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Introduction

This dissertation consists of three essays in the �elds of empirical macro and empirical �nance.

The purpose of this introduction is to present the main ideas and results in the essays in a way

that provides some insights to economists outside the �elds addressed as well as to interested

non-economists.

There is no common thread running through the essays. However, there is a common theme in

the sense that they cover issues that are part of the range of queries that central banks struggle

with, such as assessing the dynamics of in�ation, improving the understanding of what governs the

availability of credit in the economy and the evaluation of potential real e¤ects of credit crunches.

In that respect they re�ect, unintentionally, my background in monetary policy practical work.

My �rst essay deals with the determinants of in�ation over the business cycle. Today, there

is a general consensus that in�ation in the short run is determined by the level of activity in the

economy and of expectations of in�ation, as captured by the Phillips curve. However, the exact way

in which economic agents (that is, households and �rms) form their expectations and exactly how to

measure economic activity are less settled. According to the traditional Phillips curve, formulated

in the late 1950�s and beginning of the 1960�s, in�ation was a function of unemployment and past

in�ation. The view was based on observed relationships between unemployment and in�ation in

several countries. Expectations of in�ation were then assumed to be based on past in�ation. This

formulation of the Phillips curve subsequently received critique for being theoretically inconsistent,

and at odds with empirical evidence during the 1970�s when high in�ation and high unemployment

occurred at the same time.

In the modern view of the Phillips curve, the so called New Keynesian Phillips Curve (NKPC),

expectations are assumed to be formed in a rational, forward-looking manner. The link between

the level of economic activity and in�ation is derived as a result of how pro�t-maximizing �rms set

prices. Firms are assumed to change prices periodically. Knowing that some time may pass before

they change prices next, �rms consider future cost and demand conditions, as well as current ones,

in setting their prices. This is re�ected in a desired markup over marginal costs. As a result,

in the New Keynesian Phillips curve equation, in�ation is a function of �rms�real marginal cost

(marginal cost over current prices) and expectations of future in�ation.

There is a large empirical literature which tries to �t the NKPC to actual data. However, these

e¤orts have met some di¢ culties. One di¢ culty has been to reconcile the NKPC with the high

degree of persistence in in�ation, which is usually found in the data. The structural formulation of



the NKPC implies that past in�ation has no impact on current in�ation. A common way to cope

with this has been to allow for past in�ation to also enter the Phillips curve equation. Theoretically

this is handled by assuming that not all �rms are rational, but that a fraction of �rms use a rule

of thumb and set prices based on past in�ation.

Another di¢ culty concerns the measure of economic activity to be used when taking the NKPC

to the data. One problem when taking the model to the data is that real marginal cost is not an

observable variable. For this reason, it is common to estimate the NKPC with a measure of the

output gap (the deviation of output, GDP, from its potential level) as the real driving variable.

However, it has proven di¢ cult to establish a statistically signi�cant relationship between this

cyclical variable and in�ation.

In a seminal paper, Galí and Gertler (1999) estimated a version of the NKPC in which the

forcing variable was instead a measure of �rms�average real cost. Assuming a production function

with Cobb-Douglas technology with only labor and capital as production factors, real marginal

cost can be measured by real unit labor cost, which is observable. Galí and Gertler reported that

this measure of real marginal cost were statistically signi�cant when estimating the NKPC for

postwar US data. As a result, they argued that using a proxy for real marginal cost produced

a more sensible version of the NKPC. Their conclusions were subsequently supported by other

studies.

In my �rst paper, I follow the approach by Galí and Gertler (1999) and estimate a marginal

cost based New Keynesian style of Phillips curve on Swedish data for the period 1986 - 2004.

However, since the Swedish economy is highly dependent on global developments, I adjust the

standard NKPC model to allow international price developments to a¤ect the domestic in�ation

rate. I do this by introducing imported inputs as an additional factor in the production function.

As a result, �rms�real marginal cost will be a function of both the labor income share and the

share of imported inputs in production. The idea is to examine to what extent this Phillips curve

can explain the development of Swedish in�ation and, in particular, whether real marginal cost

has a better explanatory power than the output gap also for Swedish in�ation dynamics. The

importance of lagged in�ation in the Phillips curve is also studied.

I use two estimation techniques, Generalized Method of Moments (GMM) and Full Information

Maximum Likelihood (FIML) techniques. In the FIML estimations, I solve for expectations of

future in�ation by setting up a complete model of the economy. However, in order to focus

attention on the structural restrictions of the Phillips curve, the rest of the economy is represented

by an unrestricted system of equations (VAR).

The results suggest that a New Keynesian Phillips curve with staggered price setting o¤ers

insu¢ cient explanations for the development of Swedish in�ation over the period studied. In

fact, it is not possible to pin down a statistically signi�cant relationship between in�ation and



any of the two real driving variables, real marginal cost and the output gap. However, in the

GMM estimations, the estimated parameter on real unit labor cost in most cases has the expected

positive sign while, with the output gap in the equations, the point estimates is instead in most

cases negative. This indicates that real unit labor cost might be a better representation of the real

variable driving in�ation than the output gap also in a Swedish Phillips curve.

A possible reason for the lack of statistically signi�cant coe¢ cients of the cyclical variable is

that the time span used in studies of the Swedish economy, commonly from the beginning or

middle of the 1980�s, is too short. Empirical studies of the Phillips curve in the US economy are

often based on time series from the 1960 and onwards. This evidently reduces standard errors and

increases the possibility to draw solid conclusions from data.

Another possibility is that the link between real activity and in�ation has indeed been less

stable in Sweden. Structural changes in the economy over the last twenty years may have led to

breaks in the relationship between real activity and in�ation (even though, on strictly theoretical

grounds, it is not evident that structural changes would not be re�ected in �rms price setting

behavior).

The second essay is an empirical study of variation in the supply of credit over the business

cycle. More speci�cally, I study whether �rms are subject to shifts in the supply of bank credit as

a result of monetary policy changes or changes in banks��nancial strength. Shifts in the supply of

credit are de�ned as changes in the conditions under which banks o¤er credit to �rms which are not

motivated by changes in the creditworthiness of the �rms or by changes in the central bank policy

rate. Theories which assume that �nancial intermediaries encounter frictions in �nancial markets

predict that this is the case. Fluctuations in aggregate economic activity and in the central bank

policy rate, which a¤ect the value of intermediaries� assets, will then a¤ect the premium those

�nancial intermediaries pay for external �nancing. This induces the intermediaries to borrow less

and causes a cutback in lending. This is an area of research which have seen a resurgence of studies

following the �nancial crisis.

A common di¢ culty in empirical tests of contractions in the supply of credit is to disentangle

shifts in the supply of credit from shifts in credit demand. Lending volumes are low in recessions,

or when asset prices are low, but is this a result of low demand or a contraction in the supply of

credit? Kashyap, Stein and Wilcox (1993) handled this identi�cation problem by examining relative

movements in bank loans and commercial paper after monetary policy shocks. The intuition was

that a monetary shock, that operates only through the direct e¤ect of changing the interest rate,

lowers the demand for all types of �nance, while a monetary shock that operates through its impact

on bank lending a¤ects the supply of bank debt only. They found that the volume of bank loans

declined relative to the outstanding stock of commercial paper after a monetary contraction, which

seemed to suggest that credit contracted following tightenings of monetary policy. Several other



studies of the determinants of credit supply have followed. Commonly the studies have relied on

either bank-level data or �rm-level data of large, public �rms. As a result, the studies have been

naturally con�ned to studying credit conditions either in general or for large �rms in particular.

My study is based on a comprehensive data set of both small and large Swedish �rms. Shifts in

the supply of credit are identi�ed by exploring a contractual di¤erence across bank credits. Firms

applying for bank credit may seek a commitment contract such as a revolving line of credit, under

which the �rm is entitled to borrow up to a certain preset ceiling and at conditions set in advance.

Or, the �rm can choose to borrow as need arises, at terms set on the spot. When banks aim to

tighten credit conditions, they are free to reduce the supply of term loans, i.e. loans not under

commitment. But their possibilities to reduce the supply of loans under commitment are more

limited. In this way, loan commitments may protect �rms from a credit contraction (James (2009)).

Accordingly, the hypothesis in my study is that, when banks tighten credit conditions, �rms have

an incentive to substitute commitment credit �credit with terms set prior to the credit contraction

�for non-commitment credit �credit with terms set at the time of the credit contraction.

I use three di¤erent measures to capture potential variation in credit availability over the

business cycle: the central bank policy rate, banks�loan losses in percent of total bank lending and

the stock market valuation of banks. I �nd that �rms on average rely more on commitment credits

when monetary policy is tight and when the �nancial health of banks is weaker. The results are

consistent with a contraction in the supply of credit for �rms in general following tighter monetary

policy as well as deteriorations in banks�balance sheets. The time period covered is 1997 - 2009,

where the last two years cover the �nancial crisis. Interestingly, I �nd that, during the �nancial

crisis when there were widespread concerns of insu¢ cient availability of credit to �rms, some of the

results do not hold. In particular, the results suggest that increases in banks�loan losses did not

lead to a credit tightening to the same extent as in the pre-crisis period. A possible interpretation is

that measures undertaken by the Swedish authorities during the second half of 2008 were successful

in supporting the availability of credit for �rms; by lending extensively to the banking system, the

tightening e¤ect of loan losses, that would otherwise have occurred, might have been lessened.

The third essay deals with potential real e¤ects of credit contractions. More speci�cally, I

examine whether the �nancial crisis in 2008 a¤ected �rms� investment through its e¤ect on the

availability of credit. Following the �nancial crisis, business investment fell sharply in many indus-

trial countries. Obviously, this is not in itself evidence that the �nancial crisis caused a contraction

in investments. The same adverse shock that triggered the �nancial crisis may also have caused a

decline in aggregate demand, leading �rms to cut investment. It may also have led to an increase

in uncertainty, leading �rms to postpone investments. To identify the e¤ect from a contraction

in the supply of credit, it is necessary to disentangle this channel from the various demand side

e¤ects.



The approach in my paper is to use a di¤erences-in-di¤erences method and compare investment

of �rms before and after the onset of the crisis as a function of their ex ante sensitivity to shocks

in credit supply. The classi�cation of �rms on the basis of sensitivity to �nancial shocks is a

common method in studies of real e¤ects from �nancial frictions. However, the way in which this

classi�cation is done di¤ers across studies. In a recent study, Duchin, Ozbas and Sensoy (2010)

focus on a �rm�s reserves of cash and assume that a credit supply shock has a greater impact on

�rms with low cash reserves at the onset of the crisis relative to �rms with high cash reserves. I

modify this measure and identify sensitivity to a credit supply shock as a function of the level of

credit reserves accessible to the �rm. Credit reserves are de�ned as unused credit on lines of credit.

In using this measure, I rely on, inter alia, research by Su� (2009) and Yun (2009) who �nd that

lines of credit are important sources of liquidity for �rms. I assume that a �rm with ample credit

reserves was better equipped to maintain its investment plans during the �nancial crisis than an

otherwise similar �rm but with low credit reserves.

The data set that I analyze consists of quarterly data on Swedish �rms and exists over the period

2002 - 2008. It has been created by merging �rm-level data from three sources: balance-sheet and

income-statement data from the Swedish credit bureau, Upplysningscentralen, bank-lending data

from a major Swedish commercial bank and investment data from Statistics Sweden.

My results show that �rms with low credit reserves reduced investment signi�cantly more than

other �rms during the �nancial crisis. The results hold when I control for di¤erences between �rms

in terms of investment opportunities and time-invariant variables. However, when I control for the

impact of credit reserves in non-crisis times, it turns out that there is no additional signi�cant

impact from low credit reserves during the crisis. As a robustness test, I run regressions where

I use the same measure of exposure to a credit supply credit as employed by Duchin, Ozbas and

Sensoy, that is reserves in terms of cash. However, contrary to these authors, neither with this

measure of a �rm�s crisis exposure, I �nd support for real e¤ects on �rms�investment behavior.

I also verify that neither did �rms in the lowest 10th percentile of credit reserves reduce in-

vestment signi�cantly more than other �rms. It could be argued that those �rms had particularly

little scope of meeting general di¢ culties in obtaining new credit by drawing on already commit-

ted credit. Overall, my results do not support that the decline in corporate investment during the

�nancial crisis in Sweden was reinforced by an exogenous shift in the supply of credit.

In a �nal section of the paper, I also examine variability in the extensive margin of lines of

credit, i.e. the extent to which access to lines of credit changed after the onset of the crisis. I

�nd that the probability that a �rm had access to a line of credit was reduced after the onset of

the crisis. However, neither this tightening of credit conditions can be shown, with any statistical

degree of certainty, to have added to the decline in investment.

In sum, the empirical results in this study suggest that the contraction in credit supply during



the �nancial crisis was not su¢ ciently large or persistent to have caused investment of Swedish

�rms to decline signi�cantly. This �nding might seem surprising given the severity of the �nancial

crisis. However, as noted in the discussion of my second paper above, any conclusions regarding

credit availability during the crisis need to take into account the extensive measures undertaken

by the Swedish authorities to secure the provision of credit in the economy. In the absence of such

measures, the real e¤ects might have been more apparent.
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Abstract

In recent years, it has become increasingly common to estimate New Keynesian Phillips curves

with a measure of �rms�real marginal cost as the real driving variable. It has been argued that this

measure is both theoretically and empirically superior to the traditional output gap. In this paper,

a marginal cost based New Keynesian style of Phillips curve is estimated on Swedish data by means

of GMM and Full Information Maximum Likelihood. The results show that with real marginal cost

in the structural equation the point estimates generally have the exptected positive sign, which is

less frequently the case with the output gap in the Phillips curve equation. This suggests that real

marginal cost might be a more adequate real explanatory variable also for Swedish in�ation than

the output gap. However, standard errors in the estimations are large and it is in fact di¢ cult to

pin down a statistically signi�cant relationship between either real marginal cost or the output gap

and in�ation.

Keywords: In�ation, New Keynesian Phillips curve, Real marginal cost, Small Open Economy,

GMM, Full Information Maximum Likelihood.
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1 Introduction

Understanding in�ation dynamics is of central concern for macroeconomists in general and for central

banks in particular. In the New Keynesian literature, in�ation is commonly explained by the level of

economic activity and expectations of future in�ation. Starting from an assumption of rigid nominal

prices, in�ation may be derived as a function of the expected future path of �rms�real marginal cost. By

making additional assumptions about technology and consumer preferences, which allows the derivation

of a labor supply curve, one can pin down a proportionate relationship between real marginal cost and

the level of output. Given this relationship, in�ation may be expressed as a function of the output gap

(deviation in actual output from potential output) and in�ation expectations one period ahead, which

is commonly referred to as the standard New Keynesian Phillips curve (NKPC).

However, reconciling the New Keynesian Phillips curve with empirical facts has not been entirely

successful. For a start, the structural formulation of the NKPC implies that past in�ation will have

no impact on current in�ation. This rhymes badly with the high degree of in�ation persistence which

is usually found in the data (see e.g. Christiano, Eichenbaum, Evans 2001, Mankiw 2001). One way

to cope with this fact in the theoretical models has been to allow for a subset of �rms that set prices

according to a backward looking rule of thumb. As a result, also lagged in�ation enters the Phillips

curve.

Furthermore, it has proven di¢ cult to establish an empirical link between estimates of the output

gap and in�ation; with quarterly data it has often not been possible to reject the hypothesis that the

output gap has no importance for in�ation (Chadha et al. 1992, Roberts 1997, 1998). This could of

course be due to di¢ culties associated with measuring the output gap. Measuring the output gap by

detrended GDP implicitly assumes that the natural rate of output is well approximated by a smooth

trend. In reality, a wide variety of real shocks, such as productivity shocks, changes in attitudes towards

labor supply etc., can produce �uctuations in the natural level of output. And these �uctuations may

not be well approximated as smooth.

It could also be the case that the proportionate relationship between �rms´ real marginal cost and

the level of aggregate activity is counterfactual. For this relationship to hold in practice there must

not be any kind of labor market frictions. If for instance wages are rigid, this produces inertia in real

marginal cost relative to the output gap (Galí, Gertler and Lopéz-Salido 2001). A high level of resource

utilization would then lead to a delayed rise in �rm�s real marginal cost and in in�ation.

To overcome this problem in identifying an empirical relationship between the output gap and

in�ation, a strand of papers have gone back one step and estimated a Phillips curve with real marginal

cost as the real driving force underlying changes in in�ation. Real marginal cost has commonly been

measured by the labor income share (or, equivalently, real unit labor costs). An advantage of this

approach is that productivity shocks are automatically taken into account as they will be re�ected in

�rms�marginal cost.

These papers have been more successful empirically. For instance, Galí and Gertler (1999) estimate

a marginal cost based Phillips curve using Generalized Method of Moments (GMM) on US data and �nd

1



that real marginal costs are indeed a statistically signi�cant and quantitatively important determinant

of in�ation. They allow for both forward and backward looking price setting in the estimations. In

subsequent work, Galí, Gertler and López-Salido (2001) provide evidence on the �t of this formulation

of the Phillips curve also for the Euro area. Woodford (2001) produces series of predicted in�ation based

on expectations of detrended output and real unit labor costs using a reduced-form VAR to calculate

expectations of the future. He �nds that the set up with real unit labor cost gives a much better �t with

actual in�ation. Using similar estimation techniques, Sbordone (2002) draws the same conclusion.1

In this paper, a marginal cost based New Keynesian style of Phillips curve is estimated on quarterly

Swedish data for the period 1986 - 2004. Since the Swedish economy is highly dependent on global

developments, the standard NKPC model is adjusted to allow international price developments to a¤ect

the domestic in�ation rate. This is done by introducing imported inputs as an additional factor in

the production function. As a result, �rms� real marginal cost will be a function of both the labor

income share and the share of imported inputs in production. The idea is to examine to what extent

this Phillips curve can explain the development of Swedish in�ation and, in particular, whether real

marginal cost has a better explanatory power than the output gap also for Swedish in�ation dynamics.

The importance of lagged in�ation in the Phillips curve is also studied.

The Phillips curve is estimated with GMM and Full Information Maximum Likelihood (FIML)

techniques. In the FIML estimations, expectations of future in�ation are solved for by setting up a

complete model of the economy. However, in order to focus attention on the structural restrictions of

the Phillips curve, the rest of the economy is represented by an unrestricted VAR system (as in Fuhrer

and Moore 1995).

The estimation results show that it is di¢ cult to pin down a statistically signi�cant relationship

between a real driving variable and in�ation as suggested by the structural Phillips curve equation. As

a robustness test I explore the e¤ect of di¤erent choices of price index, of real variable in the Phillips

curve and of the VAR set up and �nd that the result is fairly robust across various speci�cations.

However, estimating a Phillips curve with real marginal cost as the real driving variable in most cases

result in positive point estimates of, in particular, the impact of labor share while with a measure of the

output gap in the Phillips curve equation the coe¢ cients are instead generally negative. This indicates

that real marginal cost might be a more adequate real explanatory variable also for Swedish in�ation

than the output gap. However, due to large standard errors in the estimations, this hypothesis can not

be either rejected nor veri�ed with any statistical degree of certainty. Some possible reasons for the

poor �t of this kind of New Keynesian Phillips curve on Swedish data are discussed in the conclusion.

The rest of the paper is organized as follows. The theoretical model - a marginal cost based Phillips

curve in a small, open economy - is derived in section 2. In section 3, I motivate the choice of estimation

methods (GMM and FIML) and present my results. Finally, in section 4, some conclusions are drawn.

1Rudd and Whelan (2002), however, show that the results of Woodford and Sbordone are not robust to various

speci�cations of the VAR used in the estimations.
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2 The theoretical foundation

In this section, a structural relationship between in�ation and real marginal cost, expected and past

in�ation is derived. The model is in large parts a standard model used in the New Keynesian literature.

It is adopted to a small open economy by allowing for imported goods to be used in production. To

keep the presentation simple, only key equations are presented in this section. Detailed derivations are

presented in section A in the appendix.

Nominal price rigidity is modeled as in Galí and Gertler (1999), who use a variant of the mechanism

formulated by Calvo (1983). More speci�cally, �rms are formally restricted in their ability to change

prices. In each period, a share (1� �) of the �rms is allowed to change prices while remaining �rms

keep prices �xed. Of the �rms who are allowed to change their prices, a fraction (1� !) does so in an

optimal, forward-looking manner while a fraction ! instead set the new price using a rule of thumb,

which is based on past price developments. A motivation for this formulation is that the process of

setting an optimal price is costly to �rms (e.g. information gathering costs, decision making costs).

The model economy consists of a continuum of �rms indexed by i 2 [0; 1]. Each �rm is a monopolistic

competitor and produces a di¤erentiated good Yit that it sells at nominal price Pit. Each �rm faces a

constant elasticity demand function, i.e.

Yit =

�
Pit
Pt

��"
Yt (1)

where Yt and Pt is aggregate demand and the aggregate price level respectively. All �rms use the same

production technology and need three inputs, labor (L), capital (K) and imported goods (IM). The

production function of �rm i is given by

Yit = AtL
�
it

�
IM�

itK
1��
it

�1��
(2)

where 0 < � < 1, 0 < � < 1 and A denotes technology. The function implies constant returns to scale

with respect to all three production factors, but decreasing returns to increases in any combination of

two production factors.

The optimal �exible price

Before deriving how a pro�t maximizing �rm sets prices under nominal price rigidity, it is useful to

derive the �rm�s optimal price under perfectly �exible prices.

Under �exible prices, the producer of good Yi chooses Pi to maximize pro�t subject to the demand

equation in (1). Formally,

max
Pit
�it = PitYit �MCitYit (3)

where MCit is the �rm�s marginal cost. The �rst order condition for the optimal choice of Pit is

Pit =
"

"� 1MCit (4)

Equation (4) states the standard result when assuming a constant elasticity demand function; in the

absence of nominal rigidities, �rms will set prices as a constant markup over current marginal cost. In

other words, in case of �exible prices, real marginal cost, mcrt would be constant and �rms would always

produce at the �exible price optimal level.
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The optimal price with nominal price rigidity

With restrictions on the possibility to adjust prices each period, optimal price setting must take

expected future developments of demand and production conditions into account. The optimization

problem of a �rm which is drawn to reoptimize in a given period will be to set Pit as to maximize

expected pro�t over the horizon over which the price is expected to prevail. Formally, the optimization

problem is

max
Pit
Et

1X
j=0

(��)
j
Vt;t+j

�
Pit
Pt+j

Yit+j �
MCit+j
Pt+j

Yit+j

�
(5)

subject to the demand equation in (1). � is the probability of the �rm not being allowed to change price

in each period and �jVt;t+j is the stochastic discount factor.

The solution to this optimization problem can, in log-linearized terms, be expressed as (see the

appendix for a detailed derivation)

pit = (1� ��)Et
1X
j=0

(��)
j
mcit+j (6)

Small letters denote log deviation from steady state. (6) shows that when prices are rigid, rational �rms

will set prices as a markup over a weighted sum of current and expected marginal cost.

By quasi-di¤erencing (6), the optimal price in period t can instead be expressed as a function of

current marginal cost and expectations of future prices.

pit = (1� ��) [mcit] + ��Etpit+1 (7)

The marginal cost function

A common measure of real marginal cost in the New Keynesian literature is real unit labor cost.

This results from assuming Cobb-Douglas technology with only labor and capital. With imported

goods included in the production function along with labor and capital, as in (2), marginal cost will

be a function of both wage costs and the cost of imported goods. In the appendix, it is shown that

a cost-minimizing �rm will face the following marginal cost function (expressed as log deviation from

steady state)

mcit =
1

�+ � (1� �) [�(wt + lit � yit) + � (1� �) (p
m
t + imit � yit)] (8)

Hence, (nominal) marginal cost is a function of both unit labor costs and the unit price of imports in

production.

The Phillips curve

Turning to aggregate price dynamics, the fact that all �rms who reoptimize in a given period will

choose the same price justi�es using the notation pft instead of pit. The superscript f emphasizes that

the price setting is forward looking. Accordingly, from (7)

pft = (1� ��) [mcrt + pt] + ��Etp
f
t+1 (9)

where mcrt is real marginal cost.

The general price level in period t, pt, will be a weighted average of
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� a share (1� �) of �rms which are allowed to change the price. Of these a share (1� !) sets prices

in an optimal, forward-looking manner (pft ) and a share ! follows a rule of thumb and reset prices

to adjust for last periods in�ation.

� a share (�) of �rms who does not change the price.

The assumed rule of thumb (again leaving out the subscript i as the whole share ! of �rms follow

the same rule) is, in log-linearized form,

pbt = p
�
t�1 + �t�1 (10)

where p�t�1 is an index of newly set prices and �t�1 = pt�1 � pt�2. Hence, �rms which obey the

rule of thumb set prices based on recent pricing behavior of its competitors, adjusted for recent

in�ation.2

The general price index evolves according to

pt = (1� �) p�t + �pt�1 (11)

and

p�t = (1� !) p
f
t + !p

b
t (12)

Combining equations (10) - (12) with (9) yields the hybrid Phillips curve with current in�ation as a

function of both lagged in�ation and expected in�ation as well as real marginal costs (see the appendix

for a detailed derivation):

�t = �mc
r
t + �fEt�t+1 + �b�t�1 (13)

where
� = (1���)(1��)(1�!)

�

�f =
��
�

�b =
!
�

(14)

with � = � + ! [1� � (1� �)] and

mcrt =
1

�+ � (1� �) [� (wt + lt � pt � yt) + � (1� �) (p
m
t + imt � pt � yt)] (15)

The two components of the real marginal cost are (wt + lt � pt � yt), which is real unit labor costs

(or, equivalently, the labor income share) and (pmt + it � pt � yt), the share of imported intermediate

goods to production in current prices. When both these variables are at their �exible price levels, �rms

are producing at their desired production levels. Consequently, there will be no pressure from current

demand conditions or elsewhere for in�ation to rise. When mcrt is above (below) the �exible price level,

the production level is higher (lower) than the �exible price level, and there will be a tendency for

in�ation to edge up (fall) as �rms�who can will raise (lower) prices.

2This is the same rule of thumb as in Galí and Gertler (1999).
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3 Estimating a Swedish Phillips Curve

In the following, the above derived Phillips curve will be estimated on Swedish data, that is

�t = �1lst + k2imst + �fEt�t+1 + �b�t�1 + "t (16)

where lst = wtlt
ptyt

, imst =
pmt it
ptyt

, k1 = � �
�+�(1��) and k2 = �

�(1��)
�+�(1��) . With "t I allow for the occurrence

of supply shocks in period t.

Data covers the period 1986:1 to 2004:1 and is quarterly. In�ation is measured as the GDP de�ator,

which is the most theory-consistent price index (price increases on all produced goods and services).

The in�ation rate is expressed as the quarterly change in the price level.3 As a robustness check, also

CPI and a measure of underlying in�ation, UND1X, are used in the estimations.4 The model assumes

that in�ation in steady state is constant. To allow for the possibility of a time-varying steady state,

estimations with detrended in�ation (using a Hodrick-Prescott �lter) are also performed. Trend in�ation

is then assumed to capture the (time-varying) steady state in�ation rate.

Real unit labor cost, lst, is expressed as percentage deviation from the mean. The cost measure

of imported goods, imst, should ideally capture the share of imported goods in production. However,

total imports of goods is not easily divided into imports of intermediate goods and consumption goods

respectively. Therefore, there are no time series of imported intermediate goods available. As a conse-

quence, I choose to measure imst as the share of all imports to production (also expressed as percentage

deviation from the mean). This should be a reasonable proxy to the extent that the respective shares

of imported intermediate goods and imported consumption goods have been fairly stable over time (in

current prices).

As point of reference, the Phillips curve is also estimated with the output gap, yt, as a measure of

real activity (calculated as log (yt) in deviation from a Hodrick-Prescott trend). A common approach

when opening up the standard NKPC to foreign trade is to derive an expression under which the real

exchange rate, qt, enters the Phillips curve equation along with yt (see e.g. Svensson (1998)). As another

robustness check, therefore, also qt (the log real exchange rate) is allowed to enter the Phillips curve

along with the output gap. Finally, estimations are also performed with mcrt de�ned as just the labor

income share (lst), as in Galí et al. (2001). The main data used in the estimations are depicted in

Figure 1.

As a �rst pass on the data, dynamic-cross correlations between in�ation and the di¤erent cost

measures are depicted in Figure 2. As can be seen, correlations are high both contemporaneously

and with leads and lags between in�ation and real unit labor costs. Dynamic correlations are overall

lower between in�ation and the output gap, which a priori suggests that a Phillips curve including real

unit labor cost might do a better job in explaining Swedish in�ation developments than a standard

Phillips curve with the output gap. Dynamic correlations between in�ation and the share of imports in

production are overall negative. In fact, the import share has risen steadily since the beginning of the

1990�s while in�ation has �rst been falling and thereafter has remained low (see �gure 1). To a large

3 In the estimations with GMM, I also experiment with in�ation epxressed as annual rate.
4UND1X is de�ned as CPI cleansed from certain components which are not directly determined by demand conditions

(household mortgage interest expenditures and the direct e¤ects of changes in indirect taxes and subsidies).
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extent, the increase in the import share is owing to the successive depreciation of the Swedish exchange

rate and thereby higher import prices. This development is not problematic from a theoretical point of

view; theory predicts these price increases to spill over to domestic price in�ation. However, the import

share in production has also risen in �xed prices, probably to a large extent re�ecting an increasing

share of international trade. Such a structural change is not captured by the model (in terms of the

model, it suggests that � has increased over time). Estimations of the Phillips curve as in (16) may

nevertheless still be justi�ed as real marginal cost is expressed as the sum of real unit labor cost and

the import share in production. To the extent that variations in the import share fail to explain much of

the short term variations in in�ation, the estimated elasticity of in�ation with respect to this measure

of imported in�ation should be close to zero. However, to control for the possibility of a time-varying

steady state level also in the import share and the labor share, estimations with detrended imst and lst

are also performed.

3.1 Estimations with GMM

In this section, the Phillips curve-relation in equation (16) is estimated with GMM.

The rationale for using GMM is the following. Using the fact that forward looking agents will form

their expectations of future in�ation in a rational fashion, it follows that �t+1 = Et�t+1 + "t+1 where

the expectational error, "t+1, will be uncorrelated with the set of information in period t used to form

expectations about in�ation one period ahead, 
t. Accordingly, the following orthogonality condition

must hold

cov (
t; "t+1) = E [
t"t+1] = 0 (17)

By �nding variables that are used when agents form their expectations about future in�ation, i.e. are

part of 
t, the orthogonality condition can be written as

cov (zt; "t+1) = E [zt"t+1] = 01xn(z) (18)

where zt is a vector of variables which form part of 
t. The set of conditions can also be expressed as

E [f (xt�) zt] = 01xn(z) (19)

where

f (xt�) = �t � �mct � �f�t+1 � �b�t�1 (20)

This set of orthogonality conditions subsequently forms the basis for estimating the model by choosing

parameters so as to minimize the corresponding sample moment. Valid instruments for Et�t+1 are

variables dated t or earlier, which on theoretical grounds can be judged to be part of the information

set. In statistical terms, the instruments must be uncorrelated with the GMM residuals, which are

essentially forecast errors.

However, in practice, the choice of instruments is often rather arbitrary as it amounts to using only

a subset of the information variables.5 . In addition, there is a risk of misleading results in case of

speci�cation errors in the estimated equation, as pointed out by Rudd and Whelan (2001). Assume that

5Paul Söderlind, �Lecture Notes - Econometrics: GMM�(2001).
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the true model for in�ation includes only lags of in�ation �as is often the case in empirical in�ation

equations �and no forward looking component. Yet, (16) is the equation which is being estimated and

earlier lags of in�ation are chosen as one of the instrument for �t+1. Rudd and Whelan then shows that,

as in�ation is highly autocorrelated, the result will be biased estimates with positive e¤ects from Et�t+1

although the true model in this case is purely backward looking. Furthermore, Lindé (2002) shows by

means of Monte Carlo simulations that GMM used on New-Keynesian sticky price models is likely to

produce imprecise and biased estimates.

Notwithstanding these drawbacks with GMM, the method will be used here as an interesting com-

parison with the FIML estimations. The VAR used in the FIML estimations on the other hand implies

more speci�c assumptions about in�ation expectations than simple moment conditions, thus raising the

risk of misspeci�cation.

In the estimations, a restriction that �f+�b = 1 is imposed. Under the assumption that the discount

factor, �, is close to one, this restriction implies that the share of backward and forward-looking �rms

sum to one.6 The instrument set contains four lags of included variables and in some speci�cations also

an exogenous variables with lags ( y�t , which denotes foreign trade-weighted GDP). The criterion for

choosing instruments has been the validity of the overidentifying restrictions.

Results of the estimations using GMM are shown in Table 1. The table contains a number of model

variations as regards the speci�cation of the real variable in the Phillips curve and choice of price index.

The �gures between parenthesis in the �rst three columns are the standard errors of the estimates.

The �gures between parenthesis in the last column is the p-value for the test of the overidentifying

restrictions.

6Mavroeidis (forthcoming) shows that with certain properties of the non-modelled variables, the restriction �f+ �b = 1

is necessary for the the model´ s parameters to be identi�ed
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Table 1. GMM Estimates of Swedish Phillips Curve (quarterly rate of in�ation).

Model speci�cation Instruments Parameters Test

�1 �2 �f J

Open economy Phillips Curve

(1) mcr = f (ls; ims), ls, ims, � 0.006 0.003 1.303 7.48

� = GDPde�. (-1 to -4) (0.023) (0.010) (0.119) (>0.75)

(2) mcr = f (ls; ims), ls, ims, � -0.006 -0.005 0.746 8.67

� = CPI (-1 to -4) (0.006) (0.003) (0.054) (>0.75)

(3) mcr = f (ls; ims), ls, ims, � 0.002 -0.001 0.665 8.43

� = UND1X (-1 to -4) (0.005) (0.002) (0.091) (>0.75)

(4) output gap (hp-�ltered) y, q, �, -0.037 0.006 0.919 6.81

and q, � = GDP de� (-1 to -4) (0.023) (0.004) (0.067) (>0.50)

(5) mcr = f (ls; ims), ls, ims, � 0.009 0.001 1.294 7.36

� = GDPde�. (dev. from trend) (-1 to -4) (0.023) (0.010) (0.113) (>0.75)

(6) mcr = f (ls; ims) ls and ims ls, ims, � 0.048 -0.040 1.226 9.52

as dev. from trend, � = GDPde�. (-1 to -4) (0.131) (0.034) (0.117) (>0.75)

(7) mcr = f (ls; ims) ls and ims ls, ims, � 0.010 -0.029 1.238 7.32

as dev. from trend, � = GDPde�. (-1 to -4) (0.127) (0.034) (0.115) (>0.50)

(8) mcr = f (ls; ims), ls, ims, � 0.026 -0.005 1.770 6.52

� = GDPde�., shortened sample (-1 to -4) 0.024 0.012 0.157 (>0.50)

(9) mcr = f (ls; ims), ls, ims, � 0.064 0.051 0.546 7.50

� = CPI, shortened sample (-1 to -4) 0.014 0.010 0.141 (>0.50)

Standard Phillips Curve

(1) mcr = f (ls), ls, �, y, y� -0.003 � 1.135 10.73

� = GDP de�. (-1 to -4) (0.018) (0.117) (>0.50)

(2) output gap (hp-�ltered), ygap, �, y� -0.074 � 1.405 5.92

� = GDP de�. (-1 to -4) (0.067) (0.198) (>0.75)

(3) output gap (hp-�ltered), ygap, � -0.056 � 1.213 4.09

� = GDP de�., shortened sample (-1 to -4) 0.057 0.153 (>0.50)

(4) output gap (hp-�ltered), ygap, � -0.140 1.301 8.32

� = CPI, shortened sample (-1 to -4) 0.048 0.158 (>0.50)

As can be seen from row 1 in Table 1 (which is the baseline case with real marginal cost measured

as the sum of labor income share and the import share and with in�ation measured with the GDP

de�ator) the estimated parameters of both lst and imst have the expected sign but are very small. The

small point estimates of �1 and �2, are fairly robust across various speci�cations of the real driving

variable and of price index. The coe¢ cients for the real variable are also in the lower range of estimated

parameters in other studies.7 One reading in economic terms of the results would be that, with such

7Galí and Gertler (1999) estimate the parameter for the real marginal cost to be in the range 0.015 - 0.051 in the U.S.

while Galí, Gertler and López-Salido (2001) provide parameter estimates in the range 0.006 - 0.214 for the euro area.
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low point estimates of the impact from the real variable, real economy developments are more or less

unimportant for in�ation dynamics. In a model with predetermined expectations this would be a possible

conclusion. However, with forward looking expectations, such a strict reading of the impact on in�ation

is not impossible. What my results do indicate is a high degree of persistence in �rms�price setting

behavior. In terms of the deep parameters of the model, the small estimates of �1 and �2 suggest a

substantial degree of price stickiness (a high �). However, it is worth noting that this result is speci�c

to the model set up in this paper. Altig, Christiano, Eichenbaum, Lindé (2004) show that in a model

with �rm-speci�c and predetermined capital, in�ation may be persistent even though �rms reoptimize

frequently. The inertia in their model re�ects that when �rms do change prices they do so by a small

amount.

On statistical grounds, inference about the impact of �1 and �2 are even more uncertain. Standard

errors of the estimates are generally large and the estimates are in no case signi�cantly di¤erent from

zero when I estimate over the full sample period. In other words, statistically it is di¢ cult to pin down a

signi�cant relationship between any of the real variables studied in this paper and in�ation as suggested

by the structural Phillips curve equation. Nevertheless, it is worth noting that using the output gap in

the Phillips curve yields point estimates of �1 which are negative while the estimates with real marginal

cost in the equation in all cases but one give a positive estimate of �1. This is a similar picture as in

Galí and Gertler (1999), where the authors argue that a measure of real marginal cost outperforms the

output gap in the estimation of the Phillips curve in the sense that it enters with the expected, positive

sign.8

In speci�cation (8), (9) as well as (3) and (4) in the standard Phillips curve set-up I use a shorter

sample, from 1995 and onwards. Following the shift to an in�ation targeting regime in 1993, the new

in�ation target of two per cent in�ation became e¤ective in 1995. However, it may be noted that

the theory in itself does not suggest that such regime shifts should introduce a break in the structural

relationship between in�ation and the real driving variable. With a sample starting in 1995, the estimated

impact of the real variables are on average larger than when the sample starts in 1986. And the point

estimate of �1 is positive when labor share enters the equation and negative when the output gap does,

also over this shorter period. However, the shorter sample only covers 37 observations and standard

errors remain large.

In line with Galí and Gertler (1999), I �nd that expectations of future in�ation are more important

for in�ation developments than past in�ation developments. In fact, a predominant role for forward

looking expectations is a robust result across all equations. However, in some setups the estimate of

�f is even larger than 1. This implies an implausible negative estimate of �b, i.e. that an increase

in in�ation one period would act to lower in�ation the next period. This casts a general doubt on

whether the New Keynesian Phillips curve with staggered price setting yields a correct speci�cation of

Swedish in�ation dynamics. A badly speci�ed model could be an explanation for the obtained estimates.

However, this is a problem particularly when in�ation is de�ned with the GDP de�ator. Using CPI

in�ation or UND1X in�ation yield more realistic results.

8 I have also experimented with estimating the deep parameters (with � calibrated to be close to 1). However, standard

errors of the estimates remained large and the implied estimates of �1, �2 and �f were in the same range as in Table 1.
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When I allow for time-varying steady state values of the labor share and the import share, the results

indicate a substantially larger importance for labor share (the sixth speci�cation in Table 1). However,

neither in this case is it possible to reject a hypothesis of parameter values of zero for the real variables.

In addition, allowing also for a time-varying steady state value of in�ation (the seventh speci�cation in

Table 1), again reduces the importance for labor share.

A closed economy set up for the Phillips curve (the eight last rows in table 1) also yield negative

estimates of �1 as well as �f in excess of 1. This indicates, as expected, that external in�uences on

Swedish in�ation need to be taken into account to improve the validity of the results.

In Table 2 below, I have used in�ation expressed as yearly rate instead. This is incoherent with

the theoretical set up (see below), but can often be seen in empirical studies on in�ation dynamics.

To render comparisons with the results in Table 1 more straightforward, the in�ation rate has been

scaled down to a quarterly equivalent rate. It can be noted that the estimated parameters of the real

variable (real marginal cost or the output gap) are now positive across all speci�cations. However, the

coe¢ cients remains small and standard errors of the estimates large.

Table 2. GMM Estimates of Swedish Phillips Curve (annual rate of in�ation).

Model speci�cation Instruments Parameters Test

�1 �2 �f J

Open economy Phillips Curve

(1) mcr = f (ls; ims) ls, ims, �, y� 0.004 0.001 0.354 9.94

� = GDPde�. (-1 to -4) (0.004) (0.002) (0.052) (>0.50)

(2) mcr = f (ls; ims) ls, ims, �, y�, 0.004 0.002 0.351 8.73

� = CPI (-1 to -4) (0.003) (0.001) (0.036) (>0.50)

(3) mcr = f (ls; ims) ls, ims, �, y� 0.000 0.001 0.493 11.85

� = UND1X (-1 to -4) (0.002) (0.001) (0.046) (>0.75)

(4) output gap (hp-�ltered) ygap, q, �, 0.004 0.000 0.668 9.85

and q, � = GDP de�. y�(-1 to -4) (0.010) (0.002) (0.100) (>0.50)

(5) mcr = f (ls; ims) ls, ims, �, y� 0.002 0.001 0.350 10.04

� = GDPde�. (dev. from trend) (-1 to -4) (0.004) (0.002) (0.053) (>0.50)

(6) mcr = f
�

3P
t=0
lst�i;

3P
t=0
imst�i

�
ls, ims (-4 to -7) 0.003 0.001 0.722 10.36

� = GDPde�. �, y� (-1 to -4) (0.005) (0.001) (0.096) (>0.50)

Standard Phillips Curve

(1) mcr = f (ls) ls, �, y� 0.001 � 0.399 9.63

� = GDPde�. (-1 to -4) (0.003) (0.044) (>0.75)

(2) output gap (hp-�ltered) ygap, �,y�, 0.003 � 0.781 8.10

� = GDPde�. (-1 to -4) (0.011) (0.134) (>0.75)

As regards the relative importance of lagged and expected in�ation, Table 2 shows that speci�cations

with in�ation at annual rate overall point to a higher degree of in�ation persistence (higher value of

�b). However, this is likely due to a misspeci�cation of the structural model. As shown in Section 2, the
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theoretically correct measure of in�ation in the New Keynesian Phillips curve is price changes between

two quarters (given that quarterly data are used). Adhering to the structural model, while at the same

time expressing in�ation as annual changes, requires adjusting (16) to allow for four lags of the real

driving variable (see derivation in Appendix B). When I allow for these adjustments, speci�cation (6),

the estimated size of �b becomes much smaller and in better accordance with the results in Table 1.

The conclusion drawn above, that GMM estimations show that expected in�ation is more important for

in�ation dynamics in Sweden than past in�ation, thus remains valid.

3.2 Estimation with FIML

The VAR(2) model used in the FIML estimations is speci�ed as

Yt = C + �1D923 + �2D931 +

2X
i=1

�iYt�i +

2X
i=1

	i�t�i +

2X
i=1

�iY
�
t�i + �t (21)

where Yt = [(yt � y�t ) lst imst rt qt]
0. (yt � y�t ) is the (Hodrick-Prescott �ltered) output gap of do-

mestic real GDP, rt is the three month nominal interest rate and qt is the (log of) real trade-weighted

exchange rate. D923 is a dummy variable equal to 1 in 1992:3 and 0 otherwise (to control for the ex-

tremely high interest rates level during the currency crisis in autumn of 1992). D931 is a dummy variable

equal to 1 in 1993:1 and thereafter (intended to capture possible structural shifts in connection with the

shift to a new exchange rate regime). �t is the in�ation rate measured as the GDP de�ator, expressed

as quarterly rate of change. Zt is a vector of exogenous variables, namely Y �t = [y
�
t �

�
t r

�
t ]
0. y�t denotes

(the log of) foreign trade-weighted (TCW) real GDP, ��t is foreign trade-weighted (CPI) in�ation and

r�t is the foreign trade-weighted 3-month nominal interest rate.
9

The FIML is estimated by solving the system of equations comprised of the unrestricted VAR above

and the Phillips curve relation (using Paul Söderlind´s algorithm for models with rational expectations,

see Söderlind 1999). Two close the system, also a foreign VAR(2) with the variables in the Zt vector

is included. I put no restrictions on the VAR equations as the intention is to focus on estimating the

structural Phillips curve equation. (In appendix C, the model is presented in state-space form.)

Once the model is solved, the likelihood function of the solved model is computed for any set of

parameters for the variables in the Phillips curve (the coe¢ cients in the VAR are estimated separately

and held �xed in the FIML estimations). FIML estimation is valid under the assumption that the

innovations in the model are joint normally distributed with mean zero. Finally, a sequential quadratic

programming algorithm is used to �nd the set of parameters that maximize the value of the likelihood-

function. The same restriction as in the GMM estimation, i.e. �f + �b = 1, is imposed.

The results of the FIML estimations are shown in Table 3. The �gures in the �rst three columns are

the point estimates of the parameters with the standard errors between parenthesis. The last column

shows the result of a likelihood ratio test of the hypothesis of a completely forward-looking model.

9 I have also experimented with including (the log of) domestic real GDP in level instead of as deviation from potential,

as this is a more common set up in VAR esimation. However, this did not change the result in any signi�cant way.
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Table 3. FIML Estimates of Swedish Phillips Curve (quarterly rate of in�ation).

Model speci�cation Parameters Hypothesis test

�1 �2 �f of �f = 1, �2 (1)

Open economy Phillips curve

(1) mcr = f (ls; ims), -0.001 0.008 1.431 0.865

� = GDP de�. (0.001) (0.001) (0.230)

(2) mcr = f (ls; ims), 0.014 -0.004 0.890 0.012

� = CPI (0.006) (0.002) (0.091)

(3) mcr = f (ls; ims), 0.007 0.000 0.987 0.001

� = UND1X (0.005) (0.002) (0.120)

(4) mcr = f (ls; ims), � = GDP de�. 0.015 0.001 0.877 0.009

two dummies in Phillips curve (0.008) (0.003) (0.092)

(5) (yt � y�) (hp-�ltered) 0.007 0.006 0.510 0.923

and q, � = GDP de�. (0.008) (0.004) (0.084)

(6) mcr = f (ls; ims), � = GDP de�. 0.018 -0.003 1.531 0.109

(deviation from hp-trend) (0.016) (0.005) (0.284)

(7) mcr = f (ls; ims), ls and ims as -0.008 0.007 1.475 0.542

dev. from trend, � = GDP de� (0.026) (0.008) (0.266)

Standard Phillips curve

(1) mcr = f (ls) -0.004 � 1.450 0.097

� = GDP de�. (0.009) (0.245)

(2) (yt � y�) (hp-�ltered), 0.012 � 1.233 0.458

� = GDP de�. (0.003) (0.437)

The overall picture of the results is the same as in the GMM estimations. In other words, the

real driving variable also with FIML is estimated to be very small, suggesting a large amount of price-

stickiness. The estimates of �1 and �2 are broadly within the same range as in Table 1. However,

standard errors are generally somewhat smaller, although still large. With in�ation measured with

CPI (speci�cation (2) in Table 3), the impact of labor share on in�ation is positive and signi�cantly

di¤erent from zero. The estimated parameter of the import share is negative in this set up, contrary to

what one may expect on theoretical grounds but in line with the factual negative correlation between

in�ation and the import share over the sample period. The estimates of �f indicate a predominant role

for forward-looking expectations in line with the GMM results. In fact, the hypothesis of a completely

forward-looking model cannot be rejected under any of the set ups in Table 3. (This is most likely a

consequence of the fact that there are large residuals. As a result, the log likelihood function becomes

�at and inference uncertain.)

As regards the de�nition of real variable, neither with FIML can I verify with any statistical degree

of certainty that real marginal cost have better explanatory power for Swedish in�ation than the output

gap. In particular, with an open economy de�nition of the Phillips curve (speci�cation (5)), including

the output gap (along with the real exchange rate) as the real variable provides reasonable results.
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In speci�cation (4), I allow for a structural shift in the Phillips curve at the time of change of

exchange rate regime. I use the same dummies as for the variables in the VAR, i.e. a spike dummy in

1992:3 and a regime shift dummy from 1993:1 and onwards. The estimated equation when introducing

these dummies gives point estimates of both �1and �2 with the expected positive signs and, in the case

of �1 signi�cance at the 10 per cent level. However, the results are not distinctly di¤erent from the the

result of the estimations without dummies in the Phillips curve. This is not entirely surprising. As can

be observed in Figure 3, the sharp reduction in the in�ation rate in the beginning of the 1990´s actually

coincides with a marked fall in real unit labor costs. This suggests that the fall in in�ation at this time

may be explained within the New Keynesian framework.

As seen in speci�cation (7), the FIML estimations support the GMM results that detrending lst and

imst to control for timevarying steady state values of these variables does not particularly improve the

�t of the estimations.

Finally, as regards the robustness of the VAR, Rudd and Whelan (2002) demonstrated that in the

studies of Woodford (2001) and Sbordone (2002) who use small, unrestricted VAR models to solve

for in�ation expectation when estimating Phillips curves, the results were sensitive to di¤erent VAR

speci�cations. That does not appear to be the case in the Swedish data; I have experimented with

di¤erent lag lengths in the VAR and with some changes as to included variables but the results were

found to be qualitatively similar in the sense that the impact from the real variable in the Phillips curve

is small and not statistically signi�cant.

4 Conclusions

The estimations in this study suggest that a New Keynesian Phillips curve with staggered price setting

- augmented to a small open economy by allowing for the use of imported goods in production - o¤ers

insu¢ cient explanations for the development of Swedish in�ation over the period studied. In fact, it has

not been possible to pin down a statistically signi�cant relationship between a real variable and in�ation

during the period studied.

The claim by inter alia Galí and Gertler (1999) that a marginal cost based Phillips curve has a

better potential for explaining short term in�ation than an output gap based Phillips curve was tested

on Swedish data. It was noted that the contemporaneous correlation is fairly strong and positive

between real unit labor cost and in�ation, and stronger than between the output gap and in�ation.

This suggested, a priori, that a measure of �rms�real marginal cost including real unit labor cost might

capture �rms�level of resource utilization and, hence, their inclination to raise prices, better than an

output gap based Phillips curves. However, this stronger relationship could not be statistically veri�ed

in either the GMM estimations or the FIML estimations. It was, nevertheless, noted that in the GMM

estimations the estimated parameter on labor share in most cases had the expected positive sign while

with the output gap in the equations the point estimates where instead in most cases negative. Even

though the standard errors were generally too large for robust inference to be drawn, the sign of the

point estimates on the real variables suggests that labor share might be a better representation of the

real variable driving in�ation than the output gap also in a Swedish Phillips curve.
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The lack of a statistically signi�cant impact of real activity on in�ation is shared with other studies

of the Swedish Phillips curve relationship (e.g. Hallsten 2000). One likely reason for this result is that

the time span used in studies of the Swedish economy, commonly from the beginning or middle of the

1980�s, is too short. Empirical studies of the Phillips curve in the US economy are commonly based

on time series from the 1960 and onwards (in the study by Galí, Gertler and López-Salido on the Euro

area, from 1970). This evidently reduces the standard errors and increases the possibility to draw solid

conclusions from data.

Another possibility is that the link between real activity and in�ation has indeed been less stable

in Sweden. Structural changes in the economy over the last twenty years may have led to breaks in

the relationship between real activity and in�ation (even though, as noted above, on strictly theoretical

grounds it is not evident that structural changes would not be re�ected in �rms price setting behavior).

As regards the shift to a �oating exchange rate in 1992, I tested for a possible structural break in the

in�ation process by introducing dummies in the regression equation in the FIML estimation and by

estimating over a shorter sample with GMM. This improved the �t of the regressions but standard

errors in general remained large.

Finally, it is of course also possible that the measure of marginal cost used in this paper, real unit

labor cost and the cost of imported inputs, is a poor proxy for �rms� true real marginal cost. For

instance, Rotemberg and Woodford (1999) discuss a number of reasons why �rm�s real marginal cost

may vary more with resource utilization in the economy than real unit labor cost (such as adjustment

cost of labor, the existence of overhead labor and other �xed costs in production). This opens up the

possibility that �rms��true�real marginal cost in practice covaries with in�ation to a higher degree than

does real unit labor costs. To the extent that such costs are more important in the Swedish economy

than e.g. the American, it would o¤er an additional explanation for the poorer �t in the estimations

on Swedish data than on US data. In order to improve the empirical �t of a Swedish Phillips curve, it

would then seem important to develop alternative measures of real marginal cost in order to increase

its realism.
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Appendix

A. The New Keynesian Phillips curve with staggered price setting adopted

to a small open economy

The optimal price with nominal price rigidity

With restrictions on the possibility of �rms to change prices, the optimization problem can be written

max
Pit
Et

1X
j=0

(��)
j
Vt;t+j

�
Pit
Pt+j

Yit+j �
MCit+j
Pt+j

Yit+j

�
(A 1)

subject to demand

Yit+j =

�
Pit
Pt+j

��"
Yt+j (A 2)

The �rst order condition to the maximization problem is

Et

1X
j=0

(��)
j
Vt;t+jYt+j

"
1� "
Pt+j

�
Pit
Pt+j

��"
+

"

Pt+j

MCit+j
Pt+j

�
Pit
Pt+j

��(1+")#
= 0 (A 3)

which after some algebra may be written as

PitEt

1X
j=0

(��)
j
Vt;t+jYt+jP

"�1
t+j =

"

"� 1Et
1X
j=0

(��)
jj
Vt;t+jYt+jMCt+jP

"�1
t+j (A 4)

Log-linearizing equation (A 4) yields

pit = (1� ��)Et
1X
j=0

(��)
j
mcit+j (A 5)

where small letters denote log-deviation from steady state. Quasi-di¤erencing (A 5) gives

pit = (1� ��) (mcit) + (1� ��)Et
1X
j=0

(��)
j
mcit+j (A 6)

= (1� ��)mcit + ��Etpit+1

The marginal cost function

The cost minimization problem of the �rm is (with capital held �xed)

minWtLit + P
m
t IMit (A 7)

subject to

L�itIM
�(1��)
it = Yit (A 8)

(For simplicity, A and K in the production function are set equal to 1.) First order conditions of the

Lagrangian are

Wt = ��
Yit
Lit

(A 9)
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Pmt = �� (1� �) Yit
IMit

(A 10)

L�itIM
�(1��)
it = Yit (A 11)

Solving this for the factor demand equations gives

Lit =

�
�

� (1� �)

� �(1��)
�+�(1��)

W
��(1��)
�+�(1��)
t (Pmt )

�(1��)
�+�(1��) Y

1
�+�(1��)
it (A 12)

IMit =

�
�

� (1� �)

� ��
�+�(1��)

W
�

�+�(1��)
t (Pmt )

��
�+�(1��) Y

1
�+�(1��)
it (A 13)

The cost function, given the above cost minimizing choices of production factors, is

Cit =

24� �

� (1� �)

� �(1��)
�+�(1��)

+

�
�

� (1� �)

� ��
�+�(1��)

35W �
�+�(1��)
t (Pmt )

�(1��)
�+�(1��) Y

1
�+�(1��)
it (A 14)

and the marginal cost function with respect to Yit is given by

MCit = W
�

�+�(1��)
it (Pmt )

�(1��)
�+�(1��) Y

1
�+�(1��)�1
it (A 15)

where  =

"�
�

�(1��)

� �(1��)
�+�(1��)

+
�

�
�(1��)

� ��
�+�(1��)

#
1

�+�(1��) .

Finally, substituting for Yit = L�itIM
�(1��)
it gives

MCit = 

�
WtLit
Yit

� �
�+�(1��)

�
PmIMit

Yit

� �(1��)
�+�(1��)

(A 16)

In log-linearized terms, the marginal cost function in (A 16) is approximately equal to

mcit =
1

�+ � (1� �) [�(wt + lit � yit) + � (1� �) (p
m
t + imit � yit)] (A 17)

where small letters denote log-deviation from steady state. The corresponding expression in real terms

is

MCrit = 

�
WtLit
PtYit

� �
�+�(1��)

�
PmIMit

PtYit

� �(1��)
�+�(1��)

(A 18)

And in log-linearized terms expressed as deviation from steady state (A 18) will be approximately equal

to

mcrt =
1

�+ � (1� �) [� (wt + lt � pt � yt) + � (1� �) (p
m
t + imt � pt � yt)] (A 19)

Aggregate price developments

All �rms which set an optimal price do so in a manner consistent with (A 6), i.e.

pft = (1� ��) [mcrt + pt] + ��Etp
f
t+1 (A 20)

The rule of thumb for �rms which are not allowed to reoptimize is (in log-linearized form)

pbt = pt�1 + �t�1 (A 21)
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The aggregate price level evolves according to (in log-linearized form)

pt = (1� �) p�t + �pt�1 (A 22)

where p�t is an index of newly set prices according to

p�t = (1� !) p
f
t + !p

b
t (A 23)

The hybrid Phillips curve

By combining (A 21) and (A 22), the di¤erence between the rule of thumb price, pbt , and the current

price level, pt, can be expressed as

pbt � pt = ��t +
1

(1� �)�t�1 (A 24)

Solving (A 22) for p�t , inserting this expression in (A 23) and subtracting pt from both sides yields

�

(1� �)�t = (1� !)
�
pft � pt

�
+ !

�
pbt � pt

�
(A 25)

From (A 20) it follows that

pft � pt = (1� ��)mcrt � ��pt + ��Etp
f
t+1 (A 26)

Solving (A 25) for pft , leading the equation one period, expressing it in expectational terms and using

the expression for pbt � pt in (A 24) yields

Etp
f
t+1 =

� + ! (1� �)
(1� �) (1� !)Et�t+1 �

!

(1� �) (1� !)�t + Etpt+1 (A 27)

Substituting for the expression for Etp
f
t+1 in (A 27) in (A 26) yields

pft � pt = (1� ��)mcrt +
�
�� + ��

�
� + ! (1� �)
(1� �) (1� !)

��
Et�t+1 �

��!

(1� �) (1� !)�t (A 28)

Substituting for (A 28) and (A 24) in (A 25) �nally yields, after some algebra, the hybrid Phillips curve

�t =
(1� ��) (1� �) (1� !)
� + ! [1� � (1� �)] mcrt +

��

� + ! [1� � (1� �)]Et�t+1 +
!

� + ! [1� � (1� �)]�t�1 (A 29)

B. The New Keynesian Phillips Curve with in�ation expressed as annual rate

In the New Keynesian Phillips curve, �t measures price changes between period t and t-1. Accordingly,

if a period t is taken to represent one quarter, �t corresponds to the quarterly rate of in�ation. If,

instead, in�ation is measured as the yearly change of a price index (observed at a quarterly frequency),

the model can be adopted as shown below. The NKPC Phillips curve will then include lags of the

variable measuring real activity.
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Let
_
�t = �t + �t�1 + �t�2 + �t�3 (A 30)

be the annual in�ation rate in period t. For any period, it holds that (using equation (16))

�t�j = �fEt�j�t+1�j + �b�t�1�j + �1lst�j + k2imst�j + "t�j (A 31)

Substituting for (A 31) in (A 30) gives

_
�t = �t + �t�1 + �t+2 + �t�3 (A 32)

= �fEt�t+1 + �b�t�1 + �1lst + k2imst + "t

+�fEt�1�t + �b�t�2 + �1lst�1 + k2imst�1 + "t�1

+�fEt�2�t�1 + �b�t�3 + �1lst�2 + k2imst�2 + "t�2

+�fEt�3�t�2 + �b�t�3 + �1lst�3 + k2imst�3 + "t�3

Rearranging (A 32) yields

_
�t = �f (Et�t+1 + Et�1�t + Et�2�t�1 + Et�3�t�2) + �b��t�1 (A 33)

+�1 (lst + lst�1 + lst�2 + lst�3)

+�2 (imst + imst�1 + imst�2 + imst�3) + ("t + "t�1 + "t�2 + "t�3)

For j > 0, next periods in�ation can be decomposed as a sum of expected in�ation and an error term.

�t�j = Et�1�j�t�j + �t�j (A 34)

When solving (A 34) for Et�1�j�t�j and using this in (A 33) one gets

_
�t = �f (Et�t+1 + �t � �t + �t�1 � �t�1 + �t�2 � �t�2) + �b��t�1 (A 35)

+�1 (lst + lst�1 + lst�2 + lst�3)

+�2 (imst + imst�1 + imst�2 + imst�3) + ("t + "t�1 + "t�2 + "t�3)

Leading (A 30) one period and expressing it in expectational form yields

Et��t+1 = Et�t+1 + �t + �t�1 + �t�2 (A 36)

Finally, collecting the error terms in (A 35) and using (A 36) leads to the following expression

_
�t = �fEt��t+1 + �b��t�1 + �1 (lst + lst�1 + lst�2 + lst�3) (A 37)

+�2 (imst + imst�1 + imst�2 + imst�3)

��f (�t + �t�1 + �t�2) + ("t + "t�1 + "t�2 + "t�3)

= �fEt��t+1 + �b��t�1 + �1 (lst + lst�1 + lst�2 + lst�3)

+�2 (imst + imst�1 + imst�2 + imst�3) +
�
�t + �t�1 + �t�2 + �t�3

�
where the error term, �, is a sum of the disturbance term in the Phillips curve equation and the

expectational error of in�ation (in period t and in previous periods).
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C. The full model in state-space form

The system of equations can be expressed in the following state-space form.

(1) The Phillips curve equation

�t = �yt ++�fEt�t+1 + �b�t�1 + "t (A 38)

(2) An unrestricted VAR for Yt = [(yt � y�) lst imst rt qt]0

Yt = C + �1D923 + �2D931 +
2X
i=1

�iYt�i +
2X
i=1

	i�t�i +
2X
i=1

�iY
�
t�i + �t (A 39)

(3) A foreign VAR where Y �t = [y
�
t �

�
t r

�
t ]
0

Y �t = C + �1�t +
2X
i=1

�iZt�i + �
�
t (A 40)

and �t is a linear time trend.

Let Xt10�1 = [Yt Yt�1]
0 and X�

t6�1 =
�
Y �t Y

�
t�1
�0
and let

�
�t9�1 be a vector collecting all disturbances i.e

�
�t = [�t5�1 �

�
t3�1 "t]

0, then the model can be written in state-space form as

A028�28

24 x1t+1

Etx2t+1

35
28�1

=
�
A28�28

24 x1t

x2t

35
28�1

+

24 �
� t+1

0

35
28�1

(A 41)

where
�
� t+1 =

h
�
�t+19�1 018�1

i0
.

The vector of predetermined variables is de�ned as x1t =
h
�
�t9�1 Xt�110�1 X�

t�16�1 �t�1 �t�2

i0
27�1

and

the vector of forward looking variables as x2t = [�t].

D. Data appendix

Data description

Real unit labor cost is the (seasonally adjusted) wage sum of the total economy, including social charges,

divided by GDP in current prices. The time series were obtained from Statistics Sweden.

The import share is the (seasonally adjusted) total import of goods in current prices divided by GDP

in current prices. Data were obtained from Statistics Sweden.

The interest rate is the three Treasury bill rate (source: the Riksbank).

The exchange is the nominal exchange rate (TCW-weighted) de�ated by weighted relative consumer

price indexes (source: the Riksbank).
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The output gap is calculated as the detrended GDP. The trend is calculated with a Hodrick-Prescott

�lter. Source: the Riksbank.

In�ation is the CPI price index and UND1X (CPI excluding net of household mortgage interest expen-

diture and the direct e¤ect of changes in indirect taxes and subsidies). Source: Statistics Sweden.

Foreign output is foreign real GDP weighted with TCW weights (seasonally adjusted). Source: the

Riksbank.

The foreign interest rate is the 3-month nominal interest rate and foreign in�ation is CPI in�ation, both

weighted with TCW weights. Source: the Riksbank.
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Figure 1. Plot of data.
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Figure 2. Dynamic cross correlations.
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1 Introduction

The �nancial crisis has highlighted the need to understand what governs the availability of credit

in the economy. Research has been intensi�ed in understanding the role played by �nancial inter-

mediaries for the business cycle. This paper uses �rm-level data to investigate whether �rms in

general are subject to shifts in the supply of bank credit over the business cycle. In other words,

do banks vary the conditions under which they o¤er credits to �rms by more than what is implied

by changes in the creditworthiness of �rms or changes in the central bank policy rate?

Theories which allow for frictions in �nancial markets predict that this is the case.1 According

to the traditional bank lending channel of monetary policy, a tightening of monetary policy drains

reserves from the banking system and induces banks to cut back on their lending, given that raising

external funds is costly to banks. However, in recent models of the bank lending channel, this direct

impact of monetary policy on bank reserves and credit supply is downplayed. Instead, shifts in

the supply of credit is tied to the health of the �nancial intermediaries and in particular to the

capital of the intermediaries.2 Accordingly, the link from monetary policy to bank lending runs

via the e¤ect of the interest rate on the balance sheets of the banks and thereby on the premium

they pay for external �nancing.3 As shown by Woodford (2010) in a simple macroeconomic model

which allows for frictions in �nancial markets, a decrease in aggregate economic activity decreases

the value of intermediaries�assets, and hence their net worth. This will allow less borrowing by

the intermediaries, and hence a cutback in the supply of credit. Clearly, not just monetary policy,

but any disturbance that a¤ects banks�net worth will shift the supply of bank credit in this type

of models.

Over the years, there has been ample empirical research devoted to identifying the bank lending

channel and the occurrence of shifts in the supply of credit. Early empirical work of the bank

lending channel focused on the correlation between aggregate output, bank debt and indicators of

monetary policy (e.g. Bernanke and Blinder (1992)). A common di¢ culty in these type of studies

was to disentangle shifts in the supply of credit from shifts in credit demand. Kashyap, Stein

and Wilcox (1993) handled this identi�cation problem by examining relative movements in bank

loans and commercial paper after monetary shocks. The intuition was that a monetary shock that

operates through the standard interest rate channel lowers the demand for all types of �nance,

while a monetary shock that operates through a bank lending channel a¤ects the supply of bank

debt only. Kashyap, Stein and Wilcox found that the amount of bank loans outstanding declined

relative to the outstanding stock of commercial paper after a monetary contraction, which seemed

to suggest the existence of a bank lending channel. However, Rudebusch and Oliner (1996) pointed

1See for instance Bernanke and Gertler (1995) for a review of this literature.
2See for instance Woodford (2010) and Disyatat (2011).
3Boivin, Kiley and Mishkin (2010) labels this "the bank capital channel" as distinct from the traditional bank

lending channel.
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to the fact that there might be a compositional shift in credit demand in recessions. If large �rms

are less severely hit in a recession and therefore demand relatively more credits than small �rms,

this could explain the relative increase in commercial paper issuance, since most commercial papers

are issued by large �rms.

In line with Kashyap, Stein and Wilcox (1993), Becker and Ivashina (2010) examine �rms�

substitution between bank credit and public debt to identify shifts in bank-loan supply, but use

�rm level data instead of aggregate loan data. They study both how changes in monetary policy

and changes in banks �nancial health a¤ect �rms��nancing choices. The study is naturally limited

to large �rms, for which public debt issuance is an available means of �nancing. They �nd evidence

that �rms substitute bank loans for bonds at times characterized by high levels of non-performing

loans, low bank share prices as well as in periods of tight monetary policy.

The idea in this paper is to use a contractual di¤erence across bank credits to test for credit

supply e¤ects in a sample of both small and large �rms. Firms applying for bank credit may

seek a either a commitment contract or a term loan. A commitment contract is a line of credit,

under which the �rm is entitled to borrow up to a certain preset ceiling and at conditions set in

advance. A term loan allows the �rm to sign a loan contract as need arises and with terms set on

the spot. When banks aim to tighten credit conditions, they are free to reduce the supply of term

loans, i.e. loans not under commitment. But their possibilities to reduce the supply of loans under

commitment are more limited. In this way, loan commitments may protect �rms from a credit

contraction, as argued by James (2009).

The approach to use the distinction between commitment and non-commitment loans has been

explored by Morgan (1998) and by Black and Rosen (2007). Using aggregated bank lending data,

Morgan found that tighter monetary policy slowed the growth of loans not under commitment

relative to loans under commitment. Black and Rosen examined detailed loan origination data

and found no signi�cant evidence that the number of non-commitment loans decreased relative to

commitment loans when monetary policy was tight. Instead, when analyzing loan maturities, they

found that banks reduced the maturity of loan originations during periods when the fed funds rate

was high. The e¤ect was a gradual reduction in loan supply, as predicted by the bank lending

channel.

In this study, I use �rm-level data to examine how �rms substitute between commitment loans

and non-commitment loans. The bene�t of using �rm-level data is that it addresses concerns about

compositional changes in the set of �rms raising debt. It also enables me to control for �rm-speci�c

factors that are likely to in�uence �rms��nancing decision. In line with Becker and Ivashina, I

employ several measures of credit conditions at the macro level: the central bank policy rate, the

level of bank credit losses as a percentage of total bank lending and a bank stock market index. The

sample consists of a large panel of Swedish �rms over the period 1997 - 2009. The results indicate
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that �rms on average rely more on commitment credits, i.e. lines on credit, when monetary policy

is tight and when the �nancial health of banks is weaker. I interpret this as evidence consistent

with a bank lending channel of monetary policy and of negative shifts in the supply of credit

following deteriorations in banks�balance sheets.

The outline is the following. Section 2 describes the data set I use and discusses some data

limitations that need to be handled. Section 3 provides information on the characteristics of lines

of credit and on their use by Swedish corporations. Section 4 presents the empirical set up and my

results. Section 5 concludes.

2 The data

The study is conducted on a large panel data set of Swedish �rms, aktiebolag. Aktiebolag is by

approximation the Swedish equivalent of US corporations and UK limited liability businesses.

The population of �rms is collected from the Swedish credit bureau, Upplysningscentralen. The

complete micro data is an unbalanced panel of approximately 340 000 Swedish �rms. The credit

bureau collects and compiles annual balance-sheet and income-statement data from the Swedish

Companies Registration o¢ ce. As a result, the data covers in principle all registered Swedish

corporations, both public and private.

A di¢ culty when using accounting data is that the accounting years do not necessarily coincide

with calender years. Only around half of the �rms in the panel have an accounting year that

corresponds to the calender year. I deal with this by converting the annual report data into

quarterly observations by interpolation. That is, I assume that the variables remain constant over

the quarters in a given reporting period.

The time period studied is 1997 to 2009. The time span is limited by the availability of data

on �rms�credit lines. Prior to 1997, �rms�reporting on credit lines is poor. New, more extensive,

accounting standards in conformity with EU directives came into e¤ect in 1996. According to the

current accounting recommendations, the loan in the form of a revolving credit should be reported

on the liability side of the balance sheet and the amount awarded should be reported in connection

with the outstanding debt or in a note. As a result, as from 1997, data on �rms�credit lines is

much improved.

Nevertheless, it remains a problem that �rms do not always report whether they have a line

of credit or the used amount under an existent credit line. According to the accounting data, on

average over the time period, only 41 percent of Swedish corporations had access to a line of credit.

This is an unrealistically low share. I draw this conclusion by comparing with other studies (Su�

(2009), Lins, Servaes and Tufano (2010)) as well as with Swedish bank lending data. The Riksbank

has access to a data set comprising all lending by one of the major Swedish banks. Among other
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things, this data is informative on the di¤erent forms of corporate lending, such as credit lines and

term loans. By merging the two data sets, I can cross-check that �rms which have not reported a

line of credit in their accounts neither have a line of credit according to the bank lending data. I

�nd that 20 percent of the �rms which are customers of the commercial bank, do have access to a

line of credit but have not reported so in their accounts.

A conceivable way of handling this problem would be to use the above mentioned bank lending

data instead. The data set comprises of bank lending data over the time period 2002 to 2009.

However, this time span is arguably too short to study the use of credit lines over the business

cycle. To cover a longer time period, I will use the accounting data in the estimations and restrict

the sample to �rms which have reported lines of credit in their annual accounts. However, to the

extent that there is a systematic di¤erence between �rms which have a line of credit, but have not

reported so, and �rms which reported their lines of credit, my results may be unrepresentative.

To get an appreciation of this potential sample selection problem, I make use of the bank lending

data to conduct a formal analysis of which factors determine whether �rms make use of bank lines

of credit. I estimate a probit model of the likelihood that a �rm has a line of credit according to

this data set. I then compare this result with similar estimations using the accounting data but

excluding all missing observations in this data set. The results, which are presented in table A1 in

the appendix, show that to a large extent, the same �rm speci�c variables determine the likelihood

that a �rm has access to a line of credit in both samples. For instance, the likelihood that a �rm

has a line of credit decreases with size of the �rm and with the volatility of its cash �ow. I draw

the conclusion that there is no severe systematic di¤erence between the population of �rms which

choose to report their lines of credit and the population of �rms which actually have a credit line.

In addition to restricting the sample to �rms which have reported their credit lines in their

annual accounts, I make the following additional adjustments of the sample. I remove observations

which have unrealistic values for some variables, for instance negative debt. With the aim of

excluding inactive corporations, I also require that the annual reporting of the �rm is consecutive,

that the �rm has reported an operating income each year and that it has at least one employee.

For each �rm, I also remove the �rst year which the �rms occurs in the panel in order to delete

observations with lines of credit negotiated in the current period. Finally, I remove �rms belonging

to the �nancial sector. After these removals, the sample comprises of 68 800 corporations.

It is noteworthy that the population of Swedish corporations is dominated by small �rms; the

median corporation has 4 employees and total assets of 2.4 million SEK (0.4 million USD). Some

summary statistics of the sample of �rm are presented in table 1.
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3 The use of credit lines

Banks have traditionally provided liquidity insurance in the form of loan commitments to �rms.

Gatev and Strahan (2006) argue that synergies in lending and deposit taking have provided banks

with a natural hedge against market-wide declines in liquidity. Deposit in�ows have tended to

increase during periods of market stress. Thereby, funding has been more available to banks just

when borrowers have wanted to draw funds from their loan commitments. This hedge has reduced

the cost of supplying liquidity when the corporate sector�s liquidity demand has risen.

From a �rm�s perspective, lines of credit o¤er an option on future liquidity. Relative to cash,

it has the advantage that it provides liquidity only when needed, i.e. when valuable investment

projects arise. In most cases, holding cash funded by a term loan is costly as cash yields a return

that is lower than the interest rate paid on the debt to fund it (Demirouglu and James (2011)).

In this section, I study the use of lines of credit among Swedish corporations. I outline some

characteristics of lines of credit, speci�cally which types of �rms have a line of credit, what interest

rates banks charge and what the typical size of a line of credit is. The �rst two questions are

answered by exploring the Swedish bank lending data mentioned above while the third question

can be answered by use of the accounting data.

Lines of credit are a common �nancing means for Swedish corporations. The bank lending data

indicate that close to 70 percent of Swedish corporations have signed a credit line facility. This is

somewhat lower than what is found in other studies. Su� (2009), for instance, �nds that about 85

percent of US �rms had access to a line of credit during the years 1996 to 2003.

Figure 1 shows that lines of credit are more frequently used by small and medium-sized �rms

than large ones. The solid line maps the fraction of �rms that have a line of credit across the asset

size distribution. It is worth noticing that while the share of �rms with access to a line of credit

decreases with asset size, still in the top decile, more than half of Swedish �rms has a line of credit.

The dotted line in �gure 1 instead maps the fraction of �rms that have a line of credit across the

cash-�ow distribution with cash-�ow scaled by total assets. Su� (2009) �nds that �rms with low

cash-�ows are less likely to have a commitment credit. Contrary to his result, �gure 1 suggests that

the fraction of Swedish �rms which has a line of credit decreases with cash-�ow. Su� argues that

an important channel for the positive correlation he �nds is the use of cash-�ow based �nancial

covenants by banks that supply credit lines4 ; only �rms that maintain high cash-�ows can be

certain to access credit under the loan agreement when need arises. However, in Sweden the use of

�nancial covenants is relatively rare, a factor that may explain why there is no positive correlation

between cash-�ow and the access to a line of credit visible in the Swedish data.

The negative impact of assets size and cash-�ow on the probability that a �rm has a line of

4Financial covenants on a line of credit require the maintenance of �nancial ratios. If a ratio, commonly a cash

�ow related ratio, is not satis�ed the borrower is in default of the loan agreement.
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credit is con�rmed by the formal probit estimations referred to earlier and reported in table A1

in the appendix. The table also suggests that the probability of having a line of credit increases

with the rate of growth in sales. In other words, fast growing �rms are more inclined to have lines

of credit than other �rms. This �nding is in line with Lins, Servaes and Tufano (2010) who show

that lines of credit are related to a �rm�s need for external �nancing to fund future investment

opportunities.

Credit line facilities allow �rms to borrow up to a certain amount at a pre-set interest rate. For

this right, �rms pay an annual fee. The interest rate on the amount drawn on the facilities is an

adjustable interest rate, set as a mark-up over a benchmark, commonly an interbank rate. As the

interbank rate under normal market conditions follows the central bank policy rate (in Sweden, the

repo rate), the interest rate on the credit lines normally evolves in line with this policy rate (see

�gure 2). However, the average markup is substantial. For instance, during 2004 and 2005, when

the Swedish repo rate varied between 1.5 and 2 percent, the average �rm paid an interest rate of

between 6.25 and 7 per cent on drawdowns on lines of credit. However, large �rms are charged a

lower markup: the thick solid line illustrates that the interest rate weighted by the share of the

used amount to total amount by all �rms �uctuated between 3 and 4.25 percent those years.

During the �nancial crisis, the spread between the interbank rate and the repo rate rose. This

is re�ected in �gure 2 as a peak in the credit line interest rate in late 2008. Hence, during the

�nancial crisis, changes in the repo rate were not always representative of changes in the interest

rates on lines of credit. For this reason, I will include regressions where I use the interbank rate

instead of the repo rate as interest rate variable. However, it will turn out that this does not alter

the results.

The potential of �rms to borrow via their lines of credit is substantial. On average, the com-

mitted amount of a line corresponds to around 30 percent of �rms�total assets and around 2 times

total outstanding bank debt of the �rm.5 Figure 3 shows that smaller �rms on average have larger

lines of credit in relation both to total assets and total outstanding bank debt.

Figure 4 depicts the evolution over time in the share of commitment credit (i.e. drawdowns

on lines of credit) in relation to total bank credit. The hypothesis in this study implies that this

share increases when the supply of credit shifts inwards. The thick solid line in �gure 4 shows a

downward trend in the share of commitment credit between 2001 and 2006. In 2006, the decline

abates, which coincides with a period of tightened monetary policy as shown by the dotted line

in the �gure. In the last quarter of 2007 and the �rst quarter of 2008, the average �rm increases

its share of credit line borrowing. The thin solid line illustrates that the increase in the share

during the �nancial crisis was particularly pronounced for �rms with tight liquidity conditions,

5For clari�cation, it should be noted that �gure 3 shows the size of the total lines of credit while table 1 displays

statistics on the borrowed amount under the lines of credit.
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approximated as �rms which did not pay out any dividends in 2007 and 2008. In the next section,

I will explore whether this variation in the share of commitment loans over time can be statistically

explained by variations in the monetary policy stance and/or by changes in banks��nancial health.

4 Results

4.1 Empirical speci�cation

The identi�cation of a bank lending channel in this study rests on the assumption that lines of credit

and term loans are substitutable forms of �nancing for �rms: when credit conditions are tightened,

either as a result of monetary policy and/or a deterioration of banks balance sheets, banks shift

the supply of credit inwards. As the conditions for commitment loans are already negotiated and

can not easily be altered, �rms have an incentive to protect themselves from the credit contraction

by increasing their demand for commitment loans, i.e. drawing more on their lines of credit. An

increase in the share of commitment loans over total loans following a monetary tightening or

deteriorating �nancial health of banks is therefore evidence in favour of a bank lending channel.

In reality, there will be heterogeneity among �rms as regards their incentives to substitute

between di¤erent kinds of bank credit as larger �rms also have the option to turn to the securities

markets for �nancing. To the extent that this option is feasible and preferred for �rms, it may

make it harder for me to �nd the evidence I am looking for. In the extreme case where all �rms

would use this alternative, a credit tightening would not change the share of commitment loans

relative to non-commitment loans. Instead the share of commercial papers and corporate bonds

would increase relative to the volume of bank credit. However, as the sample of �rms I examine

is dominated by small �rms, most �rms in the sample are unlikely to have access to the securities

markets. Hence, for those �rms, the only trade-o¤ possible in terms of credit is likely to be between

di¤erent sources of bank credit.

The equation I estimate is of the following form:

xit = �i + �1Mt + �2Zit�4 + �3Dit + �4t+ "it (1)

where xit = Cit= (Cit +Nit), and Cit is commitment loans (drawdowns on lines of credit) by �rm

i in period t and Nit is non-commitment loans (term loans) of the same �rm in the same period.

Z is a vector of control variables. I use the following �rm-speci�c control variables: the log of

total assets, the log of property, plant and equipment, the return on assets (de�ned as operating

income before depreciation divided by total assets), leverage (de�ned as the sum of short and long

term debt to total assets), the share of tangible assets (de�ned as property, plant and equipment,

liquid assets and accounts receivable to total assets) and the share of liquid assets (de�ned as

cash and short term assets to total assets). To handle that xit and the variables in Zit may be
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co-determined, all control variables are lagged four quarters. Dit is a vector of three indicator

variables: whether the �rm is part of a group, whether it pays dividends in period t and a sectorial

dummy. The sectorial classi�cation is time-varying and based on industry classi�cations standards

from 1992, 2002 and 2007 obtained from Statistics Sweden (SNI codes).

Mt is a time series measure capturing either monetary policy or banks��nancial health. In

my benchmark estimations, the stance of monetary policy is measured as the deviation in the

real repo rate from trend. As measures of banks��nancial strength, I use banks� loan losses in

percent of total bank lending and a stock price index for banks. The share of loan losses is total

losses over lending for the four Swedish banks dominating the Swedish banking market. The bank

index covers the same four banks. Details on the de�nition of the macro variables are given in the

appendix, section A2.

4.2 Core results

I estimate (1) using OLS regression with �xed e¤ects. Standard errors have been corrected for

heteroscedasticity and for correlation in the cross-section by clustering by quarters. In addition to

estimating over the full sample of �rms, I run regressions where I condition on �rms�raising new

bank debt in the current period. This is similar to Becker and Ivashina (2010). A rationale for this

separation is that, in the full sample, the share of commitment loans over total bank loans may

increase not only as �rms draw more on their lines of credit but also as �rms pay back on their

term loans, transactions which may not be the result of relative cost changes.

Table 2 presents results of equation (1) where the macro variables are the three di¤erent mea-

sures of monetary policy and of banks��nancial health described above.

As regards the �rm speci�c variables, the table shows that on average the share of borrowing

in the form of commitment loans relative to total bank loans declines as the �rm grows in terms of

total assets. The reliance on funding in the form of commitment loans relative to non-commitment

loans also decreases with growing �xed assets such as properties, plants and equipment and with

a growing share of tangible assets to total assets. The share of commitment funding is also lower

when �rms pay dividends, a result that may suggest that �rms with satisfactorily liquidity rely

less on lines of credit in their �nancing. Furthermore, it seems to be the case that the reliance on

commitment loans declines with pro�tability, measured as return on assets. However, the marginal

impact of increased pro�tability is small, and in the sample limited to �rms with a positive credit

demand it is not signi�cantly di¤erent from zero.

Turning to the variables of main interest in this study, the macro variables, table 2 shows that

in all three speci�cations, the macro variables have a signi�cant impact on the relative share of

commitment loans for the average �rm. A tighter monetary policy, as measured by a higher real

central bank policy rate relative to trend, and a higher share of loan losses for banks covaries with
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a higher share of commitment loans. And a higher share of commitment loans covaries with a

lower bank valuation. The results holds for both the full sample and the sample limited to �rms

with a positive credit demand.

The quantitative impact is such that one standard deviation rise in the real interest rate in-

creases the share of credit line �nancing by 0.3 percentage points on average. The impact of a

decline in bank valuation is similar, while the impact from an increase in banks� loan losses is

somewhat lower: a one standard deviation rise in loan losses increases the share of commitment

loans by 0.2 percentage points.

Overall, the results in table 2 are consistent with the hypothesis that the credit supply shifts

inwards in periods of tight monetary policy and when the �nancial health of banks deteriorates.

However, the quantitative impact appears to be small on average.

So far, I have implicitly assumed that �rms�relative demand for commitment loans and non-

commitment loans does not vary over the business cycle. Consequently, business cycle variations

in credit demand is no concern. However, it is conceivable that lines of credit and term loans are

to some extent used for di¤erent purposes. It may for instance be the case that, when monetary

policy is tightened in a boom and �rms�investment demand increases, so does their demand for

term loans relative to lines of credit. If this is the case, separating shifts in the supply of credit

from the demand impact remains a concern. The estimate of �1 will then be biased. To deal

with this, I will also estimate equation (1) with measures of monetary policy and banks��nancial

position where I control for the demand impact and, subsequently, use the residuals obtained as

instruments for monetary policy and for changes in banks��nancial conditions.

I control for the demand impact on monetary policy by two means. In the �rst set-up, I use

a measure of monetary policy constructed as the deviation in the repo rate from a target level

predicted by a Taylor rule. In the second measure, the residual of monetary policy is calculated

using an extended set of demand related variables. In addition to the standard variables in the

Taylor rule, I also include the deviation in industrial production from trend and the unemployment

rate. By including additional demand variables, I want to make sure that I isolate a monetary policy

term which is cleansed from any correlation with aggregate demand. I use the same extended set of

demand variables to control banks�loan losses and banks�stock valuation from demand in�uences.

(See the appendix, section A2, for details.)

The results of these estimations are shown in table 3. Also when I control for demand variation

over the business cycle, the results show that �rms on average have a higher share of commitment

loans over total bank loans when monetary policy is tight and when banks��nancial health is

weakened. The coe¢ cients remain statistically di¤erent from zero in most setups. The quantitative

impact remains in the same order. A one standard deviation increase in the repo rate and a one

standard deviation decrease in bank valuation lead to an increase in the share of commitment loans
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over total bank loans by approximately 0.3 percentage points. Variations in banks�loan losses still

covary with somewhat smaller changes in the share of commitment loans; a one standard variation

increase in loan losses results in a 0.2 percentage points increase in the share of commitment loans.

4.3 Robustness tests

In this section, I present several tests to check the robustness of the results above.

One concern is the possibility that it is mainly small �rms that experience shifts in the credit

supply and that the macro e¤ect is negligible. Since the sample is dominated by small �rms, I

would still expect to get signi�cant coe¢ cients of the macro impact. To examine that this is not

the case, I re-estimate equation (1) using weighted least squares. I assign weights on the basis of

�rms�total assets size. As illustrated in table 4 and 5, the results are robust to assigning �rms

weights after assets size. All coe¢ cients on macro variables which are signi�cant according to table

2 and 3 remain signi�cant in table 4 and 5. And the size of the coe¢ cients are of the same order.

Hence, it appears that the results are not driven by small �rms without macro importance but

rather that small and large �rms are equally inclined to increase the share of commitment loans

during periods of tight monetary policy and weaker �nancial positions of banks.

Another concern is that, when studying the substitution between di¤erent types of bank credit,

the distinction between the bank lending channel and the broad credit channel is not clear-cut.

This is not an issue when studying �rms�substitution between bank credit and market �nancing

as Kashyap, Stein and Wilcox (1993). Firms�switching to non-bank credit can then be taken as

evidence of changes in banks� credit conditions (the bank lending channel). But an increase in

the share of commitment credit could potentially be caused by a deterioration in �rms��nancial

positions with a subsequent increase in the cost of non-commitment bank loans (the broad credit

channel). In the estimations above, I included several �rm-speci�c variables with the aim of

capturing changes in the �rms��nancial position. However, to the extent that these variables are

insu¢ cient measures of the �nancial conditions of �rms, it could still be the case that the broad

credit channel is a¤ecting my results. Therefore, as an additional check of the possible impact of the

broad credit channel, I also run regressions where I divide the sample of �rms in three size groups

according to asset size. As the broad credit channel commonly is assumed to a¤ect small �rms

more than large �rms, a tightening of credit conditions should reduce access to non-commitment

credit relatively more for small �rms.6 The results of these estimations over di¤erent size groups

of �rms, presented in table 6, do not support the existence of a broad credit channel. There is

little evidence that small �rms are more prone to increase their demand of commitment credit

during periods of tight monetary policy and weaker banks�balance sheets. On the contrary, the

6See for instance Bernanke, Gertler and Gilchrist (1996) as regards the distributional impact of the broad credit

channel.
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coe¢ cients of the macro variable increase with asset size in three of the speci�cations. However,

as the sample of �rms is dominated by small �rms, �rms in the �rst tercile of �rms are very small

and still in the second tercile, �rms are small by international standards. As displayed in table

1, the median �rm in the second tercile has an asset size of 2.5 billion SEK (0.4 billion USD)

and 4 employees. It may therefore be more relevant to compare in particular the second tercile

with the third tercile of �rms when searching for a di¤erence in impact between small and large

�rms. But neither in such a comparisons is there any clear evidence that larger �rms are less likely

to substitute away from non-commitment credit when monetary policy is tight or banks balance

sheets are weakened. In three of the columns, the coe¢ cient is lower for �rms in the third tercile

compared to the second tercile. But in another three columns, the coe¢ cient is higher for �rms in

the third tercile.

In table 7, I examine whether my results are robust to measuring monetary policy conditions

with a short term market interest rate instead of the central bank policy rate. In normal times,

the spread between the short term market interest rate and the policy rate is fairly constant and,

accordingly, it should be unimportant which interest rate is used in the estimations. However,

during the �nancial crisis, the spread between the interbank rate and the Swedish policy rate, the

repo rate, rose. As a result, the cost of using lines of credit did not follow monetary policy as

closely as earlier. Nevertheless the results do not change in any signi�cant way when I use time

series of the interbank rate instead of the repo rate. The coe¢ cients are also in line with my earlier

results when I restrict the time period to the �nancial crisis and onwards .

So far, I have used quarterly data in the estimations, where the �rm-level data have been created

by interpolation from the yearly accounting data. An alternative approach would be to instead

express the macro variables, monetary policy and banks credit losses as yearly averages. However,

using yearly observations of �rms accounting data is not uncomplicated as �rms�accounting year

correspond to the calender year in only half of the observations. Still, an additional concern is that

the results in table 2 and 3 are driven by the persistence created by the interpolation of yearly

data. To check that this is not the case, I transform the �rm level data to yearly data by only

using annual accounts data as of the fourth quarter each year and by expressing monetary policy

and banks credit losses and stock valuation as yearly averages. After doing this, I repeat the

regression in table 2 and 3. The results of these estimations, which are displayed in table 8, show

that the coe¢ cients keep the same, expected sign. Changes in monetary policy and in banks stock

valuation still have a signi�cant impact on the share of commitment loans, while changes in banks�

loan losses no longer can be shown to have a signi�cant impact on �rms�loan structure. However,

using yearly averages of macro variables to explain year end �scal positions of �rms entails loosing

valuable information, so the lower degree of statistical signi�cance is not unexpected.

Finally, a concern might be that the results in table 2 and 3 are dominated by conditions
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during the �nancial crisis. It may be the case that the relationship between monetary policy and

banks��nancial health on the one hand and the share of commitment credit on the other hand

is insigni�cant during less severe business cycle �uctuations. In table 9 and 10, I split the time

series in a pre-crisis period (from 1997 until the third quarter of 2007) and a crisis period (from the

third quarter of 2007 until the end of 2009). As seen in table 9, also during the period prior to the

�nancial crisis, �rms tend to increase their drawdowns on credit line relative to total bank credit

during periods of tighter monetary policy and when banks�balance sheets deteriorate. The size of

the coe¢ cients is also in the same order, with the exception of the impact from changes in banks�

loan losses where column IV shows a substantially larger coe¢ cient than in table 2. The results

from the �nancial crisis period (table 10) show that �rms�share of commitment loans continued to

covary positively with monetary policy and negatively with the stock market valuation of banks also

during the crisis. However, the coe¢ cient of loans losses is now negative and no longer signi�cant.7

The negative coe¢ cient rhymes with how the average share of commitment loans evolved during

the crisis (as shown in �gure 4) in relation to banks� loans losses (see �gure A2). While banks�

loan losses began to rise in the autumn of 2008 and continued to rise during the �rst half of 2009,

the average share of commitment increased during the beginning of the crisis but then fell back

again in the beginning of 2009.

Possibly, one reason why the historical relationship between banks�loans losses and the share of

commitment credit did not hold up during the crisis is related to the measures undertaken by the

Riksbank to facilitate the provision of credit by the banks. The implementation of such measures,

which began during the fourth quarter of 2008, might have been successful in the sense that banks

did not tighten credit conditions to the same extent that they otherwise would have given the

sharp rise in banks�loan losses.8

5 Conclusions

This study uses a comprehensive sample of small and large �rms to examine whether �rms are

subject to shifts in the supply of credit over the business cycle. This is done by studying how

�rms substitute between commitment and non-commitment bank credit. The hypothesis is that,

7 It should be noted that the lower degree of statistical signi�cance from the �nancial crisis period is not unex-

pected from a statistical point of view. In the estimations, standard errors are clustered by quarter to take into

account possible correlation between �rms within a given quarter. When estimating over only the �nancial crisis,

the number of clusters (quarters) will be low compared to the overall sample size and the standard errors are likely

to be substantially larger than the OLS results. Potential problems with inference in the presence of group e¤ects

when the number of groups is small have been highlighted by Donald and Lang (2001).
8The measures to facilitate the supply of credit included loans by the Riksbank to the banks at longer maturities

than usual. The Riksbank also o¤ered loans in US dollars to Swedish banks and extended the possibility to borrow

using mortgage bonds as collateral.
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when banks tighten credit conditions, �rms have an incentive to substitute commitment credit �

lines of credit with terms set prior to the credit contraction �for non-commitment credit �credit

with terms set on the spot. I use three di¤erent variables to capture potential variation in credit

availability over the business cycle: the central bank interest rate, banks�loan losses in percent of

total bank lending and the stock market valuation of banks.

I �nd that �rms on average rely more on commitment credits, i.e. lines on credit, when monetary

policy is tight and when the �nancial health of banks is weaker. This holds also when I allow for the

possibility that �rms�demand for commitment and non-commitment credit varies over the business

cycle. I interpret this as evidence consistent with a bank lending channel of monetary policy and

of shifts in the supply of credit following deteriorations in banks�balance sheets. The results are

robust to several modi�cations, such as a transformation to yearly data instead of quarterly and a

change of interest rate measure from the central bank policy rate to the interbank rate.

The time period covered is 1997 - 2009, where the last two years represent the �nancial crisis. In

an additional robustness test, I run separate regressions for the period up until the crisis erupted

and for the crisis period. Also over the pre-crisis period, I �nd that �rms substitute between

commitment and non-commitment credit in a way that supports the existence of shifts in the

supply credit. Interestingly, I �nd that, during the �nancial crisis when there were widespread

concerns of insu¢ cient availability of credit, some of the results do not hold. In particular, the

results suggest that the increase in banks�loan losses did not lead to a credit tightening as in the

pre-crisis period. A possible interpretation is that measures undertaken by the Swedish authorities

during the second half of 2008 were successful in supporting the availability of credit; by lending

extensively to the banking system, the tightening e¤ect of loan losses, that would otherwise have

occurred, might have been lessened.

A natural question that arises from the results in this paper is how important quantitatively

shifts in the supply of credit over the business cycle have been for the activity of Swedish �rms.

Have shifts in the supply of bank credit a¤ected �rms�inventory and investment behavior? The

substitution of commitment credit for non-commitment credit o¤ers �rms a way of dampening

the impact of an unexpected shift in the supply of credit. So the fact that �rms have increased

their share of commitment credit during times when credit conditions may have been tight can

not be taken as evidence that the cost of capital has increased in general for �rms. The question

of quantitative e¤ects would be interesting to study both over a period characterized by normal

business �uctuations and for the �nancial crisis period. However, answering this question satisfac-

torily would require among other things data on �rms�investment activities and has been beyond

the scope of this paper.
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Tables and �gures

Figure 1. The frequency of lines of credit

Figure Notes: The �gure maps the fraction of �rms which has a line of credit by assets decile
and cash-�ow decile. Going from left to right is going from the smallest �rms and �rms with
the lowest cash-�ow to the largest �rms/�rms with highest cash-�ow.

Figure 2. Interest rates on lines of credit

Figure Notes: The �gure shows the interest rate paid on drawdowns on lines of credit as
well as the Swedish central bank policy rate, the repo rate. The source of the data is the
Riksbank�s detailed data on all commercial lending by a major Swedish bank. The thin solid
line is the interest rate paid in each period on all commitment lending by the bank, i.e. the
interest rate paid on average by the �rms. The thick solid line is an weigted interest rate,
where the weights have been set according to the share of commitment credit of each �rms
to total outstanding commitment credit of the bank.
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Figure 3. The size of the lines of credit

Figure Notes: The �gure displays the size of lines of credit over the distribution of �rms
ordered in deciles after total assets. The size of the lines is related to total bank credit (the
solid line) as well as to total assets (the dotted line).

Figure 4. The share of commitment credit to total bank credit and the repo rate

Figure Notes: The �gure shows, for each period, the average share of commitment credit
in relation to total bank credit and the repo rate. The thick solid line is the average share
across all �rms in the sample. The thin solid line is the average share for �rms which did not
pay dividends in 2007 and 2008.
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Table 1. Summary statistics

Mean Median

Standard

deviation

Total assets

All firms

Small firms

Medium sized firms

Large firms

16.500

0.737

2.650

45.100

2.523

0.720

2.478

11.200

194.000

0.349

0.908

330.000

Number of employees

All firms

Small firms

Medium sized firms

Large firms

10.6

2.4

4.9

24.1

4

2

4

11

63.60

2.04

3.93

107.75

Bank debt / Total assets

All firms

Small firms

Medium sized firms

Large firms

0.348

0.340

0.347

0.356

0.316

0.306

0.314

0.328

0.220

0.217

0.220

0.223

Commitment credit / Total bank credit

All firms

Small firms

Medium sized firms

Large firms

0.511

0.680

0.477

0.382

0.464

0.924

0.404

0.258

0.399

0.377

0.389

0.370

Drawdowns/ Total size of credit line

All firms

Small firms

Medium sized firms

Large firms

0.570

0.600

0.657

0.537

0.648

0.680

0.572

0.607

0.359

0.343

0.364

0.366

Table Notes: This table reports some summary statistics of the sample of �rms used in the
estimations. Total assets are expressed in billion SEK. Bank debt is the sum of short and
long term debt to credit institutions. Commitment credit to total credit is drawdowns on
lines of credit in relation to the sum of drawdowns and term loans. Each variable is reported
for the full sample of �rms as well as for the �rst tercile (small �rms), second tercile (medium
sized �rms) and third tecile (large �rms). The terciles are based on asset size.
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Table 2. Fixed e¤ects estimates of the e¤ect of monetary policy and banks��nancial health on the
share of commitment loans over total bank credit

Monetary policy Loan losses Bank index Monetary policy Loan losses Bank index
Full sample Full sample Full sample Positive credit

demand
Positive credit

demand
Positive credit

demand

Real interest rate 0.42*** 0.22**
[0.095] [0.106]

Loan losses 4.32*** 5.84***
[1.441] [1.402]

Ln(Bank index) 1.23*** 0.65**
[0.247] [0.295]

Ln(Total assets) (t4) 6.48*** 6.47*** 6.45*** 5.24*** 5.23*** 5.21***
[0.084] [0.084] [0.085] [0.166] [0.166] [0.166]

PP&E (t4) 2.77*** 2.78*** 2.79*** 2.12*** 2.12*** 2.13***
[0.106] [0.105] [0.104] [0.122] [0.122] [0.121]

ROA (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
[0.002] [0.002] [0.002] [0.003] [0.003] [0.003]

Leverage (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
[0.002] [0.002] [0.002] [0.005] [0.005] [0.005]

Tangible assets/total assets (t4) 0.09*** 0.09*** 0.09*** 0.04*** 0.04*** 0.04***
[0.003] [0.003] [0.003] [0.004] [0.004] [0.004]

Liquid assets/total assets (t4) 0.02** 0.02** 0.02** 0.20*** 0.20*** 0.20***
[0.008] [0.008] [0.008] [0.009] [0.009] [0.009]

Part of group 0.21*** 0.23*** 0.25*** 0.43*** 0.42*** 0.45***
[0.072] [0.071] [0.072] [0.139] [0.133] [0.140]

Dividend payer 3.43*** 3.41*** 3.37*** 0.96*** 0.93*** 0.93***
[0.090] [0.088] [0.085] [0.196] [0.196] [0.197]

Observations 1,018,730 1,018,730 1,018,730 257,650 257,650 257,650
Rsquared (within)
Rsquared (overall)

0.033
0.180

0.033
0.180

0.033
0.180

0.051
0.243

0.051
0.242

0.051
0.243

Number of firms 67,708 67,708 67,708 36,705 36,705 36,705
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports estimates from panel regressions explaining the �rm-level share of commitment loans
over total bank loans between the �rst quarter of 1998 and the last quarter of 2009. All regressions include �rm �xed
e¤ects, sectorial dummies and a time trend. Test-statistics reported in paranthesis are based on heteroskedasticity-
consistent standard errors adjusted for clustering by quarters. The three columns to the left presents results from
estimations over the full sample of �rms. The three columns to the right presents results from estimations over
a sample which in each period is restricted to �rms raising new bank debt in that period. The columns labeled
"Monetary policy" show the impact on the share of commitment loans from changes in monetary policy. Similarly,
the columns labeled "Loan losses" and "Bank index" show the impact from changes in banks� loan losses and in
banks�stock valuation. Details on the de�nitions of the macro variables are given in the appendix, section A2.
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Table 3. Fixed e¤ects estimates of the share of commitment loans over total bank credit. The e¤ects
of monetary policy and banks��nancial health have been controlled for aggregate demand impact

Monetary policy Monetary policy Loan losses Bank index Monetary policy Monetary policy Loan losses Bank index
Full sample Full sample Full sample Full sample Positive credit

demand
Positive credit

demand
Positive credit

demand
Positive credit

demand

Deviation from Taylor rule 0.06 0.16***
[0.077] [0.044]

Interest rate controlled for
demand impact

0.57*** 0.38***

[0.060] [0.082]
Loan losses controlled for
demand impact

1.76 5.94***

[2.076] [2.079]
Bank index controlled for
demand impact

1.76*** 0.59

[0.502] [0.441]
Ln(Total assets) (t4) 6.45*** 6.50*** 6.45*** 6.45*** 5.21*** 5.25*** 5.24*** 5.22***

[0.084] [0.081] [0.082] [0.083] [0.164] [0.166] [0.165] [0.166]
PP&E (t4) 2.78*** 2.77*** 2.78*** 2.79*** 2.13*** 2.12*** 2.12*** 2.13***

[0.105] [0.104] [0.106] [0.104] [0.122] [0.121] [0.122] [0.121]
ROA (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***

[0.002] [0.002] [0.002] [0.002] [0.003] [0.003] [0.003] [0.003]
Leverage (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***

[0.002] [0.002] [0.002] [0.002] [0.005] [0.005] [0.005] [0.005]
Tangible assets/total assets
(t4)

0.09*** 0.09*** 0.09*** 0.09*** 0.04*** 0.04*** 0.04*** 0.04***

[0.003] [0.003] [0.003] [0.003] [0.004] [0.004] [0.004] [0.004]
Liquid assets/total assets (t
4)

0.02** 0.02** 0.02** 0.02** 0.20*** 0.20*** 0.20*** 0.20***

[0.008] [0.008] [0.008] [0.008] [0.009] [0.009] [0.009] [0.009]
Part of group 0.25*** 0.19*** 0.24*** 0.24*** 0.44*** 0.41*** 0.41*** 0.45***

[0.074] [0.067] [0.071] [0.070] [0.139] [0.135] [0.133] [0.140]
Dividend payer 3.42*** 3.40*** 3.43*** 3.39*** 0.95*** 0.94*** 0.97*** 0.95***

[0.089] [0.088] [0.090] [0.083] [0.195] [0.197] [0.195] [0.196]

Observations 1,018,730 1,018,730 1,018,730 1,018,730 257,650 257,650 257,650 257,650
Rsquared (within)
Rsquared (overall)

0.033
0.180

0.033
0.180

0.033
0.180

0.033
0.180

0.051
0.246

0.051
0.246

0.051
0.246

0.051
0.246

Number of firms 67,708 67,708 67,708 67,708 36,705 36,705 36,705 36,705
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports estimates from panel regressions explaining the �rm-level share of commitment loans
over total bank loans between the �rst quarter of 1998 and the last quarter of 2009. All regressions include �rm �xed
e¤ects, sectorial dummies and a time trend. Test-statistics reported in paranthesis are based on heteroskedasticity-
consistent standard errors adjusted for clustering by quarters. The four columns to the left presents results from
estimations over the full sample of �rms. The four columns to the right presents results from estimations over
a sample which in each period is restricted to �rms raising new bank debt in that period. The columns labeled
"Monetary policy" show the impact on the share of commitment loans from changes in monetary policy. Similarly,
the columns labeled "Loan losses" and "Bank index" show the impact from changes in banks� loan losses and in
banks�stock valuation. Details on the de�nitions of the macro variables are given in the appendix, section A2.
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Table 4. Weighted least squares estimates of the share of commitment loans over total bank credit

Monetary
policy

Loan losses Bank index Monetary
policy

Loan losses Bank index

Full sample Full sample Full sample Positive credit
demand

Positive credit
demand

Positive credit
demand

Real interest rate 0.44*** 0.23**
[0.095] [0.107]

Loan losses 4.18*** 6.01***
[1.475] [1.409]

Ln (Bank index) 1.20*** 0.68**
[0.259] [0.295]

Ln(Total assets) (t4) 6.20*** 6.18*** 6.17*** 4.97*** 4.97*** 4.95***
[0.082] [0.082] [0.083] [0.160] [0.160] [0.160]

PP&E (t4) 2.83*** 2.84*** 2.84*** 2.21*** 2.21*** 2.21***
[0.112] [0.112] [0.110] [0.126] [0.126] [0.125]

ROA (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
[0.002] [0.002] [0.002] [0.003] [0.003] [0.003]

Leverage (t4) 0.02*** 0.02*** 0.02*** 0.03*** 0.03*** 0.03***
[0.002] [0.002] [0.002] [0.005] [0.005] [0.005]

Tangible assets/total assets (t4) 0.09*** 0.09*** 0.09*** 0.04*** 0.04*** 0.04***
[0.003] [0.003] [0.003] [0.004] [0.004] [0.004]

Liquid assets/total assets (t4) 0.02*** 0.02*** 0.02*** 0.21*** 0.21*** 0.21***
[0.008] [0.008] [0.008] [0.010] [0.010] [0.010]

Part of group 0.20*** 0.22*** 0.24*** 0.42*** 0.41*** 0.44***
[0.075] [0.074] [0.075] [0.137] [0.131] [0.137]

Dividend payer 3.40*** 3.38*** 3.35*** 1.01*** 0.98*** 0.98***
[0.089] [0.087] [0.084] [0.201] [0.200] [0.202]

Observations 1,018,730 1,018,730 1,018,730 257,650 257,650 257,650
Rsquared (within)
Rsquared (overall)

0.033
0.248

0.033
0.248

0.033
0.248

0.051
0.183

0.051
0.183

0.051
0.183

Number of firms 67,708 67,708 67,708 36,705 36,705 36,705
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports weighted least squares estimates of the �rm-level share of commitment loans over
total bank loans between the �rst quarter of 1998 and the last quarter of 2009. Weights are set according to the
relative assets size of the �rms. All regressions include �rm �xed e¤ects, sectorial dummies and a time trend. Test-
statistics reported in paranthesis are based on heteroskedasticity-consistent standard errors adjusted for clustering
by quarters. The three columns to the left presents results from estimations over the full sample of �rms. The
three columns to the right presents results from estimations over a sample which in each period is restricted to �rms
raising new bank debt in that period. The columns labeled "Monetary policy" show the impact on the share of
commitment loans from changes in monetary policy. Similarly, the columns labeled "Loan losses" and "Bank index"
show the impact from changes in banks�loan losses and in banks�stock valuation. Details on the de�nitions of the
macro variables are given in the appendix, section A2.
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Table 5. Weighted least squares estimates of the share of commitment loans over total bank credit.
The e¤ects of monetary policy and banks��nancial health have been controlled for aggregate demand
impact

Monetary
policy

Monetary
policy

Loan losses Bank index Monetary
policy

Monetary
policy

Loan losses Bank index

Full sample Full sample Full sample Full
sample

Positive
credit

demand

Positive
credit

demand

Full sample Full sample

Deviation from Taylor rule 0.06 0.15***
[0.079] [0.045]

Interest rate controlled for demand impact 0.58*** 0.40***
[0.062] [0.081]

Loan losses controlled for demand impact 1.85 6.37***
[2.108] [2.032]

Bank index controlled for demand impact 1.78*** 0.66
[0.512] [0.445]

Ln(Total assets) (t4) 6.16*** 6.22*** 6.17*** 6.17*** 4.95*** 4.99*** 4.98*** 4.95***
[0.082] [0.079] [0.080] [0.081] [0.158] [0.161] [0.160] [0.161]

PP&E (t4) 2.84*** 2.83*** 2.84*** 2.84*** 2.21*** 2.21*** 2.20*** 2.21***
[0.112] [0.110] [0.112] [0.110] [0.126] [0.125] [0.126] [0.125]

ROA (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
[0.002] [0.002] [0.002] [0.002] [0.003] [0.003] [0.003] [0.003]

Leverage (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.03*** 0.03*** 0.03*** 0.03***
[0.002] [0.002] [0.002] [0.002] [0.005] [0.005] [0.005] [0.005]

Tangible assets/total assets (t4) 0.09*** 0.09*** 0.09*** 0.09*** 0.04*** 0.04*** 0.04*** 0.04***
[0.003] [0.003] [0.003] [0.003] [0.004] [0.004] [0.004] [0.004]

Liquid assets/total assets (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.21*** 0.21*** 0.21*** 0.21***
[0.008] [0.008] [0.008] [0.008] [0.010] [0.010] [0.010] [0.010]

Part of group 0.24*** 0.18** 0.23*** 0.23*** 0.43*** 0.40*** 0.40*** 0.43***
[0.076] [0.069] [0.074] [0.073] [0.136] [0.133] [0.131] [0.138]

Dividend payer 3.40*** 3.37*** 3.41*** 3.37*** 1.00*** 0.99*** 1.02*** 0.99***
[0.088] [0.087] [0.089] [0.082] [0.200] [0.202] [0.200] [0.201]

Observations 1,018,730 1,018,730 1,018,730 1,018,730 257,650 257,650 257,650 257,650
Rsquared (within)
Rsquared (overall)

0.032
0.183

0.033
0.183

0.032
0.183

0.033
0.183

0.051
0.249

0.051
0.249

0.051
0.249

0.051
0.249

Number of firms 67,708 67,708 67,708 67,708 36,705 36,705 36,705 36,705
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports weighted least squares estimates of the �rm-level share of commitment loans over
total bank loans between the �rst quarter of 1998 and the last quarter of 2009. Weights are set according to the
relative assets size of the �rms. All regressions include �rm �xed e¤ects, sectorial dummies and a time trend. Test-
statistics reported in paranthesis are based on hteroskedasticity-consistent standard errors adjusted for clustering
at �rm level. The four columns to the left presents results from estimations over the full sample of �rms. The
four columns to the right presents results from estimations over a sample which in each period is restricted to �rms
raising new bank debt in that period. The columns labeled "Monetary policy" show the impact on the share of
commitment loans from changes in monetary policy. Similarly, the columns labeled "Loan losses" and "Bank index"
show the impact from changes in banks�loan losses and in banks�stock valuation. Details on the de�nitions of the
macro variables are given in the appendix, section A2.
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Table 6. Fixed e¤ect estimates of the share of commitment loans over total bank credit. The sample
of �rms divided in three size groups

Repo
rate

Deviation
from Taylor

rule

Interest rate
controlled for

demand impact

Loan
losses

Loan losses
controlled form
demand impact

Bank
index

Bank index
controlled for

demand impact
Small firms 0.29***

(0.065)
0.01

(0.038)
0.31***
(0.037)

3.10***
(0.994)

2.79*
(1.552)

0.66***
(0.134)

0.78**
(0.327)

Medium
sized firms

0.35***
(0.114)

0.13*
(0.070)

0.56***
(0.069)

5.44***
(1.443)

1.26
(1.879)

1.45***
(0.239)

1.94***
(0.490)

Large firms 0.50***
(0.079)

0.03
(0.100)

0.61***
(0.084)

1.64
(1.701)

0.41
(2.762)

0.92**
(0.398)

1.95***
(0.598)

? ? ? ?

Table Notes: This table reports the coe¢ cients of the impact of the macro variables on the �rm-level share of
commitment loans over total bank loans between the �rst quarter of 1998 and the last quarter of 2009. The sample
of �rms has been divided in three size groups on the basis of �rms�total assets. The sample is split at the 33th and
the 66th percentile. The arrows indicate the macro variables for which the coe¢ cients increase when going from
the tertile of the smallest �rms to the largest �rms. The question marks indicate where there is no monotonicity
in the coe¢ cients over the asset size groups of �rms. All regressions include �rm �xed e¤ects, sectorial dummies
and a time trend. Test-statistics reported in paranthesis are based on heteroskedasticity-consistent standard errors
adjusted for clustering by quarters.
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Table 7. Fixed e¤ect estimates of the share of commitment loans over total bank credit. Estimates
using the interbank rate instead of the repo rate

(I) (II) (III) (IV)

Interbank rate 0.30*** 0.29***
[0.057] [0.041]

Interbank rate controlled for demand
impact

0.37** 0.52***

[0.153] [0.141]
Ln (Total assets) (t4) 6.50*** 6.44*** 2.10*** 2.05***

[0.084] [0.085] [0.347] [0.351]
PP&E (t4) 2.77*** 2.78*** 0.93** 0.94**

[0.106] [0.105] [0.312] [0.311]
ROA (t4) 0.02*** 0.02*** 0.01** 0.01**

[0.002] [0.002] [0.004] [0.004]
Leverage (t4) 0.02*** 0.02*** 0.01*** 0.01***

[0.002] [0.002] [0.002] [0.002]
Tangible assets/total assets (t4) 0.09*** 0.09*** 0.00 0.00

[0.003] [0.003] [0.006] [0.006]
Liquid assets/total assets (t4) 0.02** 0.02** 0.17*** 0.17***

[0.008] [0.008] [0.035] [0.035]
Part of group 0.20*** 0.26*** 0.20 0.21

[0.070] [0.072] [0.299] [0.299]
Dividend payer 3.43*** 3.41*** 2.28*** 2.29***

[0.090] [0.086] [0.083] [0.085]

Observations 1,018,730 1,018,730 189,046 189,046
Rsquared (within)
Rsquared (overall)

0.033
0.204

0.033
0.204

0.007
0.120

0.007
0.120

Number of firms 67,708 67,708 29,140 29,140
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports estimates explaining the �rm-level share of commitment loans over
total bank loans as a function of the interbank rate and �rm-speci�c variables between the �rst
quarter of 1998 and the last quarter of 2009. Column I and II are results of estimations over the
full time period. In column III and IV the time period is restricted to the �nancial crisis period,
de�ned as 200709 - 200912. In column II and IV the interbank rate has been controlled for aggregate
demand impact in the same manner as the repo rate in previous tables. Details on the de�nitions
of the macro variables are given in the appendix, section A2. All regressions include �rm �xed
e¤ects, sectorial dummies and a time trend. Test-statistics reported in paranthesis are based on
heteroskedasticity-consistent standard errors adjusted for clustering at �rm level.
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Table 8. Fixed e¤ects estimates of share of commitment loans over total bank credit. Yearly
observations

Monetary policy Monetary policy Monetary policy Loan losses Loan losses Bank index Bank index
(1) (2) (3) (4) (5) (6) (7)

Real interest rate 0.75***
[0.185]

Deviation from Taylor
rule

0.02

[0.229]
Interest rate controlled
for demand impact

0.73***

[0.186]
Loan losses 3.42

[4.664]
Loan losses controlled
for demand impact

4.07

[4.901]
Ln(Bank index) 1.28*

[0.661]
Bank index controlled
for demand impact

2.51*

[1.313]
Ln(Total assets) (t1) 6.43*** 6.36*** 6.43*** 6.37*** 6.38*** 6.36*** 6.36***

[0.136] [0.139] [0.132] [0.138] [0.134] [0.141] [0.143]
PP&E (t1) 2.74*** 2.76*** 2.75*** 2.77*** 2.76*** 2.77*** 2.77***

[0.190] [0.195] [0.189] [0.194] [0.195] [0.192] [0.191]
ROA (t1) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***

[0.003] [0.003] [0.003] [0.003] [0.003] [0.003] [0.003]
Leverage (t1) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***

[0.004] [0.004] [0.004] [0.004] [0.004] [0.004] [0.004]
Tangible assets/total
assets (t1)

0.08*** 0.08*** 0.08*** 0.08*** 0.08*** 0.08*** 0.08***

[0.006] [0.006] [0.006] [0.006] [0.006] [0.006] [0.006]
Ln(liquid assets) (t1) 0.29 0.24 0.28 0.25 0.27 0.22 0.24

[1.349] [1.359] [1.352] [1.358] [1.335] [1.366] [1.351]
Part of group 0.12 0.19 0.11 0.17 0.16 0.20 0.18

[0.123] [0.134] [0.114] [0.129] [0.125] [0.132] [0.129]
Dividend payer 3.55*** 3.56*** 3.52*** 3.56*** 3.57*** 3.52*** 3.51***

[0.175] [0.176] [0.167] [0.173] [0.180] [0.163] [0.158]

Observations 256,881 256,881 256,881 256,881 256,881 256,881 256,881
Rsquared (within)
Rsquared (overall)

0.032

0.177

0.032

0.177

0.032

0.177

0.032

0.177

0.032

0.177

0.032

0.177

0.032

0.177
Number of firms 62,508 62,508 62,508 62,508 62,508 62,508 62,508

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports explaining the �rm-level share of commitment loans over total bank loans between
1998 and 2009. The underlying quarterly panel data has been transformed to annual data by using only �rm-level
data as of the fourth quarter each year. All regressions include �rm �xed e¤ects, sectorial dummies and a time
trend. Test-statistics reported in paranthesis are based on heteroskedasticity-consistent standard errors adjusted for
clustering by date. The columns labeled "Monetary policy" show the impact on the share of commitment loans from
changes in monetary policy. Similarly, the columns labeled "Loan losses" and "Bank index" show the impact from
changes in banks� loan losses and in banks� stock valuation. In column (2), (3), (5) and (7), the macro variables
have been controlled for aggregate demand impact. Details on the de�nitions of the macro variables are given in
the appendix, section A2.
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Table 9. Fixed e¤ects estimates of the share of commitment credit over total bank credit. Pre-crisis
period: 199803 - 200706

(I) (II) (III) (IV) (V) (VI) (VII)

Real interest rate 0.45***
[0.117]

Deviation from Taylor rule 0.01
[0.085]

Interest rate controlled for demand impact 0.49***
[0.069]

Loan losses 13.29***
[4.865]

Loan losses controlled for demand impact 0.72
[2.544]

Ln(Bank index) 1.29***
[0.314]

Bank index controlled for demand impact 1.00*
[0.556]

Ln(Total assets) (t4) 6.46*** 6.43*** 6.45*** 6.44*** 6.43*** 6.41*** 6.42***
[0.129] [0.132] [0.129] [0.129] [0.130] [0.132] [0.132]

PP&E (t4) 2.38*** 2.38*** 2.38*** 2.38*** 2.38*** 2.39*** 2.39***
[0.093] [0.094] [0.093] [0.093] [0.093] [0.094] [0.094]

ROA (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
[0.002] [0.002] [0.002] [0.002] [0.002] [0.002] [0.002]

Leverage (t4) 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02*** 0.02***
[0.002] [0.002] [0.002] [0.002] [0.002] [0.002] [0.002]

Tangible assets/total assets (t4) 0.09*** 0.09*** 0.09*** 0.09*** 0.09*** 0.09*** 0.09***
[0.004] [0.004] [0.004] [0.004] [0.004] [0.004] [0.004]

Liquid assets/total assets (t4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[0.010] [0.010] [0.010] [0.010] [0.010] [0.010] [0.010]

Part of group 0.21*** 0.24*** 0.22*** 0.24*** 0.24*** 0.26*** 0.24***
[0.067] [0.063] [0.064] [0.062] [0.066] [0.063] [0.063]

Dividend payer 3.20*** 3.20*** 3.17*** 3.17*** 3.20*** 3.15*** 3.18***
[0.125] [0.121] [0.124] [0.121] [0.122] [0.118] [0.119]

Observations 829,684 829,684 829,684 829,684 829,684 829,684 829,684
Rsquared (within)
Rsquared (overall)

0.027
0.173

0.027
0.173

0.027
0.173

0.027
0.173

0.027
0.173

0.027
0.173

0.027
0.173

Number of firms 58,464 58,464 58,464 58,464 58,464 58,464 58,464
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports estimates from panel regressions explaining the �rm-level share of commitment
loans over total bank loans between the �rst quarter of 1998 and the second quarter of 2007. All regressions
include �rm �xed e¤ects, sectorial dummies and a time trend. Test-statistics reported in paranthesis are based on
heteroskedasticity-consistent standard errors adjusted for clustering by quarters. The �rst three columns presents
results from estimations where the macro variable is a measure of monetary policy. In the fourth and the �fth
column the macro variable is a measure of banks�loan losses and in the last to columns the macro variable captures
banks�stock valuation. Details on the de�nitions of the macro variables are given in the appendix, section A2.
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Table 10. Fixed e¤ects estimates of the share of commitment credit over total bank credit. Financial
crisis period: 200709 - 200912

(I) (II) (III) (IV) (V) (VI) (VII)

Real interest rate 0.44***
[0.065]

Deviation from Taylor
rule

0.01

[0.141]
Interest rate controlled
for demand impact

0.58***

[0.105]
Loan losses 4.25

[2.650]
Loan losses controlled
for demand impact

10.16

[5.935]
Ln (Bank index) 0.78

[0.530]
Bank index controlled
for demand impact

2.13***

[0.489]
Ln(Total assets) (t4) 1.95*** 1.84*** 1.95*** 1.85*** 1.87*** 1.89*** 1.94***

[0.376] [0.375] [0.381] [0.375] [0.371] [0.383] [0.373]
PP&E (t4) 0.94** 0.96** 0.94** 0.96** 0.96** 0.95** 0.94**

[0.300] [0.298] [0.300] [0.300] [0.302] [0.297] [0.301]
ROA (t4) 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*

[0.003] [0.003] [0.003] [0.003] [0.003] [0.003] [0.003]
Leverage (t4) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

[0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.001]
Tangible assets/total
assets (t4)

0.01 0.01 0.01 0.01 0.01 0.01 0.01

[0.005] [0.005] [0.005] [0.005] [0.005] [0.005] [0.005]
Liquid assets/total assets
(t4)

0.18*** 0.18*** 0.18*** 0.17*** 0.18*** 0.18*** 0.18***

[0.033] [0.033] [0.033] [0.033] [0.033] [0.033] [0.033]
Part of group 0.20 0.20 0.20 0.20 0.20 0.20 0.20

[0.298] [0.300] [0.297] [0.299] [0.299] [0.300] [0.299]
Dividend payer 2.25*** 2.30*** 2.26*** 2.30*** 2.29*** 2.28*** 2.27***

[0.077] [0.070] [0.076] [0.071] [0.070] [0.072] [0.073]

Observations 193,342 193,342 193,342 193,342 193,342 193,342 193,342
Rsquared (within)
Rsquared (overall)

0.007
0.010

0.006
0.095

0.007
0.099

0.006
0.095

0.007
0.097

0.007
0.090

0.007
0.097

Number of orgnr 29,661 29,661 29,661 29,661 29,661 29,661 29,661
Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports estimates from panel regressions explaining the �rm-level share of commitment
loans over total bank loans between the third quarter of 2007 and the last quarter of 2009. All regressions in-
clude �rm �xed e¤ects, sectorial dummies and a time trend. Test-statistics reported in paranthesis are based on
heteroskedasticity-consistent standard errors adjusted for clustering by quarters. The �rst three columns presents
results from estimations where the macro variable is a measure of monetary policy. In the fourth and the �fth
column the macro variable is a measure of banks�loan losses and in the last to columns the macro variable captures
banks�stock valuation. Details on the de�nitions of the macro variables are given in the appendix, section A2.
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Appendices

A1. Assessment of sample selection impact

Table A1. Probit estimations of the likelihood that a �rm has a line of credit (marginal e¤ects)

(I) (II) (III) (IV) (V) (VI)

Cashflow/total
assets

0.051*** 0.053*** 0.053*** 0.036*** 0.036*** 0.036***

[0.019] [0.019] [0.019] [0.002] [0.002] [0.002]
Ln (Total
assets)

0.045*** 0.045*** 0.045*** 0.001*** 0.001*** 0.001***

[0.002] [0.002] [0.002] [0.000] [0.000] [0.000]
Tangible
assets

0.087*** 0.089*** 0.089*** 0.020*** 0.020*** 0.020***

[0.014] [0.014] [0.014] [0.001] [0.001] [0.001]
Growth in
sales

0.014*** 0.014*** 0.014*** 0.005*** 0.005*** 0.005***

[0.002] [0.002] [0.002] [0.000] [0.000] [0.000]
Part of group 0.020* 0.021* 0.021* 0.007*** 0.007*** 0.007***

[0.012] [0.012] [0.012] [0.001] [0.001] [0.001]
Cash flow
volatility

0.016* 0.016* 0.001** 0.001**

[0.010] [0.010] [0.001] [0.001]
Industry sales
volatility

0.228*** 0.010

[0.038] [0.008]
Pseudo R2 0.07 0.07 0.07 0.03 0.03 0.03
Observations 114,783 114,783 114,783 1,718,168 1,718,168 1,718,168

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports results from probit regressions where the dependent variable takes
the value 1 if the the �rm has a line of credit in the current period. Columns (I) to (III) report the
estimated marginal e¤ects of �rm characteristics on the probability of having a line of credit from
probit estimation using the bank lending data. Columns (IV) to (VI) report corresponding results
based on the accounting data.
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A2. Macro variables

Figure A1. Measures of the stance of monetary policy

The thick solid line in �gure A1 is the deviation in the real Swedish repo rate from an estimated trend. The real
interest rate is calculated as the nominal interest rate de�ated by expected in�ation one year ahead according to
the survey Economic Tendency Survey Business and Consumer (Source: National Institute of Economic Research).

The thin solid line in �gure A1 is the residuals of the following estimated equation:

it = �+ 1:5 (�t � 2) + 0:5 (yt � y�t ) + "t (A1)

where (yt � y�t ) is the output gap as calculated by the Riksbank (source: Monetary Policy Report, October 2010).

The dotted line is the residuals of the following estimated equation:

it = �+ �1 (�t � 2) + �2 (yt � y�t ) + �3 (indprodt � indprod�t ) + �4 (ut) + "t (A2)

where (indprodt � indprod�t ) is the deviation in industrial production from trend and ut is the unemployment rate.
The trend in industrial production has been estimated by means of the Hodrick-Prescott �lter.
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Figure A2. Measure of banks��nancial health: loan losses in per cent of total lending

The thick solid line shows total loan losses in each period for the four dominant Swedish banks. Loan losses are
expressed in per cent of total bank lending according to:

llt =

�
LLt

Lt + Lt�1

�
� 100 (A3)

where LLt is loan losses in period t as reported in the banks�quarterly reports and Lt is bank lending in period t.
(Source: The Riksbank.)

The thin solid line is calculated in the same way as in equation A2. That is,the residuals in:

llt = �+ �1 (�t � 2) + �2 (yt � y�t ) + �3 (indprodt � indprod�t ) + �4 (ut) + "t (A4)
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Figure A3. Measure of banks��nancial health: ln(bank index)

The thick solid line in �gure A3 is the log of a bank stock index and the thin line is calculated in the same way as
in equation A4. The index is the OMX Stockholm Banks_GI, which is composed of the four major Swedish banks
(Source: Nasdaq OMX.)
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Abstract

Using Swedish bank lending data, investment data as well as accounting data of non-
�nancial �rms, I examine how the 2008 �nancial crisis a¤ected corporate investment through
its e¤ect on credit availability. A di¤erences-in- di¤erences approach is used to compare invest-
ments of �rms before and after the onset of the crisis as a function of their ex ante sensitivity to
a credit supply shock, controlling for fundamental determinants of investments. Sensitivity to
a credit supply shock is measured as credit reserves, de�ned as unused credit on lines of credit.
I �nd that �rms with low credit reserves prior to the crisis reduced investment signi�cantly
more than other �rms. However, it is not possible to pin down that this relationship bewteen
credit reserves and corporate investment was caused by an exogenous shift in the supply of
credit during the �nancial crisis. When I control for the impact of credit reserves in normal
times, there is no additional signi�cant impact from low credit reserves during the crisis. I
also examine the extensive margin of lines of credit and �nd that the probability that a �rm
had access to a line of credit was reduced after the onset of the crisis. However, it is nei-
ther possible to conclude with any statistical degree of certainty that this tightening of credit
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1 Introduction

Following the �nancial crisis in 2008, business investment fell in many industrial countries. Obvi-

ously, this is not in itself evidence that the �nancial crisis caused a contraction in investments. The

same adverse shock that triggered the �nancial crisis may also have caused a decline in aggregate

demand, leading �rms to cut investment. It may also have entailed an increase in uncertainty, lead-

ing �rms to postpone investments. However, the �nancial crisis may also have led to a contraction

in credit supply, and through this channel, to a decline in business investments. The purpose of

this paper is to study this third channel, that is whether an adverse shift in the supply of credit

caused a decline in investments.

To be able do this, it is necessary to disentangle this channel from the various demand side

e¤ects. The approach in this paper is to use a di¤erences-in-di¤erences method and compare

investment of �rms before and after the onset of the crisis as a function of their ex ante sensitivity

to shocks in credit supply. The classi�cation of �rms on the basis of sensitivity to �nancial shocks

is a common method in studies of real e¤ects from �nancial frictions. However, the way in which

this classi�cation is done di¤ers across studies.

In a recent study, Duchin, Ozbas and Sensoy (2010) (henceforth "DOS") focus on a �rm�s

reserves of cash and assume that a credit supply shock has a greater impact on �rms with low

cash reserves at the onset of the crisis relative to �rms with high cash reserves. DOS compare

the investment of publicly traded US �rms before and after the onset of the crisis and �nd that,

consistent with the causal e¤ect of a supply shock, the decline in investment was greatest for �rms

which had low cash reserves. They obtain similar results when they use other measures of exposure

to a credit supply shock, such as short term debt to assets, whether the �rm is ex ante �nancially

constrained and whether the �rm operates in an industry dependent on external �nance.

In this study, I employ another concept of liquidity reserves. Instead of reserves in the form

of cash holdings as an indicator of �rms exposure to a credit supply shock, I use a measure of a

�rm�s reserves in terms of credit. I de�ne credit reserves as unused credit on lines of credit, i.e.

funds which the �rm can access as it wishes up to a preset limit and at conditions set in advance.

In using this measure of credit reserves, I rely on research by Su� (2009) and Yun (2009) who

�nd that lines of credit are important sources of liquidity for �rms. I also build on a survey study

of Lins, Servaes and Tufano (2010) on how and why �rms use excess cash and lines of credit. They

conclude that while excess cash is held to guard against future cash �ow shocks, lines of credit are

held to fund future growth options. Consequently, it seems well justi�ed to include funds available

on lines of credit when studying the impact of a credit supply shock on �rms�real activity.

A common di¢ culty in empirical studies of investment is possible endogeneity of a �rm�s �nan-

cial position. In my case, inferences will be confounded if variation in credit reserves is endogenous

to unobserved variation in investment opportunities. I address this concern in a similar way as
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DOS, that is by measuring the level of credit reserves a year prior to the onset of the crisis. How-

ever, contrary to DOS, I also allow lagged credit reserves to enter as an independent variable in

the regressions to control for a relationship between credit reserves and investment also in normal

times. DOS use another strategy and replicate the regressions for placebo (i.e. non-existent) crisis

in other time periods.

The data is a sample of 5089 Swedish non-�nancial �rms. The data is created by merging

investment data and balance sheet and income statement data of �rms with �rm-level lending

data from a major Swedish commercial bank. I date the onset of the �nancial crisis in Sweden to

the beginning of the third quarter of 2008 and compare investment for the third and fourth quarter

of 2008 and the �rst quarter of 2009 to the same quarters of 2007 and beginning of 2008.

Overall I �nd no statistically strong evidence that the decline in corporate investment after

the beginning of the crisis was enhanced by a negative shift in credit supply. Controlling for

fundamental determinants of investment and �rm �xed e¤ects, I �nd a positive relationship between

a �rm�s credit reserves and investment activities during the crisis. However, it is not possible to pin

down that this relationship was caused by an exogenous contraction in the credit supply during the

�nancial crisis which caused �rms with low reserves of credit to postpone or cancel investments.

When I control for the impact of credit reserves also in normal times, the signi�cant impact of

credit reserves during the crisis disappears.

It may be noted that my data set suggests that the same holds when sensitivity to a credit supply

shock is de�ned in the same way as used by DOS, i.e. with reserves measured in terms of liquidity

(cash reserves) instead of unused credit on credit lines. In line with DOS, I �nd a statistically

signi�cant relationship between cash reserves and investment activity during the crisis. But I also

�nd that this relationship holds also in the pre-crisis period, suggesting a relationship between

lagged cash and investment for other reasons than more restrictive credit conditions on behalf of

banks.

As a robustness test of the results, I single out �rms with the lowest levels of credit reserves and

de�ne those as "credit constrained". I subsequently test whether those �rms where particularly

subject to a credit contraction during the crisis. I �nd that credit constrained �rms reduced

investment substantially more than non-constrained �rms during the �nancial crisis. However,

neither in this case is the e¤ect statistically signi�cant when I control for the impact of �rm-

speci�c variables and of credit reserves in general.

In addition, I examine variation in the extensive margin of lines of credit and its e¤ect on

investment. I �nd that the probability of having a line of credit was reduced after the beginning

of the crisis. Firms, which given their �nancial situation and investment opportunities, had a high

probability of having a line of credit prior to the crisis, had less probability of having access to a

line after the onset of the crisis. However, the empirical results do no con�rm that this tigthening
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of credit standards added to the decline in investment

The outline of the paper is the following. Section 2 discusses related literature. Section 3

describes the data set. Section 4 explains the empirical method. In section 5, I present my results.

Section 6 concludes.

2 Related literature

My work relates to the extensive empirical literature on the bank lending channel, which tests the

link between shocks to banks��nancial positions and the decline in credit provision to �rms. Most

of this literature has not focused on the impact on real activity. An early exception is Peek and

Rosengren (2000), who investigated, using state level data from the U.S., changes in real estate

activity in states with large presence of Japanese banks after the Japanese banking crisis. They

found that the retrenchment of Japanese lending had a substantial impact on U.S. real estate

activity. Following the recent �nancial crisis, a growing number of papers study the link between

credit supply shocks and real activity such as corporate investment. Several papers �nd supportive

evidence of real e¤ects from the recent �nancial crisis on investment activity. However, the evidence

is mixed. There are also papers in which the evidence of real e¤ects of the �nancial crisis on �rm

behavior are less conclusive.

In line with DOS, Almeida, Campello and Larenjeira (2011) provide evidence of a causal e¤ect

from the �nancial crisis to �rm investment. They identify exogenous heterogeneity among �rms by

classifying �rms according to the variation in long-term debt maturity. In particular, they compare

capital expenditure of �rms with more than 20 percent of their long-term debt maturing during

2008 to other �rms. They �nd that �rms with a large fractions of their long-term debt maturing

at the time of the crisis cut capital expenditures more than otherwise similar �rms that had less

need for re�nancing long-term debt during the crisis.

Campello, Graham and Harvey (2010) use survey evidence to study how �nancial constraints

a¤ected corporate behavior during the �nancial crisis. They ask managers directly whether their

�rms were �nancially constrained in the sense that companies� operations were a¤ected by the

cost or availability of credit. They �nd that constrained �rms planned to cut employment and

capital investment signi�cantly more than unconstrained �rms. Di¤erences between constrained

and unconstrained �rms became more signi�cant as the crisis unfolded. They also note that around

half of the �rms categorized as constrained cited di¢ culties in initiating or renewing a credit line.

Ivashina and Sharfstein (2010) show that banks cut lending sharply to the corporate sector and

that part of the retrenchment was likely to be due to a shift in credit supply. Campello, Giambona,

Graham and Harvey (2011) also �nd survey evidence of real e¤ects on investment of the �nancial

crisis. In particular, they study how cash holding and credit lines a¤ected �rms�investment plans.

4



Their results indicate that access to credit was scarce during the crisis and that lines of credit

had a signi�cant positive impact on corporate investments, in particular for �rms with large cash

holdings.

Claessens, Tong and Wei (2011) draw di¤erent conclusions. They identify di¤erent transmission

channels of the �nancial crisis, a trade channel, a domestic demand channel and a �nancial channel.

They study accounting data of manufacturing �rms from 42 countries. To isolate the �nancial

channel, they assume that if an adverse credit supply shock would play an important role for

�rms, it should be re�ected in the performance of those �rms that rely more on external �nance

for investment and working capital relative to �rms that rely less on external �nancing. They �nd

that while the trade and demand channels appear to have played signi�cant roles for �rms real

performance, the evidence of a �nancial channel is considerably weaker.

In a similar vein, Kahle and Stulz (2011) argue that important features of the �nancial and

investment policies of �rms are inconsistent with a strong impact of a bank credit supply shock.

Among other things, they �nd that �rms which were more bank-dependent before the crisis (small

�rms, unrated �rms and highly �nancially constrained �rms) did not reduce their capital expen-

diture more than other �rms. Furthermore, these �rms decreased their net equity issuance during

the �rst year of the crisis rather than increase it. Instead, Kahle and Stulz �nd evidence that an

adverse demand shock and a general increase in risk during the crisis played a dominant role in

explaining �rms�investment policies.

My study also relates to empirical work on the use of bank lines of credit by �rms both in

general and during the �nancial crisis. Su� (2009) and Yun (2009) show that lines of credit are

important sources of liquidity for �rms. Yun studies how corporate governance in�uences �rms�

choices between cash and lines of credit. Su� examines which types of �rm that tend to use lines

of credit. He �nds that the use of cash-�ow based �nancial covenants by banks in the U.S. imply

that lines of credit are a viable liquidity substitute only for �rms that maintain high cash �ow. In

contrast, �rms with low cash �ow are less likely to obtain a line of credit, and they rely more on

cash in their liquidity management. Lins, Servaes and Tufano (2010), examine whether �rms use

credit lines and cash holdings to hedge di¤erent risks. Their results indicate that cash is employed

as a general insurance policy against poor cash-�ow realizations. Lines of credit, on the other hand,

are employed when future �nancing needs are high. Focusing on the �nancial crisis, Ivashina and

Scharfstein (2010) document that �rms drew increasingly on their lines of credit during the crisis to

ensure that they had access to funds. Campello, Giambona, Graham and Harvey (2011) show that

credit-constrained �rms drew down their lines of credit during the crisis but also faced di¢ culties

in renewing new credit lines.
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3 Data

The sample consists of quarterly data on Swedish �rms, aktiebolag (by approximation the equiv-

alence of US corporations). It includes both large, listed �rms and smaller �rms. The data exist

over the period 2002 - 2008 and have been created by merging �rm-level data from three sources:

balance-sheet and income-statement data from the Swedish credit bureau, Upplysningscentralen,

bank-lending data from a major Swedish commercial bank and investment data from Statistics

Sweden.

The bank lending data have a monthly frequency and have been converted to quarterly data

by using observations from the last month in each quarter. Indicator variables in this data set, for

instance whether the �rm has a line of credit or not, have been transformed to quarterly data by

assigning a positive value for the quarter if the �rm has a line of credit for at least two months of

the quarter.

The accounting data and investment data sets are based on �nancial statements of �rms. A

problematic aspect is that in Sweden, as in many other countries, many �rms have considerable

discretion in choosing �scal year period for their �nancial statements. In particular, only about half

of the Swedish �rms have a �scal year that coincides with a calender year. Therefore, regardless

of whether the aim is to transform the data to yearly data or to quarterly data, how to periodize

the data is an issue. In many empirical studies of �rm investment in the literature, this problem

does not appear as they are based on only listed �rms for which the �scal year tend to correspond

to a calender year.

In the accounting data set from the Swedish credit bureau, I have periodized to quarters by

assigning the data to the quarters over which the �scal year of the �rm spans. For example, the

data of a �rm with a �scal statement covering the period from July 1, 2007 to June 30, 3008 will

be assigned to the last two quarters of 2007 and the �rst two quarters of 2008. In the investment

data set compiled by Statistics Sweden, the data have been assigned to the calender year to which

the main part of the �scal year refers or, in the case the �scal year covers the last six month of one

year and the �rst six month of next year, to the second year. In the above example, the method

of Statistics Sweden implies that the investment data of the �rm are assigned to 2008.

Admittedly, the fact that the accounting data and the investment data are transformed to

quarterly data by means of di¤erent methods, creates some inconsistency. However, in half of

the observations, in which calender year and �scal year coincide, this is not an issue. And in

a bit more than another third of the observations, the result is that accounting data lag the

investment data by one or two quarters, which is not an uncommon assumption in empirical

models of investment. In approximately 15 percent of the observations, the investment data lag

the accounting data with one quarter, which is more unfortunate. However, in the appendix, table

A2, I displays results of regressions over di¤erent subsamples of �rms according to their closing
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dates of �nancial statements. These results show that the mismatches between the accounting data

and the investment data do not bias the results in any noticeable way. It may also be noted, that

it is only for �ow variables such as investment and cash �ow that the two methods yield di¤erent

dating. Stock variables in the accounting data set and used in the analysis, such as the capital

stock, are assumed to remain constant over the quarters of the �scal year. That is the value of the

variable at the end of the �scal year is assigned to the last quarter.

I make the following adjustments of the sample. I con�ne the sample to non-�nancial �rms. I

remove observations which have unrealistic values for some variables, for instance negative debt.

Following DOS, I also remove the smallest �rms in the sample, in my case �rms with less than

three employees or with less than one million SEK in total assets. With the aim of excluding

inactive corporations, I require that the annual reporting of the �rm is consecutive and that the

�rm has reported an operating income each year. Furthermore, I remove �rms whose bank-speci�c

debt, according to the bank lending data, amounts to less than 80 percent of its total bank debt,

according to the accounting data. The aim is to con�ne the sample to �rms which have the

commercial bank in question as its main bank. This will be important for instance when I group

�rms after access to a line of credit. I then want to minimize the likelihood that a �rm is a customer

of the bank from which I have data, has no line of credit with the bank, but has a line of credit

with another bank.

Finally, I winsorize �rms-speci�c variables expressed in ratios at the 1st and 99th percentiles to

lessen the in�uence of outliers. After these removals, the sample over the full time period consists

of 7 089 �rms and over the pre-crisis and crisis period of 5089 �rms. Table 1 displays some summary

statistics for the sample of �rm.

4 Empirical method

To analyze the direct e¤ect of the �nancial crisis on investment, I employ a standard model

of corporate investment with �nancing frictions.1 I estimate the model with a di¤erences-in-

di¤erences approach. That is, I examine �rms� investment before and after the outbreak of the

crisis as a function of their ex ante sensitivity to a credit supply shock and of proxies for investment

opportunities. Hence, the outbreak of the crisis is "the treatment".

I de�ne a �rm�s sensitivity to an adverse credit supply shock as a function of its credit reserves,

where credit reserves are unused credit on lines of credit. Lines of credit are precommitted credit

which allow �rms to borrow up to a certain amount at a pre-set interest rate. When banks aim

to tighten credit conditions, they are free to reduce the supply of term loans, i.e. loans not under

commitment. But their possibilities to reduce the supply of loans under commitment are more

1See for instance Fazzari, Hubbard and Petersen (1987).
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limited. In this way, loan commitments may protect �rms from a credit contraction, as argued by

James (2009).

The estimated equation is of the following form in the benchmark regressions:

Invit = �i+ �1Post+ �2(Post �Credit reservesit�4) + �3Credit reservesit�4+ �4Xit+ "it (1)

where

Invit =
�
I
K

�
it
and I is investment and K the capital stock. Calculations of the replacement

cost of capital are shown in the appendix.

Post is an indicator variable equal to one for periods after the outburst of the crisis.

The variable Credit reserves is (total line of credit� used credit)=total assets.

X is a vector of variables to measure investment opportunities. The control variables I use

are cash �ow and growth in sales. The exact de�nitions of these variables are displayed in the

appendix.

The model is similar to the one used by DOS. However, as explained in the introduction,

they use cash reserves (cash and short term investments over total assets) to measure a �rm�s

sensitivity to a credit contraction. In addition, studying US data, DOS de�ne the beginning of the

�nancial crisis to the third quarter of 2007. I adjust the dating to Swedish conditions and date

the beginning of the crisis to the beginning of the third quarter of 2008. It can be argued that

the �nancial crisis had its major repercussions in Swedish �nancial markets after that Lehman

Brothers �led for bankruptcy in September 2008.2 The di¤erences in di¤erences analysis will be

conducted by comparing the crisis period � the third and fourth quarter of 2008 and the �rst

quarter of 2009 �to a pre-crisis period �the third and fourth quarter of 2007 and the �rst quarter

of 2008.

The model is estimated with �xed e¤ects to control for time-invariant variables such as time-

invariant variation in investment opportunities. Standard errors are heteroskedasticity-consistent

and clustered at the �rm level.

A di¢ culty when estimating investment equations with �nancial variables is that those variables

may be endogenous to unobserved changes in investment opportunities, in which case the estimates

will be biased. To handle this problem, I use �rms�credit reserves lagged four quarters in equation

(1). That is, I use credit reserves measured one year prior to the �nancial crisis as instruments for

credit reserves during the �nancial crisis. The assumption is accordingly that credit reservest�4 are

correlated with credit reservest but unrelated to unobserved changes in investment opportunities

(i.e. unobserved �rm-speci�c demand shocks) between the pre-crisis period and the crisis period.

As an additional check that inference is not confounded by biased estimates, I also allow lagged

credit reserves to enter as an variable on its own in the regressions. The purpose is to verify that

2See for instance the assessment of the Riksbank in the Monetary Policy Report 2008:3.
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credit reserves had an independent importance for investments during the �nancial crisis, i.e. that

any relationship that I may �nd is not due to a general relationship between lagged credit reserves

and investment.

Another issue when interpreting my results concerns sample selection. The approach I use

is naturally limited to studying the intensive margin (�rms with a credit line). However, it is

conceivable that the likelihood of having a line of credit declined after the outbreak of the crisis.

This could have occurred either because banks did not renew existing lines at maturity or because

they were more reluctant to extend new lines. In either case, the e¤ect of the credit contraction

may be larger when taking the extensive margin into account. To assess whether this e¤ect is

present, I estimate the following model:

Pr [L = 1]it = �+ �1Post+ �2Xit + "it (2)

where L is equal to 1 if a �rm has a line of credit and 0 otherwise and Xit is a vector of

�rm-speci�c variables determining the probability of having a line of credit.

It turns out that the estimate of �1 is strongly signi�cant and with the expected negative sign.

Therefore, I will modify and re-estimate (1) to examine the impact on investment of more limited

access to lines of credit. A possible way to do this and estimation results are presented in section

5.5.

5 Results

5.1 Firms�investment before and after the �nancial crisis - di¤erences

in means

Before turning to the statistical analysis, table 2 presents comparisons of average investment before

and after the onset of the crisis for di¤erent groups of �rms. The comparisons are based on cross-

sectional averages of �rm-level time-series averages over the three quarters before and after the

crisis.

Panel 1 of table 2 shows that for the whole sample of �rms, investment was 10.3 percent lower

in the crisis period compared to the pre-crisis period. The magnitude of the decline is within the

same magnitude as in the aggregate statistics. According to the Swedish national accounts, as

reported by Statistics Sweden, business investment was 8.6 percent lower on average during the

last two quarters of 2008 and the �rst quarter of 2009 compared to the same period one year earlier.

Panel 2 of table 2 compares the change in investment for �rms with and without a line of

credit. On average, �rms with a line of credit reduced investment more during the crisis than �rms
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without a line of credit.

In Panel 3 of table 2, I group �rms based on their level of credit reserves during the sample

period. The group of �rms labeled low credit reserves is �rms in the lowest 25 percentiles of credit

reserves, and the group labeled high credit reserves is the complement. Investment declined by 12.9

percent for �rms with low credit reserves, compared to a decline by 5.7 percent for �rms with more

ample credit reserves. The results suggests that shortage of credit hurt investment in particular

for �rms lacking su¢ cient credit reserves in the form of precommitted credit.

In the bottom panel of table 2, I replicate DOS and group �rms based on their level of cash

reserves, with the similar percentile cuts as in panel 3. My sample supports the �nding of DOS,

namely that in particular �rms with low cash reserves reduced investment after the onset of the

crisis.

In the sections below, I will examine whether these patterns are robust to statistical analysis.

5.2 Investment and cash reserves: replicating DOS

I begin by examining whether the results of DOS also hold in my sample of �rms. That is, I estimate

(1) with cash reserves as a measure of a �rm�s sensitivity to a credit supply shock. Similar to DOS,

I measure the level of cash several quarters prior to the outbreak of the crisis.

The following di¤erences compared to DOS should be noted. DOS examine a sample of public

traded �rms for which they can calculate a proxy for Tobin�s Q based on market valued assets.

I use growth in sales as a proxy for investment opportunities. As noted earlier, I also adopt the

de�nition of pre-crisis and crisis period to Swedish conditions. In addition, while DOS use a �xed

date at which they measure the level of cash (the second quarter of 2007), I use a lag of four

quarters. The reason is that I want to also add cash reserves as an independent variable. Without

this variation in cash reserves, the variable falls out of the regression when I estimate with �xed

e¤ects.

Table 3 displays the results of these estimations. Similar to DOS, I �nd that �rms with a high

level of cash prior to the crisis reduced investment less than other �rms. The �rst two columns

show results of regressions without any �rm-speci�c time-varying control variables but with �rm

�xed e¤ects.

The estimates in the �rst column imply that quarterly investment declined by 0.49 percentage

points for the average �rm following the onset of the crisis. In relation to the unconditional mean of

2.88 percent of capital per quarter (see table 1), it implies a decline in investment of 17 percent. The

magnitude of the decline is larger than what is suggested by the di¤erence in means calculations

shown in panel 1 of table 2. However, table 2 does not take into account that the panel of �rms is

unbalanced. In the regressions in column 1 of table 3 this should be dealt with when I adjust for

�xed e¤ects.
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The second column of table 3 shows that investment declined less for �rms with a high level

of cash one year prior to the crisis. The quantitative impact is small but signi�cant. (While

the general level e¤ect of cash is removed with the �xed e¤ects, the interaction with the crisis

indicator still makes it possible to infer the impact from the �rm�s level of cash prior to the crisis.)

As shown in the third column, the e¤ect of pre-crisis cash reserves remains when I control for

contemporaneous investment opportunities as measured by growth in sales and the ratio of cash

�ow to assets.

In the fourth column, I add lagged cash reserves as an independent variable. With this variable

in the regression equation, the signi�cant impact of pre-crisis cash on investment disappears. This

suggests that cash in previous quarters is related to investment activity in general, i.e. not only

during the �nancial crisis. And when this relationship is taken into account, there is no additional

impact of cash reserves during the �nancial crisis. A conclusion is that, when cash is used as

a measure of sensitivity to a credit supply shock, there is no evidence that �rms with a higher

sensitivity to a credit supply shock (�rms with low cash reserves) reduced investment more than

other �rms. These �ndings contradict the �ndings of DOS. They �nd a statistical signi�cant

impact of cash reserves on investment which holds up only during the �nancial crisis and not

during placebo crisis.

5.3 Investment and credit reserves

In this section, I examine the relationship between investment and a �rms�exposure to a credit

supply shock, using the alternative measure of exposure to a credit supply shock proposed in this

study, namely a �rm�s credit reserves. I expect that �rms with little unused credit on their lines of

credit when the crisis hit - low credit reserves - reduced investment more than �rms with abundant

credit reserves.

Table 4 shows the result of regressing equation (1) with a �rm�s level of credit reserves on

the right hand side of the equation. As seen in the second column in table 4, also this way of

characterizing a �rm�s sensitivity to a credit supply shock shows a signi�cant negative relationship

between sensitivity and investments. Firms with higher level of credit reserves reduced investment

less than �rms with lower level of reserves. The signi�cance remain when I control for �rm-speci�c

investment opportunities. In the fourth column, I allow also lagged credit reserves to enter as an

independent variable. As in table 3, this modi�cation alters the result in the sense that the impact

of credit reserves during the crisis period is no longer signi�cant. In other words, using �rms�level

of credit reserves as a measure of sensitivity to a credit supply shock gives similar results as when

cash reserves is used. Overall, these results do not support that the decline in investment during

the �nancial crisis was reinforced by a negative shift in the supply of credit.

It is of course conceivable that neither of those measures is a good approach to identify �rms
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which ought to have been the most a¤ected by a contraction in credit on behalf of the banks. It

is, for instance, possible that there was no general relationship between the level of credit reserves

and a �rm�s degree of sensitivity to an exogenous credit supply shock, but that �rms with the

lowest levels of reserves were still hurt by a shortage of credit during the �nancial crisis.

With the aim of examining whether this was the case, I single out �rms with the lowest levels

of credit reserves and de�ne those as "credit constrained". As before, due to endogeneity concerns,

I measure credit reserves with a lag of four quarters. I de�ne �rms with credit reserves at or

below the 10th percentile as credit constrained. This corresponds to �rms with credit reserves

amounting to 3 percent of assets or less, compared to an average of 8 percent for unconstrained

�rms. In relation to total size of the line of credit it amounts to an average usage ratio of 55

percent compared to 26 percent for the average unconstrained �rm. Table 5 presents some other

summary statistics of the group of credit constrained �rms compared to the full sample of �rms.

The number of credit constrained �rms is small, only 896 �rms, but the average size is, somewhat

surprisingly, substantially larger than the average �rm in the full sample, both in terms of total

assets and number of employees.

Table 6 shows the results of these estimations. In these regressions, I include also cash reserves

with a lag of four quarters as an extra control variable as my earlier results indicated that this

variable is related to investment in general. As shown in the second column, the coe¢ cient of the

interaction term of credit constrained and after the crisis has the expected negative sign and is

statistically signi�cant. The quantitative e¤ect is such that investment declines by 0.46 percent of

capital for the average unconstrained �rm and 0.77 percent of capital for the average constrained

�rm.

However, as before the signi�cance disappears when I control for the impact of lagged credit

reserves in general. Hence, neither for this group of �rms with particularly little scope to rely on

already committed credit for �nancing needs during the �nancial crisis does it appear that credit

reserves were more important during the crisis than normally.

Next I consider whether the results di¤er when the de�nition of the group of credit constrained

�rms is altered. In table 7, I expand the de�nition of credit constrained �rms to include �rms

below the 15th and the 20th percentiles. It turns out that, with these expansions of the group of

credit constrained �rms, there is no longer any signi�cant impact on investment after the onset of

the crisis.

Taken together these results lend support to the interpretation that the supply of credit did not

shift inwards during the �nancial crisis in a way that had a signi�cant impact on �rms�investment.
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5.4 Investment and total reserves

So far, I have de�ned reserves as either reserves in the form of unused credit or in the form of cash.

However, to the extent that lines of credit and cash are substitutable forms of �nancing for �rms,

it is also relevant to examine the sensitivity of credit reserves and cash to investments during the

crisis. In the survey on the relation between �rm�s �nancing conditions and corporate behavior

during the �nancial crisis, Campello, Graham and Harvey (2010) �nd that four in ten of the �rms

say that they use cash reserves to �nance investment if they are unable to borrow. One would then

expect that for at least some of the �rms with low credit reserves, cash reserves were instead used

as an alternative means of �nancing investments.

Therefore, in table 8, I group �rms on the basis of total reserves, de�ned as the sum of credit

reserves and cash reserves. As before, I measure the �nancial positions with a lag of four quarters

to minimize the risk of biased estimates. I repeat the regressions of table 6, that is I de�ne �rms in

the lowest 10th percentile of total reserves as constrained in terms of �nancing means. The general

e¤ect from total reserves has the expected positive sign and has a signi�cant impact. However,

the e¤ect of being constrained during the �nancial crisis in the sense of having a low level of

cash and credit reserves is insigni�cant in all speci�cations. Hence, neither with this de�nition of

constrainedness is there evidence of a reduction in credit supply on investment during the �nancial

crisis.

5.5 Investment and the probability of having a line of credit

In this section, I extend the analysis to take into account another aspect of the credit contraction,

namely that di¢ culties in gaining access to a line of credit appear to have increased after the crisis

began. As shown in �gure 1, the share of �rms which had access to a line of credit decreased was

reduced as from the third quarter of 2008. The reduction in the share of �rms with a line of credit

was not limited to small �rms. Similar reductions are visible in the �gure for �rms in the top decile

of �rms in terms of asset as well as in the top percentile.

This development is con�rmed in a multivariate probit regression with an indicator variable

equal to one for the crisis period and with controls for changes in �rm fundamentals. Table 9

shows results of estimations of equation (2), where I have used the following �rm-level variables:

cash �ow, total assets, growth in sales, volatility in cash �ow as well as an indicator variable for

whether the �rm is part of group or not. The results imply that a �rm, which given its �nancial

situation and investment opportunities, would have had access to a line of credit prior to the crisis

had signi�cantly less probability of having a line after the onset of the crisis.

I now proceed to examine whether this credit contraction, in the form of more restrictive access

to lines of credit, had an impact on investment activity. The approach is to estimate investment

after the onset of the crisis as a function of a change in access to a line of credit and a change in
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the likelihood of having a line of credit as well as �rm-speci�c control variables. The equation is

of the following form.

Invit = �+ �1 (Linet�1 � Linet) + (3)

�2 (Pr [Line = 1jXt�1]� Pr [Line = 1jXt]) + �3Xit + "it

The term (Linet�1 � Linet) singles out �rms which had access to a line of credit prior to the

crisis but not after the crisis (or vice versa). If access to a line of credit was a truly exogenous

variable in equation (3), introducing this �rst term in the investment equation would in principle

be su¢ cient to capture the impact of this kind of credit tightening on investment. Exposure to

the credit supply chock would then be captured by those �rms which had a line of credit in the

pre-crisis period but were cut o¤ from the line in the crisis period. However, in reality, a �rm�s

access to a line of credit is a function of �rm-speci�c variables which are not all exogenous in the

investment equation. In other words, endogeneity problems are likely to be present.

To deal with this, I include probit estimates of changes in the probability that a �rm has a line

of credit, the term (Pr [Line = 1jXt�1]� Pr [Line = 1jXt]). The probit model is the same model

as in equation (2), but I leave out the crisis dummy and estimate the model only for the pre-crisis

period (i.e. the last two quarters of 2007 and the �rst quarter of 2008).

I subsequently use the model to predict the probability of having a line of credit in the post

crisis period. That is, I update the model with �rm-level variables of period t. For example, a

positive di¤erence between (Pr [Line = 1jXt�1]) and (Pr [Line = 1jXt]) re�ects a change in �rm-

level variables such that the likelihood of having a line of credit has decreased, given the credit

conditions during the pre-crisis period. In this way, this term captures the �rm-level in�uence on

the probability of having a line of credit.

As a result, with this term in the regression equation, the in�uence from �rm level variables on

the probability of having a line, which would otherwise bias the estimate of �1, is dealt with.

A negative estimate of �1 will con�rm the hypothesis that a tightening of the terms under

which lines of credit were granted had a negative impact on investments. The expected sign of

�2 is positive as �rms�balance sheets and investment opportunities are likely to have deteriorated

between the pre-crisis and post-crisis period.

The results of these regressions are shown in table 10. In the �rst two columns of table 10, I

employ pooled regressions as the time period over which I estimate equation (3) is limited to only

three quarters, the third and fourth quarter of 2008 and the �rst quarter of 2009. In the third to

the eighth column, the equation is estimated over a cross-section of �rms for each of the quarters

during the crisis.

14



In most of the speci�cations, the estimate of �2 shows a signi�cant positive e¤ect on investments

re�ecting the general deterioration in �rms��nancial variables in the crisis period compared to the

pre-crisis period. �2 captures the impact of the control variable, the change in probability of

having a line of credit. The variable of main interest is the change in actual credit line access,

(Linet�1 � Linet). In all speci�cations, the estimate of �1 has the expected negative sign. It is

also noteworthy that the point estimates of �1 are substantially more negative for the �rst quarter

of 2009, when the largest drop in aggregate investment occurred, than for the preceding quarters.

However, in none of the speci�cations is the impact on investments signi�cantly di¤erent from zero.

Hence, it is not possible to say with any statistical degree of certainty that the credit tightening

in the form of reduced access to lines of credit contributed to the fall in �rm investment.

6 Conclusions

During the �nancial crisis, there was widespread concern that severe �nancial stress among �nancial

intermediaries would cause a general contraction in the supply of credit. This could in turn have

negative e¤ects on the real economy, inter alia by forcing �rms to delay or postpone investment.

In this study, I assess the impact of the �nancial crisis of 2008 on corporate investment through

its e¤ect on credit availability. The approach is to compare �rms�investment before and after the

onset of the crisis as a function of their ex ante sensitivity to a credit supply shock, controlling for

�rm �xed e¤ects and time-varying measures of investment opportunities. Sensitivity to a credit

supply shock is measured as a function of a �rm�s level of credit reserves, de�ned as unused credit

on lines of credit. The hypothesis is that a negative credit supply shock causes �rms with low

credit reserves to reduce investment more than other �rms.

The data is a sample of 5089 Swedish �rms and comprises of both large, listed �rms and smaller

�rms. The approach is similar to Duchin, Ozbas and Sensoy (2010). However, the way I measure

sensitivity to an adverse shock is di¤erent and motivated by empirical studies on �rms�use of lines

of credit (Su�(2009) and Yun (2009)). I address endogeneity concerns by measuring credit reserves

a year prior to the onset of the crisis and by controlling for a possible relationship between credit

reserves and investment in normal times.

The results show that �rms with low credit reserves reduced investment signi�cantly more than

other �rms during the �nancial crisis. The results hold when I control for �rm-speci�c investment

opportunities and �rm �xed e¤ects. However, when I control for the impact of credit reserves in

non-crisis times, there is no additional signi�cant impact from low credit reserves during the crisis.

I also verify that neither did �rms in the lowest 10th percentile of credit reserves reduce investment

signi�cantly more than other �rms. It could be argued that those �rms had particularly little

scope of meeting general di¢ culties in obtaining new credit by drawing on already committed
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credit. Overall, the results do not support that the decline in investment during the �nancial crisis

was reinforced by an exogenous shift in the supply of credit.

As a robustness test, I run regressions where I use the same measure of exposure to a credit

supply credit as employed by Duchin, Ozbas and Sensoy, that is reserves in terms of cash. However,

contrary to these authors, also with this measure of a �rm�s crisis exposure, I �nd no support for

real e¤ects on �rms�investment behavior.

In a �nal step, I examine the extensive margin of lines of credit. I �nd that the probability that

a �rm had access to a line of credit was reduced after the onset of the crisis. However, neither this

tightening of credit conditions can be shown with statistical certainty to have added to the decline

in investment.

In sum, the empirical results in this study suggest that the contraction in credit supply during

the �nancial crisis was not su¢ cient severe or persistent to cause investment of Swedish �rms to

decline signi�cantly. On an intuitive level, the results may seem puzzling given that the �nancial

crisis is often described as a complete meltdown of certain markets for the �nancial intermediaries

or as a full-blown �nancial panic. However, it should be recalled that a broad range of measures of

unprecedented scale was undertaken by central banks and other authorities to secure the provision

of liquidity in the economy, and Sweden was no exception. Possibly, the real e¤ects may have been

substantially large in the absence of such action. In other words, those measures may have been

successful in counterbalancing the negative e¤ects on credit supply of the �nancial crisis.
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Tables and �gures

Table 1. Summary statistics

Mean Standard deviation

Investment/capital (%) 2.881 4.857

Total assets ($ millions) 31.857 677.143

Growth in sales (annual rate) 6.281 13.207

Cash flow/assets (%) 11.851 11.204

Cash reserves/assets 0.120 0.142

Credit reserves/assets 0.083 0.083

Used amount/credit line ( %) 26.462 35.324

Table Notes: This table reports summary statistics for the main sample of �rm, that is the sample used in the
estimations in table 3 - 9. It covers �rm with access to a line of credit. The time period includes a pre-crisis
period corresponding to the third and fourth quarter of 2007 and the �rst quarter of 2008 and a criris period
corresponding to the third and fourth quarter of 2008 and the �rst quarter of 2009. Investment is quarterly
investment in percent of the calculated market value of capital. Growth in sales is the annual growth rate
in sales. Cash �ow is quarterly pro�ts after �nancial income and expense minus taxes plus depreciation in
percent of total assets. Cash reserves is cash and short term assets. Credit reserves is remaining, unused,
credit on lines of credit. Both cash reserves and credit reserves are expressed as percent of total asset. Used
amount is the amount drawn on the lines of credit.
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Table 2. Investment before and after the �nancial crisis

Before crisis After  crisis tStatistic
(difference)

Change
between
periods

Panel 1. Average investment, all firms

3.132 2.810 4.916 10.3%

Panel 2. Access to a line of credit and average investment

Access to a line of
credit

3.124 2.814 4.755 9.9%

No line of credit 3.692 3.406 2.335 7.8%

Panel 3. Credit reserves and average investment

Low credit reserves 3.290 2.864 3.451 12.9%

High credit
reserves

3.557 3.355 1.015 5.7%

Panel 4. Cash reserves and average investment

Low cash reserves 2.827 2.541 2.818 10.1%

High cash reserves 3.156 2.971 1.773 5.9%

Table Notes: This table presents di¤erence-in-means calculations of �rm-level quarterly investment. Before
crisis refers to the period July 1, 2007 to March 31, 2008. After crisis refers to the period July 1, 2008
to March 31, 2009. The reported means are cross-sectional averages of the sample of �rm for the relevant
period. Cash reserves is cash and short term assets. Credit reserves is remaining, unused, credit on the
line credit. Low cash and credit reserves correspond to the �rst quartile. High cash and credit reserves
correspond to observations above the �rst quartile.

Table 3. Cash reserves and investment before and after the credit crisis

(1) (2) (3) (4)

After 0.49*** 0.48*** 0.40*** 0.33***
[0.054] [0.065] [0.068] [0.067]

After*Cash reserves (t4) 0.01*** 0.01** 0.00
[0.002] [0.002] [0.003]

Cash reserves (t4) 0.01***
[0.005]

Growth in sales 0.02*** 0.02***
[0.004] [0.004]

Cash flow 0.02*** 0.02***
[0.007] [0.007]

Observations 22,273 18,120 18,120 18,120
Rsquared 0.005 0.004 0.007 0.009
Number of firms 5,089 4,222 4,222 4,222

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from panel regressions explaining �rm-level quarterly investment
during a pre-crisis period corresponding to the last two quarter of 2007 and the �rst quarter of 2008 and
a crisis period corresponding to the last two quarters of 2008 and the �rst quarter of 2009. After is an
indicator variable equal to one for observations the crisis period. All regressions include �rm �xed e¤ects.
Standard errors are heteroscedasticity-consistent and clustered at the �rm-level.
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Table 4. Credit reserves and investment before and after the credit crisis

(1) (2) (3) (4) (5)

After 0.49*** 0.49*** 0.41*** 0.36*** 0.31***
[0.054] [0.080] [0.081] [0.082] [0.058]

After*Credit reserves (t4) 0.01** 0.01* 0.01
[0.007] [0.007] [0.007]

Credit reserves (t4) 0.01 0.02*
[0.009] [0.009]

Growth in sales 0.02*** 0.02*** 0.02***
[0.004] [0.004] [0.004]

Cash flow 0.02*** 0.02*** 0.02***
[0.007] [0.007] [0.007]

Observations 22,273 18,120 18,120 18,120 18,120
Rsquared 0.005 0.003 0.007 0.008 0.007
Number of firms 5,089 4,222 4,222 4,222 4,222

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from panel regressions explaining �rm-level quarterly investment
during a pre-crisis period corresponding to the last two quarter of 2007 and the �rst quarter of 2008 and
a crisis period corresponding to the last two quarters of 2008 and the �rst quarter of 2009. After is an
indicator variable equal to one for observations during the crisis period. All regressions include �rm �xed
e¤ects. Standard errors are heteroscedasticity-consistent and clustered at the �rm-level.

Table 5. Summary statistics of credit constrained �rms

Credit constrained firms Full sample

Number of firms 896 5089

Average asset size 187.14 million $ 31.86 million $

Average number of employees 159 45

Part of group 15% 9%

Table Notes: This table reports summary statistics for the sample of �rm categorized as credit constrained
observed over the pre-crisis period as well as the crisis period.
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Table 6. Investment before and after the credit crisis for credit constrained and unconstrained �rms

(1) (2) (3) (4) (5) (6)

After 0.49*** 0.46*** 0.36*** 0.37*** 0.27*** 0.30***
[0.054] [0.055] [0.059] [0.060] [0.061] [0.061]

After*Credit constrained (t4) 0.31** 0.08 0.08 0.07 0.06
[0.134] [0.127] [0.127] [0.127] [0.127]

Credit reserves (t4) 0.01* 0.01 0.02* 0.02*
[0.009] [0.009] [0.009] [0.009]

Cash reserves (t4) 0.03*** 0.03*** 0.03***
[0.009] [0.009] [0.009]

Growth in sales 0.02*** 0.02***
[0.004] [0.004]

Cash flow 0.02***
[0.007]

Observations 22,273 22,273 18,120 18,120 18,120 18,120
Rsquared 0.005 0.005 0.004 0.006 0.008 0.010
Number of firms 5,089 5,089 4,222 4,222 4,222 4,222

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from panel regressions explaining �rm-level quarterly investment
during a pre-crisis period corresponding to the last two quarter of 2007 and the �rst quarter of 2008 and a
crisis period corresponding to the last two quarters of 2008 and the �rst quarter of 2009. After is an indicator
variable equal to one for observations during the crisis period. Credit constrained is an indicator variable
equal to one for the observations at or below the 10th percentile of credit reserves measured with a lag of
four quarters. All regressions include �rm �xed e¤ects. Standard errors are heteroscedasticity-consistent
and clustered at the �rm-level.
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Table 7. Investment before and after the crisis with di¤erent categorization of credit constrained /
unconstrained �rms.

10 per cent
of the firms
defined as

constrained

10 per cent
of the firms
defined as

constrained

15 per cent
of the firms
defined as

constrained

15 per cent
of the firms
defined as

constrained

20 per cent
of the firms
defined as

constrained

20 per cent
of the firms
defined as

constrained

After 0.46*** 0.30*** 0.47*** 0.32*** 0.47*** 0.32***
[0.055] [0.061] [0.057] [0.062] [0.057] [0.063]

After*Credit constrained (t4) 0.31** 0.06 0.11 0.12 0.09 0.08
[0.134] [0.127] [0.114] [0.117] [0.119] [0.127]

Credit reserves (t4) 0.02* 0.02* 0.02*
[0.009] [0.009] [0.009]

Cash reserves (t4) 0.03*** 0.03*** 0.03***
[0.009] [0.009] [0.009]

Growth in sales 0.02*** 0.02*** 0.02***
[0.004] [0.004] [0.004]

Cash flow 0.02*** 0.02*** 0.02***
[0.007] [0.007] [0.007]

Observations 22,273 18,120 22,273 18,120 22,273 18,120
Rsquared 0.005 0.010 0.005 0.010 0.005 0.010
Number of firms 5,089 4,222 5,089 4,222 5,089 4,222

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from panel regressions explaining �rm-level quarterly investment during
a pre-crisis period corresponding to the last two quarter of 2007 and the �rst quarter of 2008 and a crisis period
corresponding to the last two quarters of 2008 and the �rst quarter of 2009. After is an indicator variable equal
to one for observations during the crisis period. Credit constrained is an indicator variable equal to one for the
observations at or below the 10th, the 15th and the 20th percentile of credit reserves measured with a lag of four
quarters. All regressions include �rm �xed e¤ects. Standard errors are heteroscedasticity-consistent and clustered
at the �rm-level.
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Table 8. Investment before and after the crisis. Constrained �rms de�ned on the basis of both credit
and cash reserves

(1) (2) (3) (4) (5)

After 0.49*** 0.49*** 0.39*** 0.29*** 0.32***
[0.054] [0.055] [0.058] [0.060] [0.059]

After*Constrained (t4) 0.00 0.14 0.15 0.17
[0.174] [0.174] [0.173] [0.172]

Total reserves (t4) 0.02*** 0.03*** 0.03***
[0.006] [0.006] [0.006]

Growth in sales 0.02*** 0.02***
[0.004] [0.004]

Cash flow 0.02***
[0.007]

Observations 22,273 22,273 18,120 18,120 18,120
Rsquared 0.005 0.005 0.005 0.008 0.009
Number of firms 5,089 5,089 4,222 4,222 4,222

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from panel regressions explaining �rm-level quarterly investment during
a pre-crisis period corresponding to the last two quarter of 2007 and the �rst quarter of 2008 and a crisis period
corresponding to the last two quarters of 2008 and the �rst quarter of 2009. After is an indicator variable equal to
one for observations during the crisis period. Constrained is an indicator variable equal to one for the observations
at or below the 10th percentile of total reserves measured with a lag of four quarters. All regressions include �rm
�xed e¤ects. Standard errors are heteroscedasticity-consistent and clustered at the �rm-level.
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Figure 1. Share of �rms with a line of credit

Figure Notes: The �gure shows the evolution in the share of �rms with a line according to the bank lending data. At
each time period, it shows the percent of corporate clients, out of the total number of corporate clients of the bank,
which has access to a line of credit. The top decile refers to �rms which in terms of asset size are at or above the
90th percentile. The top percentile refers to �rms which in terms of asset size are at or above the 99th percentile.
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Table 9. Probit estimations of the likelihood that a �rm has a line of credit (marginal e¤ects)

(1) (2) (3) (4)

After 0.016*** 0.016*** 0.016*** 0.017***
[0.006] [0.006] [0.006] [0.006]

Cash flow 0.388*** 0.383*** 0.376*** 0.356***
[0.053] [0.055] [0.055] [0.060]

Ln (Total assets) 0.046*** 0.046*** 0.052*** 0.061***
[0.004] [0.004] [0.004] [0.005]

Growth in sales 0.000 0.000 0.001**
[0.000] [0.000] [0.000]

Part of group 0.074*** 0.060***
[0.019] [0.019]

Cash flow volatility 0.140***
[0.025]

Pseudo R2 0.03 0.03 0.04 0.06
Observations 20,121 20,121 20,121 14,608

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table reports results from probit regressions where the dependent variable takes the value
1 if the the �rm has a line of credit in the current period. After is an indicator variable equal to 1 for
observations during the third and fourth quarter of 2008 and the �rst quarter of 2009. The coe¢ cients in
each colum are estimated marginal e¤ects of the After indicator and of �rm characteristics on the probability
of having a line of credit. Standard errors are clusterad at the �rm level.
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Table 10. Changes in investment and changes in the probability of having a line of credit

Crisis
period

Crisis
period

Q3
2008

Q3
2008

Q4
2008

Q4
2008

Q1
2009

Q1
2009

Line(t1)  Line(t) 0.18 0.24 0.04 0.12 0.13 0.23 0.44 0.42
[0.239] [0.234] [0.285] [0.271] [0.380] [0.372] [0.406] [0.400]

Prob[Line = 1|(Xt1) ]  Prob[Line = 1|(Xt )] 2.41* 2.79** 2.28 1.72 2.66* 2.44* 2.30 4.27*
[1.252] [1.324] [1.807] [1.895] [1.420] [1.450] [1.990] [2.224]

Cash flow 0.01* 0.01* 0.01*** 0.00
[0.004] [0.005] [0.005] [0.007]

Growth in sales 0.04*** 0.04*** 0.03*** 0.05***
[0.004] [0.006] [0.004] [0.007]

Observations 11,033 11,033 3,682 3,682 3,738 3,738 3,613 3,613
Rsquared 0.001 0.023 0.001 0.031 0.001 0.027 0.001 0.018

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from regressions explaining �rm-level quarterly investment after the
onset of the crisis. Colum (1) and (2) show the results of a pooled regressions estimated over the third and fourth
quarter of 2008 and the �rst quarter of 2009. Column (3) and (4) are regressions over the cross-section of �rms in
the third quarter of 2008. Column (5) and (6) are regressions over the cross-section of �rms in the third quarter
of 2008 and column (7) and (8) show similar regressions for the �rst quarter of 2009. Line(t-1) is an indicator
variable equal to one if the �rm has a line of credit in the current quarter of the pre-crisis period. Line(t) is an
indicator variable equal to one if the �rm has a line of credit in the current quarter of the crisis period. Line(t-1)
- Line(t) is the di¤erence between the two indicator variables in the current quarter. Prob[Line =1|(X(t-1))] is the
predicted probability of having a line of credit in the current quarter of the pre-crisis period, conditional on the
value of �rm-speci�c control variables for the current quarter. Prob[Line =1|(X(t))] is out of sample forecasts of the
probability of having a line of credit in the current quarter of the crisis period. The predicted probability of having
a line of credit is based on the estimated parameters for the pre-crisis period and condtioned on the �rm-speci�c
control variables for the current quarter of the crisis period. Prob[Line =1|(X(t-1))] - Prob[Line =1|(X(t))] is the
di¤erence between the two predictions in the current quarter. Standard errors are heteroscedasticity-consistent and
clustered at the �rm-level.
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Appendices

A1. Variable de�nitions

Investment = Quarterly investment/Capital stock

Cash �ow = Quarterly pro�ts after �nancial income and expense minus taxes plus

depreciation/Total assets

Cash �ow volatility = Rolling average over four years of standard deviation in cash �ow

Cash reserves = Cash and short term assets/Total assets

Credit reserves = (Total line of credit - used amount)/Total assets

Growth in sales = Annual growth rate in sales

Total reserves = [(Total line of credit - used amount)+(cash and short term assets)]/Total

assets

A2. Constructing a measure of the capital stock
I calculate the capital stock using the perpetual inventory method with some modi�cations described below.

Capital is de�ned as the sum of buildings, machines and inventories. I calculate the depreciation rate for total
capital as a weighted average of depreciation rates for machine and inventories and buildings respectively where I
set the weights as the relative share of machine and inventories and buildings in the industry�s capital.

The industry-speci�c depreciation rates for machines and inventories are taken from a publication by the U.S.
Bureau of Economic Analysis (2003). For each Swedish industry, I use the closest possible U.S. industry-speci�c
depreciation rate. For buildings, I use the annual depreciation rate of 0.0314 for all sectors, which is taken from the
same publication. The corresponding quarterly depreciation rates are presented in table A1 below.

The nominal price of capital is calculated from gross �xed capital formation in current and �xed prices, respectively
(from national accounts data available on the web page of Statistics Sweden).

According to the perpetual inventory method the replacement cost of capital is calculated as

Ki;t = (1� �i;t)Ki;t�1
pkt
pkt�1

+ Ii;t (4)

where Ki;t is the nominal capital stock of �rm i at the end of period t, �i;t is the depreciation rate, pkt is the
price of capital and Ii;t is the nominal investment during period t. The recursive formula requires an initial value

for capital which is commonly set equal to the initial book value of capital
�
Kb
i;0

�
. However, it turns out that for

the sample of �rms I study, using the book value of capital as Ki;0 gives an average ratio I=K with a downward
trend (see �gure A1). An interpretation is that the initial book values of capital are too low on average.

To adjust for this, and get a stationary I=K series, I calculate the replacement cost of capital in two steps. In a
�rst step, I calculate the replacement cost of capital according to (4) where I use book values to approximate Ki;0.
In a second step, I use a new estimate Ki;0 by calculating an industry-weighted average ratio of Ki;T =K

b
i;T and

multiplying Kb
i;0 with this ratio. With this new initial value, I calculate a new estimate of the replacement cost of

capital according to (4).

In principle, one can iterate along these lines until convergence is achieved in the sense that Ki;T is robust to
additional iterations. It can be shown that, under condition that Kb

i;0=K
b
i;T < 1, the value of Ki;T will converge.
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However, this conditions holds for only approximately half of the �rms in my sample. Therefore, I iterate only once.
Still, I get an average ratio I=K where there is no longer a declining trend. The result is show in �gure A1.

Table A1. Industry-speci�c depreciation rates for machines and inventories

Industry Machines and inventories

Agriculture 0.1179

Manufacturing 0.1225

Construction 0.1550

Retail 0.1650

Hotel, restaurant 0.1500

Transport 0.1725

Real estate 0.1473

Consulting 0.3119

Residual category 0.1473

Source: Fixed Assets and Consumer Durable Goods in the United States, 1925-97, U.S. Department of
Commerce, September 2003.

Figure A1. Average investment ratio with replacement cost of capital measured according to two
variants of the perpetual inventory method

Figure Notes: The �gure shows estimates of the average ratio of investment to capital of the cross-section of
�rms in each period Dark bars show the replacement cost of capital calculated with the perpetual inventory
method. Light bars show an adjusted version of the perpetual inventory method explained above.
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A3. Panel regressions over subsamples of �rms with di¤erent
�scal year periods

Table A2. Investment before and after the crisis for di¤erent subsamples of �rms

Full
sample

Full
sample

Closing
time of
financial
statements
in April or
June

Closing
time of
financial
statements
in April or
June

Closing
time of
financial
statements
in June

Closing
time of
financial
statements
in June

Closing
time of
financial
statements
in
December

Closing
time of
financial
statements
in
December

After 0.49*** 0.36*** 0.29* 0.30* 0.07 0.20 0.61*** 0.42***
[0.080] [0.082] [0.156] [0.175] [0.253] [0.261] [0.109] [0.106]

After*Credit reserves (t4) 0.01** 0.01 0.01 0.01 0.01 0.01 0.02* 0.01
[0.007] [0.007] [0.011] [0.013] [0.019] [0.022] [0.009] [0.009]

Credit reserves (t4) 0.01 0.01 0.01 0.02*
[0.009] [0.016] [0.019] [0.013]

Growth in sales 0.02*** 0.01 0.00 0.03***
[0.004] [0.009] [0.016] [0.006]

Cash flow 0.02*** 0.01 0.04 0.03***
[0.007] [0.014] [0.024] [0.009]

Observations 18,120 18,120 4,864 4,864 2,060 2,060 10,405 10,405
Rsquared 0.003 0.008 0.001 0.002 0.000 0.003 0.006 0.014
Number of firms 4,222 4,222 1,124 1,124 481 481 2,454 2,454

Robust standard errors in brackets
*** p<0.01, ** p<0.05, * p<0.1

Table Notes: This table presents estimates from panel regressions explaining �rm-level quarterly investment during
a pre-crisis period corresponding to the last two quarter of 2007 and the �rst quarter of 2008 and a crisis period
corresponding to the last two quarters of 2008 and the �rst quarter of 2009. After is an indicator variable equal to
one for observations during the �nancial crisis. The third and the fourth columns only include �rms with �nancial
statements with closing dates on April, 30 or June, 30. The fourt and the �fth colums only include �rms with
�nancial statements with closing date on June, 30. The last two colums to the right only include �rms with
�nancial statements with closing dates on December, 31. All regressions include �rm �xed e¤ects. Standard errors
are heteroscedasticity-consistent and clustered at the �rm-level.
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