDPt−2 -0.034 -2.420 0.045 -0.039 -1.493 0.044 
          

 (0.064) (3.667) (0.090) (0.065) (4.349) (0.091) 
          

 [-0.530] [-0.660] [ 0.496] 
[-

0.601] 
[-0.343] [ 0.481] 

          

∆  cred_grt       
0.299 -143.12 0.449* 0.126 1.881 0.357 

    
 

      
(0.302) (94.150) (0.246) (0.277) (23.186) (0.253) 

    
 

      
[ 0.991] [-1.520] [ 1.828] [ 0.451] [ 0.081] [ 1.406] 

    

∆  cred_grt−1 0.133** -1.123 0.25*** 
0.142*

* 
-1.051 0.26*** 

      
0.256* 0.076 0.252* 0.345*** 

 (0.065) (3.729) (0.092) (0.068) (4.530) (0.094) 
      

(0.140) (0.119) (0.140) (0.100) 

 [ 2.039] [-0.301] [ 2.764] [ 2.101] [-0.232] [ 2.697] 
      

[ 1.821] [ 0.637] [ 1.801] [ 3.434] 

∆ ln GDPt       0.251 -53.187 0.252* 0.180 17.803 0.245 -0.033 0.035 0.001 -0.008 

       (0.175) (54.727) (0.142) (0.169) (14.111) (0.155) (0.161) (0.137) (0.160) (0.115) 

       [ 1.433] [-0.972] [ 1.764] [ 1.066] [ 1.261] [ 1.586] [-0.202] [ 0.255] [ 0.009] [-0.069] 

∆ ln eert -0.022 -1.419* -0.015 -0.027* -1.558 -0.016 -0.381 72.707 0.033 -0.310 13.121 -0.046 -0.270 0.002 -0.296 -0.117 

 (0.015) (0.854) (0.021) (0.015) (1.027) (0.021) (0.377) (117.60) (0.306) (0.354) (29.553) (0.323) (0.262) (0.223) (0.259) (0.185) 

 [-1.497] [-1.662] [-0.710] 
[-

1.738] 
[-1.516] [-0.732] 

[-

1.012] 
[ 0.618] [ 0.108] [-0.873] [ 0.443] [-0.142] [-1.027] [ 0.011] [-1.141] [-0.628] 

∆ ln cpit -0.042 -7.445 -0.105 -0.030 -7.458 -0.105 0.000 -1.085 0.002 -0.004 -0.281 0.003 -0.004*** -0.001 -0.004** -0.001 

 (0.094) (5.378) (0.132) (0.098) (6.558) (0.137) (0.008) (2.360) (0.006) (0.008) (0.625) (0.006) (0.002) (0.001) (0.001) (0.001) 

 [-0.453] [-1.384] [-0.794] [-0.30] [-1.137] [-0.771] [ 0.009] [-0.459] [ 0.336] [-0.478] [-0.448] [ 0.408] [-2.672] [-0.732] [-2.621] [-0.634] 

∆ short_intrt 0.000 0.004 0.002** 0.000 0.012 0.002** 6.387 3357.07 -0.165 7.510 -16.364 -4.521 -5.297 -2.549 -5.520 -5.699** 

 (0.001) (0.035) (0.001) (0.001) (0.041) (0.001) (7.943) (247.65) (6.468) (6.781) (565.78) (6.196) (3.693) (3.147) (3.723) (2.669) 

 [-0.281] [ 0.113] [ 2.263] [-0.40] [ 0.286] [ 2.220] [ 0.804] [ 1.354] [-0.025] [ 1.107] [-0.029] [-0.729] [-1.434] [-0.809] [-1.482] [-2.135] 

∆ ln pop_grt -0.321 38.384 1.242* -0.576 47.336 1.210* 0.001 -0.161 -0.002 0.006 -0.140 -0.007 -0.001 -0.001 -0.001 -0.001 

 (0.449) (25.766) (0.634) (0.515) (34.472) (0.718) (0.010) (3.005) (0.008) (0.009) (0.784) (0.008) (0.001) (0.001) (0.002) (0.001) 

 [-0.714] [ 1.490] [ 1.959] [-1.11] [ 1.373] [ 1.686] [ 0.086] [-0.053] [-0.254] [ 0.632] [-0.178] [-0.806] [-1.112] [-1.005] [-1.058] [-0.969] 

∆ long_intrt 0.000 -0.018 0.002 0.000 -0.035 0.002 0.236 -93.185 0.87** 0.198 66.40** 0.644* 0.449** -0.187 0.438** -0.207 

 (0.001) (0.061) (0.002) (0.001) (0.072) (0.002) (0.442) (137.98) (0.360) (0.364) (30.37) (0.332) (0.210) (0.179) (0.209) (0.150) 

 [ 0.157] [-0.287] [ 1.314] [ 0.138] [-0.489] [ 1.347] [ 0.534] [-0.675] [ 2.431] [ 0.543] [ 2.186] [ 1.937] [ 2.134] [-1.043] [ 2.091] [-1.377] 

 
Critical t-values: (100 d,f,) 1%: 2.626, 5%: 1.984, 10%: 1.660 Critical t-values: (24 d,f,), 10%: 1.711, 5%: 2.064, 1%:  2.797 

Critical t-values: (100 d,f,) 1%: 2.626, 5%: 1.984, 10%: 

1.660 

 


