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Abstract 

 

This study aims to add analysis and discussion to how rising interest expenses affect fixed 

capital formation in different sectors in 6 heavy manufacturing European countries. To 

do this, firm-specific investment ratios are evaluated on firms with different financial 

stabilities and capital intensities in relation to firm-specific implied interest rates 

experienced from Q1 2017 to Q4 2022. The study uses a firm-level panel dataset from 

the ORBIS database and introduces a fixed-effects model with time dummy variables 

capturing different interest rate environments on the Euro area 10-year Government 

Benchmark bond yield. Findings show how higher implied interest rates negatively 

impacted the change in investment ratios for less capital-intensive firms but not for firms 

with higher capital intensities. Findings also suggest that firm-specific financial 

vulnerability amplifies the sensitivity investment ratios experience as rates rise.  

 

Keywords: gross-fixed capital formation, unconventional monetary policy, interest 

expenses. 
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1. Introduction 

 

Economic theory is clear; by lowering the nominal interest rate, the real interest rate is 

reduced, and firms' investment behavior is stimulated. This is what macroeconomic 

textbooks says about the functioning of the investment channel during conventional 

monetary policy. What is less clear, is the effect that long term unconventional monetary 

policy measures have on firm investment behavior. More easy monetary policy measures 

stimulate the lending channel, but is there a thing as too easy? This paper studies how the 

rate of change in fixed capital formation is predicated by firms' financial health status and 

capital intensity ratios during interest rate regimes where monetary policy has been 

unconventional, and as of 2022, transitioning into more a conventional interval. 

 

Economists expected the inflation originating from the Covid pandemic-related push 

factors to be temporary. Now faced with a war in Europe, expectations have been revised 

to a longer-lasting elevated inflation number along with interest rates risk remaining 

restrictive for longer. With a higher cost of capital, credit allocation to productive 

industries that are drivers of supply components risks slowing down, impairing an already 

supply-driven inflation problem. Productivity levels have since the 1970s seen declines 

in European manufacturing at the same time as a boom in credit and financialization have 

been ongoing (Pérez Artica, 2018). The overall household use of credit however, has 

together with financialization been found to make transactions of already produced goods 

more viable, and not as an origin of productive capital formation.  

 

Literature and economists, Westelius (2020) and Borio (2018) amongst others, often refer 

to how bad net lending standards rise during accommodative low-interest rate 

environments (LIRE) and zero-interest rate environments (ZIRP) enable terms of 

misallocated capital. The LIRE indirectly imply a less risk-averse stance on financial 

markets and in entrepreneurship that has been rewarding for risk-takers in the presence 

of a prolonged and stable rise in asset prices that have been ongoing for a decade. This 

has resulted in a rise in demand for riskier assets which has led to an increase in the supply 

of such assets. 
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Empirical evidence shows that LIRE enables less financially sound actors access to take 

part in the allocation of capital through easier loan issuance and thanks to a reduction in 

debt service costs, higher levels of indebtedness and leverage can be sustained (European 

Systemic Risk Board., 2021). Sectors that experience unhealthy growth during a boom, 

have to contract at some later stage, and that is what lets us talk about misallocations in 

the first place (Borio, 2018). After the Great Financial Crisis, Europe entered a more 

accommodative monetary policy and has since 2014 had long-term interest rates in a 

bound under 2% reaching as low as 0% during the Covid pandemic. In 2022, the ECB 

reacted to the elevated inflation numbers by raising its three key interest rates by 75 basis 

points, leaving an accommodative stance on monetary policy, with the intention by the 

Governing Council of remaining high until CPI levels stabilize around the inflation target 

rate of 2 %. The Euro area 10-year Government Benchmark bond yield (LTGB) is as of 

today, Q1 2023, at 3.5%.  

 

A recent study made in Japan by the Bank of International Settlements (BIS) by (Hong et 

al., 2022), finds that more financially vulnerable Japanese firms take greater advantage 

of accommodative financial conditions to refinance debt and extend maturities of debt. 

They also find that they tend to not expand their assets as healthier firms do in a low-rate 

environment. This study aims to further expand on what Hong, Igan, and Lee find in their 

BIS working paper. By calculating fixed capital investment ratios, the rate of change in 

relation to different levels of interest expenses can be assessed for firms with different 

financial stability measures and capital intensity ratios.  

 

To do this, this paper examines Bvd ORBIS firm-level data from 1216 companies across 

13 sectors collected from manufacturing-heavy European countries: Germany, France, 

and Poland along with Scandinavian countries Norway, Sweden, and Denmark. The main 

dataset is then divided into 5 different subgroups that divide companies (1) based on their 

number of employees as a proxy for company size, (2) based on capital intensity levels, 

(3) based on the variable current ratio representing firm financial health calculated as total 

current assets over total current liabilities, (4) based on sector, (5) based on country. A 

further walkthrough of the subgroups is found in section 3. 
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The study introduces a fixed-effects model that incorporates control variables and 

interaction terms with time dummy variables representing different interest rate 

environments. To account for recent volatility in the business climate, high values on the 

CBOE volatility index are used as a time dummy variable. Further explanation can be 

found in section 3. 

 

1.1 Structure of the paper: 

 

The next section showcases an overview of past studies addressing the repercussions 

unconventional monetary policy has had on SMEs and more financially vulnerable firms' 

behavior and capital formation in the past. This section mainly features working papers 

from the IMF, BIS, and staff members from the Bank of Japan, ECB, and Riksbanken. 

Examples of European fiscal policy measures are also laid out as a background overview 

of recently debated unconventional policy measures. Section 3 gives a walkthrough of 

the variables used from ORBIS, the calculation of ratios, and how the proxies are 

constructed. Section 4 delves into the econometric methodology and provides more 

detailed explanation of the reasoning behind the five subgroups. In section 5, an in-depth 

examination of the empirical results takes place and section 6 contains concluding 

remarks together with a discussion aimed at future research. The last section contains a 

reference list and an appendix. 

 

2. Overview of literature 

 

2.1 Interest rate policy and productivity growth 

In a joint conference with the BIS-IMF-OECD in 2019 labeled with the title “Weak 

productivity: the role of financial factors and policies”, Claudio Borio, Head of the BIS 

Monetary and Economic Department, stated that the linkage between asset misallocation, 

productivity, and financial cycles is strong and asked the question: “might there not also 

be a link between interest rates, in particular persistently low-interest-rate regimes, and 

productivity?”. Borio points out that the common argument for this relationship is that 

causality is running from productivity growth to real interest rates. As he brings up the 

fact that the real economy develops independently of monetary policy in the long term, 
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he goes on to say that the presumption can be made that market interest rate conversion 

to an equilibrium of real interest rates depends on non-monetary factors. A presumption 

that Bernanke (2005), Bean et al (2015), and Summers (2014) all agree on. Central 

bankers tend to set a higher interest rate level in periods of healthy economic activity 

when investments also are high and tend to set a lower interest rate in low economic 

activity environments. The relationship between specific firm behavior and monetary 

policy is possibly coincidental. Borio (2018) points out the reverse causality regarding 

how weaker profitability, higher unemployment, and decline in aggregate productivity, 

cause central bank easing and a reduction in interest rates. 

The relation between firm capital formation and long-term interest rates is not clearly 

determined by academia and economists. Investment is a heterogenous activity for which 

different sectors and businesses can experience growth in one country and stagnation in 

another depending on country-specific economic indicators. Macroeconomic dynamics 

and trends such as business and credit cycles, demographic variables, and geopolitics all 

influence aggregate consumer- and firm behavior.  

2.2 The case of unconventional monetary policy in Japan: 

 

There is a considerable amount of evidence as to what the decisive factors of capital 

formation are. But there are dynamics that have taken place in well-developed economies 

in recent decades that stand out when studying firms' capital formation in relation to their 

financial status.  

 

Extensive reporting has been made on the side effects resulting from prolonged monetary 

easing where interest rates have been kept too low for too long. Recent growing concern 

about the amount of “zombie firms”, (a company 10 years old or older that over 3 

consecutive years struggle to cover interest expenses with its operative income) have 

resulted in a range of academic papers (Banerjee and Hofmann, 2022) exhibiting how 

they operate together with weak banks in NIRP (negative interest rate policy) and ZIRP 

(zero-interest rate policy). Caballero (2014) shows how credit allocation finds its way 

away from productive firms into less productive firms during times when monetary policy 

has been unconventional, enabling a potential long-term misallocation problem. The 

Japanese economy in the 1970s-1990s is often brought up in studies on productivity loss 
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and failure of credit allocation. Years prior to the lost decade, as the time period of Japan's 

economic stagnation in the 1990s is often referred to, experienced an appreciation in asset 

prices as the Bank of Japan (BoJ) eased monetary policy (Westelius, 2020). An example 

often brought up in media covering the lost decade in Japan is how the ground that the 

Imperial Palace in Tokyo was built upon had a greater value than the land of California 

in the late 1980s. Even though Japan is covering up to about 4% of US land, its property 

market was valued at 4 times as much in real terms. By referencing the consequences 

high financialization of assets and unconventional monetary policy measures taken by the 

BoJ, which witnessed a positive relationship with resources sunk into unproductive firms, 

the reader is given food for thought to relate with the recent economic environment.  

 

Nakashima, Shibamoto and Takahashi (2017) show that interest rate cuts stimulate 

lending to what can be considered more risky firms from banks that were more leveraged. 

(Caballero, 2018) show that during ZIRP, profits made in Japanese zombies became 

significantly more dependent on low-cost liquidity provisioning enabled by the BoJ and 

distributed through the Japanese private banking system. Caballero and Adalet McGowan 

along with others write about risks of “congestion effects”, a potential attribute of a 

zombie firm where it crowds out growth in more productive firms as they compete and 

bid for resources on the marketplace (Adalet, Andrews and Millot, 2017). This leads to 

the price of these resources/inputs being pushed down in price resulting in a lower price 

for the finished product. Leaving healthier firms with relatively less operating revenue 

which decreases long-term investment capacity. They find that a 1 percentage point 

increase in the share of zombies in a sector reduces the rate at which capital is formed by 

about 0.5%, which results in a 5% reduction in relation to the overall mean investment 

rates. In the time interval they studied they also find that mean growth in employment 

was 5% lower compared to sectors with a smaller share of zombie firms.  

As mentioned in the introduction, the BIS report by Gee Hee Hong, Igan and Lee (2022) 

shows how firm-specific financial vulnerability and balance sheet health amongst 

Japanese firms affects firms' investments and capital structure. They use ranges on the 

term premium, i.e. the difference between Japanese long-term bond yields and the 

expected return of Japanese short-term bonds, and show how investments in more 

financially weak firms do not lead to an increase when term premiums are lower. To 

account for financial health, they use firm-specific interest coverage ratios. Their findings 
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indicate that more financially vulnerable firms are more likely to refinance debt and 

extend the maturities of their debt. To look at this dynamic closer, this study uses a 

solidity variable that measures the firm total current assets over its total current liabilities 

called the current ratio as a proxy for financial health. European term premiums are 

excluded from this study and replaced by the Euro area 10-year Government Benchmark 

bond yield.  

While reporting on the negative consequences of unconventional monetary policy is 

extensive by critics, it is undeniable that there are compelling instances where its 

effectiveness is clearly demonstrated. Even though being regarded as a zombie firm 

during and after the lost decade in Japan, many of the firms recovered from that state 

somewhat 20 years later at the turn of the century. Fukuda and Nakamura showcase this 

recovery by Japanese firms in a paper written in 2011. Bank of England's former chief 

economist, Andy Haldane, argues that the gain of supporting zombie firms can be 

witnessed firsthand in the labor market by preventing increases in unemployment and 

therefore mitigating aggregate demand externalities. In Italy, (Schivardi et. al. 2017) 

showcases that a rise in the amount of Italian zombie firms did not result in a negative 

effect on the growth rate of the firms in good financial health and thereby did not 

contribute to stagnating productivity. However, while the societal gain of artificially 

supporting zombie firms is evident since the impact of letting unhealthy firms go under 

implies direct consequences on the labor market, the consequences of keeping them alive 

are not equally evident (Borio, 2018). 

2.3 European fiscal policy  

In periods where unconventional monetary policies in past regimes have been ongoing, 

public demand for stimulative fiscal policy tends to be in place for policymakers to 

respond to. Repercussions from the Great Financial Crisis (GFC) led the ECB to engage 

in new monetary policy measures. The accommodative monetary policy that followed the 

GFC has been questioned regarding its longevity and impact on financial activity (Dale 

2012). With targeted longer-term refinancing operations (TLTROs) the ECB could 

encourage bank lending to the real economy when banks otherwise would be hesitant to 

offer longer-term loans, such as, in times of crisis. TLTROs give the ECB the tool to issue 

long-term loans at favorable costs to households and businesses. The TLRTOs are 
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conditional since banks only receive favorable credit conditions from the ECB if certain 

lending requirements were fulfilled. The ECB have as of today initiated 4 TLRTO 

facilities in the last decade, in 2014, 2016, and 2019, along with recent measures 

following the Covid pandemic (Banco de España).  

The ECB initiated a program in 2012 called Outright Monetary Transactions (OMT) that 

was put in place during the Euro crisis. The OMT enabled the possibility for the ECB to 

purchase sovereign bonds of EU member countries subject to the willingness of leaving 

the euro for domestic currencies due to doubts regarding the sustainability of monetary 

integration. Problematic abrupt liquidity needs and potential financial fragmentation of 

the euro are what led to the OMT programs being implemented. (Acharya et al. 2019) 

finds that the OMT program could be linked to increased zombie lending motives for 

banks as the policy requirements to take part in the program required a certain threshold 

for lending, leading banks to up their lending to avoid losses in loan books due to withheld 

OMT receivership. There are more studies pointing to how a LIRE softens lending 

standards, (Jimenez et al 2014) show in an empirical study how Spanish commercial 

banks draw down lending standards in search for yield and higher collateral values. 

3. Data 

The main dataset used for this study is unbalanced panel data on 1216 market-listed firms 

in 10 different sectors in 6 European countries for the time interval Q1 in 2017 to Q4 in 

2022. Data is collected from the Bureau van Dijk, (BvD), ORBIS database which is a link 

in Moody’s international database of publicly traded companies and private companies. 

The ORBIS database collects data from various sources, for example, national company 

registers and national statistical bureaus that cover financial accounts and various firm-

specific data from all sectors. The main dataset is unbalanced due to an insufficient 

quantity of observations for some of the companies.  

The data collected cover the biggest contributors to goods components of the consumer 

price index, meaning producer companies of durable goods, non-durable goods, energy 

supplies, chemicals, services, construction, industry, and manufacturing. Firms belonging 

to the financial sector are excluded from the dataset.  
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Table 1 shown below contains information about the number of companies found in each 

sector:  

 

Table 1: Note that Sweden and Germany are the only countries with observations in all sectors and the 

unbalance regarding company weights in different countries. This points to potential selection bias that is 

studied closer in subgroup 5.4 and 5.5.   

 

The study is partly heterogeneous in its cross-country analysis as the Scandinavian 

countries are assumed to experience similarities in domestic credit lending and business 

climate. Germany is by far Europe's biggest manufacturer and along with France, they 

account for Europe's biggest exports. Poland deviates with respect to the recent growth 

rate in economic development and the level of interest rate but it plays an important role 

in European energy markets and food and agricultural markets. Interest rates in Poland 

are currently double that of the rest of the countries which implies relatively higher 

implied interest rates for Polish firms. To study cross-country heterogeneity the study 

looks at each country separately in section 5.5.  

Firm size is expected to be a decisive factor in the rate and amount of new capital being 

added by a firm. Gertler and Gilchrist (1997) argue that small and medium-sized 

enterprises (SMEs) are more vulnerable to imperfect information and thereby see 

financing constraints and less access to capital markets more often than larger firms. By 

studying firms that employ 250 people or more separately from SMEs the study does not 

fall out of the realm of studying capital formation of structurally important companies 
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that are of main interest for this study. However, the fact that SMEs are the biggest 

employers in the labor market and together with startups, they make up an important share 

of the total productivity, which led to not excluding SMEs in the study, but studying them 

separately. The number of 250 employees or lower, was set by the European Commission 

as an official criterion for labeling in the SME category (European Commission).  

Descriptive information about the variables is shown in Table 2 and further discussed 

below: 

 

Table 2:  shows the variables collected from ORBIS along with the economic indicators from the St. Louis 

Federal Reserve database. The study uses the Euro as currency and all variables are measured on a quarterly 

frequency. 

3.1 Investment ratio: 

The dependent variable, the change in investment ratio, IR is calculated as the additions 

in fixed assets divided by its total assets from the previous period. The calculation is 

coherent with calculations in an Asian Development Bank working paper by (Kim et al., 

2022) that studies panel data on Korean firms investigating heterogeneous effects that 

uncertainty has on corporate investment. Additions in fixed assets are classified as 
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buildings, machinery, and other equipment such as tools used in manufacturing, 

transportation vehicles, and buildings (ORBIS).  

3.2 Implied interest rate:  

Due to the complicated process of finding actual firm-specific short-term and long-term 

interest rates, the implied interest rate (IIR) is calculated for each firm as interest expense 

in EUR terms over the firms' total long-term debt. The calculation of the implied interest 

rate is replicated from a head of department approved staff memo from the Department 

of financial stability at Riksbanken in 2020 (Bast, n.d. 2020). In the memo, the implied 

interest rate is calculated as the interest expense in time period t over the firms' total 

financial debt in period t where the total financial debt is the firm's total long-term debt 

plus short-term loans. The calculation of IIR in the case of this study excludes short-term 

loans due to absent data. The limitation of the IIR when studying fixed capital formation 

is that it accounts for the firms' actual interest payment, and while capital investments are 

planned in advance, a firm decision of when and how much capital to invest is made 

partly based on future interest expense and not the current one. To account for this, the 

long-term EU government bond is used as a proxy to get moderately closer to central 

banking forward guidance to some extent. 

3.3 Control variables: 

-Capital intensity: 

Note that there are different forms of measuring a firm's capital intensity. As for the IR, 

this study calculates capital intensity in line with the Asian Development Bank working 

paper (Kim et al., 2022). In their paper, the CI variable together with sunk costs was used 

as a proxy for firm investment irreversibility. The CI ratio is calculated as a firm's tangible 

assets over its total assets and for this study it acts as a control variable for firm size and 

firm-specific necessary minimum number of additions to fixed capital stocks. More 

capital intense companies are burning through more tangible assets per output and are 

assumed to add more fixed capital to their capital stock than companies that are less 

capital-intensive. They are also the bigger drivers of supply. To study the differences in 

investment ratios between firms with different capital intensities, subgroup 5.3 is formed.  
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Differences in capital intensity for the sectors are showcased below: 

 

Figure 1: Sectoral capital intensity ratios showing interquartile range and median value for each sector 

included in the study. 

-Current ratio: 

The current ratio is calculated as the value of a firms’ current assets in time period t, 

divided by its current liabilities in period t. The current ratio is used as a solidity measure 

to evaluate how well a firm can meet short-term debt obligations. A measure of under 1.0 

indicates that the firm finds itself in a position where its liabilities are overriding its assets, 

pointing to its financial stability being weak rather than healthy. Hori, Saito and Ando 

(2006) report how firms with high debt ratios are less likely to be able to seek finance 

from investors compared to more financially healthy firms (Hori, Saito and Ando, 2006). 

This is in line with economic theory and a vast number of papers written in academia over 

the years (Fazzari et al., 1988). The assumption that a lower rate of capital allocation are 

experienced for financially vulnerable firms can be argued for in the case when interest 

rates are more conventional, impairing both development and supply. This poses the 

potential for a downward spiral of negative effects in the long run.  

In subgroup 5.3 where current ratios are studied closer to further investigate the evidence 

found in the BIS paper by Gee Hee Hong, Igan and Lee (2022), that highly indebted firms 
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with low-interest coverage ratios run a higher likelihood of not increasing investments 

during monetary policy easing.  

Depending on the firm-size, financial position, and in which sector a firm operates, the 

current ratio varies in its significance as a solidity measure as it easily can be trimmed up 

or down in financial statements. For example, companies are able to intentionally accept 

a lower current ratio when taking on debt in order to scale operations. This leads the 

classification of financial stability difficult. Due to the vast number of healthy firms' 

current ratios ranging from 0.9 <, the study uses 0.9 as a deciding polarizing ratio. Firms 

above 0.9 are assumed to be more financially stable and firms below 0.9 are assumed to 

be more financially vulnerable. The figure below shows the mean current ratio for the 

total main dataset in the interval Q1 in 2017 to Q4 in 2022: 

 

Figure 2: Mean current ratio for the 1216 companies in the time interval from Q1 in 2017 to Q4 in 2022. 

Blue lines show the confidence interval of quarterly observations. Note how the mean current ratio trended 

upward in a ZIRP environment and downward in IRP22.  

-Cash flow: 

Literature point to the important role that the cost of capital and the discount rate has in 

the discussion regarding investment dynamics. The discount rate could be defined as the 

rate at which future cash flow is valued in period t in relation to present cash flow and 

how that term relates to the minimum internal rate of return on investment the firm 

demands (Gormsen and Huber, 2022). Gormsen and Huber point to past studies that view 
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the risk of uncertainty in cash flow as being essential in investment decisions (Ingersoll 

and Ross, 1992). This study uses the natural logarithmic value of cash flow scaled by total 

assets as a control variable to account for firm-specific operative incomes. This term is 

lagged 3 values to account for past cash flow statements (Adu-Ameyaw et al., 2022). 

-CBOE volatility index: 

 

The CBOE volatility index measures market expectations for relative strength in near-

term price changes in the S&P 500 index. It uses index options with near-term expiration 

dates which creates 30-day forward projections of market volatility. As Bloom, Bond, 

and Van Reenen uses a volatility index to account for uncertainty in a study made in 2007, 

so does this one. This study uses the CBOE volatility index frequented on a 3-month basis 

as a time dummy variable and takes the value 1 for months where the aggregated volatility 

has exceeded an indexation of 24.  Above the 24 threshold the index captures time periods 

where tail risk has been present and standard deviations of daily stock moves generally 

are higher. (Guiso and Parigi, 1999) finds evidence for how investment is impacted by a 

high level of uncertainty. More accurate indexations of firm behavior in relation to 

monetary policy have developed since. A more direct measure of monetary policy 

changes is the Economic Policy Uncertainty index provided by the Federal Reserve Bank 

of Atlanta, but this index was not possible to include in the model due to a lack of provided 

recent data.  

-Interest rate environments: 

Firm-specific implied interest rates are interacted with time dummy variables, ZIRP, 

IRP17, and IRP22, representing different ranges in interest rate levels in the European 

LTGB. The ZIRP variable takes the value of 1 when the interest rate on the LTGB ranges 

in the interval between 0-0.25%, IRP17 captures the interest rate environment from Q2 

in 2017 to Q4 in 2018 where the 10-year is in a range between 0.8% and 1.55%. The 

IRP22 captures the latest interest hikes starting in Q1 of 2022 when the 10-year 

Government Bond rose from a ZIRP environment to 3% in Q4 of 2022. 
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3.5 Discussion about potential multicollinearity 

Section 3.5 evaluates potential multicollinearity amongst the variables included in the 

model. A correlation matrix is presented below where high numbers, ranging from 0.75 

to 1, indicate a potential multicollinear problem due to high correlation. One of the 

disadvantages of the variable selection used in the study is the endogenous response to 

shocks the control variables share. For example, cash flow and loan growth in long-term 

debt are expected to be heavily impacted by uncertainties and monetary policy shocks as 

consumer behavior is responsive. The calculated ratios however are not expected to be 

equally elastic.  

 

Table 3: Correlation matrix of the variables used in the study. Variable description and notation are shown 

in Table 2. Firms' total assets and cash flow is showing a relatively high correlation, leading to suspicion 

of problems with multicollinearity due to the scaling by the total assets. On the other hand low correlation 

is measured for the rest of the variables. The exogenous variable highVIX has a negative correlation to all 

firm-specific variables except the current ratio, CR, and the long-term government bond, LGTB. 

As Baltagi points out (Baltagi, 2005) that events leading to unobserved shocks influence 

relationships between economic variables in more than one period. This phenomenon 

risks leading to inefficient estimates and biased standard errors and is something to 

consider. Hence, a Durbin-Watson test for testing serial correlation is used in order to fit 

the appropriate model to the dataset. This study generalizes the Durbin-Watson test in 

line with how Bhargava (1982). Results from the Durbin-Watson test made to check for 

potential serial correlation in the idiosyncratic errors show a DW statistic of 1.945 which 

is relatively close to 2, suggesting weak evidence for serial correlation in the idiosyncratic 

errors being present in the model (Durbin and Watson, 1950). The p-value showed an 

estimated value of 0.1068 in the Durbin-Watson test. A partial auto-correlation test is 

made upon the variables to check for the appropriate amount of lags to include, indicating 

the usage of 2-3 lags for every variable.   
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4. Methodology 

4.1 Econometric model and method for subgrouping 

The econometric models and estimation methods are discussed in this section. This study 

incorporates fixed effects modeling to evaluate the effect that different levels of implied 

interest rates have had on the rate of change in investment ratios during recent interest 

rate regimes. By using a fixed effect model firm time-invariant specifics are held constant 

and unobserved heterogeneity is addressed. Results from the Wu-Hausman test indicate 

the rejection of the null hypothesis on a 10% significance level, hence suggesting a fixed 

effects model over a random effects model in the analysis. This is in line with similar 

studies done in the past (Kim et al., 2022). 

 

The study uses two models, the main model A and model B featured in the Appendix. 

The primary objective for both models is to study the relationship between changes in 

firm-specific implied interest rates and investment ratios. The main model, model A, uses 

time dummy variables representing different interest rate environments capturing ZIRP, 

LIRE, and the most recent hikes by the ECB in 2022. Model B uses the firm-specific 

implied interest rate interacted with the LTGB lagged 4 quarters. This is done since 

monetary policy does not elicit responses in corporate behavior directly after new forward 

guidance has been brought to market. This implies the inclusion of lagged variables. The 

anticipation of future shifts in monetary policy is what steers present dynamics in rates 

markets and also present corporate behavior. This is done to further expand on comments 

made in an ECB working paper (European Central Bank., 2020)  arguing for the lagging 

effect that monetary policy has on the economy.  

 

 

The main reason model B is included in the study is to study the dynamic functioning in 

the effect of recent monetary policy. Due to the superiority Model A has in its 

interpretation of the effect on investment ratios in different monetary policy ranges, 

Model B is excluded from the result section and is instead shown in the Appendix. 

Model A & B is then evaluated in the result section 5 on 4 different subgroups of the main 

dataset where segmentation looks as follows:  
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o Subgroup 5.1: SMEs are compared with large firms in both models A&B.   

o Subgroup 5.2: capital intensity ratios are divided into 3 separate groups, below 0.2, between 

0.2-0.6, and over 0.6. Both model A&B is introduced. 

o Subgroup 5.3: Firms are subgrouped by their current ratio levels where the divide is done for 

current ratio levels below 0.9 and levels over 0.9. Large companies with lower current ratios 

are also studied more closely in this subgroup. SMEs are excluded due to the drop of variables 

resulting in a small sample. Both model A&B is introduced. 

o Subgroup 5.4: A subset of 6 of the most structurally important sectors are studied separately 

in this subgroup using model A. Model B is excluded in the Appendix due to an excess of 

omitted observations in the metals and construction sectors.  

o Subgroup 5.5: Cross-country with a subset containing firms with a current ratio level above 

0.9. Model B is excluded in the Appendix. 

 

Model A:  

Δ𝐼𝑅𝑡,𝑖,𝑠,𝑐 =  𝛼𝑡,𝑖,𝑠,𝑐 + 𝛽1𝐶𝑅𝑡,𝑖,𝑠,𝑐 + 𝛽2𝐶𝐼𝑡,𝑖,𝑠,𝑐 + 𝛽3

𝑙𝑛𝐶𝐹𝑡−2,𝑖,𝑠,𝑐

𝑙𝑛𝑇𝐴𝑡−2,𝑖,𝑠,𝑐
  +  𝛽4𝐼𝑅𝑡−2,𝑖,𝑠,𝑐

+ 𝛽5(𝐼𝐼𝑅𝑡−2,𝑖,𝑠,𝑐 ∗  ℎ𝑖𝑔ℎ 𝑉𝑂𝐿) + 𝛽6(𝐼𝐼𝑅𝑡,𝑖,𝑠,𝑐 ∗  𝑍𝐼𝑅𝑃)

+ 𝛽7(𝐼𝐼𝑅𝑡,𝑖,𝑠,𝑐 ∗    𝐼𝑅𝑃17) +  𝛽8(𝐼𝐼𝑅𝑡,𝑖,𝑠,𝑐  ∗  𝐼𝑅𝑃22) + 𝜃𝑡,𝑠 + 𝜂𝑡,𝑐 +  𝜀𝑡,𝑠,𝑐 

 

The fixed effects model A captures firm-level specific data in different time periods, t = 

1,…, 15, for different sectors, s, and countries, c. The dependent variable, Δ𝐼𝑅𝑡,𝑠,𝑐 is the 

change in calculated investment ratio, i.e; the addition of fixed assets in EUR terms scaled 

by the firms' total assets that are reported on the balance sheet for a given time period, 

t. 𝛼𝑡,𝑠,𝑐,𝑖 is a constant and 𝜀𝑡−1,𝑠,𝑐 is the error term. 

 

𝛽1 is the firm-specific current ratio in period t, measured as current total assets over 

current total liabilities, and is pre-calculated by ORBIS. 𝛽2 is a measure of a firms' capital 

intensity ratio measured as tangible assets over total assets. 𝛽3 captures firm-specific cash 

flow scaled by total assets lagged 2 quarters. 𝛽5 represents the dummy variable that takes 

the value 1 for months where the aggregated volatility has exceeded an indexation of 24, 

𝛽6 represents time periods in ZIRP where the LTGB ranges from 0-0.25%. 𝛽7 represents 

values on the LTGB during Q2 in 2017 to Q4 in 2018 and 𝛽8 represents the time period 

from Q4 in 2021 to Q4 in 2022. The variable 𝜃𝑡,𝑠 captures sector-fixed effects and the 

variable 𝜂𝑡,𝑐 captures country-fixed effects.  
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Model B: 

Δ𝐼𝑅𝑡,𝑖,𝑠,𝑐 =  𝛼𝑡,𝑠,𝑐 +  𝛽1𝐶𝑅𝑡,𝑖,𝑠,𝑐 + 𝛽2𝐶𝐼𝑡,𝑖,𝑠,𝑐 + 𝛽3

𝑙𝑛𝐶𝐹𝑡−2,𝑖,𝑠,𝑐

𝑙𝑛𝑇𝐴𝑡−2,𝑖,𝑠,𝑐
  + 𝛽4𝐼𝑅𝑡−2,𝑖,𝑠,𝑐 

+𝛽5(𝐼𝑅𝑡−4,𝑠,𝑐 ∗ 𝐿𝑇𝐺𝐵) +  𝜀𝑡,𝑠,𝑐 + 𝜃𝑡,𝑠 + 𝜂𝑡,𝑐 

 

Model B is tested on all subgroups but is evaluated in the Appendix and not in the result 

section. Model B contains the same control variables as model A. The lags used in 𝛽5 

capture the dynamic functioning in the effect of the monetary policy. Companies adjust 

their capital spending and form investment decisions in the present period based on 

interest rate expectations.  

 

4.2 Discussion about potential endogeneity  

 

The risk of endogeneity problems in the model is present and needs to be considered. 

When a firm adds capital to its capital stock it is often done by issuance of corporate 

bonds or financed via bank lending. The interest expense is increasing in relation to bond 

issuance or loan borrowing. By using the implied interest rate, IIR the endogeneity 

problem of higher interest expense that comes with added loan growth is deflated by the 

firms-specific long-term debt variable. This implies that the IIR variable only grows with 

a change in the interest rate belonging to the granted loan. The interest rate level that a 

firm is bound to, depends on their financial situation or the investment they intend to 

make with the loan. When interest rates are higher, this restrains positive changes in 

investment ratios for less financially healthy firms or SMEs. 

 

To address potential endogeneity problems the model uses lagged values of the dependent 

variable, change in the IR, in the fixed effect model. The hypothesis is that past 

investment ratios explain current investment ratios. Instrumental variable techniques were 

tested in a different model using the LTGB as an instrument for changes in the variable 

interest paid. The model showed limitations due to weak instruments and insufficient 

results from the Sargan-test, hence rejecting validation of the instrumental variable 

model.  
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4.3 Robustness tests 

Robustness is evaluated further in the Appendix where model B is tested on subgroup 5.2 

for different capital intensity levels and subgroup 5.3 testing for different current ratio 

levels. Robust standard errors are reported for subgroup 5.1.  

 

5. Results 

The main empirical results from model A tested on the 5 different subgroups introduced 

in section 4 are reported and discussed in this section.  

Subgroup 5.1.A: Comparing SMEs vs Large companies: 

 

Table 5.1.A: Change in investment ratio for SMEs vs large companies. Standard errors are shown in the 

parenthesis. Results from robust standard errors can be found in the Appendix. The dependent variable is 
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lagged 2 time periods and is used as a regressor. Cashflow is lagged 3 time periods while the IIR interacted 

with high values in the CBOE index are lagged 2 periods.  

 

Current ratios for SMEs are showing insignificant estimated values at -0.003 but 

significant on a 5% level with a -0.005 estimated value for large firms. Although notably 

minimal impact on the dependent variable, the results indicate that larger firms with a 

higher current ratio on average also saw a negative change in investment ratios.  The 

estimated results from the interaction terms IIR:IRP17, IIR:ZIRP, and IIR:IRP22 show 

insignificant results for both groups. 

 

(Ghosal and Loungani, 2000) along with other past literature find how smaller firms are 

more influenced by uncertainty effects than larger companies. Ghosal and Loungani 

(2000) suspect the reason lies in a combined effect of the difference between SMEs and 

large firms' financial constraints and investment irreversibility. Results from this study 

fail to statistically prove this as the lagged CBOE shows a significant negative impact in 

the second lag for large companies. Note that values for SMEs are not significant. This is 

in line with findings made by (Kim et al., 2022) in the Asian Development Bank working 

paper made on Korean firms.  

 

Pindyck (1988) and Gormsen and Huber (2022) points out the value of waiting for future 

economic uncertain conditions to settle before investing in new capital due to its 

irreversibility. Uncertainty measured by the CBOE index captures the highest numbers 

on the index at the beginning of the Covid pandemic and after the Russian invasion of 

Ukraine. Central bankers entered ZIRP territory in the beginning of the Covid pandemic 

and held accommodation until the IRP22 dummy variable takes the value 1. The 

correlation between the two is something to be aware of.  

Results show that the first lag in investment ratio has a significant negative relationship 

to the change in the investment ratio for both SMEs and large firms, indicative of the 

nature of investments as firms are not constantly adding fixed capital in an exponential 

manner, they instead happen in bursts. The second lag for large firms is significant and 

positive whereas insignificant and negative for SMEs.  
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Subgroup 5.2.A Comparison of different capital intensity levels: 

 

Table 5.2.A: Change in investment ratio for firms, grouped by capital intensity levels. The dependent 

variable is lagged 2 time periods and is used as a regressor. Cashflow is lagged 3 time periods and the IIR 

is interacted with high values in the CBOE index are lagged 2 periods.  

 

As expected, a difference in how implied interest rates affect changes in investment ratios 

for different capital intensities is evident in the results. More capital-intensive firms are 

expected to be more reliant on capital investments to sustain operations and therefore less 

elastic in response to changes in investment ratio to a relatively higher interest rate 

expense. The interaction term IIR:IRP17 strengthens this argument as results show how 
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a capital-intensity ratio above 0.6, is related to positive changes in investment ratios as 

implied interest rates are higher. Firms with lower capital intensity ratios significantly 

experienced an overall negative change in investment ratios, -0.023 during the IIR:IRP17. 

Without any interaction, implied interest rates have an overall negative impact on changes 

in investment ratios for firms whose capital intensity ratio ranges between 0.2 to 0.6, but 

positive amongst higher and lower ratios.  

 

The lagged cash flow variable turns positive from negative in the third lag for all three 

capital intensity ranges, implying a negative change in investment ratios following a one 

percent increase in cash flow for the first two lagged quarters. Note an equal pattern found 

in subgroup 5.1 for the cash flow variable. These estimates contradict findings in other 

reports like (Adu-Ameyaw et al., 2022) where results are in line with economic theory. 

A higher cash flow would in theory lead a firm to invest more money. Something that the 

estimates for all the subgroups in this study disagree with. The hypothesis for what causes 

this estimation error is unclear but the structure in the independent variable could be a 

problem in this case. By scaling the additions in fixed assets by total assets, estimation 

for individual firms that view their cashflow statements in their balance sheets as part of 

their total assets becomes incoherent.  

 

The first and second lags in the interaction term IIR:highVIX shows a negative impact on 

the investment ratios for firms in all three capital intensity ranges except the second lag 

for higher capital intensities. Also reaffirming the hypothesis of higher capital intensity 

ratios being less elastic. Similar to subgroup 5.1 estimates in lagged investment ratios has 

a significant negative relationship to the change in the investment ratio for all three capital 

intensity ratio ranges.  
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Subgroup 5.3.A: Comparison of different current ratio levels:  

 

Table 5.3.A: Change in the investment ratio for all companies and for large companies, grouped by current 

ratio levels. The dependent variable is lagged 2 time periods and is used as a regressor. Cashflow and the 

interaction term with the IIR and high values on the CBOE index are lagged 2 time periods. 

 

 

Results in Table 5.3.A indicates insignificant relationships with the interaction terms 

IIR:IRP17, IIR:IRP22 and IIR:ZIRP with the exceptions of IIR:IRP17 for companies with 

a CR above 0.9. Results for the term IIR:IRP17 show a negative relationship -0.013 on a 

0.1 significance level, an indication of a negative change in investment ratios for broadly-

measured healthy firms in the time period before the ZIRP environment. When the 10-

year LTGB entered ZIRP environment, estimated values are insignificant except for large 

firms with a CR below 0.9.  
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The interaction terms IIR:ZIRP, IIR:IRP22 show significant negative results for large 

companies with a CR below 0.9 but are lacking in the number of observations in 

comparison to the other groups in the table. This is something to take into consideration. 

The overall estimates from the implied interest rate suggest that the interaction terms for 

higher interest rate policy regimes amplify a negative change in investment ratios for all 

4 groups. Although insignificant estimates in the interaction terms for more financially 

healthy firms, large firms with current ratios below 0.9 sees a greater response in their 

change in investment ratio than large firms with current ratios above 0.9. Standard errors 

for firms with current ratios below 0.9 are relatively high compared to the other groups. 

The lagged variables, cashflow and investment ratio, all show similar results to what is 

found in subgroup 5.2.  

 

Estimates from the IIR:highVIX variable show that large and financially healthier firms 

were on average less sensitive to a higher volatility index than large and financially 

weaker firms.  
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Subgroup 5.4.A: Comparing cross-sector differences: 

 

 

Table 5.4.A: Chemicals & medicine sector, industrial sector, metals & metal products, transport 

manufacturing, construction and the wholesale sector are shown. The dependent variable is lagged 2 time 

periods and is used as a regressor. Cashflow is lagged 2 time periods while the IIR interacted with highVIX 

are lagged 2 periods.  

 

For the 6 sectors respectively, uncertainty shocks initially cause the investment ratios to 

drop. Bloom (2009) points to the initial negative influence that uncertainty has on firm 

behavior but that gradually diminishes in relatively short order. This was supported by 

tests made with 4 lags showing positive but insignificant values in the third and fourth 

lag. Interestingly the only sector, the industrial sector, that experiences a significant 

impact on change in investment ratio from a higher current ratio, also happens to be the 

only sector where a higher current ratio implies a positive change in the investment ratio. 

Again, pointing to the lack of observations in the other sectors. The CI variable had a 

positive significant impact in all sectors apart from the wholesale sector.  
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Estimates point to overall cross-sectoral differences being small as the change in 

investment ratio responds with similar sensitivity for changes in the variables respectively 

in all sectors.  

 

Subgroup 5.5.A: Comparison of cross-country differences: 

 

Table 5.5.A: Comparing cross-country differences of the change in the investment ratio for firms where 

current ratio levels are above 0.9. The dependent variable is lagged 2 time periods and is used as a regressor. 

Cashflow is lagged 3 time periods while the IIR interacted with high values in the CBOE index are lagged 

2 periods. 

 

Capital intensity ratios show a positive effect in investment ratios for Germany, Poland, 

and Sweden, the countries contributing with relatively a more sufficient sample of the 

data compared to Denmark, Norway, and France. The lagged cash flow variable shows 

similar results shown in every subgroup.  

 

Higher implied interest rates show no significant effect on the investment ratio in the 

different interest rate regimes when studying cross-country differences. A higher implied 

interest rate has had an overall positive effect in the change in investment ratios for firms 

in Sweden and Norway. What is interesting is that the interest rate environment entered 
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in 2022 does not elicit high changes in investment ratios even though the rate of change 

in interest rate levels has been at the highest level it has been in decades. This trend can 

be found for all the 5 subgroups. Hence the importance of studying the lagged effect that 

monetary policy functions in over time (European Central Bank., 2020). This is the 

hypothesis behind why model B is incorporated in this study. 

 

The estimates otherwise show overall cross-sectoral differences being small as the change 

in investment ratio responds with similar sensitivity for changes in the variables 

respectively in all sectors. 

 

6. Conclusive thoughts  

 

The Covid pandemic-related inflationary push factors forced the ECB to raise its key 

interest rates. As they rise, investment ratios are expected to be negatively affected as 

higher costs of capital slow down investments. This study aimed to examine dynamics in 

firms’ investment ratios during recent interest rate regimes depending on their financial 

health status and their capital intensity ratio. The dataset covered 1216 firms across 13 

sectors collected from the European countries: Germany, France, Poland, Norway, 

Sweden, and Denmark.  

 

The main findings suggest that more capital-intensity firms were less sensitive to higher 

implied interest rates during the three different interest rate regimes. Also that firm-

specific investment ratios were more confined to low but positive changes during the 

ZIRP environment but negative and more sensitive in an IRP17 environment where rates 

ranged from 0.8%-1.55%. Estimates for recent changes in implied interest rates show 

insignificant responses in investment ratios. This can be related to remarks made about 

the lagging functioning in monetary policy (European Systemic Risk Board., 2021). 

Results in this study fail to support results found by Ghosals and Lounganis (2000) in 

their study made about SMEs being more impacted by higher uncertainty than large firms. 

Although not tested, one hypothesis for this could be firms' recognition of fiscal policy 

measures taken in the form of the Covid relief packages for instance where firms' safety 

nets backstop drastic negative changes in investment ratios. On the other hand, high 
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uncertainty numbers on the CBOE index show more significant effects for lower capital 

intensity and current ratio levels. 

One of the findings in the working paper from Riksbanken (Bast and Cella, 2020) is how 

the probability of a firm becoming a zombie did not dramatically increase as interest rates 

eased, but firms that had been classified as zombie firms in the past saw their probability 

of reclassification increase dramatically. This point to the sensitive investment ratio that 

more financially weak firm experience compared to financially healthy firms. Higher 

implied interest rates aggravate an already highly indebted financial situation for these 

firms, restraining investments. While this study did not investigate zombie firms directly, 

the broadly measured financial stability measure, CR, helps understand how firms’ 

financial solidity affects the investment ratio in different interest rate regimes.  

 

There are key limitations important to acknowledge when interpreting the results in this 

paper. First, the results of this paper are presumably subject to a reasonable amount of 

measurement uncertainty. The companies included in the study are only a small subset of 

businesses and contain only market listed firms. I also want to underscore the comments 

presented in the literature overview made by Borio about the case of reverse causality. A 

slowing economy is generally met by easing financial conditions. 

6.1 Discussion about policy implications: 

The topic is a highly complex matter. This paper is not set out to answer the question of 

how high rates can go before credit allocation is withheld from productive use. It is simply 

put out to take the temperature of the rate of change in investment ratios depending on 

firm-specific financial and operative attributes. However, this paper agrees with 

suggestions made by Borio (2018) and others. That the optimal policies for financial 

markets and labor markets are where active balancing between these markets and 

productivity-enhancing activities is done. This is of course something economists at the 

ECB and other central banks are doing full-time, but identifying the underlying weakness 

in firms whose productivity typically is swallowed by higher interest expenses is a critical 

topic to consider for future research as rates become more conventional.  
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Adalet McGowan, Andrews and Milliot (2017) writes about how policies aiding the 

restructuring of firms that are unhealthy and unproductive along with addressing barriers 

of entry would be necessary for aggregate growth in productivity. Aiding the exit process 

out of the market for unproductive firms is also a question to devote attention to.  

 

6.2 Discussion for future studies:  

The topic investigated could have been analyzed using multiple ways of econometric 

methods. Since the dynamics of firm investment are affected by many parts of the 

economy, macroeconomic indicators could have been added to add analysis strength to 

ongoing structural changes running through the economy. Variables such as capital 

utilization, surveys on business confidence from companies aggregated on an industry 

level, and market frictions on the financial markets and the labor market would add 

robustness to the study. This study tried incorporating these dynamics by using a factor-

augmented vector autoregressive (FAVAR) model but faced setbacks due to limited 

access to required data points.  

This study lacks in its effort to display these dynamics and the current business cycle. The 

CBOE index only captures the uncertainty reflected on the stock market and although it 

is a responsive tool, it is not enough to capture the many dynamics. Omitted variable bias 

is therefore expected to be present in the study.   

To further build upon the results found by (Gee Hee Hong, Igan and Lee, 2022) where 

findings show that less healthy firms engage in financial restructuring without increasing 

investments, a way to measure the financial restructuring would be needed. This study 

tested an ORBIS variable called “Net cash from financing operations” to account for firm 

borrowing and appetite for using the bond market. This variable was not incorporated due 

to missing observations on an already relatively small sample of firms. However, this is 

an important link in firms' capital formation and credit allocation and should therefore be 

accounted for.   

One method recently proven to be efficient when studying firm-level capital investments 

was used by (Gormsen and Huber, 2022) in a paper that studied transcripts of earnings 

conference calls studied. They searched 75000 pages of transcripts to find managers 

revealing discount rates and perceived cost of capital when they provided transparency to 
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investment decisions. With the help of artificial intelligence, this is an interesting method 

that could further study the incremental rate of change in capital formation.  
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8. Appendix 

8. 1. B: Comparing SMEs vs Large companies with robust standard errors: 

 

Table 8.1.A: show the fixed effects regression reported with robust standard errors. The dependent variable 

is lagged 2 time periods and is used as a regressor. Cashflow is lagged 3 time periods while the IIR 

interacted with high values in the CBOE index are lagged 2 periods. 
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8. 2. B: Comparing SMEs vs Large companies: IIR interacted with the LTGB: 

 

 

 

Table 8.2. B: show the fixed effects regression model B  reported with robust standard errors. The dependent 

variable is lagged 2 time periods and is used as a regressor. Cashflow is lagged 3 time periods while the 

IIR interacted with high values in the CBOE index are lagged 2 periods.  

 

Current ratios for both SMEs and larger firms are showing similar insignificant estimated 

values at -0.03 for large firms and -0.001 for SMEs. Capital intensity ratios show a 

negative insignificant impact on the investment ratio for SMEs but a significant and 
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positive result for large firms. This indicates that capital intensity ratios in larger 

companies explain differences in investment ratios better than in SMEs. Another 

significant estimate is how investment ratios for large firms turn positive in the third lag 

but the fourth lag for SMEs. This indicates that the effect that an upward surprise in 

interest rates has on SMEs generally is generally longer lasting or rather that SMEs are 

more vulnerable to the initial impact. The first two lags show an insignificant estimate, 

indicating that findings for the variable IIR:IRP22 in model A in the different subgroups 

are yet to materialize. It also proves that a model where lags are incorporated is necessary 

to assess in future research. This is however expected to be common ground.  

 

Findings in Table 8.3.B show how firms with low capital intensity ratios generally 

experience a positive shock in their investment ratios by the initial upward rise in interest 

rates, but how more capital intense firms see a negative change in their investment ratios. 

The positive changes felt in the third lag are on the other hand bigger for firms with higher 

capital intensities.  

 

Table 8.4.B further supports the findings in subgroup 5.3 where model A show how firms 

with current ratios below 0.9 sees a greater response in their change in investment ratio 

than large firms with current ratios above 0.9. This finding is in line with past studies.  
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8.3.B Comparison of different capital intensity levels: IIR interacted with the LTGB 

 

Table 8.2.B: Change in investment ratio for firms, grouped by capital intensity levels. The dependent 

variable is lagged 2 time periods and is used as a regressor. Cashflow is lagged 3 time periods and the IIR 

is interacted with high values in the CBOE index lagged 2 periods.  
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8.4.B Comparison of different current ratio levels: IIR interacted with the LTGB 

 

 

Table 8.3.B: Change in investment ratio for firms, grouped by capital intensity levels. The dependent 

variable is lagged 2 time periods and is used as a regressor. Cashflow is lagged 3 time periods and the IIR 

is interacted with high values in the CBOE index lagged 2 periods.  
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8.5: Goodness of fit  

 

 

Figures above show: (i) Residuals vs fitted values where the residuals in relation to the 

fitted values exhibit a modest increase in residuality as the fitted values expand, yet the 

residuality remains close to zero. The deviation of the residuals is skewed to the upside. 

(ii) the Normal Q-Q plot show significant deviation in tail values which indicates that the 

normality assumption does not hold for the model. By observing the scale-location plot 

(iii) a pattern of wider spread of standardized residuals as more fitted values grow, similar 

to (i). The pattern gives an indication that heteroskedasticity is present in the dataset. (iiii) 

show that outliers are present but few in amount. 
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