




































































omitted.

In order to assess to which extent the forecasting errors are quantitatively different from a
statistical point of view, we perform the Diebold-Mariano test on the forecast errors underlying
the computed RMSE differentials in Table 5. In the table the RMSE ratios that are bolded (in
italics) indicate that the forecasting performance is significantly better (worse) relative to the
corresponding models in Table 4. According to the D-M test the forecasting performance of the
industry models with macroeconomic variables is significantly better in 34 cases out of 60, and
significantly worse in only 7 cases.?0 Although the results of this exercise should be interpreted
with some care, since we only have 12 observations in the time series domain, they confirm that
the models with both macro and firm-specific models estimated in Table 4 perform very well
out-of-sample.

To sum up, we have found strong evidence that the favorable fit in-sample of the estimated
industry (and aggregate) models, conditional on macroeconomic variables, is preserved out-
of-sample at the industry and aggregate level. This suggests that the macroeconomic factors
that enter into the model are structural, and not merely improving the in-sample fit of the
models. An important reason why the favorable out-of-sample performance is reassuring for the
hypothesis that aggregate variables matter is that the in-sample and the out-of sample periods
taken together cover several upturns and downturns in the Swedish economy. This is evident
from the output-gap series in Figure 2. Finally, we have also documented that there are only
small gains in terms of forecasting accuracy to be made by using industry-specific models rather
than simply an aggregate model, as long as an appropriate set of macroeconomic variables is

included.

4.2 Evaluating the models at the firm and the industry level

In this subsection, we turn to the out-of-sample properties of the estimated models at the micro
level, i.e., their ability to predict default events at the firm level. In particular, we evaluate the
performance of the models in terms of their ability to both rank firms according to their relative
riskiness and determine firms’ absolute risk level. In addition, for the out-of-sample period, we

report the industry-specific pseudo-R? conditional on the industry-specific model coefficients of

26 Qur application of the test suggested by Diebold and Mariano (1995) examines the null hypothesis:
E[L(ei1)] = E [L (E{+1‘t):|7 where L is the squared loss-function of the one-step-ahead forecast errors e; 1

for models 7 and j. Diebold and Mariano show that a test-statistic based on the loss differential d;, and suitably
normalized by the asymptotic variance of d;, is asymptotically standard normal.
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Table 4, as well as the pseudo-R? calculated conditional on the economy-wide model coefficients.

The results are displayed in Table 6.
TABLE 6 APPROXIMATELY HERE

First, starting with the pseudo-R? for the models with industry-specific coefficients and
comparing the in-sample and out-of-sample results reported in Tables 4 and 6, respectively, we
see that the explanatory power out-of-sample is in fact either higher than in-sample or unchanged
in five out of ten industries.

Next we turn to the pseudo-R? for the predictions based on the economy-wide model coef-
ficients. The lower panel of Table 6 shows that the average explanatory power has increased
substantially, from 0.35 in-sample to 0.39 out-of-sample. We also see, relative to Table 4, that
the explanatory power has increased in all industries except for agriculture, where it is more
or less unchanged. However, the pseudo-R? values generated when using industry-specific co-
efficients are typically at least as large as the ones obtained when using economy-wide model
coefficients, with the exception of the real-estate sector (compare upper and lower panels of Ta-
ble 6). This implies that pseudo-R? at the aggregate level is slightly lower for the economy-wide
model compared with an aggregation of pseudo-R? over the industry-specific models (denoted
Industry aggregate in Table 6). These results provide support for two important conclusions.
First, the industry models are not over-parameterized. Second, the reduced-form coefficients
appear to be stable over time and the regressions thus reflect steady relationships that hold
even out-of-sample.

Third, moving on to measures of relative risk, we follow Shumway (2001). Another important
scale along which to evaluate the models is their ability to rank firms according to their riskiness
in terms of ex post default frequencies. In other words, we investigate if the estimated default
risk models assign the largest ex ante default probabilities to the riskiest firms, and vice versa
for the least risky firms. At a first glance, we see from Table 6 that the estimated models classify
roughly 75 — 80 percent of the defaulting firms in the first decile. These numbers are about the
same as those reported in-sample by Shumway for a data set that was substantially smaller
and included only listed firms. Our models cover the entire population of Swedish incorporated
businesses, of which only a very small subset is listed on the stock exchange (about 500 out of
250, 000). We therefore conclude that our models are quite successful in ranking firms according

to their level of default risk. The empirical performance of the models constitutes an important
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support for our conclusion that the role of macroeconomic variables in models of default risk is
not driven by the omission of key microeconomic variables.

Table 6 also reveals that the quality of the risk rankings does not depend on whether we
condition on industry-specific coefficients or coefficients from the economy-wide model. This
contrasts with our findings in the previous subsection, where we found that conditioning on
industry-specific parameters improved the models’ empirical performance at the industry level.
The explanation for these seemingly inconsistent results lies in the fact that the most important
difference between the economy-wide and industry-specific models is made up by the varying
impact of the aggregate factors. Those factors have little impact on the firms’ relative risk
ranking and hence their inclusion or omission has little impact on the models’ ability to risk-
rank firms.?”

Finally, we assess the out-of-sample properties of the models at the microeconomic level in
an absolute sense, as opposed to the relative appraisal in Table 6. We do so by sorting all esti-
mated default probabilities according to increasing size and calculating the average probability
of default in each percentile. We then compare the average probabilities of default with the ac-
tual default experience of the firms in these percentiles.?® In Figure 7, we plot the result where
we have used both the industry-specific and the economy-wide model coefficients in Table 4 to
compute the estimated default probabilities for each firm. On the x-axis, we have the estimated
default frequency in a given percentile, and on the y-axis, we have the actual default frequency
in each percentile. In the figure each dot represents a percentile, and in order to make the results
easier to access, a logarithmic scale is used for both the estimated and actual series. If the esti-
mated models could perfectly predict the absolute riskiness of the firms within each percentile,
all dots would line up along the 45-degree line drawn in the figures, which has a slope of unity
and intercept equal to zero. As can be seen in Figure 7, this is not the case for either model, but
the dots are generally very close to the line, suggesting that the absolute riskiness ranking is very
accurate. In particular, the models that include macroeconomic factors appear to better capture
the absolute risk level, since the models without macroeconomic variables tend to overestimate
default risk. The mean standard deviations from the 45-degree line (in logarithmic scale) are
0.82 and 0.90 for the upper and lower left panels (no macroeconomic variables) and 0.63 for

both the upper and lower right panels (with macroeconomic variables). These findings provide

2T In a given quarter, aggregate shocks have zero influence on the ranking because they affect the default
probabilities equally much by the way the estimated models are constructed.

28 1t would have been very interesting to report results for the different industries as well, but there are not
enough defaults out-of-sample to split up the data in percentiles for each industry.
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further support for the main theme of this paper; macroeconomic variables are key for getting
the right absolute risk level, but are not important for ranking firms according to their relative
riskiness in a given period. Moreover, the results show that both the industry-specific models
and the economy-wide model pass our test in the cross-sectional dimension, since their stan-
dard deviations from the 45-degree line are substantially smaller when including macroeconomic

variables.

5 Conclusions

In this paper, we study the interaction between macroeconomic fluctuations and default risk at
the firm level using reduced-form methods. To this end we collected a large panel data set for
the Swedish economy during 1990 — 2002, a period covering a deep recession and an associated
banking crisis in the early 1990s, followed by a boom in the latter part of the 1990s, as well as
a downturn in the beginning of the 2000s. We divided the sample in two parts, 1990 — 1999
and 2000 — 2002. We use the former period for model estimation and the latter to provide
an assessment of whether the impact of aggregate fluctuations on default risk, over and above
firm-specific variables, is a robust regularity valid for the entire sample period.

We present four main findings. First, we provide insight into the significance of aggregate
fluctuations for defaults among not only listed but even privately held firms. This is of sig-
nificance, since privately held businesses typically account for over half of GDP in developed
economies. Second, a nearly exhaustive set of firm-specific background variables permits us to
investigate the importance of and interaction between firm-specific variables and macroeconomic
information - a nearly unexplored area. Third, we document that a simple logit approach to
model default at the firm level, using both firm-specific and macroeconomic variables, can ex-
plain the peaking default frequencies during the Swedish banking crisis of the early 1990s as
well as the considerably lower default frequencies in the late 1990s. The length of our panel also
enables us to do extensive out-of-sample performance tests of our model. The estimated models
are shown to be very robust and successful out-of-sample, suggesting that aggregate fluctuations
play a truly prominent role in understanding the absolute level of firm default risk. Finally, the
width of our panel permits us to investigate the relation between aggregate fluctuations and
firm defaults across industries. This shows that macroeconomic variables have a robust and

”structural” impact on business defaults.
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We want to stress that we do not interpret our results as implying that aggregate fluctuations
are the most important source of default risk at the firm level. Rather, we argue that the results
suggest that macroeconomic factors shift the mean of the default risk distribution over time and
thereby are the most important determinant of the level of default risk.

In view of these results, we conclude by providing some suggestions as to why aggregate
fluctuations should be expected to have a statistically important impact on firm default behav-
ior, over and above the effect that firm-specific variables, which themselves move in response
to macroeconomic fluctuations, have. Hackbarth, Miao and Morellec (2006) argue that the de-
pendence of cash flows on economic conditions lead to firms’ optimal default thresholds being
affected by aggregate shocks. Hence aggregate fluctuations can trigger simultaneous defaults.
Another argument for why aggregate variables might contain predictive information for firm-
default risk over and above the firm-specific information is related to the costliness of monitoring.
If monitoring borrowers is costly for banks, then banks may use aggregate information to as-
sess the probability of getting repayment on loans granted.?? That is, banks may form their
credit-granting policies on the basis of macroeconomic forecasts and decide to not extend new
lines of credit to firms with a given set of performance indicators in one particular phase of
the business cycle, but readily do so in another phase. In other words, banks resort to using
the macroeconomic stance in their decision processes. The tightening and loosening of banks’
credit standards over various phases of the business cycle captures such behavior. Yet another
argument follows a similar line of reasoning. If entrepreneurs have imperfect information about
their own future business prospects, they may resort to using aggregate conditions as a basis
for their decision to either invest more effort in a firm or declare bankruptcy. In addition, if
firms are borrowing-constrained, then the nominal interest rate will be an important and di-
rect determinant of default risk. A final possibility is that firms may be inclined to adjust their
yearly accounts to, e.g., smooth profit over time in order to please banks’ monitoring efforts,
and thereby reduce the predictive power of firm-level information. We believe that formaliz-
ing the theory of how macroeconomic variables affect firm defaults and assessing the empirical

plausibility of the arguments above are important issues for future research.

29The vast majority of the businesses in our data set have not access to bond markets.
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Figure 1: Default rates and the cumulative distribution functions for the accounting data.

The smooth lines are cumulative distributions of the default rate; the vertical axes on the right-hand side
have a minimum of zero and a maximum of one. Default frequencies at any point Xo on the X-axis are
are computed as the average over 5,000 observations with values for the financial ratio smaller than Xo

and 5,000 observations greater than

Xo.
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Appendix A Data

As mentioned in Section 2.1, the default definition we adopt is the following: a firm is con-
sidered to have a default status once any of the following events occurs: the firm is declared
legally bankrupt, has suspended payments, has negotiated a debt composition settlement, is
undergoing a re-construction, or is distraint without assets. The data we use to construct the
default variable have been provided by Upplysningscentralen AB (UC), the main Swedish credit
bureau, that is jointly owned by (most of) the Swedish banks. UC taps its information from
Tingsrdtten, District Court, Bolagsverket, the Swedish Companies Registration Office (SCRO),
and Kronofogdemyndigheten, the Swedish Enforcement Authority.

UC stores information on minor and major distress events in two different databases, AM and
JP. In the first database, variable names are constructed by giving each event the name AMTYP,
a Swedish acronym for remark type, and an integer number suffix. For example, AMTYP12 is
a dummy variable that indicates if a firm has suspended its payments. The variables we use to

construct our default variable are "declared bankrupt," "declared minor bankruptcy," "

suspen-
sion of payments," "debt composition settlement decided," "company reconstruction started,"
"company reconstruction concluded," and "distraint without assets." The second database con-
tains further information, 27 variables in all, on various milestones and stages in a broader
category of major (mostly but not exclusively distress) events for each registered firm. The
foremost variables we use from this database are related to legal bankruptcy: "bankruptcy pro-
cedures started," "bankruptcy procedures concluded," "bankruptcy procedures concluded with
a surplus,”" "bankruptcy procedures continued," and "declared bankrupt." In addition we use:
"negotiations on a debt composition settlement started," and "negotiations on a debt composi-
tion settlement concluded."

If any of the above distress-event dummy variables equals one at some moment in our sample
period, the firm in question is considered to have defaulted in that particular quarter. In the
following quarter, we let the firm exit our data set. If more than one of these distress events are
observed for a specific firm over our sample period, we assume the firm in question has defaulted
in the quarter during which the first of these events took place. An additional variable we use
from the second data set indicates if a "bankruptcy [was| cancelled" by a court. Over the whole
sample period (i.e., in-sample and out-of-sample) this occurs 11 times, and seven of these 11
events relate to firms that default later on. We treat firms for which the bankruptcy status was

cancelled by the District Court as healthy until the data indicate otherwise. Moreover, we let
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firms that default but re-emerge from their default status exit the data set after the quarter in
which default takes place; they re-enter in the quarter in which UC registered that the default
status had been "removed."

Our decision to let firms that default exit the data set in the subsequent quarter is based on
the following statistics: of all 123,023 defaults in our whole data set 117,481 are terminal in the
sense that no new information on the firms is added to any of the databases.?® The remaining
observations concern firms that default twice within the sample period. Of these observations,
3,555 defaults are terminal at the second occurrence, while 107 re-emerge even after the second
default. No firm defaults more than two times within our sample period.

Of the 117,481 first-time-is-terminal defaults 111,702 are legal bankruptcy declarations. For
about 45 percent of these firms another default-triggering distress event occurs simultaneously,
i.e. during the same quarter, in our data. In most cases this is the variable "bankruptcy
proceedings started." Nearly all of the remaining terminal defaults, i.e., those that are not
bankruptcies, are associated with "distraint, no assets." The remaining distress events account
for less than 1 percent of the first-time-is-terminal defaults.

For the firms that re-emerge after a default, the first default involves a legal bankruptcy in less
than half a percent of all cases and "distraint, no assets" in 98 percent. At their second default,
these percentages are reversed for the terminal defaults. Among the firms that experience a
second non-terminal default, 98 percent cause their second default by obtaining the "distraint,

no assets" status.

28 Firms that are declared bankrupt at some point do not disappear from the databases that UC maintains.
Company numbers (organisationsnummer) are unique and never re-used by the tax authorities.

45



Appendix B Robustness analysis

The purpose of this appendix is to demonstrate that the results for the estimated models in
Tables 3 and 4 are robust with respect to a number of perturbations. To keep the analysis

tractable, we will restrict the analysis to the economy-wide models.

B.1 Role of remark data

Panel B in Table B.1 reports estimation results for the economy-wide models in Tables 3 and
4 when the PAYREMARK and TAXARREARS dummies have been dropped. For the sake
of comparison, we also report the estimation results when the remarks variables are included
in Panel A. As can be seen from comparing the results in Panel A with those in Panel B, the
estimated coeflicients for the accounting variables are similar irrespective of whether the remarks
variables are included or not in the model. The coefficients for TL/TA and LA/TL increase
when the remark variables are excluded, but the coefficients for EBITDA/TA are reduced. The
remaining coefficients are roughly unaffected. Not in any case does exclusion of the Remark
variables change the sign of the coefficients for the financial ratios. Thus, our estimation results
for the financial ratios are not crucially affected by the inclusion of the remark variables. Nor do
they diverge from the previous literature. However, it is clear that omitting the remark variables
reduces the pseudo R-square measures, and thus reduces the ability of the model to rank the
relative riskiness of firms. Turning to models where we include the macroeconomic variables in
the regressions (Table 4), we again see that the parameters are very similar. An exception is
the output gap coefficient, which turns out to be somewhat lower in the model without remark
variables. However, the coefficients for the output gap and the nominal interest rate are still of
key importance, and thus the overall roles of macroeconomic variables are not affected by the
presence of remark data. Once again, however, extending the set of firm-specific factors with
the remark variables allows us to increase the pseudo R-squares substantially.

We conclude from this analysis that inclusion of remark data is not of key importance for
the estimated impact of macroeconomic factors. Accordingly, our findings regarding the impact
of macroeconomic factors would therefore hold in other countries where payment remark data is
not available. Nonetheless, the models’ exceptional risk-ranking performance (as documented in
Section 4.2) is clearly partly driven by the possibility to include remark data; without these data

the out-of-sample risk-ranking performance woild be worse than the in-sample results reported
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by Shumway (2001) for publicly listed firms. Nevertheless, given that the firms in our data
set (i.e., the entire population of Swedish firms) are very heterogeneous, it is still a remarkable
accomplishment that the risk-ranking performance of the models is so good even without the

remark data.

B.2 Imputation of missing financial ratios

Panel C in Table B.1 report estimation results for the economy-wide model in Table 3 for
two alternative subsets of observations. First, we present estimation results when including
such defaulting firms that at some point in time ¢ have issued a financial statement prior to
defaulting in period ¢ 4+ 7, for some 7 > 1. In other words, we omit defaulting firms that
have never submitted a financial report. Although 7 might be large for some defaulting firms
(i.e., quite a few quarters may have passed since they last submitted a financial report), the
consequence of imputing sample means for missing observations will not be a concern since we
include an interaction dummy TTLFS taking the value 1 for firms that have not submitted
financial reports in periods t +1,...,t + 7. Second, we report regression results when only firms
that have submitted financial statements for all sample periods are selected. In the this case,
obviously no imputation of missing financial ratios is carried out and the interaction dummy
TTLFS is dropped since it will equal 0 for all firms.

Comparing the first set of results in Panel C (i.e., when TTLFS in included) with the
benchmark results in Panel A, we see that the coefficients are little affected by our imputation
procedure. A possible exception is the coefficient for TL/TS that becomes small and statistically
insignificant. The coefficient for EBITDA/TA is reduced, while the coefficients for LA/TL are
bigger. The coefficients for the remark variables, TTLFS and DIVIDEND are roughly the
same, as are the coefficients for the macroeconomic variables. Interestingly, the pseudo-R?
and (aggregate-R?) values are little affected relative to the benchmark results in Panel A. This
suggests that the overall significance of the changes in the parameters is not very large, since
only a modest amount of observations are dropped.

As can be seen from the second set of results in Panel C in Table B.1, the results are in fact
even less affected when only firms that have submitted financial statements for all periods are
included in the sample. In this case, with the exception of the variables TTLFS, that cannot be
included in the estimation, the estimated coefficients are very similar to those in the benchmark

results in Panel A. The most noticeable differences are recorded for the coefficients for LA/TL
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and TL/TS. Yet again the differences are not very large. One interesting finding from the last
results is that TTLFS is even more important than the remark data for the fit of the model at
the firm level (pseudo-R?). In the benchmark models in Panel A, the pseudo-R? is about 0.35.
In the models without remark data the pseudo-R? falls to about 0.24. Excluding TTLFS (i.e.,
information on whether the firm issued a financial report in due time or not) leads to an even
larger fall in pseudo-R? to about 0.17, suggesting that this indicator variable is the single most

important predictor of default.

B.3 Marginal effects

The explanatory variables in this paper have not been re-scaled to have the same mean, and
therefore one cannot judge the importance of a particular variable from the size of its coefficient.
The discussion about relative importance of explanatory variables in this paper is based on the
relative sizes of the estimated ¢-statistics, since coefficient size is not sufficient for such inference.
Alternatively, one can calculate the marginal contribution, or effect, from a variable at the mean,
or the median, of the variable. Table B.2 report on such marginal effects and the calculations
yield similar rankings of importance as the standard ¢-statistics, e.g., the output-gap and the

nominal interest rate are the more influential macroeconomic variables.
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