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Abstract 

Transaction cost shocks in financial markets are known to affect asset prices. This paper analyses how 
changes in transaction costs may affect the value of assets that banks use to collateralise borrowings in 
monetary policy operations. Based on a simple asset pricing model and employing a dataset of hypothetical 
Eurosystem collateral positions, we simulate and quantify the resulting change in collateral value pledged by 
counterparties to the Eurosystem, resulting from a transaction cost shock. A 10 basis point increase in 
transaction costs entails a direct -0.30% decrease of collateral value and a -0.07% decrease when adjusted for 
the expected reduction in the number of trades of each asset. We conclude that banks will on average suffer 
small collateral losses while selected institutions could face a considerably larger collateral decrease. 
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Non-technical summary 

Changes in transaction costs in financial markets are often associated with changes in the 
underlying structure of those markets. In the past, some of these changes were gradual as 
observed during the decline of transaction costs caused by the advent of electronic trading 
platforms. Other shifts were rather rapid as, for example, the recently introduced requirement 
for central clearing for some over-the-counter derivatives. There are many ways in which 
transaction cost shocks shape the behaviour of market participants. Not surprisingly, a vast field 
of research has developed around the effects of transaction costs on financial markets’ 
characteristics such as trading volume, liquidity, competition among trading venues, asset prices 
and other aspects. Most recently EU legislators have been considering the introduction of a tax 
on financial transactions that would impact transaction costs. 

Against this background, this paper analyses the consequences of a transaction cost shock 
on the value of collateral assets that banking institutions submit to the central bank in order to 
obtain liquidity in monetary policy credit operations. The value of collateral submitted to the 
central bank is typically marked to market on a daily basis and therefore fluctuates with external 
price shocks. The value of collateral assets which are eligible for monetary policy operations 
matters because it limits the banking system’s access to these operations. In particular, in times 
of financial stress the access to central bank liquidity can be constrained by the availability of 
eligible assets. Changes in the value of central-bank collateral can thus deteriorate the liquidity 
conditions for banks and hamper the implementation of monetary policy.  

We explore the issue at question by constructing a model that captures how the price of 
collateral assets responds to changes in transaction costs. This model first builds on relevant 
prior literature and takes into account that central bank collateral is dominated by fixed-income 
instruments. In a second step, we quantify the effect of a permanent, positive transaction cost 
shock with a micro-simulation which applies our model to the empirical setting of the 
Eurosystem collateral framework. Specifically, we add an assumed, additional transaction cost to 
the required rate of return for each asset. The resulting higher required rate of return results in 
an adjusted lower asset price, as each future cash flow is discounted at a higher rate. This direct 
impact, which we refer to as the first round effect, adversely affects the collateral value submitted 
by counterparties to the Eurosystem. Our calculations encompass several scenarios which 
include the likely reduction in trading volume reflecting possible behavioural adaptations by 
market participants to the transaction cost shock (second round effects). We construct a dataset 
of Eurosystem collateral, including 12,000 assets that are used by 1,800 hypothetical 
counterparties.  

The study finds that a 0.1 percentage point increase in transactions costs causes a -0.30% 
decrease in the aggregate collateral value as first-round effect. When taking into account second-
round effects on the turnover of debt instruments in the order of 25% or 75% the decrease in 
collateral value comes in lower at -0.22% and -0.07% respectively. We also present disaggregated 
results along asset classes, maturity buckets and haircuts and look at the effects on different 
counterparty classes. 
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The results underline that transaction costs in financial markets can be one among many 
factors contributing to the scarcity or decline of liquid, high quality collateral. A transaction cost 
shock by itself is unlikely to have a system-wide effect on the access to liquidity. However, an 
upward transaction cost shock that occurs simultaneously with a market or regulation-induced 
shortage in collateral assets, and in particular high-quality collateral assets, could hamper the 
access of financial institutions to central bank liquidity. The central bank could then of course 
pre-empt a collateral shortage by making additional collateral eligible for monetary policy 
operations. As most of high-grade collateral is already central bank eligible, such a move could 
entail a shift to collateral assets with more inherent risk that would have to be compensated with 
appropriate haircuts. This in turn could increase asset encumbrance on banks’ balance sheets.  

Finally, empirically analysing the relationship between transactions cost shocks and the 
collateral value pledged to central banks could benefit from further research in two particular 
areas: First, we note that the literature has focused mainly on equity and not fixed income 
products when estimating the price elasticities of securities to transaction cost shocks. Second, 
studies on turnover data as well as data for OTC trades remain scarce. Further research in both 
areas would improve our first- and second round effect estimates respectively.  
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1 Introduction 

This paper analyses the consequences of a transaction cost shock on the value of collateral assets 
that banking institutions submit to the central bank in order to obtain liquidity in monetary 
policy credit operations. Amidst the revolving discussions about introducing some form of a 
financial transaction tax – be it EU-wide or in any other combination of European jurisdictions – 
this question is of interest to policymakers and central bankers in particular. A change in 
transaction costs may require the central bank to adjust the implementation of its monetary 
policy in order to maintain its current policy stance under altered transmission conditions. Also 
other recent legislative proposals may affect transaction costs in financial markets. For example, 
the initiative for banking structural reform in the EU that follows up to the Liikanen report 
could have an impact on the cost of intermediation in the banking system as it could limit certain 
forms of market-making, depending on the outcome of the legislative process.  

In its theoretical analysis, this paper disentangles the various channels through which 
transaction cost shocks may affect the value of the assets pledged by banks in their credit 
operations with the central bank. It explains how different assets will be affected by a transaction 
cost shock, depending on their turnover, maturity, coupon structure and other characteristics. As 
a consequence, central bank counterparties will also be affected heterogeneously, conditional on 
the composition of the collateral they dispose of. The theoretical findings are then translated into 
an asset-by-asset model of the Eurosystem collateral framework. We note that for confidentiality 
reasons we do not make use of the data on the actual collateral positions of euro area banks and 
instead construct a dataset of Eurosystem collateral, the most granular unit of observation of 
which are 12,000 assets drawn from the actual list of eligible assets which are allocated to 1,800 
hypothetical counterparties.  

Micro-simulation is the methodology of choice to capture heterogeneous effects due to 
composition effects and characteristics on the micro level. More specifically, the model calculates 
how a transaction cost shock influences the required rate of return and consequently the market 
price for different assets. The calculation encompasses several scenarios resting on assumptions 
about the transaction cost shock and the size of second round effects through trading volume. In 
our model, the first round effect refers to the direct impact of the introduction of a transaction 
cost shock on the asset price, as determined by the sum of its discounted future cash flows, 
which declines by the present value of the transaction cost shock payable on all future 
transactions of a specific security. Second round effects relate to the likely reduction in trading 
volume, which in turn reduces the negative impact of the first round effect as the asset is less 
frequently traded. The model does not take into account general equilibrium effects beyond 
changes in trading volume. 

The results of our simulations show that a 10 basis point increase in transactions costs 
entails a -0.30% decrease in collateral value without second-round effects. When including 
second-round effects on asset turnover of 25% or 75% the decrease in collateral value falls to     
-0.22% and -0.07% respectively. The disaggregation of the results by asset characteristics shows 
that uncovered bank bonds, central government debt instruments and bonds of non-financial 
corporates experience the largest decreases with -0.96%, -0.91% and -0.34% respectively 
(without second-round effects). We also find that residual maturities of 3 to 5 years and 1 to 3 
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years are more affected (-0.49% and -0.38%) than shorter and longer residual maturities. When 
differentiating between haircut buckets, the results show that the haircut category from 5% to 
15% is affected the most with -0.77%. On the counterparty level, our study shows that 
counterparties with small and large collateral pools are similarly affected.  

Overall, the vast majority of counterparties only experiences a small collateral loss due to a 
positive transaction cost shock. This conclusion does not rule out that some selected 
counterparties may suffer larger collateral losses. A counterparty with a low collateral buffer that 
is furthermore collateral-constrained may either tolerate the increased risk of affording a smaller 
collateral buffer, post additional collateral if available or reduce its outstanding liquidity position 
vis a vis the Eurosystem. From a policy perspective, assuming counterparties hit their collateral 
constraint as a result of the transaction cost shock, a small increase in the list of eligible securities 
for monetary policy operations or a reduction in the applied haircuts could be enough to 
compensate the shock. Thus, even if on average the counterparties’ collateral buffer is large 
enough to absorb a transaction cost shock this does not mean that the shock is costless.  

2 Theory and prior literature 

In order to implement their monetary policy stance central banks conduct monetary policy 
operations that can be carried out as outright purchases and sales or as credit operations. For 
outright purchases central banks acquire assets to hold them for an indeterminate period of time. 
Examples of such outright purchases or sales are the Securities and Market Programme (SMP), 
the Outright Monetary Transactions (OMTs), the Covered Bond Purchase Programmes 
(CBPPs), the Asset-backed Securities Purchase Programme (ABSPP)1 and the Public Sector 
Purchase Programme (PSPP) of the Eurosystem as well as the permanent open market 
operations conducted by the US Federal Reserve System (US Fed). In credit operations, by 
contrast, central banks lend (or borrow) funds to (from) a specified set of counterparties in 
exchange for eligible collateral assets based on (reverse) repurchase agreements or collateralised 
loans. Examples of such credit operations are the main refinancing operations or the long-term 
operations of the Eurosystem as well as the temporary open market operations and the discount 
window lending programme of the US Fed. Typically, the assets submitted as collateral are 
marked to market on a daily basis to ensure that the central bank is appropriately covered against 
financial risk. In addition, the actual central bank liquidity provided is less than the collateral that 
is pledged by counterparties, given the application of haircuts, the size of which reflect the 
liquidity, credit, interest rate and valuation risk of the asset.  

In times of regular market functioning, the amount of funds that banks obtain in central 
bank credit operations is usually determined by market forces. In the case of the Eurosystem’s 
main refinancing operations under variable rates and fixed allotment2, the allotted liquidity 
depended on the interest rate that a counterparty was willing to pay. However, when central 
banks provide ample liquidity – as in the Eurosystem’s marginal lending facility and the Fed 

                                                            
1  The SMP was discontinued after the announcement of the OMT.  
2  This procedure was standard for main refinancing operations that settled prior to 15 October 2008.  
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discount window or under temporary procedures in crisis times3– the liquidity that 
counterparties can obtain is mainly limited by the collateral they have available. A financial 
institution with limited access to funding markets or in an otherwise stressed environment may 
have difficulties submitting a sufficient amount of collateral to obtain the amount of liquidity it 
needs to run its operations. Changes in the market value of collateral assets therefore may affect 
banks’ ability to access central bank funding in spite of ample central bank liquidity provision. 
Such a scenario could hamper an appropriate transmission of the central bank’s policy stance to 
the real economy.  

Various channels of causal relationships have been identified by the literature that describes 
in general terms how transaction cost shocks could affect collateral value. They are schematically 
summarised in Figure 1. The arrows in the graph indicate how an increase in transaction costs 
triggers up- or downward adjustments in other market variables according to the findings in 
prior research.  

 

 
Notes: Liquidity and market value developments may induce downward rating adjustments and require the 

application of higher haircuts under the Eurosystem Credit Assessment Framework (ECAF). The numbers 
in brackets denote the section, in which the respective variable is discussed. 

2.1 Transaction costs in financial markets 

Transaction costs in financial markets are composed of bid-ask spreads, commission, fees, taxes, 
delay cost, price appreciation, market impact, timing risk and opportunity cost (Wagner & 
Edwards, 1993; Kissell, 2006). A transaction cost shock hence alters the wedge between the price 
of the seller and the buyer and influences trading behaviour. In their summary of the transaction 
costs literature, Pollin et al. (2003) conclude that transaction costs vary strongly across markets 
and within markets, depending on market and asset characteristics as well as trading behaviour. 

                                                            
3  As from the operation settled on 15 October 2008, the weekly main refinancing operations of the Eurosystem were carried 

out through a fixed rate tender procedure with full allotment at the interest rate on the main refinancing operation for as long 
as needed. 

Transaction 
costs (2.1) 

Present 
value (2.4) 

Market 
value (2.4) 

Turnover 
(2.2) 

Liquidity 
(2.3)

Collateral 
value 

Haircut 
(2.5)

Negative effect on collateral

Positive effect on collateral

Reaction of variable 

Figure 1: Channels from an increase in transaction costs to collateral value 
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This is confirmed by Keim and Madhavan (1998) who find that the transaction costs of trading 
vary significantly with the size of the trade, the size of the corporation being traded and the 
trading infrastructure. For small firms, trading costs are high, likely driven by low trading 
volumes. Reiss and Werner (1996) confirm high transaction costs for small firms and show that a 
spread measure they develop is 0.71 of trading volume for large firms and 2.28 for small firms. 
In this context, Pollin et al. (2003) make the important observation that a uniform transaction 
cost shock on asset prices, e.g. a tax, can be highly distortive as the asset price as reference base 
is not comparable across assets. They show how bonds of different maturities can be affected 
very heterogeneously.  

The decline of transaction costs over time is a general trend across markets observed by 
several authors. Hong and Warga (2000) demonstrate that corporate bond spreads have declined 
over time and that trades in U.S. government bonds have even become a zero-profit business for 
dealers. Driessen et al. (2005) work with a dataset of US Treasury Bills prices and show that the 
average bid-ask spread for 1, 3, 6 and 9 month maturities has fallen by roughly 75% when 
comparing the 1972-1997 and 1987-1997 periods. More generally, it is argued that a transaction 
cost shock would be felt most (least) in market segments where transaction costs are already low 
(high). Constantinides (1986) also concludes that a general increase in transaction costs across 
markets affects more strongly those segments where the transaction costs were low initially.  

Overall, the presence of transaction costs and their size and development in different 
market segments is well documented in the literature. Transaction cost shocks affect assets 
heterogeneously.  

2.2 Transaction costs and asset prices 

The market value or price of an asset is determined by the sum of its discounted future cash 
flows. Hence, the price of an asset declines by the present value of the transaction cost shock 
payable on all future transactions of this specific security (Hawkins & McCrae, 2002). 
Importantly, a transaction cost shock affects all investors that value their assets at market prices, 
not only those that engage in trading activity. This becomes clearer when looking at the case 
analytically. Matheson (2011) presents a model of the impact of a transactions tax on security 
valuation and cost of capital for share prices. Based on this we derive a simple framework for 
exploring the same for fixed-income securities, drawing on a simple present value calculation. 
The price of a fixed-income security – a typical asset class for central bank collateral – under 
presence of transaction costs can be given as 
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where  is the coupon rate,  is the nominal, redemption or face value of a bond,  designates 
the number of transactions  within period  (typically a year), and stand for the price and 

quantity of transaction , ∆  is the transaction cost shock,  is the yield to maturity observed in 
the market prior to the transaction cost shock and  is the number of outstanding titles per 
security that are held for trade or available for sale and not held to maturity4.  

In this equation the transaction cost shock is modelled as a negative cash flow that is 
deducted from the positive cash flow resulting from the coupon payment . This modelling 
ensures an appropriate discounting of the cash flows caused by the costs on future transactions. 
We also assume a market populated by homogenous traders. The representative trader buys an 
asset with the intention to possibly re-sell it at a later stage. Hence, the trader does not only take 
into account the transaction costs paid on the purchase of the asset but also factors in that the 
next purchaser in the future will do the same. Hence, the trader expects that the next purchaser 
will slightly decrease its offering price and thus the buyer in the present will do the same. In this 
way, transaction costs accumulate over the residual maturity of the asset and imply negative cash 
flows that lower the return of the asset. On the contrary, if the marginal investor were to buy and 
hold the asset, then the price would not depend on the turnover and an increase in transaction 
costs by ∆  would just imply a decrease in the price by ∆ .  

The change rather than the level of the transaction cost, ∆ , enters the model because the 
absolute level of transaction costs is already priced in by market participants and hence contained 
in the yield to maturity  that is observed in the market prior to the credible announcement of 
the introduction of a transaction cost shock. This does not mean that the initial transaction costs 
are zero. Multiplying the ∆  with the total trading volume over all transactions observed for the 
security in period , , gives the tax due for the security as a whole. This figure is then scaled by 
the number of outstanding titles of the security that are available for trade and not held to 
maturity in period , . This figure is a theoretical concept and cannot be empirically observed 
in a reliable manner. The scaled net cash flow per period  and title, i.e. the coupon minus the 
transaction cost, is discounted over the time to maturity. This naturally assumes that the 
transaction volume is the same in all future years. This assumption can be relaxed to take into 
account second-round effects as we will show in section 3.4.3. The overall effect on the asset 

                                                            
4  This assumes that assets in held-for-trading or available-for-sail portfolios are valued at fair value while assets in held-to-

maturity portfolios would be valued at amortised cost and therefore not be affected by market price changes. 
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price is negative. Kupiec (1996) comes to the same conclusion when analysing the effects of a 
transaction cost shock on asset prices in a general equilibrium model.  

In addition to the direct effect of transaction costs on the asset price, the specification in 
equation (1) also reveals that the turnover volume  influences the asset price. As turnover can 
be expected to decline in reaction to an upward transaction cost shock, the negative cash flow in 
each period would actually be reduced. Hence, a decline in turnover dampens the decline of the 
asset price. This second round effect is reflected by the dotted green arrow in Figure 1.  

Furthermore, the price of an asset in the market is also influenced by the liquidity of its 
market because investors – in particular those that do not plan to hold the asset until maturity – 
are interested in being able to re-sell the asset at any time without affecting the asset’s price. 
Their willingness to hold and pay for that asset would decline in comparison to assets not 
affected by a transaction cost shock. This demand shock would lead to a further decline of asset 
prices (see Block (2007) and Acharya and Pedersen (2005)). The liquidity premium is implicitly 
contained in the yield in the above price that reflects the return that investors in the market 
demand for more or less liquidity. More liquid assets will ceteris paribus trade at a lower yield. 

The downward effect of transaction cost shocks on asset prices has been documented 
empirically by several authors, in particular for transaction taxes. Umlauf (1993) finds that the 
introduction of a transaction tax on equities of one per cent in Sweden in 1984 resulted in a 
decline of market prices at the Stockholm stock exchange of about 5.3 per cent for the 10-day 
period up to and including the announcement. On the day of announcement, the index 
decreased 2.2 per cent. However, we note that the findings for Sweden may not be 
representative due to the peculiar design of the tax. Saporta and Kan (1997) analyse the price 
developments of UK equity shares in the surroundings of changes in the UK stamp duty, both 
through announcement effects on the index and by comparing price developments of American 
Depository Receipts and their underlying shares. They find evidence that the stamp duty is 
capitalised in prices. However, both Umlauf as well as Saporta and Kan cannot control for other 
possible influences, in particular policy announcements made on the same day. Abstracting from 
second-round effects on turnover and assuming a dividend yield of 4%, Hawkins and McCrae 
(2002) expect a 3.1% increase in share prices upon halving the UK stamp duty. Further evidence 
is presented by Hu (1998), Schwert und Senguin (1993), Bond et al. (2004) and Oxera (2007). 
Several authors find elasticities of share prices with respect to transaction costs to be around -
0.2% for the UK stamp duty. 

3 A micro model of the Eurosystem collateral framework 

The previous section has established the theoretical links between a change in transaction costs 
of an asset and its value as central bank collateral. In addition, empirical estimates for the market 
price effects of a transaction cost shock were collected from prior literature. However, these 
estimates can only serve as rough guidance for the degree to which a transaction cost shock may 
impact the value of central bank collateral. To obtain more refined estimates of that impact, this 
study needs to take into account more specific information on the micro level, in particular asset 
and counterparty heterogeneity. Asset heterogeneity means that asset values react 
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heterogeneously to a transaction cost shock, depending on an asset’s individual characteristics. 
For example, the price of a bond that is traded more often within a given period of time than 
another bond is expected, ceteris paribus, to be relatively more affected by such a shock. 
Counterparty heterogeneity refers to the fact that the composition of a counterparty’s collateral 
pool depends on the counterparty’s individual characteristics such as size, business model or 
geographical location. As a result, some counterparties are expected to be more affected by a 
transaction cost shock than others. In an extreme case, a counterparty that is collateral-
constrained may be forced to either repay liquidity obtained from the central bank or submit 
additional collateral in order to remedy a situation of under-collateralisation.  

Asset and counterparty heterogeneity call for a methodological approach that can take into 
account the micro level characteristics of assets and counterparties when determining changes in 
collateral value. Therefore, we have opted to develop a micro-simulation model that quantifies 
the effects of a transaction cost shock on collateral value on an asset-by-asset and counterparty-
by-counterparty basis. The empirical setting of our analysis is the collateral framework of the 
Eurosystem, which is described in section 3.1 before turning to the description of the dataset 
and the construction of the micro-simulation model in the sections thereafter. 

3.1 The Eurosystem collateral framework 

According to Article 18.1 of the Statute of the European System of Central Banks and of the 
European Central Bank5, Eurosystem credit operations must be “based on adequate collateral”. 
This way the Eurosystem ensures that it is protected against losses arising from monetary policy 
operations, while enabling access to central bank operations for a wide range of counterparties. 
To implement this operationally the Eurosystem developed a catalogue of eligibility criteria for 
marketable as well as non-marketable assets6. For marketable assets the ECB maintains a public 
list of eligible assets that counterparties may choose to pledge as collateral. Marketable assets are 
further grouped into central government securities, regional government securities, uncovered 
bank bonds, covered bank bonds, corporate bonds, asset-backed securities and other marketable 
assets. Non-marketable assets comprise credit claims, cash deposits, retail mortgage-backed debt 
instruments and fixed-term deposits.  

Collateral that is mobilised by a counterparty towards a Eurosystem central bank is marked to 
market prices on a daily basis. The most representative market price is maintained by the 
Common Eurosystem Pricing Hub. If no representative market price is available, assets are 
valued theoretically. Importantly, market price developments – caused, for example, by a change 
of transaction costs – immediately affect the lendable collateral value. In addition, the 
Eurosystem mitigates the risks of financial loss related to an asset by applying valuation haircuts, 
variation margins, concentration limits, initial margins and other measures7. Standard valuation 
haircuts range from 0.5 to 65 per cent. The haircuts reflect the liquidity, credit and interest rate 

                                                            
5  Available under http://www.ecb.europa.eu/ecb/legal/pdf/en_statute_from_c_11520080509en02010328.pdf. 
6  The eligibility criteria for all assets are codified in Annex I to the ECB Guideline ECB/2011/14, the General 

Documentation, which is available under http://www.ecb.europa.eu/ecb/legal/pdf/l_33120111214en000100951.pdf. 
7  See Box 7 of the General Documentation, ibid. 
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risk of the asset. In some cases additional valuation mark-downs are applied for collateral in 
foreign denominations.  

 

Table 1: Use of collateral by Eurosystem counterparties 

Asset type 2004 2005 2006 2007 2008 2009 2010 2011 
2012  2014 

Q1 Q2 Q3 Q4 Q1 

Central government 
securities 

252.4 233.5 205.5 176.9 158.2 224.9 261.5 255.0 336.4 358.2 368.4 374.3 320.5 

Regional government 
securities 57.7 64.8 61.3 53.4 62.2 70.5 71.0 82.1 99.8 98.5 97.7 100.6 96.5 

Uncovered bank 
bonds 169.3  226.5 294.1 370.6 439.6 562.1 430.2 269.2 369.3 374.2 341.8 328.8 260.6 

Covered bank bonds 213.3  190.1 172.5 162.8 173.9 272.8 264.5 287.8 404.1 423.1 488.8 498.8 377.7 

Corporate bonds 26.9  44.2 60.0 76.5 95.8 115.2 101.7 95.7 95.6 95.4 88.3 85.3 106.7 

Asset-backed 
securities 

45.0  83.5 109.3 182.1 443.6 473.6 490.0 358.0 407.5 407.3 371.7 352.7 306.6 

Other marketable 
assets 

18.9  22.0 19.9 16.2 15.8 21.0 32.7 57.8 73.8 77.9 95.1 81.2 117.5 

Non-marketable 
assets 33.5  35.4 36.3 109.3 190.1 294.8 358.5 418.7 587.6 621.0 668.4 656.5 527.3 

Total 817  900 959 1,148 1,579 2,035 2,010 1,824 2,374 2,456 2,520 2,478 2,113

Notes:  EUR billion, after valuation and haircuts, averages of end of month data over each time period shown.  
Source:  ECB, for a full and current time series see http://www.ecb.europa.eu/paym/pdf/collateral/collateral_data.pdf  

 

During quarter 3 of 2012 the average nominal amount of eligible marketable assets amounted to 
EUR 13,644 billion, among which central government securities and uncovered bank bonds 
were the two largest asset groups with EUR 5,998 billion and EUR 2,429 billion respectively8. 
However, the average outstanding credit of the Eurosystem amounted to EUR 1,216 billion 
while the peak outstanding credit in the same period was EUR 1,282 billion. This volume of 
outstanding credit was collateralised with assets of an average value after valuation and haircuts 
during quarter 3 of 2012 of EUR 2,520 billion. The use of collateral is summarised in Table 1. In 
quarter 3 of 2012, non-marketable assets were the largest collateral asset type with EUR 668 
billion, followed by covered bonds, asset backed securities and central government debt 
instruments.  

3.2 The construction of the dataset 

In this section we explain the construction of our dataset of Eurosystem collateral. We select 
12,000 assets that were registered on the Eurosystem’s single list of eligible marketable assets at a 
point in time during the third quarter 2012 and randomly assign these assets to 1,800 
hypothetical counterparties. In addition, each counterparty is assigned a random volume of non-

                                                            
8  Available under http://www.ecb.europa.eu/paym/pdf/collateral/collateral_data.pdf. 
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marketable collateral. We obtain a many-to-many relationship, more precisely an n:m 
relationship, between counterparty identifiers and asset identification numbers. The resulting 
dataset contains 221,100 observations. For each counterparty-ISIN combination the dataset 
contains the hypothetical nominal amount of the asset that the counterparty has pledged as 
collateral. In a final step, the volume of the collateral after haircuts is scaled to the amounts 
observed per asset class at the end of the third quarter 2012. The sum of collateral value after 
haircuts per asset class in our dataset hence matches the figures pictured in the respective 
column of Table 1.  

Besides the nominal amount submitted as collateral the dataset contains a series of other 
asset characteristics, such as asset type, price, coupon frequency, coupon structure, residual 
maturity, issuance date, maturity date, redemption value, liquidity category (as defined by the 
Eurosystem) and the Eurosystem valuation haircut. The majority of variables are obtained from 
the list of eligible marketable assets published by the ECB. Prices are obtained from the 
Common Eurosystem Pricing Hub9. We use asset characteristics to compute the yield to 
maturity. The resulting value is verified against the yield to maturity reported by Bloomberg. All 
variables and their sources are explained in detail in Annex 1.  

The dataset is further enriched with information on asset turnover. The data covers 
1,161,629 transactions in the secondary market of 50 European exchanges or trading platforms 
between 1 December 2012 and 1 March 2013. Altogether, we observe zero or a positive number 
of transactions for 9,031 of the 12,000 securities in our sample. For the remaining 2,969 
securities trading information is missing and could either be zero or positive.  

3.3 Descriptive statistics 

In the following we present some descriptive statistics of our simulated dataset on asset and 
counterparty level. Table 2 summarises the characteristics of the marketable assets in our dataset. 
We disregard the non-marketable assets in the table because they display very different 
characteristics. The residual maturity of marketable assets ranges from two days to almost 100 
years, with the mean at around six years and the median at close to three years. The predominant 
coupon frequency is one annual payment but also other patterns occur. The average coupon rate 
is at 2.6 per cent, ranging from zero-coupon bonds to a maximum of 16.7 per cent. Asset prices 
average at EUR 98.03. Although the minimum and maximum are far from the standard par value 
of EUR 100, the standard deviation is at only EUR 12.61, which confirms that the majority of 
assets trade within a reasonable corridor around par. The predominant redemption value in the 
dataset is EUR 100. The yield ranges from 0 to 22 per cent, with the mean and median both 
around 1.9 per cent. The yield figures reasonably reflect the maturity profile of the assets in the 
dataset as well as the interest rate level prevailing at the time of observation. Overall, the table 
confirms that outliers can be justified and do not distort the aggregate characteristics of the 
dataset. Haircuts range from 0.5 to 68 per cent in line with the Eurosystem haircut schedule valid 
at the time.  

                                                            
9  The CEPH collects market prices from various sources and defines the most reliable one on a given business day. See also 

http://www.ecb.europa.eu/mopo/assets/risk/valuation/html/index.en.html. 
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Table 2: Descriptive statistics for marketable assets 

Variable Mean Min 
10th 

percentile
Median 

90th 
percentile

Max 
Standard 
deviation 

Residual maturity [days] 2,172 2 166 1,034 4,301 35,929 3,803

Coupon frequency 1.83 - 1.00 1.00 4.00 4.00 1.32

Coupon rate [%] 2.6 0.0 0.4 2.5 4.9 16.7 1.8

Price [EUR] 98.03 13.59 88.43 99.80 108.63 499.93 12.61

Redemption value [EUR] 100.58 35.00 100.00 100.00 100.00 1,000.00 15.21

Yield [%] 1.912 0.000 0.523 1.879 3.298 22.199 1.138

Haircut [%] 8.0 0.5 1.5 6.5 16.0 68.0 7.0

 

Table 3 shows the value of submitted collateral by asset type in the simulated dataset. The 
figures in the first column are identical with the column for Q3 2012 in Table 1 as the collateral 
values in the simulated dataset are scaled to that point in time. The second column displays the 
share of the respective asset type of the total collateral value.  

 

Table 3: Simulated collateral value by asset type 

Asset type 
Collateral value
[EUR million] 

Share
[%] 

Central government securities 368,400 14.6 

Regional government securities 97,700 3.9 

Uncovered bank bonds 341,800 13.6 

Covered bank bonds 488,800 19.4 

Corporate bonds 88,300 3.5 

Asset-backed securities 371,700 14.7 

Other marketable assets 95,100 3.8 

Non-marketable assets 668,400 26.5 

Total 2,520,200 100.0 

Notes:  Collateral values after valuation and haircuts, averages of end of 
month data over each time period shown.  

 

Table 4 shows the counterparty characteristics in our simulated dataset. The number of different 
securities submitted by counterparties ranges from one at the lower end to over 2,000 at the 
upper end. On average, counterparties post 212 different securities in their collateral pool. The 
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value of counterparties’ collateral pools ranges from close to EUR 600,000 at the 1st percentile to 
roughly EUR 34 billion at the 99th percentile. The collateral pool at the median is worth EUR 58 
million for lending. The value of central government securities as per cent of the total value of 
the collateral pool ranges from 0 to 100 per cent, with 13 per cent at the mean. All numbers refer 
to the simulated dataset described above. Overall, the table reflects the typical skewedness of 
firm-level data where many small and few large entities cause the mean and median to differ 
significantly from each other. 

Table 4: Descriptive statistics for counterparties 

Variable Mean 
1st 

percentile
10th 

percentile
Median 

90th 
percentile

99th 
percentile 

Standard 
deviation 

Number of different 
submitted securities  212 1 2 10 80 2,168 897

Value of collateral 
pool  
[EUR million] 

1,398.6 0.6 5.1 57.8 1,929.5 34,212.4 5,993.5

Value of central 
government securities 
against total pool [%] 

12.8 0.0 0.0 0.0 57.7 100.0 27.6

 

3.4 The structure of the micro model 

In this section we develop the micro model that is used to simulate the effects of a transaction 
cost shock on central bank collateral. The model builds on the theory developed in section 2. 
The simulations are carried out in various scenarios with different parameters as pictured in 
Table 5. Scenarios I-III all foresee a positive transaction cost shock. The transaction cost shock 
could of course also be negative but we stick to positive shocks for simplicity only. Scenarios II 
and III introduce, in addition, second round effects in the turnover of securities. A change in 
transaction costs has a considerable effect on trading turnover. These additional scenarios take 
into account this important effect. We call this a second-round effect because it is not necessarily 
intended by a policy action and results by behavioural adaptations of market participants to a 
change in the transaction cost. Beyond the second-round effects on turnover, the model does 
not take into account any other dynamics over time, nor does it deal with indirect effects running 
through liquidity or haircuts. Hence, any changes in liquidity premia or credit risk ratings caused 
by a transaction cost shock remain outside the model we develop here.  
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Table 5: Overview of scenario parameters 

 

Transaction 
cost shock 

∆  

Second-round 
effect on turnover 

∆
 

Base scenario  0 -

Scenario I 0.1% 0

Scenario II 0.1% -25%

Scenario III 0.1% -75%

 

3.4.1. Base scenario 

In the base scenario, the asset characteristics observed in the dataset are used to compute the 
base line price of each security based on a standard price function for fixed-income securities 

 

1
1  (2)

where  is the coupon rate,  is the nominal or face value,  stands for the years until maturity 
and  is the yield to maturity. The price obtained in this computation is validated against the price 
observed in the dataset to ensure that the simulation functions appropriately. 

In a further step, the model applies haircuts on the simulated market price of the collateral 
assets in line with risk control measures of the Eurosystem. The haircut is determined by the 
credit quality, the residual maturity, the coupon structure and the liquidity category on an asset-
by-asset basis. Additional haircuts are applicable for certain foreign currency denominations, 
theoretical pricing and some asset groups (e.g. asset-backed securities). The collateral value after 
haircuts is the lendable value of the assets that determines the volume of liquidity that 
counterparties can be allotted in a central bank operation. 

3.4.2. Simulation of first-round effect  

The simulation of first-round effects in scenario I extends equation (2) by inserting a transaction 
cost shock.  
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∆

1
1

∆

1
1

∆
1

1  

(3)

In fact, this formula is based on equation (1) that was derived and explained in the theoretical 
section. To recall, the coupon rate  multiplied by the face value  yields the positive annual cash 
flow of the bond. From this we deduct the negative cash flow caused by the transaction cost. For 
the scenarios we assume a transaction cost shock ∆  of +0.1%. We note that one important 
characteristic of our model is that we assume that initial transaction costs are zero while in 
practice, many of the assets in our sample have large transaction costs, that already drive prices 
down, which would imply that the impact of any additional shock would be lower than our 
estimates suggest.  

The shock size is realistic compared with the transaction costs that prevail across the wide range 
of different markets in which collateral assets are traded. For sovereign bond markets with tight 
spreads of around 0.05% the shock is relatively large. However, other debt instruments trade 
with much higher spreads of above 0.1%. Another approach would be to compare the assumed 
shock to securities transaction tax rates. The regular UK Stamp Duty Reserve Tax is charged at a 
rate of 0.5%. The transaction tax proposed by the European Commission in 2011 has a standard 
rate of 0.1%. The transaction cost shock is multiplied with a measure of annual secondary 
market turnover, . The resulting aggregate negative cash flow caused by the transaction cost 
shock is obtained on the security level. It is therefore scaled by the number of outstanding titles 
per security, . For further illustration, Annex 2 applies the first line of equation (3) to three 
exemplary bonds with different maturities and coupon rates. For the model, we transform the 
equation in two steps. The cash flow then reads ∆  where  is the turnover ratio of a 
certain security (the whole issue or ISIN).  

In the model, the formula is applied to all 12,000 marketable assets that are used as central 
bank collateral by the 1,800 counterparties in the simulated dataset. For non-marketable assets it 
is assumed for simplicity under all scenarios that a transaction cost shock does not cause any 
change in their value10. The application of haircuts is identical to the base scenario in all 
alternative scenarios as we assume haircut sizes not to be affected by the transaction cost shock 
in our model.  

                                                            
10  It could be argued that the demand for non-marketable assets rises (falls) with the increase (decrease) of transaction costs.  
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3.4.3. Simulation of second-round turnover effects 

For the simulation of second-round effects of a transaction cost shock on turnover, equation (3) 
is further enhanced with a change in turnover.  

 ∆
1

1  

where 

1
∆

1
∆

 

(4)

The second-round effect  depends on the percentage change in turnover 
∆

. The equation is 

again applied to the three exemplary bonds in Annex 2 for further illustration. In scenario II a 
turnover decrease of 25% is assumed in the case of a positive transaction cost shock. In scenario 
III the decrease is assumed to be 75%. The assumptions for second-round effects in the model 
are fully hypothetical and apply to all assets in the same way. In reality, second-round effects are 
likely to differ across maturity, asset types, market liquidity, etc. In addition, second round effects 
are likely to lead to further changes in other variables. Specifically, we analyse how an increase in 
transaction costs decreases volume, so that transaction costs are paid less often, thus attenuating 
the negative impact of transaction costs on the asset value. However, it could be expected that 
an increase in transaction costs (negatively affecting the asset price), decreases the trading 
volume (positively affecting the asset price), which in turn complicates dealers’ ability to find 
counterparties, thus reducing liquidity (again, negatively affecting the asset price). In our analysis 
we assume that the positive ‘volume’ effect dominates the resulting negative ‘liquidity’ effect 
though we acknowledge that we do not have any information on the magnitude of either of 
these effects. Annex 3 illustrates what the scenarios we assume here imply in terms of elasticities 
of turnover with respect to transaction costs. A comparison of the implied elasticities with those 
observed by the literature we have cited in section 2.2 shows that they lie within the range 
observed empirically. 

3.4.4. Computing the turnover ratio 

This section explains how we use the information on trading volume in the dataset to compute 
the turnover ratio that is used in line with equation (4). The data on trading volume suffers from 
two shortcomings, which are typical of trading data. First, for some assets no trading data is 
available at all. Second, the data only covers a segment of the overall market turnover because 
over-the-counter (OTC) transactions are likely to be underrepresented. In order to deal with 
these shortcomings we adopt a dual approach. On the one hand, we propose a workaround for 
the shortcomings that allows us to still use the trading data as a source of variance. On the other 
hand, we conduct a robustness check which fully abstracts from the trading data at the asset 
level. In the following we explain both approaches – baseline and robustness check – one by 
one. 
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For the baseline approach, we aggregate the transaction-level information in the dataset over 
time by asset and obtain quarterly transaction volumes. For the assets in our sample for which 
no transaction information is available we impute transaction volumes. We opt for a cell-mean 
imputation using the geographical residence of the issuer and the asset type as the two 
categorical variables defining the cells. This method has the disadvantage that the variance of the 
underlying population is underestimated by the sample variance after imputation, even when 
assuming that the observations are missing at random. However, cell-mean imputation still 
serves the purpose of the study because we do not aim at making inferences in a multivariate 
analysis where coefficients would be biased. The main objective of our imputation is to avoid 
selection bias in transaction volumes.  

The underrepresentation of OTC transactions implies that even for the securities for which 
we do observe transactions our figures very likely understate the true size of the secondary 
market. This is a common challenge of transactions data that cannot be easily overcome because 
OTC transaction data are not centrally collected. As workaround we obtain turnover data for the 
three biggest secondary debt markets in the euro area. Based on this information we scale up the 
turnover volume for all assets in the dataset. Finally we scale by the average nominal value 
outstanding to obtain the turnover ratio  used in equations (3) and (4). We explain our method 
in more detail in Annex 4. The disadvantage of this workaround is that the missing observations 
are likely not missing at random. Rather, the availability of data may be thinner for some specific 
asset types, trading venues or countries. Extrapolating our information on turnover in sovereign 
debt markets into other asset categories may be imprecise but given the unavailability of better 
data it is a second best solution. As we scale up turnover conservatively, the transaction data we 
obtain for the micro-simulation should be interpreted as a lower-bound figure when drawing 
empirical conclusions about the effects of transaction cost shocks.  

In order to enhance the credibility of these assumptions regarding the scaling factor coupled 
with the underlying trading data, we carry out a robustness check. The robustness check does 
not rely on any trading data at the micro level. It rather assumes a turnover ratio  of 5 for all 
assets. For comparison, the turnover ratio for German government securities in 2012 amounted 
to 4.711. The results of the robustness check are summarised in section 4.3.  

 

Table 6: Descriptive statistics for asset turnover ratio ( ) 

Variable Mean 
1st

percent
ile 

10th 
percentile

Median 
90th

percentile
99th 

percentile 
Standard 
deviation 

Baseline 28.08 0.00 0.00 0.00 11.15 735.38 297.90

Robustness check 5 5 5 5 5 5 0

 

                                                            
11  See Deutsche Finanzagentur (2013), Bund Fact Sheet. 
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4 Results 

The simulation results from the three scenarios discussed above are presented in two sets. First, 
we show results on an asset level that reflect how the impact of a transaction cost shock on 
collateral value varies by different asset characteristics. Second, we move on to the counterparty 
level and demonstrate how different types of counterparties are affected in our simulation. 
Towards the end of the section we point out some caveats regarding the results of the study and 
their interpretation. 

4.1 Assets 

Table 7: Simulation results by asset type 

Asset type 
∆  
∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

Central government securities 
 368,400  365,055  365,891  367,564  

-0.91% -0.68% -0.23% 

Regional government securities 
 97,700  97,654  97,666  97,689  

-0.05% -0.04% -0.01% 

Uncovered bank bonds 
 341,800  338,512  339,334  340,978  

-0.96% -0.72% -0.24% 

Covered bank bonds 
 488,800  488,434  488,525  488,708  

-0.07% -0.06% -0.02% 

Corporate bonds 
 88,300  88,002  88,076  88,225  

-0.34% -0.25% -0.08% 

Asset-backed securities 
371,700 371,700 371,700 371,700  

0.00% 0.00% 0.00% 

Other marketable assets 
 95,100  94,935  94,976  95,059  

-0.17% -0.13% -0.04% 

Non-marketable assets 
 668,400  668,400  668,400  668,400  

0.00% 0.00% 0.00% 

Total 
 2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Notes: Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against the base scenario. 

 

In section 2 this study demonstrated theoretically why a transaction cost shock is expected to 
affect the value of an asset heterogeneously depending on the asset’s micro characteristics. This 
section corroborates that finding empirically and shows simulation results for a number of 
selected asset characteristics across the three scenarios introduced previously. The first asset 
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characteristic we look at is the asset type. Table 7 summarises the results in absolute levels of 
collateral value as well as percentage changes. The amounts in the column of the base scenario 
are naturally equal to the values presented in Table 1. Turning to the scenarios, scenario I 
presents the strongest change in collateral value (-0.30%) of the three scenarios simulating an 
upward transaction cost shock. This is entirely intuitive as scenario I disregards any second-
round effects of a transaction cost shock on turnover. The effect is considerably weaker for 
scenarios II and III with -0.22% and -0.07% respectively, for which second-round effects are 
taken into account.  

In order to put the size of these estimates into perspective we compare them with existing 
literature. As the results vary considerably across studies in terms of ex-ante transaction cost 
level, transaction cost shock size and resulting price change, elasticity is the most useful measure 
to compare the various estimates. As summarised in section 2.2, several authors find elasticities 
of share prices with respect to transaction costs to lie at around -0.2% for the UK stamp duty.  

Table 8: Implied elasticities at a transaction cost shock of 0.1% 

Change of collateral value 
        Initial transaction cost level 

0.05% 0.50% 2.00% 

Scenario II (-25%): -0.22% -0.001 -0.011 -0.044 

Scenario III (-75%): -0.07% -0.0004 -0.004 -0.014 

Notes:  For comparison, the average of the bid-ask spread within the approximately 60 
outstanding German Bunds is at 0.048 at the lower end. At the higher end, bid-ask 
spreads are as high as 2 for less liquid markets. 

 

We compute the implied elasticities for scenarios II and III at three different initial 
transaction cost levels in Table 8. At the transaction cost level of 0.5%, we obtain elasticities 
ranging from -0.011 for scenario II to -0.004 for scenario III. This means that a transaction cost 
increase of 0.1% results in a price decline of between 20 and 5 times lower than the estimates for 
the UK stamp duty. The apparently large difference between the UK results can be explained as 
follows: First, equities are very different assets from those in our dataset and their markets 
behave fundamentally different. Price-elasticity in equity markets could generally be higher than 
in fixed-income markets that dominate our study. Second, the empirical estimates that some of 
the other studies are based on do not control for other possible influences on the price change 
and therefore likely suffer from an upward bias as also Hawkins and McCrae (2002) point out. 
Third, the estimates were obtained in the context of the UK stamp duty which is a very small 
market with many substitutes in other countries and other financial instruments. Traditionally, 
markets with close substitutes have a much higher elasticity. Taking these three reasons into 
account, the elasticities we obtain seem realistic from an empirical point of view. Our results are 
further supported by the percentage price changes that we obtain in our stylised mini-model in 
Annex 2. 

It should also be noted that the size of effects in our study varies considerably across 
different asset types. As explained previously, we assume that the value of non-marketable 
collateral is not affected by transaction cost shocks. Uncovered bank bonds, central government 
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assets and corporate bonds experience relatively large changes in their collateral values. We note 
that ABSs are not affected in our model given that our dataset does not capture any turnover for 
this asset class, thus completely negating the adverse impact of a transaction cost shock as 
simulated by our model.  

 

Table 9: Simulation results by residual maturity 

Residual maturity 
∆  

                              ∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

Below 1 year 
 444,657  444,596  444,612  444,642  

-0.01% -0.01% 0.00% 

1 – 3 years 
 620,715  618,385  618,967  620,132  

-0.38% -0.28% -0.09% 

3 – 5 years 
 398,527  396,593  397,076  398,043  

-0.49% -0.36% -0.12% 

5 – 7 years 
 151,730  151,225  151,351  151,603  

-0.33% -0.25% -0.08% 

7 – 10 years 
 207,707  207,178  207,310  207,575  

-0.25% -0.19% -0.06% 

More than 10 years 
 696,866  694,714  695,252  696,328  

-0.31% -0.23% -0.08% 

Total 
 2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Notes: Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against base scenario.  

 

As second group of results, we look at the effect of a transaction cost shock differentiated 
by residual maturity. Table 9 pictures the results broken down into the six maturity buckets that 
are differentiated by the Eurosystem. Naturally, we recognise the same pattern across scenarios, 
with the absolute size of the effect decreasing from scenario I to III. The largest effects can be 
found in the maturity buckets from 3 to 5 years and 1 to 3 years. A closer inspection of the 
simulation on the micro level suggests that these results are driven by the asset types and 
transaction volumes that dominate the maturity buckets. Furthermore, we also recognise 
increasing effects from the first to the third maturity bucket. This reflects a pattern that is also 
visible in the exemplary bond simulations in Annex 2 that shows that bonds with a longer 
residual maturity show stronger percentage price changes. The reason for this finding is that the 
bond values of shorter residual maturities are dominated by the principal repayment amount, 
which is not affected by a transaction cost shock. Coupon payments and costs for transactions 
play a relatively minor role. For longer maturities, however, the value of the principal repayment 
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is discounted more strongly. Hence, annual payments such as coupons and transaction costs 
affect the asset’s pricing more strongly.  

We furthermore disaggregate the simulation results by five haircut categories. The results are 
pictured in Table 10. The distribution across haircut categories is driven by the random 
simulation of the dataset. A transaction cost shock entails the highest effects on collateral value 
for assets in the 5%-15% haircut category, followed by the 2.5%-5% category. For assets with 
haircuts between 15% and 50% the effects are minimal because these haircut categories are 
dominated by marketable assets with lower market liquidity or non-marketable assets, for which 
we assume a zero effect in this study.  

 

Table 10: Simulation results by haircuts 

Haircut 
∆  

                              ∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

Below 2.5% 
 840,234  838,950  839,271  839,913  

-0.15% -0.11% -0.04% 

2.5% – 5% 
 232,816  232,253  232,393  232,675  

-0.24% -0.18% -0.06% 

5% – 15% 
 712,799  707,317  708,688  711,429  

-0.77% -0.58% -0.19% 

15% – 50% 
 34,354  34,354  34,354  34,354  

0.00% 0.00% 0.00% 

Above 50% 
 699,997  699,818  699,863  699,952  

-0.03% -0.02% -0.01% 

Total 
2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Notes:  Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against base scenario. The observations at the category cut-off 
values (2.5%, 5%, 15%, 50%) are contained in the lower bracket respectively. 

 

Finally, we disaggregate the results by credit quality step as defined by the Eurosystem. The 
credit quality steps reflect the credit quality as assessed by accepted external credit rating 
agencies. The results show that assets with a higher credit quality suffer a greater collateral value 
contraction following a transaction cost shock. 
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Table 11: Simulation results by credit quality 

Credit quality 
∆  

                              ∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

Credit quality step 1 and 2 
1,686,857 1,679,824 1,681,582 1,685,099  

-0.42% -0.31% -0.10% 

Credit quality step 3 
164,943 164,468 164,587 164,824  

-0.29% -0.22% -0.07% 

Non-marketable assets 
668,400 668,400 668,400 668,400  

0.00% 0.00% 0.00% 

Total 
 2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Notes:  Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against base scenario. The credit quality steps 1 and 2 correspond 
to the “A” range of ratings by major agencies, credit quality step three to the 
“BBB” range. Non-marketable assets are pictured separately.  

 

Overall, the effects across different scenarios and asset characteristics can be explained 
intuitively. As expected, the effects seem to be mainly driven by the turnover in the respective 
market segment and by the assumed second-round effects of a transaction cost shock on 
turnover. Compared with the exemplary calculations presented in Annex 2 the results are realistic 
and within the expected range.  

The size of the effects can be put into perspective in a variety of ways. Given the large 
amount of used collateral, roughly EUR 2.5 trillion in the base scenario, the percentage changes 
stand for amounts in the order of billions of euro. This magnitude simply underlines the strong 
effect of transaction costs on the price of financial assets in general. Another way to look at the 
effects of the study is to translate them into changes in the implied yield. For this the new market 
value before haircuts resulting in the simulation is used to calculate back the implied yield. Of 
course, this is an entirely theoretical exercise as the implied yields would never be observed in 
markets due to second-round price and substitution effects brought about by arbitrage. In Annex 
2 we show that the effect of a transaction cost shock on the profitability of a certain instrument 
in terms of its implied yield can be huge in spite of relatively small percentage changes in prices. 
For example, assuming a positive transaction cost shock of 0.1% for bond B with one year 
residual maturity results in the yield to maturity increasing from 0.5% observed in the base 
scenario to an implied yield of 1.0% in scenario I and still 0.62% in scenario III after taking into 
account second-round effects on turnover. This effect is very large and clearly underlines that 
relatively small transaction cost changes can cause strong effects on market activity.  

4.2 Counterparties 

Yet another way to interpret the effects observed in the previous section is to analyse their 
implications for Eurosystem counterparties. For this we have aggregated the collateral on 
counterparty level and ranked the counterparties according to the size of their collateral pool in 
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the base scenario. Collateral pool size is a – naturally imperfect – proxy of counterparty size. 
Table 12 shows the simulation results by counterparties in quintiles. The first quintile contains 
the counterparties with the smallest collateral pools and therefore stands for roughly EUR 1.7 
billion of collateral only. At the other end of the distribution, the fifth quintile contains the 
largest collateral pools corresponding to an aggregate value of roughly EUR 2.4 trillion. In spite 
of the strongly skewed distribution of the collateral pool size, the effects of a transaction cost 
shock on collateral value is relatively balanced across pool size classes. This could, for example, 
be explained by the fact that the collateral pools across the five quintiles are well diversified in 
terms of asset classes. While this should not be misinterpreted as a proof of diversification on 
the micro level, it is a clear sign that small collateral pools are on average not more or less 
affected by a transaction cost shock than larger ones. This is overall good news for the 
hypothetical banking system in our dataset. 

Table 12: Simulation results by counterparty quintiles 

Collateral quintile 
∆  

                              ∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

1st quintile 
 1,754  1,748  1,750  1,752  

-0.31% -0.23% -0.08% 

2nd quintile 
 7,694  7,672  7,677  7,688  

-0.29% -0.21% -0.07% 

3rd quintile 
 22,890  22,832  22,846  22,875  

-0.25% -0.19% -0.06% 

4th quintile 
 83,909  83,495  83,599  83,805  

-0.49% -0.37% -0.12% 

5th quintile 
 2,403,954 2,396,945 2,398,697 2,402,202  

-0.29% -0.22% -0.07% 

Total 
 2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Notes:  Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against base scenario. 

 

The percentage changes of collateral value should also be evaluated against the background 
of the figures for over-collateralisation of counterparties that the Eurosystem publishes on a 
quarterly basis. These figures show that counterparties are on average strongly over-collateralised 
for a variety of reasons. This allows for the conclusion that the vast majority of counterparties 
will not suffer a very significant collateral loss due to a transaction cost shock. At the same time, 
this general statement does not preclude the possibility that single counterparties facing collateral 
scarceness may experience constraints in their access to central bank liquidity due to a limited 
collateral pool. This is further highlighted in Annex 5, where we show the impact of transaction 
costs on two stylised banks with a differing composition of their collateral pools.  
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4.3 Robustness checks 

In order to explore the sensitivity of our results with respect to various assumptions, we conduct 
two robustness checks. The first robustness check, which was already explained in section 3.4.4, 
explores the sensitivity of the results to the way in which we compute the turnover ratio in our 
dataset. In this first robustness check, we do not rely on any trading data but rather assume a 
turnover ratio of 5 for all assets. Table 13 reproduces Table 7 of the baseline computations for 
the robustness check. Table 14 directly compares the results of the two computations. The 
overall effects are very similar, the percentage changes remain constant to the first decimal but 
there are differences in the absolute values. This underlines that the way in which we use the 
trading data in our dataset does not lead to disproportionate results.  

 

Table 13: Results of the robustness check 1 (size of second round effects)  

Asset type 
∆  
∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

Central government securities 
 368,400  365,055  365,891  367,564  

-0.91% -0.68% -0.23% 

Regional government securities 
 97,700  97,656  97,667  97,689  

-0.04% -0.03% -0.01% 

Uncovered bank bonds 
341,800 338,172 339,079 340,893  

-1.06% -0.80% -0.27% 

Covered bank bonds 
 488,800  488,421  488,516  488,705  

-0.08% -0.06% -0.02% 

Corporate bonds 
 88,300  88,052  88,114  88,238  

-0.28% -0.21% -0.07% 

Asset-backed securities 
 371,700  371,700  371,700  371,700  

0.00% 0.00% 0.00% 

Other marketable assets 
 95,100  94,930  94,973  95,058  

-0.18% -0.13% -0.04% 

Non-marketable assets 
 668,400  668,400  668,400  668,400  

0.00% 0.00% 0.00% 

Total 
 2,520,200 2,512,387 2,514,340 2,518,247  

-0.31% -0.23% -0.08% 

Notes: Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against the base scenario. 
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Table 14: Comparison of baseline and robustness check 1 

Asset type 
∆  
∆  

Base 
0% 
0% 

S I 
0.1% 
0% 

S II 
0.1% 
-25% 

S III 
0.1% 
-75% 

Total baseline 
 2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Total robustness check 1 
 2,520,200 2,512,387 2,514,340 2,518,247  

-0.31% -0.23% -0.08% 

Notes: Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against the base scenario. 

 

As second robustness check, we present the results for a different size of the transaction 
cost shock. Table 15 shows the results for a transaction cost shock of + 0.5%.  

 

Table 15: Results of the robustness check 2 (size of transaction cost shock)  

Asset type 
∆  
∆  

Base 
0% 
0% 

S I 
0.5% 
0% 

S II 
0.5% 
-25% 

S III 
0.5% 
-75% 

Central government securities 
 368,400  354,612  358,059  364,953  

-3.74% -2.81% -0.94% 

Regional government securities 
 97,700  97,544  97,583  97,661  

-0.16% -0.12% -0.04% 

Uncovered bank bonds 
 341,800  334,129  336,047  339,882  

-2.24% -1.68% -0.56% 

Covered bank bonds 
 488,800  487,198  487,599  488,400  

-0.33% -0.25% -0.08% 

Corporate bonds 
 88,300  87,541  87,731  88,110  

-0.86% -0.64% -0.21% 

Asset-backed securities 
 371,700  371,700  371,700  371,700  

0.00% 0.00% 0.00% 

Other marketable assets 
 95,100  94,618  94,739  94,980  

-0.51% -0.38% -0.13% 

Non-marketable assets 
668,400 668,400 668,400 668,400  

0.00% 0.00% 0.00% 

Total 
2,520,200 2,495,743 2,501,857 2,514,086  

-0.97% -0.73% -0.24% 

Notes: Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against the base scenario. 
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Table 16 compares the totals in the baseline and the robustness check. As expected, the 
effects are higher when the transaction cost shock is increased to +0.5%. However, the 
relationship is not proportional as the effect only increases by roughly three times, while the 
shock increases five times. The main reason for this is that some collateral assets are assumed 
not to change their value at all (non-marketable assets and ABS). Therefore, the overall change in 
collateral value is less than proportional to the transaction cost shock.  

 

Table 16: Comparison of baseline and robustness check 2 

Asset type 
∆  

Base 
0% 

S I 
0% 

S II 
-25% 

S III 
-75% 

Total baseline (∆   +/-0.1%) 
 2,520,200 2,512,692 2,514,569 2,518,323  

-0.30% -0.22% -0.07% 

Total robustness check 2 
(∆  +/-0.5%) 

2,520,200 2,495,743 2,501,857 2,514,086  

-0.97% -0.73% -0.24% 

Notes: Collateral values after valuation and haircuts. Figures in italics denote changes 
in per cent against the base scenario. 

 

4.4 Caveats 

This section points out a series of methodological specificities of the study that the reader should 
keep in mind when interpreting the results that were suggested above. Most importantly one 
should recall that the dataset reflects a hypothetical banking system. Although the securities are 
selected from the actual list of eligible assets, the extent of their use by counterparties is based on 
hypothetical assumptions. This selection procedure could lead to systematic over- or 
underrepresentation of assets that are most affected by a transaction cost shock due to their 
turnover or other asset characteristic. This in turn could also bias the aggregate results to either 
direction.  

Another caveat is the incompleteness of the transaction data that we circumvent by cell-
mean imputation and scaling up transaction volumes. We have explained previously that the 
conservative rescaling of transaction volumes implies that the overall simulation results should 
be interpreted as a lower-bound estimate. For assets, for which we significantly underestimate 
turnover (for instance ABSs, for which we assume a turnover of zero), the effects may be 
considerably higher. However, underestimating first-round effects due to missing turnover data 
also means underestimating the second-round effects on turnover which could partially 
neutralise the bias.  

Another important limitation is our assumption that initial transaction costs are zero, while 
in practice, many of the assets in our sample have large transaction costs, already driving prices 
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down. This implies that, depending on the current transaction costs for each asset, the impact of 
any additional shock would be lower than our estimates suggest.  

Furthermore, it should be recalled that the scenarios we use to reflect second-round effects 
cover a very wide range. The precise estimation of second-round effects on turnover depends on 
a variety of other variables and a precise estimation goes far beyond the scope of this study. In 
particular, for short maturities the rise in the yield implied by the price change simulated here 
suggests that arbitrage trades between short-term debt instruments and other short-term 
investments such as loans could entail an even higher reduction in turnover. Nevertheless, the 
scenarios are useful to trace out the range of possible second effects and the robustness of the 
results. At the same time, the reader should keep in mind that the scenarios only reflect second-
round effects on turnover. Other second-round effects could also affect the price level. For 
example, a decrease in turnover would also reduce liquidity in certain market segments and hence 
liquidity premia that investors are willing to pay for such assets. Similarly, it is conceivable that 
under certain circumstances counterparties optimise their collateral strategies by shifting their 
pools away from marketable towards more non-marketable assets. This also suggests that the 
estimates presented in this study are, from this angle, likely at the lower end of true effects. 

5 Concluding remarks and wider implications 

In this study we have shown theoretically and empirically how a transaction cost shock can affect 
the value of assets that financial institutions use as collateral with their central bank. In the 
theoretical analysis, we disentangled the various channels through which transaction cost shocks 
may affect the collateral value and explained how different assets are affected by a transaction 
cost shock, depending on their turnover, maturity, coupon structure and other characteristics. 
We also pointed out why financial institutions are affected heterogeneously, conditional on the 
composition of the collateral they use with the central bank. The theoretical findings were then 
translated into an asset-by-asset micro-simulation model of the Eurosystem collateral framework. 
Micro-simulation was chosen because it captures micro heterogeneity at the asset and 
counterparty level. For this we simulate a dataset with 12,000 assets and 1,800 counterparties and 
scale the aggregate collateral amounts to the end of quarter 3 of 2012.  

We find that a 0.1 percentage point increase in transactions costs entails a -0.30% decrease 
in the value of aggregate collateral when disregarding any second-round effects. At the aggregate 
level of our hypothetical banking system, the collateral losses are in the order of billions of euro. 
When taking into account second-round effects on the turnover of debt instruments in the order 
of 25% or 75% the decrease in collateral value comes in lower at -0.22% and -0.07% 
respectively. When breaking down the results along asset characteristics we find that uncovered 
bank bonds, central government assets and corporate bonds are affected the most with a 
decrease of collateral value by -0.96%, -0.91% and -0.34% respectively in a scenario without 
second-round effects. Furthermore, maturity buckets with a residual maturity of 3 to 5 years and 
1 to 3 years are more affected (-0.49% and -0.38%) than shorter and longer residual maturities. 
When disentangling the effect for different risk mitigation haircut categories, the results show 
that the haircut category 5%-15% is affected the most with a -0.77% decrease in collateral value.  
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In a further step we take the analysis from the asset to the counterparty level. Our 
simulations show that small and large counterparties measured in terms of the value of their 
collateral pool are similarly affected. There is no clear tendency to whether smaller or larger 
counterparties would be more exposed to a shock in transaction costs.  

Overall, the simulation results allow for the conclusion that the vast majority of 
counterparties will only suffer a small collateral loss due to a transaction cost shock. However, 
this finding at the average does not exclude that some selected counterparties suffer larger 
collateral losses which they may not be able to compensate if they are collateral-constrained. 
Thus, while on the aggregate level the economic relevance of such an effect is close to zero, or at 
least a minor concern compared to other potential side effects of the introduction of a 
transaction cost shock – including intermediation financing costs of companies etc. – it could 
lead to collateral constraints for individual counterparties.  

In this scenario, if counterparties prefer to maintain the size of their collateral buffer after 
the shock they would have to submit additional collateral. Alternatively, counterparties could 
tolerate the increased risk of affording a smaller collateral buffer, or reduce their outstanding 
liquidity position vis a vis the Eurosystem. From a policy perspective, assuming counterparties 
hit their collateral constraint as a result of the transaction cost shock, a small increase in the list 
of eligible securities for monetary policy operations, or alternatively, a small reduction in the 
applied haircuts on certain affected assets, would probably be enough to compensate the shock. 
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Annexes 

Annex 1: Dataset description 

Variable Description Source 

Asset type Asset type can take on one of the 
following specifications: central 
government security, regional 
government security, uncovered bank 
bond, government-guaranteed bank 
bond, covered bank bond, corporate 
bond, asset-backed security, other 
marketable asset, credit claim, cash 
deposit, retail mortgage-backed debt 
instrument and fixed-term deposit. 
These are all asset types eligible as 
Eurosystem collateral.  

ECB list of eligible marketable assets  

Residual maturity Residual maturity assigns the asset to a 
certain maturity bucket based on 
issuance date and maturity date. 

ECB list of eligible marketable assets 

Coupon frequency Coupon frequency states whether a 
coupon is paid annually, semi-annually 
or quarterly  

ECB list of eligible marketable assets 

Coupon structure Coupon structure distinguishes zero, 
variable, fixed and inverse floater 
coupons structures. 

ECB list of eligible marketable assets 

Coupon rate Coupon rate is the interest the coupon 
pays at the defined frequency. 

ECB list of eligible marketable assets 

Liquidity category Liquidity category distinguishes assets 
according to their liquidity profiles, 
using the Eurosystem’s classification for 
risk management purposes. According 
to this classification, each marketable 
asset is allocated to one of five 
categories depending on its issuer and 
asset type. Category I contains the most 
liquid assets, such as central government 
and central bank debt instruments, and 
category V encompasses asset-backed 
securities (ABS). 

ECB list of eligible marketable assets 

Price Price contains the market price of the 
asset as it is used by the Eurosystem to 
calculate the value after haircut on the 
date of observation. 

Common Eurosystem Pricing Hub 

Redemption value Redemption value refers to the face 
value of the asset.  

ECB list of eligible marketable assets 

Haircut Haircut contains the variable that is 
applied by the Eurosystem when 
calculating the collateral value after 
haircut. 12 

ECB list of eligible marketable assets 

Turnover Transactions in the secondary market of 
50 European exchanges or trading 
platforms 

ECB centralised securities database 

                                                            
12  See table 7 of the General Documentation, ibid. 
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Annex 2: Illustration of asset price model 

This annex illustrates our simple asset price model based on three exemplary hypothetical bonds. The 
three bonds A, B and C and their characteristics are pictured in the table. The bonds have a residual 
maturity of 3 months, 1 year and 10 years respectively. They also differ in their coupon rate. The assumed 
yield curve is increasing with a moderate slope. The prices in this base scenario are EUR 100.20, EUR 
101.00 and EUR 106.75 respectively.  

Now suppose the simulation of a transaction cost shock of +0.1% with a turnover of the bonds of 5 
transactions per year as scenario I. The annual cash flows of the bonds are hence calculated as the 
difference of the coupon payments and the transaction costs. The transaction costs are the product of the 
shock times the number of transactions times the average of the price in the base scenario and the 
redemption value. This average reflects in a very simplified way that the price of the bond converges 
towards the face value over time. As a consequence of the transaction cost shock, the prices of bonds A, 
B and C decrease to EUR 100.17, EUR 100.50 and EUR 102.28 respectively. Inversely, the yield to 
maturity implied by the new price increases for all three securities. What may at first seem counter-
intuitive, in reality reflects the higher yield demanded by investors in order to compensate for the lower 
revenue stream over the life time of the security. The implied yield increases strongly for the short 
maturities because price changes are hardly discounted over time. No second-round effects are assumed 
in this scenario. 

By contrast, in scenarios II and III we assume a decrease of the number of transactions by 25% and 
75% as a second-round effect. Hence, the negative cash flow for transaction costs decreases and the 
respective price and yield shocks become small in comparison to scenario I. In a more complex model, 
one may want to differentiate the second-round effect across residual maturities with shorter maturities 
suffering a bigger second round effect. This would, however, reduce the comparability of the effects 
across maturities, which is the main intention of this example.  

 

 Bond A Bond B Bond C 

Base scenario Settlement 18-Jan-14 18-Jan-14 18-Jan-14 

Maturity 18-Apr-14 18-Jan-15 18-Jan-24 

Rate 1.0% 1.5% 3.5% 

Redemption  €100 €100 €100 

Frequency 1 1 1 

Transaction cost shock 0% 0% 0% 

No. of trades per annum 5 5 5 

Effective annual trades 1.23 5 5 

Yield to maturity 0.20% 0.50% 2.72% 

Price  €100.20 €101.00 €106.75 

Scenario I  
(first-round effect 
only) 

Transaction cost shock 0.1% 0.1% 0.1% 

Effective annual trades 1.23 5 5 

Annual cash flow €0.88 €1.00 €2.98 

  Coupon payments €1.00 €1.50 €3.50 

  Transaction costs -€0.12 -€0.50 -€0.52 

Price €100.17 €100.50 €102.28 

  change in price over base -0.03% -0.50% -4.19% 

Implied yield to maturity 0.32% 1.00% 3.23% 
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  change in implied yield over base 61% 100% 19% 

Scenario II  
(first and second-
round effect: 
reduction of trade by 
25%) 

Transaction cost shock 0.1% 0.1% 0.1% 

Effective annual trades  0.92 3.75 3.75 

Annual cash flow €0.91 €1.12 €3.11 

  Coupon payments €1.00 €1.50 €3.50 

  Transaction costs -€0.09 -€0.38 -€0.39 

Price €100.18 €100.62 €103.40 

  change in price over base  -0.02% -0.37% -3.14% 

Implied yield to maturity 0.29% 0.87% 3.10% 

  change in implied yield over base  46% 75% 14% 

Scenario III  
(first and second-
round effect: 
reduction of trade by 
75%) 

Transaction cost shock 0.1% 0.1% 0.1% 

Effective annual trades 0.31 1.25 1.25 

Annual cash flow €0.97 €1.37 €3.37 

  Coupon payments €1.00 €1.50 €3.50 

  Transaction costs -€0.03 -€0.13 -€0.13 

Price €100.19 €100.87 €105.63 

  change in price over base  -0.01% -0.12% -1.05% 

Implied yield to maturity 0.23% 0.62% 2.85% 

  change in implied yield over base  15% 25% 5% 

 

Annex 3: Elasticities of second-round effects 

 

 Transaction cost shock -0.1% 

Transaction cost level 0.05% 0.10% 0.50% 

Scenario II (-25%) -0.13 -0.25 -1.25 

Scenario III (-75%) -0.38 -0.75 -3.75 

 

 

Annex 4: Scaling of market turnover  

Even for the securities in our dataset for which we do observe transactions this data covers a subset 
of the overall secondary market of these instruments only. In particular, over-the-counter (OTC) 
transactions are likely to be unobserved in the dataset. While this is a common challenge of transactions 
data we intend to remedy the resulting bias by scaling up the transaction volumes across the whole dataset 
by using information from prominent markets for which reliable information on turnover is available. We 
choose the three biggest secondary debt markets in the euro area (Italy, France and Germany) as 
reference. The public debt agencies of the three countries regularly publish the outstanding amounts as 
well as information on secondary market turnover. Based on this information we compute the turnover 
ratios for the three markets 
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where ,
∗  is the turnover ratio of the debt market of country  in period , ,

∗ 	denotes turnover of 

the debt market of country  in period  and  is the nominal debt outstanding of country  in period , 
where  is the year 2012. We then compute the turnover ratio based on the trading volume ,  that we 

observe in our dataset for the period from 1 December 2012 to 1 March 2013 and the nominal debt 
outstanding of country  that we observe in our dataset at a point in time in the fourth quarter of 2012 

, 	. We multiply the quarterly transaction volume ,  by four to obtain annual turnover. 

,
,

,
. 

Based on these variables we derive a scaling factor for each of the three countries  

∗

. 

The average scaling factor across all three markets is defined as follows 

∑ ,			 ,			

3
.	 

The turnover observed for each single asset in our dataset is then scaled up by .  

 

Annex 5: Illustration of counterparty effects 

For better illustration of the effects of a transaction cost change, we show the implications for the 
collateral pools of two stylised banks A and B. Both banks have a collateral pool of 100 million. Bank A is 
overweight on central government securities and uncovered bank bonds. Bank B is overweight on non-
marketable assets and asset-backed securities. As a result, the impact for bank A is seven times bigger 
than for bank B. 

 

 
Eurosystem 
(EUR bn) 

Bank A 
(EUR mn) 

Bank B 
(EUR mn) 

 Base After Difference Base After Difference Base After Difference 

Central government 
securities 368,400 365,055 46.4 45.9 14.6  14.5   

Regional government 
securities 97,700 97,654     

Uncovered bank bonds 341,800 338,512  27.1  26.9    

Covered bank bonds 488,800 488,434     

Corporate bonds 88,300 88,002     

Asset-backed securities 371,700 371,700  32.3  32.3   

Other marketable assets 95,100 94,935     

Non-marketable assets 668,400 668,400  26.5  26.5 53.0  53.0   

Difference    -7,508  -0.7   -0.1 

Total 2,520,200 2,512,692 100 99.3 100 99.9 
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