
DIW Weekly Report 3 20
20

AT A GLANCE

Financial stability: New, detailed datasets allow for 
innovation of stress tests
By Justus Inhoffen and Iman van Lelyveld

• To better identify risks in the financial services industry, data reported to financial supervisors 
need to be more detailed

• Such granular data allows authorities to conduct better stress tests to assess the stability of the 
financial system

• Empirical analysis suggests that less detailed datasets may lead to biased results and incorrect 
policy recommendations

• Market participants find effort required to comply with data reports too large in relation to their 
benefits

• There seems to be potential for efficiency gains in the harmonization and standardization of 
reporting obligations that can alleviate compliance costs

FROM THE AUTHORS

“The financial crisis has shown that it is inevitable to increase the transparency of financial markets. However, lawmakers should act with pru-

dence in order not to overstrain especially small market participants.” 

 

— Justus Inhoffen —

Granular data make the interconnectedness more transparent which allows to better identify the sources of 
financial stress, schematic representation 

© DIW Berlin 2020Source: Authors’ own depiction.

Traditional data are not precise enough
to draw conclusions.

Long-term debt

Short-term debt

Investment fund shares

EquitiesFinancial market transparency
using coarse data

Financial market transparency
using detailed data

Through the disaggregation of interactions between market 
participants, granular data allow for a more accurate assessment 
of interconnectedness and thus better policy recommendations.
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Financial stability: New, detailed datasets 
allow for innovation of stress tests
By Justus Inhoffen and Iman van Lelyveld

ABSTRACT

The 2008-2010 crisis has shown that authorities were missing 

crucial information necessary to identify risks to the financial 

system in an accurate and timely manner. To be prepared for 

future crises, a range of legislation in Europe and beyond was 

passed. The scope and depth of information being reported 

from across the financial system, including previously dis-

regarded segments, have thus significantly increased. With 

a focus on stress tests, we examine how granular datasets 

increase the transparency of the financial system’s intercon-

nectedness as well as the health of its market participants. 

We show that risks propagate primarily in the asset class of 

equities and via strong domestic links. This makes the data 

collection necessary to identify previously opaque risk drivers 

and derive effective policy recommendations despite large 

costs. The oft-bemoaned compliance costs for market partici-

pants may be alleviated if reporting requirements can be har-

monized and data collection processes can be standardized.

More than one decade after the crisis, the reform of the 
financial services industry is still underway. Results of stress 
tests for the banking industry and the financial system raise 
awareness about the vulnerability of specific market partic-
ipants. New European financial regulations seek to provide 
a remedy by strengthening financial stability. Nevertheless, 
it is still debated whether the collected data is adequate to 
sufficiently identify all risk derivers.

Besides the positive effect of new regulations on the trans-
parency of financial systems, these structural interventions 
fundamentally affect market participants on nearly every 
level of their organizations, especially if they are related to 
the reporting obligations. This diverts needed resources away 
from day-to-day activities.

At the same time, the financial services industry experiences 
tremendous pressure on profitability in times of low inter-
est rates, diminishing availability of profitable investment 
opportunities, and competition from technology companies. 
Stakeholders frequently lament the disproportion between 
the benefit of new regulations and the cost of compliance.

In this article, we discuss how more detailed data enable bet-
ter stress tests and more transparency. In an illustration, we 
empirically investigate the interconnectedness among mar-
ket participants in the euro area using a new dataset from the 
European System of Central Banks (ESCB).1 This is based 
on a network of common asset holdings between economic 
sectors through which shocks can propagate in the financial 
system. We analyze which asset classes are most prone to risk 
propagation, whether domestic links or links across euro-area 
countries drive propagation, and which country-sector pairs 
are most vulnerable. Finally, we examine how less detailed 
pre-crisis datasets may lead to biased stress test results, as 
they miss many crucial interactions.

1 Views expressed are those of the authors and do not necessarily reflect official positions of the 

Dutch central bank, De Nederlandsche Bank, where the author Iman van Lelyveld works.

DOI: https://doi.org/10.18723/diw_dwr:2020-3-1

https://doi.org/10.18723/diw_dwr:2020-3-1
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Changes to the European regulatory framework 
have many positive effects, but at high costs

Since the financial crisis, the European Commission has 
adopted more than 40 legislative acts in accordance with 
G20 partners to establish a sustainable financial industry 
in Europe.2

The breadth of reporting increased especially in the area 
of over-the-counter (OTC) markets, a segment of the finan-
cial industry that was previously opaque to the supervisor 
because counterparties transact directly with each other out-
side of regulated exchanges. One far-reaching regulation 
was the European Market Infrastructure Regulation (EMIR) 
from 2010, which requires parties with significant derivative 
dealings to centrally report their transactions to trade repos-
itories. Other examples are the Analytical Credit Datasets 
(AnaCredit), which provides a basic version of a European 
credit register, and the Money Market Statistical Reporting 
(MMSR), which provides deal level information of large 
banks’ activities in the money market.

In light of the increasing complexity of the financial services 
industry, supervisors stress the need for this level of informa-
tion to achieve the regulatory objectives. Market surveillance 

2 The European Commission, “Economic Review of the Financial Regulation Agenda,” 

SDW(2014)158/F1 (available online, accessed November 28, 2019; this applies to all other online 

sources in this report unless stated otherwise); The European Commission, “Financial reform: list of 

actions” (available online).

and risk assessment in particular have greatly improved for 
national authorities.3

Furthermore, these new granular datasets (Box 1) have pos-
itive effects for policy work. For example, the MMSR, which 
is actually collected to construct interest rate benchmarks, 
also allows for a better assessment of the monetary policy 
transmission mechanism and thus enables policy makers 
to identify more effective policy measures. In times of the 
un equal distribution of excess liquidity within and across 
euro area jurisdictions, the central bankers’ job has become 
more reliant on such high-level information.

Positive effects potentially also arise for reporting agents. 
Data collected for reporting purposes can augment their 
own risk management models and practices. It can further 
lead reporting agents to think of their IT as a profit instead 
of a cost center. Building on a new infrastructure, they can 
systematically store the breadth of their business data, often 
scattered in siloed systems, and make it available internally 
to improve the conduct of business in a range of use cases.4

3 Cf. The European Commission, “Fitness Check of EU Supervisory Reporting Requirements,” 

SWD(2019)402/F1 (available online).

4 Cf. Financial Stability Board, “Artificial Intelligence and Machine Learning in Financial Services: 

Market Developments and Financial Stability Implications,” (2017).

Box 1

Opportunities and challenges of granular data

Together with the scope of the data submitted to national au-

thorities, the level of detail, or the granularity, of information has 

increased. Its most important property is that it allows for made-to-

measure aggregations and thus can serve multiple purposes.

Traditionally, it was the task of the reporter to classify a particular 

data point. However, it is now more common to ask for information 

that is much more detailed and leave the classification to the au-

thorities. For example, when reporting a transaction under EMIR, 

reporters no longer need to determine the sector of the counter-

party themselves, but only supply the Legal Entity Identifier (LEI), a 

unique identification number for legal entities. Using the LEI, data 

can, for instance, be aggregated to a financial group or a sector. 

This ensures a consistent handling of the sector allocation across 

datasets, for example even when a sector assignment of a particu-

lar firm changes.

Challenges in data collection

A challenge in the collection of granular data is the legal frame-

work that governs them. Depending on the institutional framework 

of a country, the legal mandates are assigned to different agencies. 

Despite the global nature of financial markets, sharing data among 

them or across jurisdictions is difficult. Given the oft-complex gov-

ernance, it is no wonder that reporting requirements are a patch-

work of overlapping or differing components. Accordingly, meta 

data are often not well coordinated.

Opportunities for supervision and stress testing

With data on the entire financial system, authorities will be able 

to deliver the raw material for stress tests of the financial system 

(macroprudential) or individual financial institutes (micropruden-

tial). Using the very same dataset, they can seamlessly zoom from 

the macro level all the way down to individual transactions of 

individual market participants. Moreover, they can also connect 

markets and see what market participants or sectors are doing in 

different securities. A microprudential supervisor will be looking at 

the solvency of a particular firm while a macroprudential authority 

will look for vulnerabilities at the macro level. With granular data, 

views for each of these, also in different time scales, can be gener-

ated from a single data source.

https://eur-lex.europa.eu/resource.html?uri=cellar:841b8a91-dc18-11e3-8cd4-01aa75ed71a1.0001.01/DOC_1&format=PDF
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/financial-reforms-and-their-progress/progress-financial-reforms_en
https://ec.europa.eu/info/publications/191107-fitness-check-supervisory-reporting_en
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The impact on the financial industry

For a recently published study, the European Commission 
consulted around 400 respondents from 15 member states 
regarding the fitness and suitability of EU supervisory report-
ing requirements.5 The results show, among others, that 
reporting requirements account for 30 percent of respond-
ents’ total compliance costs on average. The European 
Commission estimates that the ongoing annual supervi-
sory reporting costs of the entire industry ranges north of 
four billion euros.

Major challenges arise from the high level of data granularity 
in regulatory reportings. The inadequate IT infrastructure is a 
particularly strong cost driver: more than half of the respond-
ents state that they are not very well adapted to IT develop-
ments which poses challenges to automating reporting pro-
cesses. As a consequence of, for example, merger waves in 
the banking sector, reporting agents are facing legacy sys-
tems that lock them into inefficient solutions like manual 

5 Cf. European Commission (2019).

reporting. Another contributing factor is the need for qual-
ified employees in a tight labor market.

Granular data make interconnectedness more 
transparent

A major advantage of data on a granular level is that it allows 
the supervisor to pinpoint the source of stress and the loca-
tion of the most vulnerable parts of the financial system.6 
Once governance challenges, technical difficulties, and con-
ceptual issues are resolved, it is possible to paint a detailed 
picture of the financial system and develop needs-oriented 
stress test models.7

To exemplify this point, we focus on the interconnectedness 
in the financial ecosystem. A novel granular dataset (Box 1) 
allows us to empirically identify an overlapping portfolio 

6 Cf. Myron L. Kwast et al., “Norges Bank Stress Testing of Credit Risks,” Report of an External 

Review Panel (2010).

7 Cf. Melle Bijlsma et al. “Building a Multilayer Macro-network for the Netherlands: A New Way 

of Looking at Financial Accounts and International Investment Position Data,” IFC Bulletins Chap-

ters 49 (2019).

Table 1

Sector activities across asset classes, Q1 of 2018 
In billion euros

Sector Equities Investment fund shares Short-term debt Long-term debt Total

Insurance corporations 161 1,515 27 2,742 4,445

Investment funds 1,048 1,147 72 1,986 4,252

Monetary financial intermediaries (banks) 141 233 114 2,627 3,115

Households 566 1,129 3 218 1,916

Non-financial corporations 853 334 14 84 1,285

Pension funds 38 481 5 349 874

Governments 153 193 4 260 610

Other financial intermediaries 297 78 11 107 494

Money market funds 0 31 214 94 339

Total 3,257 5,141 465 8,466 17,329

Sources: ECB; authors‘ own calculations. 

© DIW Berlin 2020

Table 2

Characteristics of investments by asset class
In absolute figures; graph density in percent1, Q1 of 2018

Equities Investment fund shares Short-term debt Long-term debt Total

Country-sector pairs 129 135 100 143 146

Outstanding securities 3,669 47,848 45,020 239,879 336,416

Held securities (on average) 468 1714 530 3496 5,786

Investments 60,347 23,1392 53,024 499,952 844,715

Graph density 12.75 3.58 1.18 1.46 1.72

1 The graph density is the ratio of observed to potential investments.

Sources: ECB; authors‘ own calculations. 

© DIW Berlin 2020
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network among sectors in the euro area through which 
shocks can potentially propagate. These types of links were 
largely opaque to the supervisor before the crisis.

Policymakers and academics suspect that overlapping port-
folios were a significant driver during the crisis.8 The basic 
channel is the following: consider two investors, A and B, 
who both hold the same asset in their portfolio. Suppose, 
for example, A is forced to sell the security because she 
has to satisfy an unexpected liability. As the supply in this 
security increases, the price of the security drops, which is 
reflected in a decrease of B’s portfolio value. Such a mech-
anism might convert an initially idiosyncratic shock into a 
potential systemic risk.9

8 Cf. Paul Glasserman and H. Peyton Young, “Contagion in Financial Networks,” Journal of Eco-

nomic Literature 54, no. 3 (2016): 779–831.

9 A number of causes for the emergence of an initial shock are discussed in the academic litera-

ture, e.g., a bank run or leverage targeting. Cf. Gary Gorton and Andrew Metrick, “Securitized bank-

ing and the run on repo,” Journal of Financial Economics 104, no. 3 (2012): 425–451; Robin Green-

wood, Augustin Landier, and David Thesmar, “Vulnerable banks,” Journal of Financial Economics 

115, no. 3 (2012): 471–485.

Portfolio overlap strongest in equity segment

We analyze the portfolio overlap based on the Securities 
Holdings Statistics by Sector (SHS-S) dataset. This data-
set provides the euro amount of holdings in securities for 
all possible country-sector pairs. The dataset contains nine 
sectors and 19 euro area countries, resulting in a total of 171 
possible country-sector pairs.10

Euro area sectors as well as euro area countries vary signif-
icantly in terms of the market value of their asset holdings, 
their degree of diversification, and their activity across asset 
classes. The largest euro area sector by size (insurance com-
panies) is larger than the smallest sector (money market 
funds) by a factor of 12 (Table 1). Although all sectors are 
active in each asset class—except for money market funds, 

10 The nine sectors are insurance corporations, investment funds, monetary financial intermedi-

aries (banks), Households, non-financial corporations, pension funds, government, other financial 

intermediaries, and money market funds. We consider the sector classification of the European 

System of National and Regional Accounts (ESA) 2010, cf. Eurostat European Commission, “Europe-

an System of Accounts ESA 2010,” Publications Office of the European Union, Luxembourg, (2013).

Box 2

Dataset and methodology

Dataset

We use the Securities Holdings Statistics by Sector (SHS-S) da-

taset, collected by the European System of Central Banks (ESCB), 

which covers 83 percent of all euro-denominated securities issued 

in euro area jurisdictions and thus is well suited for analyzing over-

lapping asset holdings.1 This dataset provides the euro amount 

of holdings in securities, identified by their International Security 

Identification number (ISIN), for all possible country-sector pairs. 

The ISIN is an example of a well-established standardized metada-

ta for securities whose coverage is large yet not universal. The da-

taset classifies securities into shares listed on a recognized stock 

exchange (listed shares or equities), shares issued by investment 

funds that entitle the holder to a fraction of the fund’s net asset 

value (investment fund shares) as well as securities which entitle 

the holder to a principal and interest (debt securities), subdivided 

into short-term and long-term debt.

Methodology

We measure the importance of common asset holdings among 

euro area sectors. To this end, we construct a network for each as-

set class separately. In this network, nodes represent the portfolio 

of a holding country-sector pair. If at least one security is common 

to two pairs’ portfolio, a link is established.

1 Cf. European Central Bank, “Who holds What? New Information on Securities Holdings” in Eco-

nomic Bulletin, European Central Bank, Issue 2/12 (2015) (available online).

We assign each link a similarity measure that ranges from 0 to 1. In 

particular, we measure the portfolio overlap between country-sec-

tor pair i and j as the number of securities in the intersection divid-

ed by the number of securities in their union

Pi Pj
Pi Pj

where Pi is the portfolio of sector i. This measure is commonly 

known as the Jaccard similarity index. The results are qualitatively 

robust to other definitions of the portfolio overlap measure.

To measure the risk exposure of every individual country-sector 

pair to which it is exposed in the network, we use eigenvector cen-

trality. The risk measure of every market participant

ce i
1
λ

n

j 1
Aji ce j

is determined recursively by the weighted sum of risk of all con-

nected market participants. Consequently, the measure accounts 

for the position in the entire system. A denotes the adjacency 

matrix which contains the information on all links and the portfolio 

similarity measure. An eigenvalue decomposition yields the solu-

tion to the system of equations.

https://www.ecb.europa.eu/pub/pdf/ecbu/eb201502.en.pdf
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relatively many weak links while there is still a small num-
ber of strong links. Across asset classes, the concentration 
of strong links increases from the segments short-term debt 
over investment fund shares and long-term debt to equities. 
For the mechanism described above, equities are thus most 
prone to risk contagion.

We can compare the intensity of overlaps within the same 
country (domestic) as well as across countries (cross-bor-
der). The comparison indicates that country-sector pairs are 
more likely to coordinate in their security selection domes-
tically, which creates stronger overlaps (Figure 2). Thus, the 
shock propagation may be stronger within a country than 
across countries.

Risk exposure of market participants is largest on 
equities segment

We can further analyze how exposed individual market par-
ticipants, i.e., country-sector pairs, are in each asset class. The 
number as well as the intensity of overlaps that a country-sec-
tor pair faces determines how exposed it is to shock propaga-
tion. The susceptibility of all market participants in the finan-
cial system are contingent upon each other. Consequently, a 
suitable measure of a specific country-sector pair’s risk must 
consider its position in the entire network structure (Box 2). 
We measure every country-sector pair’s exposure separately 
for all holdings in a particular asset class and plot the meas-
ure’s distribution (Figure 3). The comparison indicates that 
the median susceptibility is largest in the market segment 
of listed shares and smallest in short-term debt. This sug-
gests that market participants are most exposed on the seg-
ment of equities.

However, portfolios typically include multiple asset classes, 
allowing for shocks to spread across market segments as 
well. This means that market losses in a specific segment 
are not necessarily due to incidents therein, but may have 
been caused elsewhere in the market. The sheer complex-
ity requires us to zoom into specific relations using granular 
data to identify the source of a market-wide phenomenon.

To illustrate this notion, we visualize the risk exposure from 
a sector perspective. This approach would be relevant for a 
macro-prudential approach. Because each national central 
bank collects individual security holdings from relevant enti-
ties in their jurisdiction, it would even be possible to take a 
firm-level perspective. The result shows that the exposure 
of financial industry sectors is largest, in particular for the 
investment fund and insurance sector (Figure 4). These are 
especially relevant among those sectors connected to the 
Other Financial Intermediaries sector, which is attracting 
increasing attention given its limited regulatory scrutiny.

Pre-crisis data ignores security-specific 
dependencies and would yield different results

Before the crisis, this analysis would have only been possible 
on a coarser dataset. It is questionable whether this dataset 

which do not hold equities—their importance varies. This is 
primarily due to differences in business models, but is also 
a consequence of, for example, regulatory requirements and 
risk considerations. Asset holdings aggregated to euro area 
countries show a similarly large spread but cannot be dis-
closed due to confidentiality reasons.

These descriptive statistics show that there is a potentially 
strong overlap among portfolios of country-sector pairs. The 
more securities a country-sector-pair holds, the higher the 
likelihood that a link establishes to another market partici-
pant. The number of observed investments as a share of all 
potential investments (graph density) shows that the risk of 
overlaps is highest on the equities-segment (Table 2).

A link in the sense of the above mechanism is only estab-
lished between two country-sector pairs through a common 
security holding. The larger the similarity in their portfolio, 
the stronger the shock propagation (Box 2).

The results show that the intensity of portfolio overlaps is 
very heterogenous (Figure 1). Within an asset class, there are 

Figure 1

Intensity of portfolio overlaps by asset class
In percent1, Q1 of 2018
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Sources: ECB; authors‘ own calculations. 

© DIW Berlin 2020

Equities have the highest concentration of large portfolio overlaps, making them most 
vulnerable to risk transfer. 
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would have been sufficient to generate consistent results in 
this risk analysis. To mimic such a dataset, we aggregate all 
security holdings by the issuer country and sector.

We compare the distribution of risk exposures of country-sec-
tor pairs based on the granular dataset (Figure 3) and the 
coarser dataset (Figure 5) and find that the pre-crisis dataset 
ignores a critical number of interactions. While the coarser 
dataset melts linkages in individual securities that are issued 
by the same country-sector pair, together, we can distinguish 
between them in the granular dataset. As a consequence, 
the ordering of asset types in terms of their susceptibility to 
shock propagations changes. In the hypothetical pre-crisis 
dataset, the most vulnerable market segment are investment 
fund shares while it is the equities segment in the granular 
dataset. The comparison of the median values also shows 
an overestimation for the coarse dataset.

Conclusion: more coordination could reduce 
costs

Our analysis exemplifies how granular data benefits mon-
itoring and assessing financial stability. The results show 
that portfolio overlap and the risk exposure it creates for sec-
tor-country pairs is most pronounced for the equities seg-
ment. Coarse datasets, like the ones that would have been 
available before the crisis, ignore important interactions that 
are capable of biasing the results. Policy measures would 
have borne on the investment fund shares segment instead 
of the equities segment.

Figure 2

Intensity of domestic and cross border portfolio overlaps 
In percent1, Q1 quarter of 2018
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Sources: ECB; authors‘ own calculations. 
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Country-sector pairs are more likely to coordinate their security selection domestical-
ly, which creates stronger overlaps.

Figure 3

Risk exposure for country-sector pairs by asset class based on the granular dataset
Median value (orange) and deviations, Q1 of 2018
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Long-term debt

Increasing risk exposure

Interquartile range
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Sources: ECB; authors‘ own calculations. 

© DIW Berlin 2020

The risk exposure of equities is the highest. 
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Hence, granular data facilitate the effective fulfillment of 
regulatory mandates and the identification of risk drivers 
for authorities. However, it seems necessary to explore ave-
nues to alleviate the costs for market participants in order 
not to create a disadvantage in the competition within the 
euro area and beyond.

A lack of coordination in the reporting obligations across reg-
ulatory regimes drives costs. There are various regulations 

that require very similar yet different information. If data 
requirements were to be sufficiently coordinated across 
frameworks and reported at a sufficiently granular level, then 
the national authorities could aggregate the data depending 
on their need. Further, some regulations have dual supervi-
sion regimes, which create overheads for reporting agents. 
EMIR is a prominent example: both the European Securities 
and Markets Authority (ESMA) as well as national authori-
ties are responsible for it.

More stable rules with fewer adjustments would also signif-
icantly reduce costs because fewer resources would be nec-
essary for costly adjustments to already implemented pro-
cesses. However, this needs to be weighed against the chang-
ing data needs in a rapidly evolving financial landscape.

Once the relevant data is processed, reporting agents face 
yet another costly bottleneck in the transmission of data. 
Currently, most national authorities follow a template-based 
approach, which imposes a very specific format on the trans-
mission that is different across jurisdictions. This creates 
unnecessary overhead, especially for large market partici-
pants with cross-border activities.

Some authorities are looking for alternative ways to acquire 
data. If disadvantages, for example in terms of greater risks to 
confidentiality, can be controlled, some could eventually serve 
as a blue print for the entire euro area. In the Austrian sys-
tem, direct reporting to the central bank has been replaced by 
reporting to a joint venture, the Austrian Reporting Services 
GmbH (known as AuRep), which transmits the data to the 
central bank. 11 It is owned by seven of the largest banking 
groups in the country and is tasked with data collection as 
well as transmission. This structure allows for greater har-
monization across banks as well as the integration between 
IT systems of reporting agents and the supervisor. The Dutch 
Central Bank investigates a more radical approach as it exper-
iments with ways to plug directly into the systems of pri-
vate institutions to gather the regulatory information itself.

11 Cf. Katharina Kienecker, Günther Sedlacek, and Johannes Turner, “Managing the processing 

chain from banks’ source data to statistical and regulatory reports in Autria,” in Oesterreichische 

Nationalbank Statistiken Q3 (2018).

Figure 4

Portfolio overlap by sectors
The thicker the lines, the higher the overlaps, Q1 of 2018
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The financial services sectors have strong overlaps among themselves, particularly 
the investment funds and the insurance sector.
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Figure 5

Risk exposure for country-sector pairs by asset class based on the pre-crisis dataset 
Median value and deviations, Q1 of 2018
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Interquartile range
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Sources: ECB; authors‘ own calculations. 
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According to the coarser pre-crisis dataset, the risk exposure of investment funds is the highest. This is in contrast to the granular dataset, where equities have the 
highest risk exposure.
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