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1 EXECUTIVE SUMMARY 

The EU Capital Requirement Regulation (CRR) [8] and of EBA Regulatory Technical Standard for prudent 
valuation [15], published on Jan. 1st, 2014 and Jan. 28th, 2016, respectively, constitute the EU Prudent 
Valuation Framework. The CRR, art. 34, requires to Institutions a prudent valuation of positions measured at 
fair value and the deduction of the resulting Additional Valuation Adjustments (AVAs) from the Common 
Equity Tier One (CET1) capital. The art. 105 disciplines the AVAs intended to achieve an appropriate level of 
certainty in prudent value. The EBA RTS [15] allow two approaches to prudent valuation. The simplified 
approach, applicable by small financial institutions (with total absolute fair-valued assets and liabilities below 
EUR 15 billions), prescribes a very simple total AVA equal to 0.1% of the total fair value. The core approach, 
compulsory for institutions above the EUR 15 billion threshold, prescribes the calculation of 9 AVAs, referring 
to different sources of valuation uncertainty, as the excess of valuation adjustments required to achieve the 
prudent value with 90% level of confidence. Five out of nine AVAs include a 50% weight to take 
diversification into account and avoid double counting effects. Those positions for which a change in their 
fair value affects only partially the CET1 may be partially excluded from the AVAs calculation. 
 
The EU Prudent Valuation Framework represents a challenge for financial institutions, both from a 
methodological and practical point of view. In this work, we seek an ambitious fourfold result. First, we work 
out a practical realization of the regulatory requests, smoothing the difficulties arising from the detailed 
interpretation of the rules. Second, we give a comprehensive methodological analysis of the different 
sources of valuation risk (ambiguity, liquidity, correlation, concentration and model risks) that bring about 
the need of computing valuation adjustments. Third, we explore a wide range of possible individual AVA 
calculation approaches, providing many practical case studies mimicking the actual valuation scenarios that 
Institution might face. Finally, we design a comprehensive example of the entire Prudent Valuation process, 
covering both organizational and IT issues.  
 
In conclusion, this work provides a set of guidelines and sound practices that could be used as a starting 
point and, possibly, a benchmark for Prudent Valuation. On one side, Institutions will benefit of the rules 
explained and applied into a variety of case studies. On the other side, regulators will benefit to see how the 
rules are interpreted and applied by Institutions. These guidelines do not aim either to give any authentic 
interpretation of the regulations, which ultimately belongs to its corresponding owners (EU and EBA), or to 
question the principles behind the regulations, since real challenges may come only from practical 
applications of the principles to real financial portfolios, and comparisons across different financial 
institutions.  
 
The document is structured as follows. After the introduction in section 2, section 3 summarizes the prudent 
valuation regulation using a schematic approach to simplify readership and interpretation. Section 4 focuses 
on the scope of application of prudent valuation, discussing in detail the exclusions allowed by the EBA RTS. 
Section 5 attempts to put the regulations in formulas, establishing definitions and notations of the variables 
involved in the AVAs calculation, and their basic relationships, used consistently throughout the rest of the 
document. Section 6 sets the theoretical background behind prudent valuation, discussing how different 
sources of valuation uncertainty may lead to additional valuation adjustments, and gathering most of the 
theoretical approaches and formulas used in the following sections. Section 7 discusses the AVA calculation 
under the simplified approach, while section 8, the core of the document, discusses the AVAs calculation 
under the core approach, using a standardised discussion scheme, ranging from AVA definition to scope of 
application, AVA calculation rules, and practical case studies. Sections 9 and 10 focus on organizational and 
IT implementation issues, respectively, related to the implementation of the Prudent Valuation framework. 
Conclusions and directions of future work are collected in section 11, where we also draft some suggestions 
for Institutions and Regulators. Appendixes and a full list of references are reported in sections 12 and 13 
respectively. 
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2 INTRODUCTION 

Valuation of financial instruments has been one of the key issues since the subprime crisis of 2008, and the 
main novelty with respect to the previous financial crises. For the first time, the concept of “fair value”, 
introduced into international accounting principles by the most important accounting bodies to tie as much 
as possible accounting values recorded in the balance sheets of institutions and the prices observed in the 
market, was tested in a major systemic crisis. This stress test was far from being successful and yet the 
accounting system proved one of the main contagion drivers of the crisis. When the liquidity of market 
instruments dries up, the concept of fair value, based on exit prices observed in orderly transactions 
between market participants, vanishes, disentangling what is due to innovations in fundamental values and 
what is instead due to the current stance of the market, which may be transitory. For this reason, during the 
subprime crisis, major banks went into default without a penny of losses in subprime mortgages, but simply 
because the fair value of their assets in the trading books tumbled. The reason is that in a period of market 
freeze prices are more consistent with a fire sale than with an ordinary trading day.  
The issue behind this accounting risk and the row of defaults triggered by anomalous valuation is of course 
liquidity. More precisely, lack of liquidity is a necessary condition for accounting risk. Liquidity risk in this 
case does not appear as the material loss incurred in the unwinding of a position, but as the impact that it 
may have on current prices. Therefore, the effect is on one side indirect and on the other side more 
pervasive. It is indirect because it does not have to do with the actual “exit price” from a position, but the 
way in which exit price uncertainty is recorded in the valuation of the position. It is more pervasive because 
the degree of liquidity and transparency of the market as a whole can be relevant, including not only the 
reference market of the financial product or the issuer, but also general market information concerning the 
risk free term structure, the implied volatility surface and the like.   
Liquidity is a difficult concept to define and measure, as it is typical of qualitative features in general. This is 
particularly true if we are interested in the link between liquidity and transparency. How can we define if a 
market is liquid enough that the prices are meaningful and informative? How many players may guarantee 
an efficient price discovery process? These questions remind some paradox of ancient Greek philosophy. 
These questions are in fact similar to the famous “sorites” paradox. How many grains of sand make a heap? 
How many trades and traders make a liquid and transparent market? The answer to this question is difficult 
and debatable. It does not help a relationship between banks and accounting authorities that has not always 
been open and frank. Hence, on one side a market can be defined illiquid only to postpone the recognition 
of losses. On the other side, many banks were forced to recognized losses that were only the appearance on 
completely meaningless prices.  
In this environment, the regulatory bodies introduced the concept of prudent valuation, to provide 
insurance against valuation risk. The principle is to require regulatory capital to take into account that 
valuations are intrinsically subject to valuation uncertainty, or, in other words, to take into account valuation 
risk. The principle is intended for the trading book in particular, but is applied to all positions accounted at 
fair value, subject to valuation risk. We stress that prudent valuation is part of the market risk regulation, but 
it is markedly different from market risk. A loss from market risk occurs if some adverse scenario materializes 
in the future. Instead, a loss from valuation risk occurs if some relevant valuation uncertainty, or risk factor, 
is not accounted in the current price, and an exit price materializes on the market.  
From the point of view of theoretical literature, the prudent valuation concept corresponds to the theory on 
incomplete markets. In the standard complete market setting, every financial product may be associated to 
a replication strategy with perfectly liquid securities, and the price is unique. Then, there is no scope for 
prudent valuation if the market is complete. In incomplete markets, instead, every replicating strategy is 
subject to some hedging error and there is room for the computation of a conservative value, which is for 
prudent valuation.  
The regulation addressed the problem of prudent valuation long before the crisis. Already in 2004, the Basel 
2 regulation dealt with the problem of prudent valuation in the section devoted to the trading book, with 
reference to systems and control, valuation methodologies and valuation adjustments. After that, the first 
full-fledged regulation on prudent valuation was realized in the UK by the Financial Stability Agency (FSA) 
during the crisis, starting with a famous letter to the British bankers on the topic and ending with the final 
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regulation in 2012. Since the end of that year, the regulatory process started in the European Union as well, 
with several consultation papers from the European Banking Authority and the Capital Requirement 
Regulation approval. The general philosophy of these regulations is similar. The items of the trading book 
should be computed under very conservative hypotheses, and the price difference should be covered by 
reserving adequate regulatory capital.  
During the crisis, the valuation process has become progressively more sophisticated. Today the valuation of 
a financial product is a composite process taking into account not only the principal risk factors underlying 
the instrument, but also additional risk factors that may impact on the valuation, such as counterparty 
default risk, funding risk, collateral, cost of capital, etc., globally called X-Valuation Adjustments (XVAs). 
Hence, as far as accounting practices are concerned, the fair value policies used by market participants may 
be very different, and the new prudent valuation regulation inherits such complexity. Starting from the 
bottom, there are three main sources of valuation uncertainty. First, the price of the financial product itself, 
or the price of the underlying asset of a derivative contract, may be difficult to observe with precision. This is 
market price uncertainty (MPU). Second, the cost of unwinding a position may also be uncertain, and should 
be taken into account in computing the price. This is close-out cost (CoCo). Third, in the case of mark to 
model, the valuation model itself is a source of valuation uncertainty, also called model risk (MoRi). Notice 
that, because of the valuation adjustments mentioned above, almost all financial products today embed 
some optionality and are non-linear. Moreover, these valuation adjustments are themselves exposed to the 
same sources of valuation uncertainty, market price uncertainty, close-out costs and model risk. Now, these 
concepts are not directly applied to the financial products, but to the components representing the 
valuation adjustments, that is the expected exposure, the credit standing of the counter party and the 
funding and investing rates. Beside this, other elements that should be taken into account for a conservative 
valuation refer to particular situations that could take place when exiting the position. These include 
anomalous market movements if the position accounts for a large share of the market, the residual 
administrative costs if the position cannot be closed completely, and the losses that can be incurred in early 
termination deals. Finally, some of the mistakes in valuation may occur because of events and behaviour 
that are reported under the heading of operational risk.  
The new regulation on prudent valuation in the European banking market addresses these problems one by 
one, and in these guidelines we review the main techniques that can be implemented to address them and 
comply with the regulation.  
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3 REGULATORY REQUIREMENTS  

In this section, we discuss in detail the prudent valuation regulatory set up. We refer to the official sources 
available at the date of writing: the Capital Requirements Regulation (CRR) [8], and the EBA Final Draft 
Regulatory Technical Standards (EBA RTS) [15]. We summarize below the most important requirements. 
Clearly, our resume is intended neither as a substitute nor as an interpretation of the actual regulations. The 
readers are invited to refer to the original texts as official sources of information. 
 
 
3.1 History of Prudent Valuation  
The idea of prudent valuation dates back to Basel 2 regulation [1]. In particular, sec. VI (“Trading book 
issues”), Ch. B (“Prudent valuation guidance”), pars. 690-701, set the requirements for prudent valuation in 
terms of systems and controls, valuation methodologies, valuation adjustments or reserves, affecting 
regulatory capital (not P&L). Successively, in the revision of the Basel 2 market risk framework [2], the scope 
of the prudent valuation guidance was extended to all positions subject to fair value accounting. The Capital 
Requirements Regulation (CRR, [8]) inherited most of these contents in its art. 105.  
In more recent times, prudent valuation has been required by the Financial Stability Agency (FSA) to UK 
institutions, see refs. [3], [5], [6]. 
The present regulation on prudent valuation included in the CRR [8] proceeded along the following steps. 

1. 13 November 2012: following the CRR draft, the EBA published a Discussion Paper on prudent 
valuation [10], expressing preliminary views in order to sparkle discussion and gather stakeholders’ 
opinions.  

2. 10 July 2013: the EBA published a Consultation Paper [11] with intermediate draft RTS. 
3. 22 July 2013: the EBA launched a Quantitative Impact Study (QIS) [12] to assess the proposed RTS, 

terminated in November 2013. 
4. November 2013: the EBA published a set of Questions & Answers [12]. 
5. 1 January 2014: the Regulation (EU) No 575/2013 (Capital Requirements Regulation — CRR) [8] set 

the requirements relating to prudent valuation adjustments of fair-valued positions. The CRR also 
mandated the EBA to prepare draft regulatory technical standards (RTS) on prudent valuation.  

6. 31 March 2014: the EBA publishes the Final Draft RTS, and submit the document to the European 
Commission. 

7. 23 January 2015: the EBA publishes a (marginally) amended version of the Final Draft RTS [15], and 
submit again the document to the European Commission. 

8. 26 October 2015: the European Commission approves the EBA draft RTS with no changes. 
9. 28 January 2016: the EBA RTS are published on the Official Journal of the European Union. 
10. 17 February 2016: the EBA RTS enter into force. 
 

We report in Figure 1 a pictorial view of the prudent valuation history. 
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Figure 1: a brief history of Prudent Valuation. 
 
 
 
3.2 CRR requirements 
The CRR [8] introduces in articles 34 and 105 the idea of prudent valuation of positions at fair value, and sets 
a new prudential requisite for regulatory capital including valuation uncertainty. These articles are short 
enough to report a section-by-section summary below. 
Article 34 “Additional Value Adjustments” (AVA) requires that institutions, when calculating the amount of 
their own funds, compute the AVAs as described in the following Article 105 “Requirements for prudent 
valuation” for all their assets measured at fair value, and deduct the total AVA amount from their Common 
Equity Tier 1 (CET1) capital.  
Article 105 “Requirements for prudent valuation” sets in par. 1-14 the high-level requirements for prudent 
valuation. We report a summary below. See also the high-level representation shown in Figure 2. 
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 105.1, scope and degree of certainty: all positions are subject to prudent valuation, achieving an 
appropriate degree of certainty with regard to: 
o the dynamic nature of the positions,  
o the demands of prudential soundness, and  
o the mode of operation and purpose of capital requirements in respect of trading book positions.  
 

 105.2, systems and controls: institutions establish and maintain systems and controls sufficient to 
ensure that their valuation estimates are prudent and reliable, including at least the following 
elements. 
o Documented policies and procedures for the valuation process, including: 

 clearly defined responsibilities of the various areas involved in the determination of the 
valuation,  

 sources of market information and review of their reliability,  
 guidelines for the use of unobservable inputs that reflect the assumptions of authority on the 

elements used by market participants to determine the price of the position,  
 frequency of independent valuation,  
 timing of closing prices,  
 procedures for the correction of assessments,  
 procedures for the reconciliation of month end and ad hoc. 

o Clear and independent (of the front office) reporting lines for the department in charge of the 
valuation process. 

 

 105.3, revaluation frequency: institutions revalue trading book positions at least daily. 
 

 105.4-5, mark to market: institutions mark their positions to market whenever possible, using the more 
prudent side of bid and offer unless they can close out at mid-market. In the latter case, institutions 
must inform every six months their competent authorities of the positions concerned and furnish 
evidence that they can close out at mid-market.  
 

 105.6-7, mark to model: where marking to market is not possible, institutions must conservatively 
mark to model their positions and portfolios, complying with the following requirements: 
o senior management must be aware of the fair-valued positions marked to model and must 

understand the materiality of the uncertainty of the risk/performance of the business; 
o source market inputs, where possible, in line with market prices, and assess the appropriateness of 

market inputs and model parameters on a frequent basis; 
o use valuation methodologies which are accepted market practice; 
o where the model is developed by the institution itself, it must be based on appropriate assumptions, 

assessed and challenged by suitably qualified parties independent of the development process; 
o have in place formal change control procedures, hold a secure copy of the model and use it 

periodically to check valuations; 
o risk management must be aware of the weaknesses of the models used and how best to reflect 

those in the valuation output;  
o models are subject to periodic review to determine the accuracy of their performance, including 

assessment of the continued appropriateness of assumptions, analysis of profit and loss versus risk 
factors, and comparison of actual close out values to model outputs; 

o the model must be developed or approved independently of the trading desk and independently 
tested, including validation of the mathematics, assumptions and software implementation. 

 

 105.8, independent price verification: perform independent price verification in addition to daily 
marking to market/model. Verification of market prices and model inputs must be performed by unit 
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independent from units that benefit from the trading book, at least monthly, or more frequently 
depending on the nature of the market or trading activity. Where independent pricing sources are not 
available or pricing sources are more subjective, prudent measures such as valuation adjustments may 
be appropriate. 
 

 105.9-10, valuation adjustments: Institutions establish and maintain procedures for considering the 
following valuation adjustments: 
o unearned credit spreads,  
o close-out costs,  
o operational risks,  
o market price uncertainty,  
o early termination,  
o investing and funding costs,  
o future administrative costs, 
o model risk.  
 

 105.11, illiquid positions: Institutions establish and maintain procedures for calculating an adjustment 
to the valuation of any less liquid positions, such as concentrated positions, considering at least the 
following factors: 
o the amount of time to hedge the position; 
o the volatility and average of bid/offer spreads; 
o the availability of market quotes, volatility and average of trading volumes, including periods of 

market stress; 
o market concentrations; 
o the ageing of positions; 
o the extent to which valuation relies on marking-to-model; 
o the impact of other model risks. 
 

 105.12, other valuation adjustments: institutions must consider whether to apply a valuation 
adjustment also in the following situations: 
o when using third party valuations,  
o when marking to model, 
o for less liquid positions, including an ongoing basis review their continued suitability, 
o for uncertainty of parameter inputs used by models. 
 

 105.13, complex products: institutions must explicitly assess the need for valuation adjustments to 
reflect the model risk associated with using: 
o a possibly incorrect valuation methodology  
o unobservable (and possibly incorrect) calibration parameters in the valuation model. 
 

 105.13, EBA regulatory technical standards: EBA is mandated to develop draft regulatory technical 
standards to specify the conditions according to which the requirements above shall be applied, to be 
submitted to the European Commission by 1 February 2015 for approval and adoption. 

 
In Figure 2 we give a high-level representation of prudent valuation in the CRR. 
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Figure 2: High-level representation of prudent valuation regulation in CRR art. 34 and 105 [8]. 

 
 
3.3 EBA requirements 
The EBA RTS [15] set the detailed regulatory technical standards on prudent valuation under articles 34 and 
105 of CRR discussed in the previous section. The EBA RTS is long enough to make unfeasible a detailed 
article-by-article summary. Thus, we adopt a different approach: we report a high-level summary below, and 
we work out in detail the prudent valuation scope and the AVA calculations in more specific sections 4, 7, 
and 8. 
The most important feature of the EBA RTS is the distinction between two different approaches for the 
implementation of the prudent valuation methodology: the simplified approach and the core approach. The 
choice between the two approaches depends on a threshold on the sum of the absolute values of fair-valued 
assets and liabilities. The EBA sets the threshold at EUR 15 billion.  
 

 Simplified Approach (art. 4-6): Institutions that do not breach the EUR 15 billion threshold above are 
allowed, but not obliged, to adopt the simplified approach. Under the simplified approach, the total 
AVA is equal to the 0.1% of the aggregate absolute value of fair-valued positions under the prudent 
valuation scope. More details on the simplified approach in sec. 7. 

 

 Core Approach (art. 7-17): Institutions that exceed the EUR 15 billion threshold must adopt the core 
approach. Under the core approach, the total AVA is a combination of the nine AVAs described in the 
CRR, art. 105.10-11: 
o Market price Uncertainty (MPU) 
o Close out Costs (CoCo) 
o Model risk (MoRi) 
o Unearned credit spread (UCS) 
o Investing and funding costs (IFC) 
o Concentrated positions (CoPo) 
o Future administrative costs (FAC) 
o Early termination (EaT) 
o Operational risks (OpR) 



 Prudent Valuation Guidelines and Sound Practices 
 

AIFIRM – Market Risk Committee Page 12 of 148 

 

Each AVAs is calculated as the excess of the adjustments necessary to achieve the prudent value of a 
given valuation position exposed to sources of valuation uncertainty, with respect to the fair value of 
the same position, including any possible corrections already applied for accounting.  
Where possible, the value of a prudent position is connected to a range of plausible values and at a 
specified target level of confidence (currently 90%). In all other cases, an "expert-based" is specified, 
along with the key factors that must be taken into account in such an approach. In these cases, the 
same target level of confidence (90%) is fixed for the determination of the AVA. 
The calculations within the core approach are designed to use data from the IPV (Independent Price 
Verification) process, assuming that the IPV is readily available within institutions. 
Individual MPU, CoCo and MoRi AVAs for single valuation exposures are weighted at 50%. UCS and IFC 
AVAs are split into their MPU, CoCo and MoRi components, and aggregated with the corresponding 
MPU, CoCo and MoRi AVAs. The other CoPo, FAC, EaT and OpR AVAs are weighted at 100%. The weight 
takes into account the AVAs overlapping and intends to avoid over-prudential calculation. The total 
AVA is computed as the sum of the individual AVAs. 
 

 Fall-Back approach (art. 7.2.b): under the core approach, in the event that the institution is not able to 
compute the single AVAs for some financial instrument, the EBA RTS allow a "fall-back solution", to 
directly compute the total AVA as the sum of 100% of net unrealized profit of the financial instruments, 
10% of the notional amount for the derivatives, and 25% of the absolute value of the difference 
between the fair value and 100% of net unrealized profit for the non-derivatives. This solution is clearly 
detrimental in terms of absorption of capital, and is expected to be used exceptionally as a last resort. 

 

 Documentation, systems and controls (section 4, art. 18-19): the EBA RTS set further requirements in 
terms of documentation (art. 18), systems and controls (art. 19). These provisions essentially require 
Institutions to have in place a two-level internal policy for fair value (Fair Value Policy) and for prudent 
value (Prudent Valuation Policy).  

 
In the following sections 4, 5, 7-9 we analyse with much more details all the features summarized above. 
In Figure 3 we give a high-level representation of prudent valuation in the EBA RTS. 
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Figure 3: High-level representation of prudent valuation regulation in EBA RTS [15]. 
 
 
3.4 Other regulatory requirements 
Prudent Valuation rules are applied on top of accounting and regulatory framework, which means that AVA 
are applied only when prudent value is lower (or higher, when dealing with liabilities) than the fair value 
used for accounting purposes, and only for items which would have an impact on P&L and/or Regulatory 
Capital. This means that, for items that are subject to prudential filters from a Regulatory Capital point of 
view (e.g. DVA, CFH and AFS reserves), or that would be offset by other items measured at fair value only for 
the type of risk subject to uncertainty (e.g. hedge accounting), AVAs would not need to be computed. See 
sec. 4 for an extensive examination of the prudent valuation scope of application.  
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Regarding possible overlaps between AVAs and other regulatory requirements, the CRR [8], art. 159 states 
that “Institutions shall subtract the expected loss amounts calculated in accordance with Article 158 (5), (6) 
and (10) from the general and specific credit risk adjustments and additional value adjustments in 
accordance with Articles 34 and 110 and other own funds reductions related to these exposures”. Hence, any 
AVAs related to IRB exposures (i.e. related to positions subject to internal models for Credit Risk charge 
purposes) can be deducted when calculating the own funds reduction for IRB provision shortfall. Therefore, 
the shortfall coming from IRB model (which results into an own fund deduction) can be reduced by the AVA 
computed for the positions included within such model. Since IRB exposures are computed with reference to 
CVA capital charge, we deduce that the related AVA to be deduced is the AVA Unearned Credit Spread. 
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4 PRUDENT VALUATION SCOPE  

In this section, we discuss in detail the scope of application of the prudent valuation. This is a very important 
issue, since the scope of application is the main driver of the final AVA figures. The individual AVA scopes will 
be discussed in sec. 8. 
 
 
4.1 General rules 
Since the CRR [8] is an EU directive, prudent valuation applies to all Institutions within EU countries. In case 
of an institution constituted by a central holding and one or more subsidiaries, prudent valuation applies to 
those individual subsidiaries within EU countries. 
The CRR art. 5, defines the prudent valuation scope as including all trading book positions. However, the CRR 
art. 34 requires that institutions apply the standards of art. 105 to all assets measured at fair value. The 
combination of the above CRR articles 34 and 105 implies that the prudent valuation scope includes all fair-
valued positions1, regardless of whether they are held in the trading book or banking book. 
The positions measured at fair value held in both trading and banking books, as defined by the IFRS [7], are 
reported in Table 1.  
 

Assets Liabilities 

Financial assets held for trading (HFT) Financial liabilities held for trading (HFT) 

Financial assets at fair value Financial liabilities at fair value 

Financial assets available for sale (AFS) (for the 
portion not subject to prudential filters)  

Table 1: Positions measured at fair value held in both trading and banking books, as defined by the IFRS [5]. 
 
The EBA RTS, art. 4.2 and 8.1 (see also par. (3) p. 10), exclude from the prudent valuation scope those 
positions for which a change in accounting valuation has no impact on CET1 capital. In particular: 

 positions subject to prudential filters; 

 exactly matching, offsetting positions (back to back); 

 positions in hedge accounting. 
These positions are excluded both in the simplified and core approaches, and from the calculation of the 
threshold under which the simplified approach can be applied. We discuss each case in the following 
subsections. 
  
 
4.2 Positions subject to prudential filters  
The positions subject to prudential filters refer to the "Financial assets available for sale" (AFS). The 
inclusion/exclusion of these positions from the prudent valuation scope of application follows the CRR 
requirements: 

 positions in government bonds issued by EU countries: 100% excluded (CRR art. 467.2); 

 positions in other debt securities (excluding the EU government bonds above): partial inclusion 
depending on the sign of the accounting reserve2 (CRR art. 467 – 468);  

 positions in equity: partial inclusion depending on the sign of the accounting reserve (CRR art. 467 – 
468).  

                                                 
1 The term “positions” refers solely to financial instruments and commodities. 
2 The value changes in positions accounted as Available For Sales (AFS), such as securities, equities, funds, are not recorded in the 
profit & loss accounts but in a specific reserve of the balance sheet. 
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Partial inclusion means, for instance, that if 40% of fair value gains and losses are filtered in CET1, the 
residual 60% of fair value gains and losses are included in the prudent valuation scope. In case of 100% filter, 
the position is completely excluded by prudent valuation. 
The exact percentages of partial inclusions follow the transitional provisions that each local Regulator issued 
in compliance with the above CRR requirements. We stress that the partial exclusions and exemption above 
are subject to review by regulators. 
 
 
4.2.1 National regulations: Italy 
The Bank of Italy, through the enactment of the "Circolare 285” [14] specified in chapter 14 (Transitional 
provisions relating to own funds, Section II - Transitional Provisions), the percentages of inclusion of AFS 
positions year by year until 2018 (“phase-in”). In particular, it provided the possibility to maintain, until the 
adoption of IFRS 9 in Europe (which will replace the current IAS 39), the prudential filter for unrealized fair 
value gains and losses of debt securities issued by central governments of EU countries classified in the AFS 
portfolio. Table 2 summarizes the prudential filters in Italy. 
 

Prudential filter 
(percentage of inclusion) 

Period 

Unrealized fair value 
gains and losses of AFS 

debt securities issued by 
central governments of 

EU countries 

Unrealized fair value 
losses for AFS equities 

and other debt 
securities with negative 
reserve pursuant to CRR 

art. 467.3 

Unrealized fair value 
gains for AFS equities 

and other debt 
securities with positive 

reserve pursuant to CRR 
art. 468.3 

From 1 January 2014 
to 31 December 2014 

-- 

20% 0% 

From 1 January 2015 
to 31 December 2015 

40% 40% 

From 1 January 2016 
to 31 December 2016 

60% 60% 

From 1 January 2017 
to 31 December 2017 

80% 80% 

From 1 January 2018 100% 100% 

Before adoption of 
IFRS9 

0% 
-- 

After adoption of 
IFRS9 

100% 

Table 2: Prudential filters specified by Bank of Italy [15]. 
 
 
4.2.2 National regulations: other EU countries 
For the majority of EU countries the local Regulator has chosen the same national discretion applied by Bank 
of Italy (as described in section 4.2.1 above), even if EBA is currently considering to align the transitional 
provisions in order to apply the same framework everywhere (see above). 
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4.3 Exactly matching, offsetting positions (back to back) 
Back to back positions are groups of derivatives trades such that the total cash flow at any cash flow date is 
always null3. Hence, they are characterised by total null valuation exposure to market risk, since any change 
in the relevant market valuation inputs generates opposite changes in the value of the trades in the group, 
such that the total value is constant. In other words, the total sensitivity of the group to market risk factors is 
null.  
We stress that these positions are neutral w.r.t. market risk factors, such as interest rates, volatility, etc., but 
not to other risk factors, such as counterparty defaults, since the trades into the group may be subscribed 
with different counterparties. We also stress that hedging market risk using back to back trades is quite 
different w.r.t. usual hedging market risk using vanilla market instruments because of a variety of reasons, 
collected in Table 3. 
Thinking in terms of prudent valuation, the fair value of the group of back to back trades is already prudent 
w.r.t. market price, close out cost and model risk uncertainties, since the valuation position has null 
valuation exposure to these sources of valuation uncertainty. In other words, the price distribution has zero 
width w.r.t. the uncertainties above, thus generating null AVA MPU, CoCo and MoRi for the group.  
We stress that back to back positions are, in principle, not already prudent w.r.t. other sources of valuation 
uncertainty, i.e. UCS, IFC, FAC, EaT4.  
In the following Table 3, we compare back to back hedging vs standard market hedging under various 
aspects, including risk and AVAs. 
 

 Back to back Hedging 

Hedge construction Trade by trade Portfolio 

Hedging instruments The very same trades Plain vanilla market instruments 

Cash flows match Exact No 

Sensitivities match Exact Yes, within some precision 

Market risk Zero Small 

Counterparty risk Open Open 

Cost More expensive Cheaper 

AVA MPU Zero Small 

AVA CoCo, MoRi Zero Reduced 

AVA UCS, IFC, FAC, EaT Open Open 

Table 3: Summary of differences between “normal” and back to back hedging. 
 
The EBA RTS recognize the considerations above. In fact, the art. 4.2 in [15] explicitly allows Institutions to 
exclude back to back positions, defined as exactly matching, offsetting positions, from the calculation of the 
EUR 15 billion threshold for the simplified approach. We notice that the EBA RTS art. 8.1 do not state 
explicitly the same exclusion for the core approach. Since there is no reason to admit an inconsistency 
between the simplified and core approaches, this part of the regulation requires some clarification. 
 
 
4.4 Positions in hedge accounting 
Hedge accounting positions are characterized by a hedged item (e.g. a security, a group of loans or 
mortgages, etc.) and a hedging instrument (e.g. an interest rate swap, a credit default swap, etc.). The total 

                                                 
3 For example, a counterparty A may enter into an Interest Rate Swap with a counterparty B (e.g. pays/receives fixed/floating rate) 
and swap the cash flows generated by the position entering into the reversed IRS with a third counterparty C (e.g. pays/receives 
floating/fixed rate). Alternatively, counterparty A may swap the trade with B with counterparty C at 50% nominal and with another 
counterparty D at 50% nominal. In any case, the group of trades is perfectly hedged. This is typical for banks switching corporate 
trades to other financial dealers. 
4 AVA CoPo are not referred to derivatives (see sec. 8.8), AVA FAC and OpR are null because of null AVA MPU and CoCo (see secs. 8.9 
and 8.11), and AVA EaT is null because we suppose that early terminations will apply to both trades in a back to back position (see 
sec. 8.10). 
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portfolio of such financial instruments has, by construction, a reduced sensitivity to the underlying risk 
factors and therefore to their uncertainty.  
This means that, in general, hedges for which Fair Value Hedge accounting is applied should not be subject 
to AVA when uncertainty relates to the risk factor, which is being hedged. 
Thinking in terms of prudent valuation, the fair value of the hedge accounting position has a reduced 
valuation exposure to sources of valuation uncertainty, thus generating smaller AVAs w.r.t. the single 
positions.  
The EBA RTS [15], art. 4.2 and 8.1 (see also par. (3) p. 10), allow Institutions to partially include these 
positions both in simplified and core approaches, for the portion such that an accounting valuation change 
does impacts the CET1 capital. This implies that hedges for which Cash Flow Hedge accounting is applied 
should not be subject to AVA, as far as their valuation uncertainty would result into a different CFH reserve 
only, being it skipped when computing own funds requirements. 
 
 
4.5 Summary 
In Figure 3 we give a high-level representation of prudent valuation scope in the EBA RTS (under current 
framework: see section 4.2). 
 

 
Figure 4: High-level representation of prudent valuation exclusions in EBA RTS [15]. Percentages of exclusions 
depend on national regulations. 
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5 GENERAL ASSUMPTIONS AND CONSIDERATIONS  

This section aims to give a more precise definition of the most important quantities related with prudent 
valuation. The idea is to “put prudent valuation in formulas”. This is not an easy task with the legal wording 
typical of regulations, but we will do as much as possible.  
A summary of the notation introduced throughout the following sections is given in section 5.7. 

 
 
5.1 Basic definitions 
The EBA RTS [15], art. 2, define the fundamental concepts of valuation position, valuation input and 
valuation exposure. We report the corresponding definitions, examples, explanations and notations in the 
following Table 4. 
 

Item Definition Example Comments Notation 

Valuation 
position 

A portfolio of financial 
instruments or 
commodities 

measured at fair value, 
held in both trading 

and non-trading books. 

A portfolio of 
interest rate 
derivatives. 

A definite subset of the 
prudent valuation scope of 

application. 

𝑝𝑖, 𝑖 = 1,… ,𝑁𝑝 

Valuation 
input 

A set of parameters 
(observable or non-

observable) that 
influences the fair 

value of a valuation 
position. 

Interest rate yield 
curves, volatilities, 

correlations. 

The valuation input 𝑢𝑗 is 

associated to a single 
elementary risk factor, or 

source of valuation 
uncertainty. 

𝑢𝑗, 𝑗 = 1,… , 𝑁𝑢 

Valuation 
exposure 

The amount of a 
valuation position, 

which is sensitive to 
the change of a 
valuation input. 

E.g., the subset of 
trades in a 

portfolio, which are 
sensible to a 

certain valuation, 
input. 

It can be identified with the 
sensitivity of the valuation 
position 𝑝𝑖  to the valuation 

input 𝑢𝑗. 

In a wider sense, it is 
anything that measures the 

dependency of the Fair Value 
of the valuation position 𝑝𝑖  
to the valuation input 𝑢𝑗. 

-- 

Table 4: Fundamental definitions as in EBA RTS, art. 2 [15]. 
 
In other words, a valuation position will display valuation exposures to its valuation inputs. Clearly, the 
degree of valuation exposure to a valuation input depends on the particular valuation position. We remark 
that the portfolio of financial instruments underlying the definition of valuation position is not explicitly 
determined by the EBA RTS [15]. Thus, depending on the valuation uncertainty considered, it might be either 
a subset of the prudent valuation scope or the entire book to which the prudent valuation is applied. 
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5.2 Fair Value  
In general, we denote the fair value of a valuation position 𝑝𝑖  at time t with 𝐹𝑉(𝑡, 𝑝𝑖) or, shortly5, with 
𝐹𝑉𝑖(𝑡). Given a portfolio of valuation positions 𝑝𝑖 , 𝑖 = 1,… ,𝑁𝑝 subject to prudent valuation, we denote the 

total fair value as the algebraic sum of the FVs of each valuation position 𝑝𝑖. 
 

𝐹𝑉(𝑡)  =  ∑𝐹𝑉𝑖(𝑡)

𝑁𝑝

𝑖=1

=  ∑𝐹𝑉𝑖(𝑡, 𝑢𝑖)

𝑁𝑝

𝑖=1

. 

 
The FV of a valuation position 𝑝𝑖  depends also on its valuation inputs, denoted with 𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢1, … , 𝑢𝑁𝑢). 

The valuation exposure of a valuation position 𝑝𝑖  to a valuation input 𝑢𝑗 at time t may be associated to the 

corresponding sensitivity, given by  
 

𝜕𝑗𝐹𝑉𝑖(𝑡) ≔
𝜕𝐹𝑉(𝑡, 𝑝𝑖, 𝑢1, … , 𝑢𝑗, … , 𝑢𝑁𝑢)

𝜕𝑢𝑗
. 

 
In the context of prudent valuation, we consider the fair value FV of a valuation position according to the 
following assumptions. 

 FV is positive for assets (𝐹𝑉𝑖(𝑡) > 0) and negative for liabilities6 (𝐹𝑉𝑖(𝑡) < 0).  

 Financial institutions have appropriate internal IPV process in place (see CRR art. 105.8, EBA RTS, p. 
7). 

 FV is computed by the institution consistently with the applicable financial reporting standards, e.g. 
IFRS13 for EU [7], and with its internal fair value policy. 

 The institution possibly applies and reports a number of valuation adjustments to the FV, according 
to its internal fair value policy. 

 The FV of a valuation position may be subject to the sources of uncertainty mentioned in the CRR, 
art. 105.10-11, and thus associated to a specific AVA under the core approach described in the EBA 
RTS. 

 According to EBA RTS art. 8.3, the FV of a valuation position associated to a specific AVA under the 
core approach must include all the fair value adjustments possibly applied by the institution 
associated to the same source of valuation uncertainty as the specific AVA. In case a fair value 
adjustment cannot be associated to the same source of valuation uncertainty of a specific AVA, it 
must not be included in the FV for the specific AVA calculation. In case of impossible association with 
any AVA, the fair value adjustment cannot be included at all in the prudent valuations scope.  
 

Strictly speaking, the statement in the last bullet above (EBA RTS art. 8.3) regards the core approach. 
Since the simplified approach regards the “fair-valued assets and liabilities, as stated in the institution’s 
financial statements under the applicable accounting framework” (EBA RTS art. 4), it is reasonable to 
consider also the FV under the simplified approach inclusive of those fair value adjustments related to 
the sources of valuation uncertainty addressed by the AVAs. 

 
We further distinguish between derivatives and securities. 

1. Derivatives 
The fair value for derivatives can be split, under appropriate hypotheses, into various components, 

 
𝐹𝑉(𝑡)  =  𝑉0(𝑡)  + 𝑉𝐴𝑑𝑗(𝑡), 

 

                                                 
5 We notice that 𝑝𝑖 is a parameter, not a variable; anyway we will sometime include it as an argument of a function, as in 𝐹𝑉(𝑡, 𝑝𝑖). 
6 We notice that this convention differs from the standard accounting convention (where both assets and liabilities are positive), but allows to write 
the total fair value of a portfolio of valuation positions as the sum of the single fair values. 



 Prudent Valuation Guidelines and Sound Practices 
 

AIFIRM – Market Risk Committee Page 21 of 148 

 

𝑉𝐴𝑑𝑗(𝑡) = 𝑉𝑏𝐶𝑉𝐴(𝑡) + 𝑉𝐹𝑉𝐴(𝑡) + 𝑉𝐵𝑖𝑑𝐴𝑠𝑘(𝑡) + 𝑉𝑀𝑜𝑅𝑖(𝑡) + ⋯ 

 
where,  

o 𝑉0 is the “base” fair value component, as if the contract were covered by a perfect CSA; 
o the additional components 𝑉𝐴𝑑𝑗 corresponds to the value of various risk components 

underlying the financial instrument not addressed in the base FV, such as the bilateral 
counterparty risk 𝑉𝑏𝐶𝑉𝐴, the funding risk 𝑉𝐹𝑉𝐴, the bid-ask 𝑉𝐵𝑖𝑑𝐴𝑠𝑘, the model risk 𝑉𝑀𝑅, etc. 

o the other components gathered in 𝑉𝐴𝑑𝑗 corresponds to the value of the various risk 

components underlying the financial instrument, such as the bilateral counterparty risk 
𝑉𝑏𝐶𝑉𝐴(𝑡), funding risk 𝑉𝐹𝑉𝐴(𝑡), bid-ask 𝑉𝐵𝑖𝑑𝐴𝑠𝑘(𝑡), model risk 𝑉𝑀𝑜𝑅𝑖(𝑡), etc. Such 
components may be considered or not in the FV or in 𝑉𝐴𝑑𝑗 according to the fair value policy 

of the institution. 
 

2. Securities  
For securities, it is common practice to include the value of the various risk components directly in 
the credit spread associated to the security itself. Hence, in this case we consider the fair value as a 
single value, without splitting into distinct components. For structured securities with a non-
negligible derivative component, one may disentangle the derivative component and apply the 
splitting scheme discussed above. 

 
 
5.3 Prudent Value  
In general, we denote the prudent value of category k for a valuation position 𝑝𝑖  associated to the source of 

valuation uncertainty 𝑢𝑗 at time t with 𝑃𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘) or, shortly, with 𝑃𝑉𝑖𝑗𝑘(𝑡), where the index 𝑗 =

1,… ,𝑁𝑢 runs over the valuation inputs and the index 𝑘 = 1,… ,𝑁𝐴𝑉𝐴 runs over the sources of uncertainty 
mentioned in the CRR, art. 105.10-11 and in the EBA RTS, art. 9-17. The total PV is defined in sec. 5.5 below. 
By definition, the prudent value is always equal to or lower than the fair value, both for assets and liabilities7. 
Taking into account the FV definition in sec. 5.2 above we have 
 

𝑃𝑉𝑖𝑗𝑘(𝑡) ≤ 𝐹𝑉𝑖(𝑡) ∀ 𝑖 = 1,… ,𝑁𝑝, 𝑗 = 1,… ,𝑁𝑢, 𝑘 = 1,… ,𝑁𝐴𝑉𝐴. 

 
Hence, the PV is generally positive for assets (𝑃𝑉(𝑡) > 0) and negative for liabilities (𝑃𝑉(𝑡) < 0). This is not 
strictly true in all cases, since some asset (e.g. an OTC swap) may have positive FV and negative PV (not vice 
versa). 
The CRR, article 105.1, requires a prudent value that achieves an appropriate degree of certainty. The EBA 
RTS specify the appropriate degree of certainty as follows. 

 AVA MPU, CoCo e MoRi (art. 9-11): 
o where possible, the prudent value of a position is linked to a range of plausible values and a 

specified target level of certainty (90%); 
o in all other cases, an expert-based approach is allowed, using qualitative and quantitative 

information available to achieve an equivalent level of certainty as above (90%). 

 AVA UCS and IFC (art. 12-13): these AVAs must be split into their MPU, CoCo and MoRi components, 
and aggregated to the corresponding MPU, CoCo and MoRi AVAs, respectively. Thus, the same level 
of certainty in the prudent value (90%) must be achieved for such AVAs. 

 Other AVAs (CoPo, FAC, EaT, OpR, art. 14-17): the same level of certainty in the prudent value as for 
the previous AVAs (90%) must be achieved (art. 8.3). 

                                                 
7 We remind that in sec.5.2 we assumed that the FV is positive for assets and negative for liabilities. This explain the reason why our statement differs 
from that found in the EBA RTS (preliminary considerations, n. 2).  
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In conclusion, the same degree of certainty in the prudent value (90%) must be achieved for all AVAs. For 
positions where there is valuation uncertainty but it is not possible to statistically achieve the 90% level of 
certainty, the same target degree of certainty (90%) must be achieved using an expert base approach. 
Since typically, for the majority of positions where there is valuation uncertainty it is not possible to 
statistically achieve a specified level of certainty, the definition above looks rather difficult to apply in 
practice. However, specifying a target level is believed by the EBA to be the most appropriate way to achieve 
greater consistency in the interpretation of a “prudent value”. 
 
 
5.4 Additional Valuation Adjustment  
EBA RTS [15] recommend different approaches for the computation of three different groups of AVAs, as 
discussed below. 
 
5.4.1 First group: AVA MPU, CoCo, and MoRi  
For this group of AVAS the EBA RTS suggest two alternative calculation methods (see EBA RTS Annex 1, and 
the individual AVA sections 8.4-8.5 below).  
 

 Method #1 
The first method can be summarized as follows. Given the fair value 𝐹𝑉𝑖(𝑡) of a valuation position 𝑝𝑖, 
and the corresponding prudent value 𝑃𝑉𝑖𝑗𝑘(𝑡) of category k associated to the source of valuation 

uncertainty 𝑢𝑗, the AVAs under the core approach are defined as 

 

𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖, 𝑢𝑗, 𝑘):= 0.5[𝐹𝑉(𝑡, 𝑝𝑖  ) −  𝑃𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘)], 

𝐴𝑉𝐴(𝑡, 𝑘) ≔∑∑𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖, 𝑢𝑗, 𝑘)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

, 

 
where: 

o 𝐴𝑃𝑉𝐴𝑖𝑗𝑘(𝑡) ≔ 𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘) is the k-th AVA for valuation position 𝑝𝑖  and source of 

valuation uncertainty 𝑢𝑗 at time t, weighted for aggregation; 

o 𝐴𝑉𝐴𝑘(𝑡) is the total k-th category level AVA associated to all relevant sources of valuation 
uncertainty 𝑢1, … , 𝑢𝑁𝑢 and valuation positions 𝑝1, … , 𝑝𝑁𝑝. 

Notice that: 
o 𝐴𝑉𝐴𝑘(𝑡) always include the aggregation weight 0.5 at any level (valuation exposure, total AVA, 

total PVA); 
o 𝐴𝑉𝐴𝑘(𝑡) ≥ 0 ∀ 𝑘 at any level (valuation exposure, total AVA, total PVA), both pre and post 

aggregation; 
o 𝐴𝑉𝐴𝑘(𝑡) = 0 when the fair value is already prudent w.r.t. the 𝐴𝑉𝐴𝑗  source of valuation 

uncertainty, 𝐹𝑉𝑖(𝑡) =  𝑃𝑉𝑖𝑗𝑘(𝑡); 

o the previous expressions hold both for assets (𝐹𝑉(𝑡) > 0) and liabilities (𝐹𝑉(𝑡) < 0). 
For derivatives, in particular, we remind that the total value may be split across different components as 
in sec. 5.2 above. We assume that such components are not strongly correlated. In particular, we 
assume that the market value is not strongly correlated with credit and funding risk. In this case, also the 
AVAs results to be split across the same components 

 

𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘):= 𝐴𝑃𝑉𝐴0(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘) + 𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝐶𝑉𝐴) + 𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝐹𝑉𝐴) +⋯ 

 

 Method #2 
The second method is described by the following formula: 
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𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘) ≔ max{0, [𝐹𝑉(𝑡, 𝑝𝑖  ) − 𝑃𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗, 𝑘)] − 0.5[𝐸𝑉(𝑡, 𝑝𝑖  ) − 𝑃𝑉(𝑡, 𝑝𝑖, 𝑢𝑗, 𝑘)]} 

𝐴𝑉𝐴(𝑡, 𝑘) ≔∑∑𝐴𝑃𝑉𝐴(𝑡, 𝑝𝑖, 𝑢𝑗, 𝑘)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

, 

 
where 𝐸𝑉(𝑡, 𝑝𝑖) is the expected value at a valuation exposure level taken from a range of possible 
values. It can be easily seen that this second method is more general, given that it collapses to the 
first when 𝐹𝑉(𝑡, 𝑝𝑖) = 𝐸𝑉(𝑡, 𝑝𝑖).  

 
Note that institutions can apply either of the two methods when computing AVAs. In the applications of 
sections 8.4-8.5 below we will use the method #1. 
The 50% weight that appears in both equations above recognizes that these AVA partially overlap with each 
other, especially for large and diversified portfolios, and thus it amortizes the double counting effect implicit 
in the AVA calculations. This approach is often called “diversification benefit”. 
 
 
5.4.2 Second group: AVA UCS and IFC 
A formula for directly computing AVA UCS and IFC is not provided, since these AVAs are split into their MPU, 
CoCo, and MoRi components, and aggregated to the corresponding AVAs (see secs. 8.6, 8.7 below).  
We notice that the main consequence of such split and aggregation is that AVA UCS and IFC benefit of the 
50% weight that appears in the calculation formulas above for AVA MPU, CoCo, and MoRi. We emphasize 
that such extended benefit is not explicitly written in the EBA RTS, but is a straightforward consequence of 
their consistent application. In fact, excluding AVA UCS and IFC from the diversification benefit would lead to 
an inconsistency between the direct AVAs MPU, CoCo, and MoRi (weighted 50%), w.r.t. the corresponding 
MPU, CoCo and MoRi components coming from AVA UCS and IFC (weighted 100%). 
 
 
5.4.3 Third group AVA CoPo, FAC, EaT, OpR 
Finally, a direct computational method is prescribed for each AVA CoPo, FAC, EaT, and OpR (see the 
corresponding secs. 8.8-8.11 below). Note that diversification benefit is not recognized for such AVAs. 
 
 
5.5 Prudent Valuation Adjustment  
The total Prudent Valuation Adjustment (PVA), to be deduced from the CET1 according to CRR, art. 34 [8] 
(see sec. 3.2), is computed as follows. 
 

 Simplified approach: the total PVA is given directly by the total AVA discussed in sec. 7.2 below. 
 

 Core approach: the total PVA is given by the simple sum of all the AVAs according to the AVA 
aggregation rules discussed in sec. 8.13 below.  

 
In formulas 
 

𝑃𝑉𝐴(𝑡) ≔ {

𝐴𝑉𝐴(𝑡) Simplified approach,

∑ 𝐴𝑉𝐴𝑘(𝑡)

𝑁𝐴𝑉𝐴

𝑘=1

Core approach.
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5.6 Data sources  
Source data are a very important resource for valuation and a primary source of valuation uncertainty. The 
EBA RTS art. 3 [15] require that Institutions shall consider a full range of available and reliable market data 
sources to determine a prudent value. For cases where an expert-based approach is applied, alternative 
methods and sources of information shall be considered. We show in Figure 5 the list of data sources to be 
considered. 
 

 
Figure 5: Data sources according to EBA RTS, art. 3 [15]. 
 

 
5.7 Summary of definitions 
In Table 5 we gather a synthetic summary of the basic definitions given in previous sec. 5.2-5.5 above. In 
Figure 6, we show a pictorial representation of price distribution, fair value, fair value adjustment, prudent 
value and AVA. We stress that the fair value is associated to the mean of the price distribution, while the fair 
value adjusted and the prudent value are associated to percentiles of the distribution. Since the prudent 
value is based on the fair value adjusted according to the same source of valuation uncertainty, it is also 
associated to a higher percentile of the price distribution. 
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Definitions summary 

Item Definition Comments 

Fair value 𝐹𝑉(𝑡) =  ∑𝐹𝑉𝑖(𝑡)

𝑁𝑝

𝑖=1

 

i = index for valuation positions 
𝐹𝑉(𝑡) includes possible fair value 
adjustments 

Prudent 
Value 

𝑃𝑉𝑖𝑗𝑘(𝑡) ≤ 𝐹𝑉𝑖(𝑡) 

∀ 𝑖 = 1,… ,𝑁𝑝,  𝑗 = 1,… ,𝑁𝑢,  ∀ 𝑘 = 1,… ,𝑁𝐴𝑉𝐴 
o j = index for risk factors 
o k = index for AVAs 

Additional 
Valuation 

Adjustment 
(simplified) 

𝐴𝑉𝐴(𝑡) = 0.1%[ ∑ 𝐹𝑉𝑖(𝑡)

𝑁𝐴𝑠𝑠𝑒𝑡𝑠

𝑖=1

+ | ∑ 𝐹𝑉𝑖(𝑡)

𝑁𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

𝑖=1

|] 

𝐴𝑉𝐴(𝑡) is the total valuation 
adjustment at time t 

Additional 
Valuation 

Adjustment 
(core) 

𝐴𝑃𝑉𝐴𝑖𝑗𝑘(𝑡) : = 𝑤𝑘[𝐹𝑉𝑖(𝑡) −  𝑃𝑉𝑖𝑗𝑘(𝑡)], 

𝐴𝑉𝐴𝑘(𝑡):=∑∑𝐴𝑃𝑉𝐴𝑖𝑗𝑘(𝑡)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

 

o 𝐴𝑃𝑉𝐴𝑖𝑗𝑘(𝑡) is the k-th AVA 

associated to source of valuation 
uncertainty j and valuation 
position i at time t, 

o 𝐴𝑉𝐴𝑘(𝑡) is the total k-th AVA at t 

Prudent 
Valuation 

Adjustment 
𝑃𝑉𝐴(𝑡) ≔ {

𝐴𝑉𝐴(𝑡) Simplified

∑ 𝐴𝑉𝐴𝑘(𝑡)

𝑁𝐴𝑉𝐴

𝑘=1

Core
 

𝑃𝑉𝐴(𝑡) is the total valuation 
adjustment at time t. 

 
Table 5: Summary of basic definitions given in sec. 5.2-5.5 above. The AVA under the simplified approach is 
described in sec. 7.2. 
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Figure 6: Pictorial representation of price distribution, fair value, fair value adjustment, prudent value and 
AVA. The fair value adjustment may be considered in the specific AVA calculation if and only if it is associated 
to the same source of valuation uncertainty. The mathematical distributions used in the picture serve just to 
show the relations among the quantities defined and explained in the text. Real price distributions will be 
discrete and irregular. 
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6 THEORETICAL BACKGROUND 

The topic of valuation risk, or uncertainty, has been around for a while, and it has provided several answers, 
without getting to a new recognized paradigm. These results are collected under the heading “market 
incompleteness”. While the literature on this topic is extremely vast, the main concepts can be gone over by 
referring to the main issues that have been raised by the recent crisis, and particularly by the “subprime 
crisis”. Going through the lessons of these crises is a good introduction to understanding the main 
theoretical issues addressed in the “incomplete market” pricing theory. 
 
 
6.1 The Lessons and the Questions from the Crisis  
The problem of prudent valuation arose at the turn of the century when two financial crises brought to the 
center of the scene the problem of market liquidity, and market frictions in general, and the impossibility to 
find out a perfect liquid hedge for every financial product and contract traded on the market.  
In 1998, the Long Term Capital Management case (LTCM) pointed out that perfect replicating strategies for 
derivative contracts may not exist, and certainly, they do not exist for derivative products on illiquid 
contracts. At best, one can hope to design a hedge to perform well “on average”, but it can happen that in 
particular situations illiquidity and market frictions can be so large that they may dominate the hedging goal 
and destroy the replicating strategy. The LTCM case was an extreme example of this problem, since the 
LTCM hedge fund was based on “relative value” strategies. In other words, LTCM was bound to exploit mis-
alignment of prices, taking long positions in undervalued securities and short positions in the overvalued 
ones, hedging the movement of the market with positions of opposite sign, and using high leverage. Of 
course, this long/short strategy requires the synthetic replication of options on the securities that are 
considered mis-priced, and this replication must be dynamic, i.e., the portfolio is frequently rebalanced. If it 
happens that market liquidity is frozen, so that no rebalancing can be done, the value of the replicating 
portfolio can quickly drift far away from the expected path, and if the drift is in the wrong direction, it may 
pile up losses. This happened to LTCM in October 1998, after the market had frozen in the aftermath of the 
Russian crisis of September. The LTCM case raised the issue that options cannot be perfectly replicated as it 
assumed in financial mathematics textbooks. However, the case pointed out to the dominos effects of the 
hedging error. In fact, the standard replicating strategy argument of financial products and derivative 
contracts implies that such replicating strategies play a dual role: on the one hand, a replicating strategy 
provides a hedging plot for the product; on the other hand, it provides the price of product. This pricing risk, 
so that no perfect liquid replicating strategy would deliver the same pay-off, or the same “exit price” of a 
financial product, had not appeared yet as another face of the coin of LTCM risk.  
The issue of accounting price transparency arose with the Enron case, in 2001. Without getting into the 
details of the case, we can remark an important similarity with the LTCM case. Using standard corporate 
finance theory, the value of Enron stocks was actually a call option on the asset value of Enron, with strike 
price given by the value of debt. It turned out that the asset side of Enron was particularly opaque, given 
that it included synthetic positions in energy and gas, used derivatives, and the debt was not transparent as 
well, being for the largest part hidden in subsidiaries. In the aftermath of the Enron case, the stock exchange 
in the US suffered for a long period of low trading volume and declining prices, particularly for companies 
whose balance sheet accounts had been certified by Arthur Andersen, the auditor of Enron, which shared 
the same destiny of its client, disappearing from the market. Then the investor inertia propagated to the 
stock market as a whole, amid discussions about conflicts of interest and reliability of auditors. Some scholar 
called this phenomenon “information-based contagion”, and it only stopped when the Congress passed the 
set of rules bound to address the problem, known as Sarbanes-Oxley Act (SOX), in July 2002 (further on this 
topic can be found in [35]). 
The two cases described above, LTCM and Enron, were clearly linked: the LTCM case highlighted the 
problem of financial product replication, and so valuation, and the Enron case brought attention to the 
reliability of balance sheet data. Another crisis event, few years later, added new information on the reason 
why financial products cannot be hedged and priced without risk, and so their value can be mis-reported. In 
the first week of May 2005, in the aftermath of a downgrading of General Motors below investment grade, 
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the securitization market of credit risk exposures recorded a sudden drop in default correlation. This drop 
contributed to the devaluation of equity tranches of CDOs, and it brought major losses to hedge funds and 
investment banks that were specialized in providing protection on these tranches. Notice that these losses 
were again (like in the LTCM case) due to a breakdown in the replicating portfolios of these tranches. More 
specifically, intermediaries providing protection for equity tranches were hedging their positions either by 
buying the credit index, or by taking an offsetting position in the mezzanine tranche (mezz-equity hedge). 
The sudden drop in correlation caused the “delta” strategies deliver wrong results (particularly the mezz-
equity) and the intermediaries locked in losses instead of gains. The May 2005 case, though, raised the 
question of products whose value may depend on unobserved parameters of the profit and loss distribution, 
such as volatility and correlation, which in the financial markets of this century are variables rather than 
parameters, and represent additional risk factors that in some period may become paramount.  
These ingredients gathered in the perfect storm of the “subprime crisis”. Irrespective of what is commonly 
thought, this crisis was intrinsically due to the issue of valuation. In fact, while the originate-to-distribute 
model was at the origin of the crisis, valuation uncertainty, illiquidity and the new accounting standards 
were the key elements for propagation of the crisis. A representative of Bank of International Settlements 
(BIS) in a conference reported that as of 2010 the “subprime crisis” had seen 500 billion dollars of actual 
losses, while the losses due to valuation were 4.000 billion8. Therefore, major banks went into default 
without a penny of actual loss from mortgage deals, but only because of the losses in the value of financial 
securities linked to these deals, that had to be written off from the balance sheet in compliance with the 
marking to market requirement of accounting standards. The process was exacerbated by the use of 
subsidiaries, ironically like in the Enron case: banks would invest in these securities through the so-called SIV 
(Structured Investment Vehicle), funding the investment with short term financing (mostly commercial 
paper). When the frenzy of losses in mortgage-linked securities took hold of the market, banks started to 
closeout these subsidiaries by triggering a fire sale9 of these products. Moreover, even though the prices at 
which these products were sold were outside what models predicted, the accounting standards did not 
recognize that these price drops were not due to fundamentals, but to illiquidity of the market, so that the 
devaluation of assets propagated from bank to bank, in a snowball effect. This started the era of “toxic 
assets”, in which we live today: toxic assets are mainly these securitization tranches, whose collateral 
reference is opaque. Nowadays, these are called “level 3” assets in the accounting language, whose price 
depends substantially on non-observable valuation parameters, and represent a substantial source of the 
accounting uncertainty in major large European banks. Hence, while in the general public opinion “toxic 
assets” are associated to credit risk and fraud, they are instead intrinsically linked to illiquidity and opacity.  
In the Financial Times lexicon, the definition of toxic assets is as follows: “Financial assets the value of which 
has fallen significantly and may fall further, especially as the market for them has frozen. This may be due to 
hidden risks within the assets becoming visible or due to changes in extremal market environment”. 
Notice that the concept of “toxicity” is not linked to credit risk, but to three key elements. 

 Market liquidity (“market frozen”): the idea is that if the market is not liquid, the “price discovery” 
process of the market does not work properly, and the information content of the price is garbled by 
a substantial amount of noise 

 Opacity and ambiguity (“hidden risks becoming visible”): the idea here is that some scenarios that 
were not taken into consideration or to which the market assigned zero probability suddenly 
become possible and are assigned a positive probability. In the decision theory language, this is 
called “ambiguity”, “vagueness”, or “knightian uncertainty” as we will discuss below.  

 Systemic risk (“extremal market environment”): this element points out that the above problems, 
that is substantial illiquidity and hidden risks, are mostly relevant in periods in which the risk 
becomes extreme, such as in a systemic crisis.  

 
The above definition can be also considered a description of the issues behind the concept of valuation risk 
that is addressed with “prudent valuation”. In the following section, we go through a brief history of these 

                                                 
8 Eli Remolona, IV Annual Risk Management Conference, Singapore, July 2010 
9 A fire sale refers to securities that are trading below their fair value. 
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concepts, and the solutions proposed, beyond those that are required today under the prudent valuation 
regulation of CRR, art. 34 and 105 [8]. It is however clear that this regulation is intrinsically linked to the 
problem raised by the “subprime crisis”: if many of the banks that went into troubles had set aside capital 
also to cover possible mispricing of assets and liabilities, they would have been more resilient through the 
crisis.  
 
 
6.2 Theoretical Models  
A good introduction to valuation risk can be done by stating the economy in which this kind of risk does not 
exist. It may come as a surprise that valuation risk is not conceived and considered in standard finance 
textbooks, in which the dominating paradigm is that of the Efficient Market Hypothesis (EMH) [106]. The 
EMH was introduced in financial economics in the 1960s, particularly thanks to the works of Paul Samuelson 
and Eugene Fama. This new line of research grew on the discovery of the work of Louis Bachelier, who first 
laid out the idea of efficient markets in his thesis at Sorbonne University under the supervision of Henry 
Poincaré in the year 1900 [107]. The story goes that Leonard J. Savage addressed the economists asking 
whether they were aware of Bachelier’s thesis. The revision of the idea due to Paul Samuelson very soon 
became the new paradigm [19]. The main concept is that in efficient markets the price incorporates all the 
information available, so that every price change, over the return given by the risk free rate and the risk 
premium, cannot be predicted. Then, the only kind of market risk that can be conceived in this paradigm is 
the change of information about future scenarios: so, the loss due to market risk in this setting can only be 
due to changes in the probability of adverse scenarios. Valuation risk is different and can be due to the fact 
that some scenarios are not taken into account in the price formation process, or that the probabilities of 
the scenarios are not precisely known.  
Notice that in the pricing of derivative contracts, the EMH translates into the concept of replicating 
portfolio. The idea is that each financial product and contract can be perfectly replicated by a dynamic 
portfolio, so that at each future time the value of the financial product and its replicating strategy would be 
the same. Technically, we say that each financial product is “attainable”. This equality guarantees that no-
arbitrage opportunity is available in such an economy. It may be proved that this arbitrage-free pricing 
concept is also equivalent to assume that there exists a probability measure such that the expected return of 
each and every asset measured under this measure is equal to the risk-free rate (risk neutral measure). 
Alternatively, the same concept could be stated by saying that, under such a measure, the price of each and 
every asset, measured using a money-market account as a numeraire, is a martingale. Under this definition, 
the measure is called Equivalent Martingale Measure (EMM). Just on a technical note, the term 
“equivalent” means that the new measure and the historical one must agree on the set of events with 
measure zero. This theory of martingale pricing is known as the “fundamental theorem of finance”. The 
concept of “perfect hedge” also requires that this risk-neutral measure that can be used for pricing must be 
unique, implying that there exists a unique no-arbitrage value for each and every asset. This concept is 
known as “market completeness”. See Harrison and Pliska, 1981, [16], [23] and standard textbooks, e.g. [29], 
[30], for further information. 
It is an obvious corollary that in complete markets, where the price is unique, there can be no room for 
valuation risk. Valuation risk, in fact, requires that the martingale measure used for pricing is not unique: we 
use a martingale measure, while the probability measure that we should have used is different. This also 
implies that the corresponding replicating strategy would fail, introducing the presence of a “hedging error”. 
In this case we say that we are in an “incomplete market” setting.  
One could then say that in incomplete market no perfect hedge exists, but the statement would not be 
exactly correct. In fact, the concept of perfect hedge in incomplete markets is associated to the so-called 
“super-replication bounds” (or super and sub-replication bounds). In other words, there are pricing bounds 
outside which it would be possible to earn an arbitrage profit for sure. In other terms, while in complete 
markets there are arbitrage opportunities as soon as the price deviates from the unique arbitrage-free value, 
with incomplete markets this arbitrage opportunity arouses when the price is outside a price corridor 
delimited by the super-replication bounds. Valuation risk refers to the different prices chosen within the 
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arbitrage-free corridor. Of course, a fully conservative pricing strategy would be to assign the value of the 
super-replication bounds, but the problem with this solution is that the super-replication bounds are 
typically too large. The problem to restrict these pricing bounds have been addressed in the literature in 
several ways: the two most well know concepts, corresponding to two similar lines of research, are known as 
“good deal theory” [27] and “acceptability theory” [48]. The prudent value regulation takes instead a 
probabilistic approach, requiring to identify a 90% confidence level within the pricing range.  
The reasons for market incompleteness take us back to the definition of toxic assets discussed above: they 
have to do with lack of transparency, market liquidity and the increase in correlation of the risk factors in 
systemic crises. These three concepts, and the way they were addressed in theoretical literature, will be 
addressed below.  
 
 
6.2.1 Ambiguity 
The concept of market incompleteness is linked to the presence of a multiplicity of martingale measures that 
could be used for pricing. From this point of view, the problem is similar to the choice among lotteries for 
which one does not know the exact probability of success and failure. This concept is known in decision 
theory as “knightian uncertainty”, after the name of Frank Knight, the economist from the University of 
Chicago who first proposed the concept in the 1920s [108]. The idea is that the risk concept refers to choices 
in which we are aware of the probability of success and failure, while uncertainty refers to cases in which 
this probability is not known with certainty. Therefore, while in complete markets there exists only risk, and 
the price of every financial asset is uniquely defined under the unique probability measure, incomplete 
markets introduce the higher dimension of choosing the probability measure. In other words, the pricing 
problem is:  
 

𝑉𝑄(𝑡) = 𝔼𝑡
𝑄[𝐷(𝑡, 𝑇)𝑉(𝑇)|𝑄 ∈ ℘], 

 
where 𝑉𝑄(𝑡) is the price of the financial product at time t under probability measure Q, 𝑉(𝑇) is the payoff at 

time T>t, 𝔼𝑡
𝑄[. ] Is the expectation operator under the pricing measure Q, ℘ is the set of pricing measures, 

and 𝐷(𝑡, 𝑇) is the discount factor.  
The problem of multiple probability measures had been already addressed in the 1960s in both statistics and 
decision theory. Intuitively, there are two ways of addressing the problem. The first, called “hierarchical 
probabilities”, consists in assigning a probability distribution to the probability itself. The second, called 
“probability interval” approach, is to work with probability bounds. The debate on the two approaches was 
already reported in the milestone book Foundations of Statistics, by Leonard J. Savage [26], who reports that 
the hierarchical probability approach is severely flawed on logical grounds. The argument is that if one is not 
allowed to know the probability at the lower level, it is by no means clear how one can exactly know the 
probability measure on such probability. The second approach, that is to use the probability bounds only, is 
free from this critique, and was first applied in statistical inference by Arthur Dempster in the 1960s, and 
later developed by Glenn Shafer in the 1970s, nowadays called Dempster-Shafer Theory (DST) [109].  
In the same period, more precisely in 1961, the same problem of uncertainty reached decision theory, with 
the famous “mind experiments” by Daniel Ellsberg. In the so-called Ellsberg paradox [110], people choices 
are affected by the amount of information about the probability of success or failure. More precisely, when 
presented with the choice between a lottery for which the exact probability of success is known 
(“unambiguous lottery”) and one for which it is not known (“ambiguous lottery”), the typical decision maker 
prefers the former to the latter. This behaviour is called uncertainty aversion (or ambiguity aversion) and it 
represents a paradox because it is not consistent with expected utility, the dominating theory of choice in 
decision theory. More precisely, the Ellsberg paradox shows that the only kind of behaviour that is consistent 
with the expected utility paradigm is indifference with respect to the amount of information about the 
probability of success.  
Following the Ellsberg paradox, twenty years later a rich stream of literature in decision theory was 
dedicated to amending the standard expected utility framework in order to allow for uncertainty aversion. 
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Most of the proposals dwelled with weakening one of the most crucial axioms on which the expected utility 
paradigm had been built, which is the “independence axiom”, or “Independence of Irrelevant Alternatives” 
(IIA) axiom [111]. According to this axiom, if one prefers a lottery to another, he well prefer to do so even if 
he is offered a mixture of these lotteries with another one, whatever the latter might be. Intuitively, in 
Ellsberg mind experiments mixing one lottery with one other could change the degree of ambiguity and 
reverse the preference. We are not going to dwell any further on these technical issues. We only remind that 
the main contributors of this research were Itzhak Gilboa and David Schmeidler, that addressed the issue 
both separately and in a joint paper which became the reference for financial market applications. The 
Gilboa-Schmeidler paper introduced what seems to be the new paradigm for decision making under 
knightian uncertainty, called MaxMin Expected Utility (MMEU) framework [112]. MMEU can be intuitively 
explained as a mixed strategies game against the “diabolic Mrs Nature” (using the representation of Luce 
and Raiffa, 1957 [16]): one should select the best strategy under the worst probability scenario, probability 
being the mixed strategy of scenarios to be played by Mrs Nature.  
Under the MMEU approach, the super-replication value of the financial product can be written as  
 

𝑉𝑄(𝑡) = {
𝐼𝑛𝑓{𝔼𝑡

𝑄[𝐷(𝑡, 𝑇)𝑉(𝑇)|𝑄 ∈ ℘]}, long position,

𝑆𝑢𝑝{𝔼𝑡
𝑄[𝐷(𝑡, 𝑇)𝑉(𝑇)|𝑄 ∈ ℘]}, short position.

  

 
These prices represent the reference for prudent valuation of the financial products. As for the concrete 
pricing techniques, two different approaches had already been proposed in the 1990s. One is called 
Uncertain Volatility Model (UVM), and the other is called Choquet pricing. 
 
Uncertain Volatility Model (UVM) 
The UVM model is an option pricing model that was proposed by Avellaneda, Levy and Paràs (1995) [40], and 
is based on the idea that the underlying asset of an option follows a geometric Brownian motion with an 
unknown diffusion parameter, which is the volatility 𝜎, but bounded within a known corridor, 𝜎 ∈
[𝜎𝑚𝑖𝑛; 𝜎𝑚𝑎𝑥]. Then, by the same argument as that used in the Black and Scholes model, the no-arbitrage 
assumption requires 
 

min
𝜎𝑚𝑖𝑛≤𝜎≤𝜎𝑚𝑎𝑥

𝑑Π = (
𝜕𝑔

𝜕𝑡
+
1

2
𝜎2𝑆2

𝜕2𝑔

𝜕𝑆2
)𝑑𝑡 = 𝑟Π = 𝑟 (𝑔 − 𝑆

𝜕𝑔

𝜕𝑆
), 

 
where 𝑔(𝑆, 𝑡) denotes the price of the derivative contract, 𝑆(𝑡) is the underlying asset, t is time, Π(𝑆, 𝑡) 
denotes the immunized portfolio made of one unit of the option and the corresponding delta hedge, and 
𝑟(𝑡) is the instantaneous risk-free rate. The volatility choice will be 
 

arg min
𝜎𝑚𝑖𝑛≤𝜎≤𝜎𝑚𝑎𝑥

(
1

2
𝜎2𝑆2

𝜕2𝑔

𝜕𝑆2
) =

{
 

 𝜎𝑚𝑖𝑛 , if  
𝜕2𝑔

𝜕𝑆2
> 0,

𝜎𝑚𝑎𝑥 , if  
𝜕2𝑔

𝜕𝑆2
< 0,

 

 
such that one would choose the lower volatility bound for positive-Gamma regions and the upper volatility 
bound for negative-Gamma regions. The solution to the problem is given by a non-linear PDE that from the 
UVM paper has been called Black-Scholes-Barenblatt (BSB) equation, 
 

𝜕𝑔

𝜕𝑡
+
1

2
𝜎2 [

𝜕2𝑔

𝜕𝑆2
]

+

𝑆2
𝜕2𝑔

𝜕𝑆2
+ 𝑟𝑆

𝜕𝑔

𝜕𝑆
− 𝑟𝑔 = 0 

 
with 
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𝜎2 [
𝜕2𝑔

𝜕𝑆2
]

+

: =

{
 

 𝜎𝑚𝑖𝑛
2 , if  

𝜕2𝑔

𝜕𝑆2
> 0,

𝜎𝑚𝑎𝑥
2 , if  

𝜕2𝑔

𝜕𝑆2
< 0.

 

 
The solution then switches from one bound to the other depending on the convexity and concavity of the 
solution. 
 
Choquet pricing 
In the Choquet pricing model [45] [53] one takes the more radical approach to assume that, for each event, 
the corresponding probability is bounded into a closed interval, as in the seminal Dempster (1967) idea [20]. 
The problem is then to solve 
 

𝑉𝑄(𝑡) = {
min
𝑄∈℘

{∫𝐷(𝑡, 𝑇)𝑔(𝑆, 𝑇)𝑑𝑄} , long position,

max
𝑄∈℘

{∫𝐷(𝑡, 𝑇)𝑔(𝑆, 𝑇)𝑑𝑄} , short position,
 

 
for the envelope of the probability measure Q over every interval of the real line. The MMEU theory in 
Gilboa and Schmeidler (1989) [42] shows that these two extreme values can be represented in terms of 
Choquet integrals, with respect to a sub-additive measure 𝑄𝑠𝑢𝑏. In particular, the Choquet integral is defined 
as  
 

∫𝑄𝑠𝑢𝑏(𝑓 ≤ 𝑥)𝑑𝑥

0

−∞

+∫ [1 − 𝑄𝑠𝑢𝑏(𝑓 ≤ 𝑥)]𝑑𝑥

+∞

0

, lower Choquet integral,

∫[1 − 𝑄𝑠𝑢𝑏(𝑓 ≥ 𝑥)]𝑑𝑥

0

−∞

+∫ 𝑄𝑠𝑢𝑏(𝑓 ≥ 𝑥)𝑑𝑥

+∞

0

upper Choquet integral.

 

 
Notice that the Choquet integral uses the cumulated and de-cumulated measures. The integral works for a 
general class of measures 𝑄𝑠𝑢𝑏 that is only required to be monotone, but not additive. These measures are 
called capacities. A probability measure is a special case of a capacity, which is also additive, in which case 
the upper and lower Choquet integrals collapse in the same value given by the Lebesgue-Stieltjes integral. In 
another interesting relationship, Gilboa (1987) [24]shows that there is a dual relationship between sub- and 
super-additive measures and lower and upper integrals: namely, the upper Choquet integral with respect to 
a sub-additive measure corresponds to the lower Choquet integral with respect to the dual super-additive 
measure.  
The definition of Choquet integrals, as integrals of cumulated distributions, reminds of an old and 
paramount result in financial mathematic, due to Breeden and Litzenberger (1978) [21]. Remember in fact, 
that 
 

−
1

𝑃(𝑡, 𝑇)

𝜕𝐶𝑎𝑙𝑙

𝜕𝐾
= 𝑄[𝑆(𝑇) > 𝐾] ⇒ 𝐶𝑎𝑙𝑙(𝑡) = 𝑃(𝑡, 𝑇) ∫ [1 − 𝑄(𝑥)]𝑑𝑥

+∞

𝐾

,

1

𝑃(𝑡, 𝑇)

𝜕𝑃𝑢𝑡

𝜕𝐾
= 𝑄[𝑆(𝑇) ≤ 𝐾] ⇒ 𝑃𝑢𝑡(𝑡) = 𝑃(𝑡, 𝑇) ∫ 𝑄(𝑥)𝑑𝑥

𝐾

−∞

.

 

 
where K represents the strike price of the options. In words, the derivatives of call and put option prices with 
respect to the strike divided by the discount factor yield the risk-neutral probability of exercise of the 
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options. Notice that by integrating this result, call and put option prices can be seen as Choquet integrals 
with respect to the probability measure Q, called the pricing kernel of the economy. Notice that by the 
property of the Choquet integrals, the result can be extended to more general pricing kernels that are 
capacities instead of probability measures, in which case one would have lower and upper bounds for call 
and put prices. For applications of this principle see, among others, Cherubini (1997) [47] and Cherubini and 
Della Lunga (2001) [49]. 
 
 
6.2.2 Liquidity 
The liquidity problem is not only a risk factor in itself, bringing about losses in case of unwinding of the 
position, but it is also a risk factor that affects valuation. Actually, the valuation of any financial product must 
take into account the “exit price” due to early unwinding of the contract. In this case, it is clear the 
paramount role played by liquidity. Liquidity risk enters the valuation problem in its two different meanings: 
i) funding liquidity risk and ii) market liquidity risk.  
 
Funding liquidity risk: it is now well known that, in case of early termination of a contract, the price must 
include the adjustment for the cost of funding the position closed or the investment that can earned by 
investing the proceedings. These adjustments, called FVA Funding Valuation Adjustment) are one of the key 
issues in prudent valuation, but the theoretical literature is rather recent [see e.g. [79]-[99]].  
 
Market liquidity risk: the concept has to do with the market impact of buying and selling securities in the 
market. This is relevant in two situations: the first is the valuation of the exit price in the unwinding of a 
position in securities; the second is portfolio rebalancing in replication strategies of derivatives contracts. In 
both cases, one has to take into account that every purchase and sale has a modifying impact on the market 
price.  
Of course, the ability of the market to absorb purchases and sales without major price changes depends on 
the way the trading is organized. A specific field of research, called market microstructure, is devoted to the 
study of such trading arrangements and the market efficiency in the production process, whose goal is to 
meet supply and demand in order to provide an effective price discovery process. While providing a detailed 
report of this literature is beyond our scope, it must be clear that it makes a difference whether a market 
trading venue is organized in a quote driven or order driven setting. In fact, while in the first kind of 
organization the price stability is ensured by the presence of market-makers, that is agents that stand ready 
to provide quotes for buying and selling a security, in the second one the volatility of price depends on 
orders directly placed by final investors. Other important issues addressed in market microstructure is the 
way in which large trades are dealt with (block trading).  
Instead, it is important to describe the different dimensions of liquidity risk, and the different dimensions in 
which liquidity can be measured. These different measures are reported in Table 6 below.  
 

Dimension Liquidity concept Measure 

Price Width Bid-Ask spread 

Quantity Depth Slippage 

Time Resiliency Autocorrelation 

Table 6: Summary of the different dimensions and measures of liquidity risk. 
  
The first and most widely used measure of liquidity is the so-called bid-ask spread, that is, the difference 
between the price at which a security can be bought and sold. The definition is typical of quote-driven 
markets, but a similar definition, sometimes called “fourchette”, holds in order-driven markets as well. So, in 
principle, the higher the difference between bid and ask prices, the less liquid the market. Notice that the 
opposite may not hold: it may be the case that the bid-ask price is very small, but the amount that can be 
bought and sold at these prices may be quite small as well. In other words, the bid-ask spread is a measure 
that does not take into account the quantity of the security that can be traded (volume). If we introduce the 
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dimension of the quantity to be traded, we need a measure that could tell us how deep the order book is. By 
“depth”, we mean the presence of large buy or sell amounts at quotes very close to the bid and ask prices. A 
measure of depth is called slippage, and technically it is defined as the difference between the average price 
at which the purchase or sale of a given quantity may be executed and the average of bid and ask prices (the 
so-called mid-price). In other words, when one places a large order one may execute it by “eating the order 
book” at prices less and less favourable; the higher the amount that can be bought and sold near the bid and 
ask prices, the smaller the slippage. Of course, this raises the question of what happens once one amount in 
the order book disappears: of course, one expects that eventually these amounts will be replaced. This raises 
a third dimension that is relevant for liquidity, that has to do with time, and that determines the “resiliency” 
of the order book. This liquidity feature is the most difficult to measure: autocorrelation is a standard 
measure, but other, more refined, such as Kyle’s lambda, are available.  
While the market impact is mainly taken into account for securities, in more recent literature it is also 
considered in the production process of derivative contract, when the intermediary underwrites a contract 
with a client and hedge the contract dynamically in the market. In a set of papers (Cetin, Jarrow and Protter, 
2004, Cetin and Rogers, 2007) [57][58] , the slippage effect is taken into account in the computation of the 
replicating strategy of a derivative contract. This brings about a trade-off between replication accuracy, 
which can be obtained at a huge cost, and the cost itself, that can be reduced by rebalancing the hedging 
strategy on a coarse grid of times. An open issue is how to optimize this trade-off. The problem is very 
complex, not to say almost impossible to solve because the set of possible strategies is extremely large, even 
infinite: for example, one could select different time intervals, or one could make the rebalancing conditional 
on the dimension of the hedging error in one direction.  
The problem is more involved in cases in which the derivative is written on a very large share of the 
underlying asset. This is what is called concentration risk. It is difficult to discern the difference between 
liquidity and concentration risk. One possible solution is to consider the persistence feature of market 
impact. In other word, it seems reasonable that if one moves a large amount of an asset, which may change 
the equilibrium price in the market forever. Unfortunately, while there exists a large microstructure 
literature on persistent versus transitory market impacts, it has not been studied yet the effect that this may 
have on derivative pricing.  
 
6.2.3 Correlation 
As we discussed above, another element that is important to take into account in the valuation of opaque 
assets is their behaviour in extreme scenarios. In extreme situations, what typically have an impact on the 
price of asset is the change in correlation. A systemic crisis is typically characterized by a generalised increase 
of correlations, but, as we saw in the May 2005 example in sec. 6.1 above, a sudden decrease of correlation 
can trigger huge problems as well.  
Therefore, in general, extreme risk environment are characterized by extreme changes in correlation, and 
allowing for such extreme changes is a key ingredient in prudent valuation. Actually, assuming perfect 
correlation (or perfect negative correlation) provides another instance of super-replication, this time for 
multivariate products. A brief review of standard copula function theory enables to address this multivariate 
prudent valuation problem. In plain words, copula functions allow to represent every joint distribution 
function in terms of marginal distributions. So, for general risk factors A, B with distributions 𝒟𝐴, 𝒟𝐵 the joint 
distribution 𝒟(𝐴, 𝐵), that is the probability that both of them occur, may be represented as 
 

𝒟(𝐴, 𝐵) = 𝒞(𝒟𝐴, 𝒟𝐵), 
 
where 𝒞(𝑥, 𝑦) is called copula function. According to Sklar theorem (Sklar, 1959) [18], for every joint 
distribution one can recover the corresponding copula function, and given a copula function one can 
generate a joint distribution simply specifying the marginal distributions. The requirements for a function to 
be a copula function are quite loose and intuitive. First, it must be a mapping from the unit hypercube to the 
unit interval. Second, if one of the arguments is zero, the function must return zero and if all the other 
arguments except one are equal to 1, the function must return the value of that argument. Third, the 
volume of the function cannot be negative.  
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Copula functions are non-parametric tools to analyse dependence, and they can be easily used to recover 
super-replication bounds. In order to see this, it is sufficient to remind that each copula function is limited by 
the bounds 
 

𝑀𝑎𝑥(𝒟𝐴 +𝒟𝐵 − 1; 0) ≤ 𝒞(𝒟𝐴, 𝒟𝐵) ≤ 𝑀𝑖𝑛(𝒟𝐴; 𝒟𝐵), 
 
where the two bounds are known as Fréchet bounds, and correspond to perfect positive (r.h.s.) and negative 
(l.h.s.) dependence. In higher dimensions, given n risk factors 𝐴1, … , 𝐴𝑛 with distributions 𝒟1, … , 𝒟𝑛, the 
definition of the prefect negative dependence bound is particularly cumbersome, and it is again object of 
study, so that, typically, the analysis is restricted to the positive dependence orthant and the lower limit is 
represented by independence (product copula): 
 

∏𝒟𝑖

𝑛

𝑖=1

≤ 𝒞(𝒟1, … , 𝒟𝑛) ≤ 𝑀𝑖𝑛(𝒟1, … , 𝒟𝑛). 

 
In order to evaluate what happens under the extreme adverse scenario it is first required to assess whether 
a product is long or short correlation. A simple rule of thumb to give this answer is to ask whether the pay-
off includes an AND rather than an OR statement. In the former case, the product is long correlation, while in 
the latter the position is short. A simple standard example provides the reason for this.  
 
Example: First and Last to Default 
Consider a set of two obligors, A and B, and consider the value of a first-to-default protection on them. 
Denote with 𝑃𝐴 and 𝑃𝐵 their default probabilities, and with 𝒮(1–𝑃𝐴 , 1–𝑃𝐵 ) the survival copula, that is their 
joint survival distribution. Then, the value of the first-to-default contract would be simply given by 
 

𝐹𝑇𝐷 ∝ 1 − 𝒮(1–𝑃𝐴 , 1– 𝑃𝐵 ), 
 
where for simplicity we omitted times and discount factor. Now, it is clear that when correlation increases 
the copula function 𝒮(1–𝑃𝐴 , 1– 𝑃𝐵 ) increases, the FTD decreases, and the product is short correlation. 
Notice that it gives payment if one OR the other obligors goes into default. Consider now the case of a 
second-to-default (that in a general setting would be the last-to-default). In this case, denote 𝒞(𝑃𝐴 , 𝑃𝐵 ) the 
copula function of the joint default. It is then clear that this product would pay protection if the first AND the 
second obligor defaults, which may be written:  
 

𝐿𝑇𝐷 ∝ 𝒞(𝑃𝐴 , 𝑃𝐵 ), 
 
in addition, since the value of copula increases with correlation, the product is long correlation.  
Once one has defined the sign of the exposure with respect to correlation, a prudent valuation of the 
financial product can be obtained by assuming adverse correlation scenarios. For reference, in some cases it 
may be useful to consider the extreme cases of the super-replication portfolios, which quite often can be 
retrieved in closed form. Here below we show the super-replication value in three very important cases. 
 
Everest Notes 
This is an equity correlation product that has been quite common. It is a debt note that at maturity pays the 
worst return out of a basket of securities or indexes. In other words, it includes a rainbow option, more 
precisely a multivariate call option whose underlying is the minimum of a basket of prices. It is immediate to 
check, by the rule of thumb above, and it is quite easy to prove, that the call-on-min is long correlation. So, 
the super-replication value can be obtained by substituting the Fréchet bounds in the pricing formula 
 

𝐶𝑎𝑙𝑙𝑠𝑢𝑝(𝑅𝑚𝑖𝑛, 𝐾, 𝑇) = 𝑃(𝑡, 𝑇)∫ 𝒞[𝑄(𝑅1(𝑇) > 𝑥),… , 𝑄(𝑅𝑛(𝑇) > 𝑥)]𝑑𝑥
+∞

𝐾

, 
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𝐶𝑎𝑙𝑙𝑖𝑛𝑓(𝑅𝑚𝑖𝑛, 𝐾, 𝑇) = 𝟏{𝐾∗>𝐾}𝑃(𝑡, 𝑇)∫ 𝑄1(𝑅1(𝑇) > 𝑥)𝑑𝑥
𝐾∗

𝐾

+ 𝟏{𝐾∗>𝐾}𝑃(𝑡, 𝑇)∫ 𝑄2(𝑅2(𝑇) > 𝑥)𝑑𝑥
+∞

max(𝐾,𝐾∗)

 

 
= 𝟏{𝐾∗>𝐾}[𝐶𝑎𝑙𝑙(𝑅1, 𝐾

∗, 𝑇) − 𝐶𝑎𝑙𝑙(𝑅1, 𝐾, 𝑇)] + 𝐶𝑎𝑙𝑙(𝑅2,max(𝐾, 𝐾
∗) , 𝑇), 

 
 

𝑅𝑚𝑖𝑛 = 𝑀𝑖𝑛{𝑅1, … , 𝑅𝑛}, 𝑅𝑖(𝑇) =
𝑆𝑖(𝑇)

𝑆𝑖(0)
− 1, 𝑖 = 1,… , 𝑛. 

 
where Qk and Rk, k=1,2 denote the marginal risk-neutral probabilities of price and the appreciation of asset 
k respectively. Notice that the lower bound of the price, that is the relevant super-replication bound of a 
short position, is given by a static portfolio of univariate options, such that the portfolio is made of one call 
spread and one call. 
 
Asset Backed Security (ABS) senior tranche 
This is the prototype of those products that today are called “toxic assets”. It refers to bonds issued as a 
result of large Collateralized Debt Obligations (CDOs), which are securitization deals of large amounts of 
mortgages, small firm loans, and the like. The senior tranche has typically quite high “attachment” levels. We 
remind that “attachment” is the percentage of losses above which the tranche begins to absorb losses and 
its principal begins to be impaired. The typical pricing model for these products is due to Vasicek and is 
based on the asymptotic expansion of a standard Merton model economy with homogeneous obligors [25]. 
It turns out that the expected loss on a senior tranche is given in terms of a bivariate Gaussian copula, 
namely 
 

𝐸𝐿 = 𝑃 − 𝑁 [𝑁−1(𝑃),𝑁−1(𝐿𝑑),√1 − 𝜌
2], 

 
where 𝑃 is the common default probability of each credit in the securitization deal, 𝐿𝑑 denotes the 
attachment level of the senior tranche, 𝑁(𝑥) is the standard normal distribution, and 𝑁(𝑥, 𝑦, 𝜌) is the 
bivariate normal distribution with correlation 𝜌. This is the correlation between the asset of the average 
obligor and the common risk factor, representing the business cycle. Again, the super-replication bounds are 

obtained by substituting 𝑃𝐿𝑑 and min(𝑃, 𝐿𝑑) for the Gaussian copula 𝑁[𝑁−1(𝑃),𝑁−1(𝐿𝑑), √1 − 𝜌
2]. Notice 

that the expected loss increases with correlation, so that the value of the senior tranche decreases. Senior 
tranches are thus negatively affected by correlation, (they are short correlation). Intuitively, the explanation 
is the same as that of the last-to-default example above. The extreme loss of a senior tranche happens if all 
the assets in the collateral default. The Figure 7 below gives a representation of super-replication bounds for 
a senior tranche with 30% attachment.   



 Prudent Valuation Guidelines and Sound Practices 
 

AIFIRM – Market Risk Committee Page 37 of 148 

 

 
Figure 7: Representation of super-replication bounds for a senior tranche with 30% attachment and 
correlation 𝝆 = 𝟎, 𝟏, as a function of the average delinquency rate of the mortgage collateral.   
 
Wrong Way Risk  
This is one of the key factors in prudent valuation of derivative contracts with counterparty risk and XVAs in 
general (see sec. 6.5 below). So, for example, consider the counterparty risk for the long counterparty of a 
plain vanilla swap (fixed rate receiver counterparty) with payment dates {𝑇1, … , 𝑇𝑛}. We can modify the CVA 
formula for counterparty risk (see sec. 6.5.3 bottom) to allow for dependence between the underlying and 
the default of the counterparty C by writing 
 

𝐶𝑉𝐴(𝑡) =∑𝐶𝑉𝐴𝑗(𝑡)

𝑁

𝑗=1

= −𝐿𝐺𝐷𝑐∑∑𝑃(𝑡, 𝑇𝑖+1) ∫ 𝒞[1 − 𝑉(𝑥), 𝑞𝑐(𝑇𝑗−1, 𝑇𝑗)]𝑑𝑥

+∞

𝐾

𝑁−1

𝑖=𝑗

𝑁

𝑗=1

, 

 
where 𝑉(𝑥) is the pricing kernel of the swap rate from 𝑇𝑖 to 𝑇𝑁. Assuming perfect dependence between 
credit and underlying swap rate, the super-replicating portfolio, the Frechet bound 𝒞(𝑥, 𝑦) ≤ 𝑀𝑖𝑛(𝑥; 𝑦), 
yields for every period j,  
 

𝐶𝑉𝐴𝑗(𝑡) ≤ 𝐿𝐺𝐷𝑐max[𝐾
∗(𝑇𝑗) − 𝐾, 0]𝐴(𝑡; 𝑇𝑗, 𝑇𝑛)𝑞𝑐(𝑇𝑗−1, 𝑇𝑗) + 𝐿𝐺𝐷𝑐𝑉𝑆𝑤𝑎𝑝𝑡𝑖𝑜𝑛(𝑡; 𝑡𝑗, 𝑻,max[𝐾

∗(𝑇𝑗), 𝐾] , 1), 

 

Where we have specialised the IRS CVA formula of sec. 6.5 below to the case of unilateral CVA,  𝐴(𝑡, 𝑇𝑗, 𝑇𝑛) is 

the swap annuity from 𝑇𝑗 to 𝑇𝑛, and 𝐾∗(𝑇𝑗) is such that 𝑉[𝐾(𝑡, 𝑇𝑗, 𝑇𝑛) > 𝐾∗(𝑇𝑗)] = 𝑞𝑐(𝑇𝑗−1, 𝑇𝑗). The 

extreme CVA value is then obtained by adding all the CVAs. So, the super-replication bound requires a 
position in CDS and a portfolio of default free swaptions. In Figure 8 below, we show an example of the 
distance between the super-replication value of the hybrid options, with respect to the standard case of 
independence between default of the counter party and the swap rate. More in depth analysis, including the 
case of the short party in the contract, are reported in Cherubini (2013) [105].  
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Figure 8: CVA of a receiver IRS with increasing maturities (x-axis): difference between the super-replication 
value of the hybrid options (dashed line) w.r.t. the case of independence between counterparty default and 
underlying swap rate (continuous line). 

 
 
6.3 Concentration risk  
The classical pricing theory is based on frictionless and competitive markets where the effect of individual 
trades on asset prices is usually ignored because the traded amount is assumed to be tiny w.r.t. the average 
trading volume of the asset. However, when large-blocks transactions are executed or the liquidity of 
financial market is very limited, buying and selling moves the price against the trader. This kind of risk is 
called concentration risk, and it is closely linked to market liquidity risk. On the one hand, if one considers 
concentration risk with regards to securities, this simply coincides with market liquidity risk as described in 
section 6.2.2. On the other hand, when it comes to derivatives, the connection with market liquidity risk lies 
on the fact that the price of the underlying asset is affected by price impact whenever the replicating 
portfolio is rebalanced. In such a scenario, the classical pricing theory must be extended to take into account 
the market impact of trading and the feedback effect on prices. In other words, prices must be corrected to 
take into account the market price of liquidity risk.  
 
There exists a wide literature concerning liquidity risk (see e.g. [52], and the related references therein); 
however, only scant attention has been given to the problem of pricing derivatives. In the presence of 
concentration risk, one result seems to be recurring, and concerns price manipulation: when the investor 
rebalances, her portfolio might be able to use price impact at her favour. In other words, even though such a 
setting implies higher replicating costs, some gains may arise from manipulation (for a complete analysis of 
the issue see, e.g. [65], which derives the constraints that rule out manipulation).  
 
A general approach to concentration risk can be found in Cherubini and Mulinacci (2012) [60]. This paper 
shows an example on how to compute a valuation adjustment that takes into account liquidity costs.  Let 
(𝑆𝑡)𝑡=0,...,𝑇 be the mid-price of an asset at time t, and T be the maturity of a derivative written on S whose 
payoff is 𝑉(𝑆𝑇). We denote with 𝑃𝑉(𝑡) the derivative’s prudent value to which the hedging strategy 
(𝑑𝑡)𝑡=0,...,𝑇−1 is associated. If 𝑑𝑡 is large in absolute value, an additional liquidity cost defined by the order 
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book must be considered: let 𝑙(𝑑𝑡) be the liquidity cost of the transaction of size 𝑑𝑡. The derivative’s price 
becomes 
 

𝑃𝑉(𝑡) = 𝐹𝑉0(𝑡) + 𝑉𝐿(𝑡), 
 

𝐹𝑉0(𝑡) ≔ 𝔼𝑡
𝑄[𝐷(𝑡, 𝑇)𝑉(𝑆𝑇)], 

 

𝑉𝐿(𝑡) ≔ 𝔼𝑡
𝑄
[∑𝐷(𝑡, 𝑢)𝑙(𝑑𝑢)

𝑇−1

𝑢=0

], 

 
where, 𝐹𝑉0(𝑡) is the fair value in the absence liquidity costs and 𝑉𝐿(𝑡) is the present discounted value of the 
liquidity costs to be sustained under all possible future scenarios. Thus, this technique allows obtaining a 
super-hedging strategy with price 𝑃𝑉(𝑡) = 𝐹𝑉0(𝑡) + 𝑉𝐿(𝑡), where 𝑉𝐿(𝑡) can be considered as a candidate 
for the AVA Concentrated Positions (CoPo) of sec. 8.8. 
In the classical approach above an exogenous liquidity cost function 𝑙(∙) is given. In general, 𝑙(∙) is 
independent of the trader's past actions as it depends only on the order size: a large order has a price effect 
limited to the instant in which the order is placed, and there is no lasting impact on the price process. In the 
case of large positions, in addition to the above considered instantaneous market impact, the fact that such 
impact is followed by a relaxation phenomenon, in which the size of the impact decreases to a smaller value 
that does not expire with time, should be considered. In other words, the effect of a persistent permanent 
effect should be taken into account.  
 
The issue of hedging a derivative in the presence of concentration risk is also addressed in Liu and Yong 
(2005) [44], where a price impact function 𝜆(𝑡, 𝑆𝑡) is introduced in the dynamics of the underlying stock 
price, 
   

𝑑𝑆𝑡
𝑆𝑡

= 𝜇(𝑡, 𝑆𝑡)𝑑𝑡 + 𝜎(𝑡, 𝑆𝑡)𝑑𝑊𝑡 + 𝜆(𝑡, 𝑆𝑡)𝑑𝑁𝑡, 

 
where 𝑁𝑡 is the number of shares that the trader holds in its portfolio at time 𝑡 and 𝜆(𝑡, 𝑆𝑡)𝑑𝑁𝑡 is the price 
impact of the investor's trading on the asset price (if 𝜆(𝑡, 𝑆𝑡) = 0 we recover the classical case without 
liquidity cost). As for the trading strategy the authors assume  
 

𝑑𝑁𝑡 = 𝜂(𝑡)𝑑𝑡 + 𝜉(𝑡)𝑑𝑊𝑡 , 
 

𝑁0 = 𝑛0. 
 
Hence, considering a European option with payoff 𝑓(𝑆𝑇) at maturity T, putting everything together the price 
V faces the following system of forward-backward SDEs 
 

𝑑𝑁𝑡 = 𝜂(𝑡)𝑑𝑡 + 𝜉(𝑡)𝑑𝑊𝑡 , 
 

𝑑𝑆𝑡
𝑆𝑡

= [𝜇(𝑡, 𝑆𝑡) + 𝜆(𝑡, 𝑆𝑡)𝜂(𝑡)]𝑑𝑡 + [𝜎(𝑡, 𝑆𝑡) + 𝜆(𝑡, 𝑆𝑡)𝜉(𝑡)]𝑑𝑊𝑡 , 

 
𝑑𝑉𝑡 = {𝑟(𝑡, 𝑆𝑡)𝑉𝑡 + [𝜇(𝑡, 𝑆𝑡) + 𝜆(𝑡, 𝑆𝑡)𝜂(𝑡) − 𝑟(𝑡, 𝑆𝑡)]𝑁𝑡𝑆𝑡}𝑑𝑡 

+[𝜎(𝑡, 𝑆𝑡) + 𝜆(𝑡, 𝑆𝑡)𝜉(𝑡)]𝑁𝑡𝑆𝑡𝑑𝑊𝑡, 
 

𝑁0 = 𝑛0,  𝑆0 = 𝑠0 > 0,  𝑉𝑇 = 𝑓(𝑆𝑇), 
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where 𝑉𝑡 is the hedging portfolio process and 𝑉𝑇 = 𝑓(𝑆𝑇) is the perfect hedging condition. Under suitable 
regularity assumptions on the coefficients, the problem above admits a unique solution so that 
 

𝑉𝑡 = ℎ(𝑡, 𝑆𝑡)𝑁𝑡 = ℎ𝑆(𝑡, 𝑆𝑡), 
 
where the subscript denotes partial derivatives, and ℎ(𝑡, 𝑆𝑡) satisfies 
 

ℎ𝑡 + 𝑟(𝑡, 𝑆𝑡)𝑆𝑡ℎ𝑆 +
𝜎(𝑡, 𝑆𝑡)

2𝑆𝑡
2ℎ𝑆𝑆

2[1 − 𝜆(𝑡, 𝑆𝑡)𝑆𝑡ℎ𝑆𝑆]
2
= 𝑟(𝑡, 𝑆𝑡)ℎ, 

 
ℎ(𝑇, 𝑆𝑇) = 𝑓(𝑆𝑇), 

 
where ℎ𝑡, ℎ𝑆 , ℎ𝑆𝑆 denote partial derivatives. Notice that the equation above differs from the classical Black 
and Scholes heat equation only because of the term [1 − 𝜆(𝑡, 𝑆𝑡)𝑆𝑡ℎ𝑆𝑆]

−2. Therefore, the pricing PDE above 
implies that the effect of price impact on the replication after the initial trade manifests itself only through a 
trade’s impact on the stock volatility. As the authors point out, this suggests that if the trader is able to affect 
only the expected return of the stock but not its volatility, the problem’s solution is the same as that without 
price impact, i.e., no additional cost must be added to the valuation. Moreover, it is worth noting that the 
price impact function, 𝜆(𝑡, 𝑆𝑡), as modeled in this paper, incorporates a decreasing time factor. The 
assumption behind this functional form is that as time passes, the private information about the asset value 
is gradually revealed so that the price impact gradually decreases to zero at maturity, preventing any price 
manipulation at expiration. In particular, 𝜆(𝑡, 𝑆𝑡) has the following form, 
 

𝜆(𝑡, 𝑆𝑡) =  {

𝛾

𝑆
(1 − 𝑒−𝛽(𝑇−𝑡) ,   𝑖𝑓 𝑆− ≤ 𝑆 ≤ 𝑆+

0 ,                                      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 
where the constant price impact coefficient 𝛾 > 0 measures the price impact per traded share, and 𝑆−, 𝑆+ 
represent respectively, the lower and the upper limit of the stock price within which there is a price impact. 
Note that the magnitude of the impact is proportional to the number of shares traded within a certain range.  
More coherently with the market microstructure literature, Abergel and Loeper (2013) [61] model the price 

impact distinguishing between instantaneous and permanent price impact. Let �̂�𝑡 and 𝑆𝑡 be the prices of an 
asset immediately before and after a transaction of size 𝑥, respectively. Consider a derivative written on S, 
with payoff at maturity T given by 𝑓(𝑆𝑇), and assume, for the sake of simplicity, null instantaneous interest 
rate. The instantaneous impact of the transaction is 
 

𝐼𝑖(𝑥) = �̂�𝑡𝑘(𝑥), 
 
where 𝑘(𝑥) is a cost function depending on the size of the transaction, such that 𝑘(0) = 0, and 𝐼𝑖(𝑥) 

represents the difference between �̂�𝑡 and 𝑆𝑡 immediately after the transaction is completed. The permanent 
impact is modelled proportionally to the instantaneous impact as 
 

𝐼𝑝(𝑥) = 𝛾�̂�𝑡 𝑘(𝑥) = 𝛾𝐼𝑖(𝑥), 

 
where 0 ⩽ 𝛾 ⩽ 1.  
 
Then, as usual, the value of the replication portfolio at time t is given by 
 

𝑉𝑡 = 𝛿𝑡𝑆𝑡 + 𝛽𝑡, 
 
where 𝛿𝑡  (respectively 𝛽𝑡) is the amount of stock (respectively cash) held during period (𝑡 − 1, 𝑡) and 𝑆𝑡 is 
given by 
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𝑆𝑡 = �̂�𝑡  [1 + 𝛾𝑘(𝛿𝑡 − 𝛿𝑡−1)]. 
 
It follows that the incremental cost of hedging at time t is 
 

𝐶𝑡 = �̂�𝑡  ∫ (1 + 𝑘(𝑥))
𝛿𝑡−𝛿𝑡−1

0

𝑑𝑥 + (𝛽𝑡 − 𝛽𝑡−1). 

 
In other words, the equation above describes the additional costs induced both by instantaneous and 
permanent price impact. As expected, when 𝑘(𝑥) = 0, we go back to the classical example where no 
liquidity cost is experienced (𝐶𝑡 = 0), and the investor can rebalance her portfolio with no frictions. Basically, 

one can think of the above equation as follows: �̂�𝑡 incorporates the permanent price impact, and the second 
element in the sum takes into account the instantaneous price impact. Moreover, also 𝛽𝑡 − 𝛽𝑡−1 is affected 
by price impact, and do not correspond to the classical one. It is worth noting that both instantaneous and 
permanent price impact are induced by previous portfolio adjustment, since the investor moves the price 
right after the completion of the transaction. 
The results of Abergel and Loeper (2013) [61] require the choice of a suitable functional form for 𝑘(𝑥). The 
market microstructure literature has widely covered the topic of market impact, defined as “the expected 
price change conditioned on initiating a trade of size x and a given sign (buy or sell)”. Several functional 
forms of market impact have been considered: 

 a concave function, generally found when considering the impact of an individual transactions, 

 a less concave or even linear function, in the case of “metaorders”, i.e. large trading orders that might be 
split into pieces and executed incrementally. 
 

In Lillo and Pirino (2014) [62] an overview of the models is considered, and in the case of metaorders, the 
linear model 
 

𝑘(𝑥) = 𝜎
𝑥

𝑉𝑎𝑣𝑔
, 

 
where 𝜎 is the daily volatility and 𝑉𝑎𝑣𝑔 is the average daily traded volume of the asset, is considered and 

tested. 
 
Most of the papers described above define a super-replicating strategy in the presence of price impact. 
Agliardi and Gencay (2014) [63] approach the problem in a different way: the trader will assume some risk of 
shortfall at maturity in order to benefit from reduced liquidity costs. More precisely, instead of considering 
the problem of the perfect hedge, here an optimal strategy is considered that minimizes the sum of the 
expected total liquidity costs incurred in adopting the strategy and the variance of the difference between 
the corresponding wealth process value and the derivative pay-off at maturity. The problem cannot be 
solved in closed form and numerical implementation is required. Moreover, the sensitivity with respect to a 
resilience effect of the price impact is analysed. Such a setting points out two main facts: (i) there exists a 
trade-off between cost (trading too aggressively) and risk (trading too passively); (ii) in case of lasting price 
impact, there is a trade-off between hedging and manipulating. 
 
 
6.4 Model Risk 
 
6.4.1 Model Risk in financial instruments valuation 
The valuation of a portfolio of financial instruments relies, in general, on two main approaches: 
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 Mark to market: the price of the financial instrument is obtained directly from the market, e.g. from 
an exchange actively trading exactly that instrument, or from market prices of similar instruments 
through simple calculations, e.g. interpolations/extrapolations. The final output is a market price. 

 Mark to model: the price of the financial instrument neither is directly quoted on the market nor 
can be easily obtained from similar market instruments; thus one must resort to pricing models. The 
final output is a model price. 

 
Pricing model 
Apart from financial instruments directly traded on exchanges (level 1 instruments in the Fair Value 
hierarchy, e.g. Futures), the valuation of all the other instruments requires appropriate mathematical and 
numerical frameworks, called “pricing models”. Following Derman (1996) [66], there are at least three 
categories of pricing models in finance. 

1) Fundamental models  
A system of postulates and data, together with a means of drawing dynamical inferences from them. 
These models attempt to build a fundamental description of some phenomenon (e.g. the dynamics 
of a stock) to derive their consequences (e.g. the price of a derivative written on the stock).   
Example: the classical Black-Scholes model, a set of postulates about the evolution of stock prices, 
data about dividend yield and volatility, and a theory of dynamical hedging together allow the 
derivation of a PDE to compute options values, and possible analytical formulas. 

2) Phenomenological models  
A description or analogy to help visualize something that cannot be directly observed. These models 
are less fundamental and more expedient. They typically just fit one case, with no universal validity. 
Example: simple bond option models, assuming the yield of the underlying bond as being normally 
distributed. This is a useful picture with a plausible feel to it. But it’s only a toy. 

3) Statistical models  
A statistical analysis of data. These models rely on correlations rather than on causality. The 
observed correlations are a consequence of some more fundamental dynamics whose details are 
ignored. Strictly, statistical models describe tendencies rather than dynamics.  
Example: a mortgage prepayment model that regresses prepayment rates against interest rates and 
mortgage lifetimes. Homeowners are actually performing obscure cost-benefit analyses in deciding 
prepayment, but we just observe the consequences on some market parameters and we derive a 
prepayment rate. 

Fundamental models based on no-arbitrage and replication allow a bridge between the two worlds of 
marking to market and marking to model. In fact, they imply that, in a complete market, non-quoted 
financial instruments may be replicated using an appropriate portfolio of quoted financial instruments, 
called replication portfolio, or hedge portfolio. Replication means that: 

 the price of the instrument is given by the price of the replication portfolio; 

 the risks (or sensitivities, or greeks) of the instrument are broken down w.r.t. the risks of the 
replication portfolio. 

Under this view, each financial instrument admits a set of corresponding hedging instruments, quoted on 
the market. Since there is a biunivocal correspondence between the values of the underlying market 
variables and the corresponding prices and greeks of the hedging instruments, we have two equivalent 
definitions of pricing model. 

 Pricing Model Definition One: the set of postulates necessary and sufficient to establish a biunivocal 
correspondence between the price and the greeks of a financial instrument and the values of the 
underlying market variables; 

 Pricing Model Definition Two: the set of postulates necessary and sufficient to establish a biunivocal 
correspondence between the price and the greeks of a financial instrument and the values of the 
underlying hedging instruments. 
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The task of pricing financial instruments using models can be summarized in the following steps (see e.g. 
[66]). 

 Understand the financial instruments and describe mathematically the payoff functions. 

 Select the most important risk factors underlying the instrument (e.g. interest rates, stocks/indexes 
values, etc.).  

 Understand the market associated to the instrument, the underlying risk factors, and select the 
market instruments candidate as calibration and/or hedging instruments. 

 Choose a model dynamics (time evolution) for the selected underlying risk factors.1 

 Derive model pricing formulas for calibration/hedging instruments (possibly analytical formulas). 

 Calibrate the model parameters to the calibration instruments according to some appropriate 
calibration strategy and algorithm. In this way, the market information is encoded into the model 
parameters. 

 Price the instruments, according to the calibrated model parameters, using the appropriate 
analytical and/or numerical methods. 

 Calculate the instruments’ sensitivities to market quotes or model parameters, and hedge the 
positions’ risk accordingly. 

 Encode the model into a software, test, validate, and distribute to users. 
 
In Figure 9 we show a sketch of the main elements of a pricing model described above. 

 

 
Figure 9: Sketch of the main elements of a pricing model (see e.g. [66]). 
 
Pricing Model Risk  
Following the discussion above it is clear that, in general, different modelling choices affect instrument 
prices and hedging strategies. Hence the occurrence of “model risk”, or model uncertainty. In the literature 
there are at least two definitions of model risk (see refs. [66]-[76], [113], and refs. [66], [68], [72] in 
particular).  

 Model Risk Definition One (Derman, 1996): “the risk that the model is not a realistic (or at least 
plausible) description of the factors that affect the derivative's value.” [66]. 



 Prudent Valuation Guidelines and Sound Practices 
 

AIFIRM – Market Risk Committee Page 44 of 148 

 

 Model Risk Definition Two (Rebonato, 2002): “the risk of a significant difference between the mark-
to-model value of an instrument, and the price at which the same instrument is revealed to have 
traded in the market.” [68]. 

Actually, there is no “true”, or “right”, or “wrong” value of a financial instrument: the value is the price at 
which we are able to trade that instrument on the market. The accounting definition of fair value (IFRS13, 
FAS157) is based on the idea of exit price, i.e. «the price that would be received to sell an asset or paid to 
transfer a liability in an orderly transaction between market participants at the measurement date” [7]. As 
long as the market agrees with our valuation, we do not observe profit & losses due to marking to model, 
even if market prices are not reasonable, because we can sell that instrument at that price equal to our 
mark-to-model value. Profit and losses do not appear because of a possible discrepancy between the mark-
to-model value and the “true” value of an instrument, but because of a possible discrepancy between the 
mark-to-model value and the market price of the instrument. If a model is not realistic, the future price 
dynamics implied by the model, even if calibrated to liquid financial instruments, will differ from the actual 
price dynamics implied by the hedging instruments, leading to a difference between the expected vs realized 
profit&loss. 
In conclusion, Model Risk Definition One by Derman refers to realism and is consistent with the idea of 
«value», what we actually think will realize in the future. Model Risk Definition Two by Rebonato refers to 
phenomenology and is consistent with the idea of «price», what we actually observe in the market. Actually, 
the two definitions are complimentary, since unrealistic models used to price and hedge portfolios of 
financial instruments will typically lead to unexpected P&Ls over long time horizons, even if the mark to 
model for exotics is consistent with the prices observed on the market. 
 
Most of the practical cases where model risk appears in day-to-day operations are the following. 

 Alternative models for complex instruments, e.g. Heston or Local Volatility models for structured 
equity products. 

 Alternative model calibrations, e.g. different calibration baskets or weights, objective functions, 
optimization algorithm (e.g. global vs local). 

 Alternative model implementations: e.g. fast analytical approximation versus slow exact numerical 
solution, or one factor versus multi factor modelling). 

 Alternative numerical approaches, e.g. Monte Carlo versus PDE, or different numerical integration 
algorithms. 

 Intrinsic numerical uncertainty, e.g. Monte Carlo standard deviation in prices, sensitivities and hedge 
ratios. 

 Illiquid market for which price discovery process is not present or too slow (deep out of the money 
vanilla options). 

 Presence of illiquid/ not calibrated / judgmental parameters. 

 Imperfections in the hedging strategy underlying a model. 

 Changes in the standard model used by market participants, e.g. switch to OIS discounting for 
collateralized derivatives. 

 Appearance of new risk factors, or explosion of known risk factors not considered by the model, e.g. 
basis risk and multiple yield curves for interest rate derivatives. 

 
 
6.4.2 Consequences of Model Risk 
Model risk – whatever is its definition – may be observed. Unfortunately, such observations are typically 
hidden by other factors. 

 Too good or too bad prices: trades of similar type are systematically closed/not closed at 
competitive/not competitive prices (aggressive/conservative) w.r.t. other counterparties. 

 Mark to model uncertainity: different models calibrated to the same set of market instruments 
deliver similar prices for the same financial instrument. 
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 Mark to market revelation: after closing a deal, a significant difference emerges between the value 
offered by the model calibrated to market instruments (mark to model value) and the price 
observed on the market for similar instruments (mark to market value). 

 Negative time value: the mark to model value of a portfolio of instruments systematically declines, 
even if it is dynamically hedged using the hedging strategy suggested by the pricing model. 

All such observations lead to the conclusion that there is something wrong somewhere. What is wrong? The 
model or the market?  
Actually, there is a good test to decide whether the model or the market are wrong: check the model 
performance looking at the Profit & Loss (P&L). This kind of test is frequently called P&L Explain. There exist 
two types of P&L: the realized P&L is the mark to market/mark to model variation across some event (e.g. 
trade cash flows, new trades, old trades expiry, unwindings, etc.) or time window (e.g. 1 business day). This 
is clearly a model independent quantity and what really matters to the institution. The expected P&L is the 
P&L predicted by the model’s price and greeks based on realized changes of the underlying risk factors 
across some event or time window. This is a model dependent quantity and what really matters to model 
risk management. For a good model, we expect that expected and realized P&Ls systematically match each 
other. In case the expected and realized P&Ls systematically diverge, there are two possible choices. 

 The model is wrong: in this case fix the model, revalue the instruments, and register the P&L jump, 
hoping that the new expected P&L will realize as long as the instruments approach their maturities.  

 The market is wrong: in this case keep the model as is, and hope that the expected P&L will realize 
as long as the instruments approach their maturities. 

We stress that the P&L jump registered when the model is wrong is typically negative (a loss), because past 
deals had systematically more chances to be closed when model prices were too aggressive and less chances 
when model prices were too conservative. More details on P&L Explain are reported in a case study included 
in sec. 8.5. 
 
In Table 7 we show a selection of historical sources of model risk. 
 

Historical sources of model risk 

Period Main driver Main risk factor Effects 

1987 Black Monday Volatility Volatility smile 

2004 
 

Volatility 
Swaption volatility smile and CMS convexity 

adjustment 

2004 IAS39 Credit Credit Risk Adjustment (CRA) 

2007 Credit crunch Credit, liquidity Subprime write-down 

2007 Credit crunch Interest rate basis Multiple yield curves 

2009-2010 Credit crunch Interest rate basis CSA discounting 

2009-2010 Credit crunch Bilateral credit CVA & DVA (IFRS13, 2013) 

2013-2015 Credit crunch Funding Funding Valuation Adjustment (FVA) 

2013-2014 Credit crunch Interest rate 
Negative interest rates and inflation, negative Floor 
strikes, Bond floater coupons floored, end of Black’s 

model. 

2014- Credit crunch Capital charges Capital Valuation Adjustment (KVA) 

2017 Credit crunch Funding Bilateral initial margins 

Table 7: Selection of historical cases of model risk (incomplete list). The last two rows report expected future 
cases. 
 
 
6.4.3 Model Risk Scenarios 
The valuation uncertainty arising from the sources of model risk mentioned above, naturally leads to a lack 
of firm exit prices, and to possible fair value adjustments. Furthermore, the model risk valuation uncertainty 
naturally leads to the corresponding AVA mentioned in the CRR, art. 105.6, 7, 12 (mark to model), 105.10, 13 
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(AVA model risk), and in the EBA RTS, art. 11 (AVA model risk, MoRi). In Figure 10 we show a pictorial 
representation of the possible interplay and overlaps of Model Risk AVA with other AVAs. 

 

 
Figure 10: Possible relationships and overlaps between fair value, fair value adjustment, prudent value, AVA 
market price uncertainty (MPU), AVA close out cost (CoCo), AVA model risk (MoRi). Two ideal model price 
distributions are plotted. We assumed that the fair value is the mean of the distributions, and there is a fair 
value adjustment to the fair value to account for some model risk. Thus, the AVA MoRi is reduced of its 
corresponding fair value adjustment. The other AVAs MPU and CoCo are not reduced. We also assumed a 
possible order among the AVAs, such that 𝑨𝑽𝑨𝑴𝒐𝒓𝒊 < 𝑨𝑽𝑨𝑴𝑷𝑼 < 𝑨𝑽𝑨𝑪𝒐𝑪𝒐. 
 
The request of a 90% confidence level in the prudent value associated to model risk can be, in principle, 
exploited through a scenario approach typical of other risk classes, such as market risk, counterparty risk, or 
operational risk. For market risk, one typically generates a set of N alternative scenarios of present market 
data (using e.g. historical series), and re-compute the portfolio value on each scenario. The resulting N 
portfolio values are ordered into a distribution of profits & losses w.r.t. the base scenario value, and the 
appropriate percentile of the loss distribution, e.g. 99th, is taken as the 99% confidence level for such a loss, 
such that a larger loss has 1% or less historical probability. 
A similar approach is taken for counterparty risk, where one generates a set of N alternative scenarios of 
market data on a time grid with M future dates, using appropriate dynamics calibrated to historical series, 
and re-computes the portfolio value for each counterparty on each scenario and time step. The resulting N 
portfolio values for each time step and counterparty are ordered into a distribution of mark to futures, and 
the appropriate percentile of the exposures, e.g. 99th, is taken as the 99% confidence level for such a loss in 
case of each counterparty default, such that a larger loss has 1% or less probability. 
In addition, operational risk works with scenarios of operational losses (Loss Distribution Approach, LDA), 
typically described in terms of frequency and economic impact, or severity, of loss events. Scenarios may be 
both historically and expert-based, gathering information on previous registered realized operational losses 
and subjective opinions from recognized experts in each area subject to potential operational losses. The 
resulting N potential loss values are ordered into a distribution, and the appropriate percentile of the loss 
distribution, e.g. 99.9th, is taken as the 99.9% confidence level for such a loss, such that a larger loss has 0.1% 
or less historical probability. 
It is natural to think to model risk and to AVA MoRi in fairly similar terms.  
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 First, for each valuation model used to compute the fair value (called fair value model, or base 
model), we find the corresponding valuation positions including all the trades subject to each model. 
These are the valuation positions subject to model risk. 

 The collection of base valuation models, including their model specifications, calibration approaches 
and numerical methods, constitutes the base model scenario. 

 Then, we generate a set of N model scenarios, using appropriate rules following the discussion in 
sec. 6.4.1. Such model scenarios are specific of the valuation positions subject to model risk. 

 We compute N+1 values for the valuation positions on each model scenario (including the base 
model scenario), and N profits & losses w.r.t. the base model scenario. Model scenarios could be 
weighted with a prior probability, as described e.g. in Cont (2006) [70]. 

 The resulting N P&Ls are ordered into a distribution, and the appropriate percentile of the loss 
distribution (left tail), e.g. 90th, is taken as the 90% confidence level for such a model risk loss, such 
that a larger loss has 10% or less probability.  

In Table 8, we show a synthetic comparison between model risk scenario approach and other typical risk 
approaches mentioned above.   
 

Risk class Scenarios Risk measures 

Market risk Present market data VaR, Expected shortfall, etc. 

Counterparty risk Future market data EPE, Effective EPE, etc. 

Operational risk Operational loss event frequency and severity VaR 99.9% 

Model risk 

Model scenarios 
o Alternative models 
o Alternative numerical approaches 
o Alternative calibrations 

K-th percentile of distribution of 
model prices (10° percentile for 

Prudent Valuation) 

Table 8: Model risk scenario approach compared with other typical risk approaches. 
 
Although sound and appealing in principle, the model risk scenarios approach above is rather difficult in 
practice, because of the following reasons: 

 each valuation position and base model requires an ad hoc analysis to generate the corresponding 
model scenarios; 

 for each valuation position, not all possible combinations of models, calibrations and numerical 
solutions are equally realistic and admissible, thus the number of practical modelling alternatives 
may be, in general, too small to generate a statistics; 

 model calibrations may be instable on some model scenarios, thus a mechanism is needed to 
monitor and possibly accept/reject calibration results on each model scenario;  

 the computational cost of multiple model calibrations and repricing of valuation positions is typically 
very high, and possibly not feasible in practice 

The considerations above strongly limit the actual number of model scenarios used by market participants to 
very small N. Typically, the practically feasible solution is to consider just an alternative model and/or model 
calibration and/or numerical method only for the most complex models used for the most complex valuation 
positions. 
In sec. 8.5 we will exploit a possible case study of model risk scenarios. 

 
 
6.5 XVAs 
The valuation of OTC derivatives requires the valuation of the risk premium of the risk factors related to the 
financial contract, in particular: 

 The market risk premium related to the risky underlyings of the contract itself, such as interest rates, 
foreign exchange rates, equities, commodities, correlations, etc. 

 The risk premium related to other risk factors, such as: 
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o the default risk of the counterparties of the financial instrument (i.e. CVA/DVA),  
o the funding risk of future cash flows generated by the instrument, including possible 

collateral variation margin (i.e. FVA), or collateral initial margins (i.e. MVA),  
o the capital absorption risk connected to regulatory capital (i.e. KVA),  
o the capital absorption risk connected to the prudent valuation capital (i.e. AVAs). 

The risk premia associated to the second family of risk factors above are called XVA, where X stands for the 
particular risk factor and VA stands for Valuation Adjustment (VA) to the value of a financial instrument.  
We notice that single XVAs may be included into the fair value (such as CVA/DVA according to IFRS), or into 
the capital (such as KVA, AVA), or be debated (such as, presently, FVA, MVA). 
Such additional risks can be reduced using a variety of mitigation tools, such as the following.  

 Netting agreements, in particular the ISDA agreement, allows to split the portfolio of trades between 
two counterparties into one or more partitions, called netting sets, such that, in case of default of 
one counterparty, the surviving counterparty may proceed to close-out the position adding 
algebraically (netting) the trades in each netting set. If any trade is not included into a netting set, 
we may look at such trades as netting sets consisting of a single trade. 

 Collateral agreements (CSA) allows that the value of a netting set between two counterparties were 
exchanged (in the form of cash or liquid securities) as a guarantee, called collateral, and periodically 
updated (margined) according to appropriate rules. Such guarantee reduces the exposure between 
the two counterparties to the net difference between the value of the netting set and of the 
available collateral, thereby mitigating counterparty risk.  

Figure 11 below shows a qualitative description of the XVAs and their (possible) adoption by the market 
participants. Table 9 below reports a short glossary for XVAs. 
The literature about XVAs is rather large, see e.g. [94] and [104] for recent reviews. We discuss the XVAs in 
the following subsections. 

 

 
Figure 11: Pictorial representation of XVAs adoption by market participants.  
 
 

Valuation Adjustments 

Name Description Scope of 
application 

Impact 

CVA, Credit 
Valuation 
Adjustment 

The cost of the strategy to hedge the default risk of the 
counterparty. 

Netting set Fair 
Value 
(IFRS13) 

DVA, Debt 
Valuation 
Adjustment 

The cost to the counterparty of the strategy to hedge the 
default risk of ourselves. Matches with the CVA calculated 
by the counterparty to take into account our default risk.  

Netting set Fair 
Value 
(IFRS13) 
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FVA, Funding 
Valuation 
Adjustment 

The cost/benefit of the funding risk of a portfolio. Funding set Debated 

MVA, Initial Margin 
Valuation 
Adjustment 

The cost/benefit of the funding risk generated by initial 
margins for collateralized portfolios. 

Funding set Debated 

KVA, Capital 
Valuation 
Adjustment 

The cost of capital associated to a portfolio. Regulatory 
set 

Capital 

AVA, Additional 
Valuation 
Adjustment 

The cost of capital to account for valuation uncertainty of 
financial instruments at fair value. 

Valuation 
position10 

CET1 
(CRR) 

XVA Collective name for fair value adjustment. 
 

  

Table 9: Glossary of XVAs. 
 
 
6.5.1 Base value 
In general, we can define the XVAs as the difference between the total value 𝑉 of the instrument/portfolio, 
including all the risk factors discussed above, and the base value 𝑉0 of the same instrument/portfolio, 
including only the risk factors underlying the instrument/portfolio itself. In other words 

 
𝑉(𝑡) = 𝑉0(𝑡) + 𝑋𝑉𝐴(𝑡). 

 
We notice that such values may be calculated at different aggregation levels: single instrument level, netting 
set level with a given counterparty, portfolio level. 
The base value, denoted with 𝑉0, is the reference value for the instrument/portfolio. A proper definition of 
such component is very important for a coherent definition and calculation of XVAs. Within the context of 
XVAs, we define the base value 𝑉0 as the value of the same instrument under a perfect collateral agreement 
(CSA). The “perfect CSA” is an ideal CSA such that, at any time instant t, the counterparty with a positive 
exposure holds a liquid collateral 𝐶(𝑡) that perfectly matches the instrument/portfolio value 𝑉0(𝑡):  𝐶(𝑡) =
𝑉0(𝑡). In other words, the perfect CSA is such that the counterparty risk is reduced to zero. In practice, the 
perfect CSA associated to the base value 𝑉0 can be well approximated with a real standard CSA, with daily 
margination in cash, collateral currency equal to the instrument/portfolio currency, flat overnight collateral 
rate, zero threshold and minimum transfer amount.  
Under the hypotheses above, the base value can be written as 
 

𝑉0(𝑡) = 𝔼𝑡
𝑄[𝐷𝐶(𝑡, 𝑇)𝑉0(𝑇)], 

 

𝐷𝐶(𝑡, 𝑇) = 𝑒
−∫ 𝑟𝐶(𝑢)𝑑𝑢

𝑇

𝑡  
 

where: 

 𝐷𝐶(𝑡, 𝑇) is the (stochastic) discount factor for the time interval [𝑡, 𝑇], 

 𝑟𝐶(𝑢) is the (stochastic short) collateral rate. 
 
In practice, the calculation of the base value 𝑉0 requires to define an “accessory” CSA associated to any 
instrument/portfolio, both for collateralized and uncollateralized instruments/portfolios. We stress that the 
accessory CSA does not change the contract, but is just a rule to calculate the base value 𝑉0 and the XVAs 

                                                 
10 We refer here to the scope of application of the prudent valuation, discussed in sec. 4, and in particular to the valuation position of trades referring 
to the same valuation uncertainty.  
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accordingly. Clearly, some XVAs (i.e. CVA/DVA/FVA) will be negligible for those instruments/portfolios with a 
contractual CSA similar to the accessory CSA. A possible assignment of accessory CSA and discounting curves 
is reported in Table 10 below. 
 

Trade Trade currency Accessory CSA currency Discount curve 

Single currency 
derivative 

XXX XXX XXX OIS 

Cross currency 
derivative 

AAA/BBB YYY 
YYY OIS/AAA BASIS (AAA leg) 
YYY OIS/BBB BASIS (BBB leg) 

Table 10: A possible assignment of accessory CSA discounting curves to single/cross currency derivatives. 
XXX, YYY, AAA, BBB denote the different currencies (e.g. EUR, USD, etc.). The basis discounting curves are 
discounting curves consistent with market quotations of AAA/BBB cross currency swaps with collateral in 
currency YYY. 
 
 
6.5.2 XVAs math 
In this section, we define the most important quantities useful to deal with XVAs calculation.  
Let us assume a portfolio of trades as follows. 

 𝑁𝑐𝑡𝑝 = number of counterparties in the portfolio, 

 𝑁𝑐 = number of trades with counterparty c in the portfolio, 

 𝑁𝑐𝑖 = number of cash flows for trade 𝑖 with counterparty c. 

 𝑡 = valuation date.  

 𝑉𝑐𝑖(𝑡) = value of trade 𝑖 with counterparty c at valuation date t. 

 𝑻𝒊 = {𝑇𝑖,1, … ,  𝑇𝑖,𝑁𝑖𝑐},  𝑡 < 𝑇𝑖,1 < ⋯ < 𝑇𝑖,𝑁𝑐𝑖 = set of 𝑁𝑐𝑖  future cash flow dates for trade 𝑖 with 

counterparty c. 

 𝑐𝑐𝑖𝑗: = 𝑐𝑐𝑖(𝑇𝑖𝑗) = value of the (undiscounted) j-th cash flow generated by trade 𝑖 with counterparty 

c occurring at future cash flow date 𝑇𝑖𝑗. 

 
We have the following relations 
 

𝐶𝑐𝑖𝑗(𝑡) =
𝔼𝑡
𝑄
[𝐷(𝑡, 𝑇𝑖𝑗)𝑐𝑐𝑖(𝑇𝑖𝑗)]

𝑃(𝑡, 𝑇𝑖𝑗)
= 𝔼𝑡

𝑄𝑖𝑗
[𝑐𝑐𝑖(𝑇𝑖𝑗)] 

 

𝐷(𝑡, 𝑇) ≔
𝐵(𝑇)

𝐵(𝑡)
= 𝑒−∫ 𝑟(𝑢)𝑑𝑢

𝑇

𝑡 , 

 

𝑃(𝑡, 𝑇) =  𝔼𝑡
𝑄[𝐷(𝑡, 𝑇)], 

 

𝑉𝑐𝑖(𝑡) = 𝔼𝑡
𝑄
[∑𝐷(𝑡, 𝑇𝑖𝑗)𝑐𝑐𝑖𝑗(𝑡)

𝑁𝑐𝑖

𝑗=1

] =∑𝑃(𝑡, 𝑇𝑖𝑗)𝐶𝑐𝑖𝑗(𝑡)

𝑁𝑐𝑖

𝑗=1

, 

 

𝑉𝑐(𝑡) =∑𝑉𝑐𝑖(𝑡)

𝑁𝑐

𝑖=1

, 

 

𝑉(𝑡) = ∑ 𝑉𝑐(𝑡)

𝑁𝐶𝑡𝑝

𝑐=1

, 
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where:  

 𝐶𝑐𝑖𝑗(𝑡) = value of the j-th cash flow 𝑐𝑐𝑖𝑗 generated by trade 𝑖 with counterparty c occurring at future 

cash flow date 𝑇𝑖𝑗 expected at valuation time t (forward value, undiscounted). 

 𝑄,𝑄𝑖𝑗 = risk neutral and 𝑇𝑖𝑗-forward probability measures, respectively. 

 𝐵(𝑡) = bank account with short rate 𝑟(𝑡). 

 𝔼𝑡
𝑄[. ], 𝔼𝑡

𝑄𝑖𝑗[. ] = expectations at time t under 𝑄,𝑄𝑖𝑗, respectively. 

 𝐷(𝑡, 𝑇), 𝑃(𝑡, 𝑇) = stochastic and deterministic discount factors, respectively, referred to the time 
interval [𝑡, 𝑇]. 

 𝑉𝑐(𝑡) = value of c-th netting set with counterparty c. 

 𝑉(𝑡) = value the total portfolio, or funding set. 
 
We stress that, consistently with the definition of base value in sec. 6.5.1, the discount rate 𝑟(𝑢) above has 
to be identified with the collateral rate 𝑟𝑐(𝑢) associated to a perfect CSA. In the following, we will drop the 
subscript c to simplify the notation and to avoid confusion with the counterparty index c. 
For future convenience, we define the future mean/positive/negative values of trade 𝑖 with counterparty c 
between any two future dates 𝑢, 𝑠:  𝑡 ≤ 𝑢 < 𝑠 ≤ 𝑇 as the discounted expected value of the future cash 
flows beyond within the time interval [𝑢, 𝑠], as follows 
 

𝑉𝑐𝑖(𝑢, 𝑠) = ∑ 𝐷(𝑢,𝑇𝑖𝑗)𝑐𝑐𝑖𝑗

𝑁𝑐𝑖

𝑗:𝑇𝑖𝑗∈[𝑢,𝑠]

, 

 

𝑉𝑐𝑖
+(𝑢, 𝑠):= [ ∑ 𝐷(𝑢,𝑇𝑖𝑗)𝑐𝑐𝑖𝑗

𝑁𝑐𝑖

𝑗:𝑇𝑖𝑗∈[𝑢,𝑠]

]

+

, 

 

𝑉𝑐𝑖
−(𝑢, 𝑠):= [ ∑ 𝐷(𝑢,𝑇𝑖𝑗)𝑐𝑐𝑖𝑗

𝑁𝑐𝑖

𝑗:𝑇𝑖𝑗∈[𝑢,𝑠]

]

−

, 

 
When a portfolio of trades with the same counterparty c is subject to netting and collateral agreements, the 
future values above can be modified to take into account the collateral 𝐶𝑐 associated to the netting set with 
counterparty c as follows 
 

𝑉𝑐(𝑢, 𝑠) =∑𝑉𝑐𝑖(𝑢, 𝑠)

𝑁𝑐

𝑖=1

=∑ ∑ 𝐷(𝑢,𝑇𝑖𝑗)𝑐𝑐𝑖𝑗

𝑁𝑐𝑖

𝑗:𝑇𝑖𝑗∈[𝑢,𝑠]

𝑁𝑐

𝑖=1

, 

 
𝐻𝑐(𝑢, 𝑠):= 𝑉𝑐(𝑢, 𝑠) − 𝐶𝑐(𝑢, 𝑠), 

 
𝐻𝑐
+(𝑢, 𝑠):= [𝑉𝑐(𝑢, 𝑠) − 𝐶𝑐(𝑢, 𝑠)]

+, 
 

𝐻𝑐
−(𝑢, 𝑠):= [𝑉𝑐(𝑢, 𝑠) − 𝐶𝑐(𝑢, 𝑠)]

−, 
 

The values above, including collateral, are called future mean/positive/negative exposures (E/PE/NE). 
 

 
6.5.3 Credit/Debt Valuation Adjustments (CVA/DVA) 
The Credit/Debt Valuation Adjustment (CVA/DVA), also called Bilateral CVA (bCVA), is the valuation 
component of a portfolio of trades between two given counterparties, denoted conventionally as 
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Counterparty (for example, a corporation) and Investor (for example, a bank), that takes into account the 
default risk of the two counterparties.  
The bCVA may be further broken down into two components, called first to default Credit Value Adjustment 
(ftdCVA) and first to default Debt Value Adjustment (ftdDVA), which represent the following scenarios.  

 ftdCVA: the Counterparty defaults prior to maturity of the trade/portfolio and before the Investor 
(counterparty first to default), and the Investor has a positive exposure (positive future trade/portfolio 
value) towards the Counterparty. In this case, the Investor incurs into a loss equal to the replacement 
cost of the trade/portfolio value. The Investor’s ftdCVA is the discounted value of the expected future 
losses. It is, therefore, a negative component of the trade/portfolio value (from the Investor’s point of 
view). If the Investor defaults before the Counterparty, again with positive exposure, the 
trade/portfolio value is not affected, since the Counterparty must still fulfil its contractual obligations 
with the Investor. 

 ftdDVA: the Investor defaults prior to maturity of the transaction and before the Counterparty 
(Investor first to default), and the Investor has a negative exposure (negative future trade/portfolio 
value) towards the Counterparty. In this case, the Counterparty incurs into a loss equal to the 
replacement cost of the trade/portfolio value. The Investor’s ftdDVA is the discounted value of the 
expected future losses of the Counterparty. It is, therefore, a positive component of the 
trade/portfolio value (from the Investor’s point of view). If the Counterparty defaults before the 
Investor, again with negative exposure, the trade/portfolio value is not affected, since the Investor 
must still fulfil its contractual obligations with the Counterparty. 

Note the symmetrical nature of the bCVA: from the Counterparty’s point of view, the ftdCVA/ftdDVA of the 
Investor becomes the ftdDVA/ftdCVA of the Counterparty, respectively. In practice, there are six possible 
scenarios, outlined in Figure 12 below. 
  

 
Figure 12: The six possible scenarios of bCVA. B = Investor, C = Counterparty. Source: [89]. 

 
bCVA valuation 
Since the default scenarios above, plus the joint default scenario (when both counterparties default at the 
same time) are both exhaustive and mutually exclusive, we have, for any 𝑡 ≤ 𝑇, the following set relations 
 

1 = 1{𝑡<𝜏𝑐=𝜏𝐼≤𝑇} + 1{𝑡<𝜏𝑐<𝜏𝐼≤𝑇} + 1{𝑡<𝜏𝑐≤𝑇<𝜏𝐼} + 1{𝑡<𝜏𝐼<𝜏𝑐≤𝑇} + 1{𝑡<𝜏𝐼≤𝑇<𝜏𝑐} 

     +1{𝑡≤𝑇<𝜏𝐼<𝜏𝑐} + 1{𝑡≤𝑇<𝜏𝑐<𝜏𝐼} + 1{𝑡≤𝑇<𝜏𝑐=𝜏𝐼} 

 
    = 1{𝑡<𝜏𝑐=𝜏𝐼≤𝑇} + 1{𝑡<𝜏=𝜏𝑐}1{𝑡<𝜏𝑐≤𝑇} + 1{𝑡<𝜏=𝜏𝐼}1{𝑡<𝜏𝐼≤𝑇} + 1{𝑡<𝑇<𝜏}, 

 

    = 1{𝑡<𝑇<𝜏} + 1{𝑡<𝜏≤𝑇}(1{𝑡<𝜏=𝜏𝑐} + 1{𝑡<𝜏=𝜏𝐼} + 1{𝑡<𝜏𝑐=𝜏𝐼}), 

𝜏 ≔ 𝑚𝑖𝑛(𝜏𝑐 , 𝜏𝐼), 
 
where: 
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 𝑇 > 𝑡 = maturity of the netting set (i.e. maturity of the longest trade in the netting set). 

 𝜏𝑐 , 𝜏𝐼 , 𝜏 > 𝑡 = default times of the Counterparty, of the Investor, and of the first to default, 
respectively. 

 1{𝑡<𝜏≤𝑇} = 1{𝜏∈(𝑡,𝑇]} = default indicator in the time interval (𝑡, 𝑇] (1 if condition is met, 0 otherwise). 

 
The discounted payoff at time t of the netting set including the default risk of both counterparties and 
collateral (with rehypothecation) can be written, from the point of view of the Investor, as (see ref. [82], and 
also [103], [94], [104]) 

 

𝛱𝑐(𝑡, 𝑇) = 1{𝑡<𝑇<𝜏}𝐻𝑐(𝑡, 𝑇) + 1{𝑡<𝜏≤𝑇}

{
 
 

 
 

𝐻𝑐(𝑡, 𝜏)

+1{𝑡<𝜏=𝜏𝑐}[𝑅𝑒𝑐𝑐(𝜏𝑐)𝐻𝑐
+(𝜏𝑐, 𝑇) + 𝐻𝑐

−(𝜏𝑐 , 𝑇)]

+1{𝑡<𝜏=𝜏𝐼}[𝑅𝑒𝑐𝐼(𝜏𝐼)𝐻𝑐
−(𝜏𝐼 , 𝑇) + 𝐻𝑐

+(𝜏𝐼 , 𝑇)]

+1{𝑡<𝜏𝑐=𝜏𝐼}[𝑅𝑒𝑐𝑐(𝜏𝑐)𝐻𝑐
+(𝜏𝑐 , 𝑇) + 𝑅𝑒𝑐𝐼(𝜏𝐼)𝐻𝑐

−(𝜏𝐼 , 𝑇)]}
 
 

 
 

 

 
𝜏 ≔ 𝑚𝑖𝑛(𝜏𝑐 , 𝜏𝐼), 

 
where:  

 𝐻𝑐 , 𝐻𝑐
+, 𝐻𝑐

− are the future mean/positive/negative exposures defined in sec. 6.5.2 above. 

 𝑅𝑒𝑐(𝑡) = Recovery Rate (or fraction) for both the netting set and collateral values at time t. 

 𝐿𝐺𝐷(𝑡) = 1 − 𝑅𝑒𝑐(𝑡) = Loss Given Default at time t. 
 
Given the payoff above, the value 𝑉𝑐 of the netting set is given by 
 

𝑉𝑐(𝑡) = 𝔼𝑡
𝑄[𝛱𝑐(𝑡)] = 𝑉𝑐,0(𝑡) + 𝑏𝐶𝑉𝐴𝑐(𝑡), 

 

𝑉𝑐,0(𝑡) = 𝔼𝑡
𝑄[𝐷(𝑡, 𝑇)𝑉𝑐(𝑇)], 

 
𝑏𝐶𝑉𝐴𝑐(𝑡) =  𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) + 𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) + 𝑗𝑡𝑑𝐶𝑉𝐴𝑐(𝑡), 

 

𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[𝐿𝐺𝐷𝑐(𝜏𝑐)1{𝑡<𝜏=𝜏𝑐}1{𝑡<𝜏𝑐<𝑇}𝐷(𝑡, 𝜏𝑐)𝐻𝑐

+(𝜏𝑐)], 

 

𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[𝐿𝐺𝐷𝐼(𝜏𝐼)1{𝑡<𝜏=𝜏𝐼}1{𝑡<𝜏𝐼<𝑇}𝐷(𝑡, 𝜏𝐼)𝐻𝑐

−(𝜏𝐼)], 

 

𝑗𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[1{𝑡<𝜏=𝜏𝐼=𝜏𝑐}1{𝑡<𝜏<𝑇}𝐷(𝑡, 𝜏𝐼)[𝐿𝐺𝐷𝑐(𝜏𝑐)𝐻𝑐

+(𝜏) + 𝐿𝐺𝐷𝐼(𝜏𝐼)𝐻𝑐
−(𝜏)]], 

 
where jtdCVA is the joint to default CVA. From the point of view of the Investor, the ftdCVA is a negative 
quantity (as a depreciation of an asset, being the term 𝐻𝑐

+(𝜏𝑐) positive), the ftdDVA is a positive quantity (as 
an appreciation of a liability, being the term 𝐻𝑐

−(𝜏𝐼) negative), while the jtdCVA may be either positive or 
negative. We note that the joint default event, 𝜏 = 𝜏𝐼 = 𝜏𝑐, will not occur with positive probability in any 
continuous default model. Since the default events are not observed instantaneously, they can only be 
detected in the same time interval. Thus, the joint default will be important in the discrete-time 
approximation used in numerical calculation (see below). 
The formulas above can be written in integral form (see [91]) 
 

𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[∫ 𝐿𝐺𝐷𝑐(𝑢)𝜆𝑐(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐

+(𝑢)𝑑𝑢

𝑇

𝑡

], 
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𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[∫ 𝐿𝐺𝐷𝐼(𝑢)𝜆𝐼(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐

−(𝑢)𝑑𝑢

𝑇

𝑡

], 

 

𝑗𝑡𝑑𝐶𝑉𝐴𝑐(𝑡)) = −𝔼𝑡
𝑄
[∫ 𝜆𝐼(𝑢)𝜆𝑐(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)[𝐿𝐺𝐷𝑐(𝑢)𝐻𝑐

+(𝑢) + 𝐿𝐺𝐷𝐼(𝑢)𝐻𝑐
−(𝑢)]𝑑𝑢

𝑇

𝑡

], 

 
where  

 we have assumed a time inhomogeneous Poisson process for the default times  𝜏𝑥 , 𝑥 ∈ {𝐼, 𝑐} (see 
e.g. ref. [28]). 

 𝜆𝑥(𝑢) = default hazard rates. 

 1{𝜏𝑥>𝑡} = 𝐷𝜆𝑥(𝑡, 𝑢) = 𝑒
−∫ 𝜆𝑥(𝑢)𝑑𝑢

𝑇

𝑡 = default survival rate. 

 1{𝑢<𝜏𝑥≤𝑢+𝑑𝑢} = 𝜆𝑥(𝑢)𝑑𝑢 = default rate density. 

 
The formulas above are valid, in general, for any collateral type (since there are no assumptions on the form 
of 𝐶𝑐), and when the risk factors (the underlyings of the netting set, the discount rate in 𝐷(𝑡, 𝑇), the Loss 
Given Default 𝐿𝐺𝐷(𝑡), and the default time of the Counterparty and Investor 𝜏𝑐 , 𝜏𝐼  are random processes 
with their associated volatilities and correlations. A more general form including no rehypothecation, 
different recoveries for netting set and collateral values, is discussed in ref. [82].  
In case of unilateral defaults (discarding the first to default argument), we obtain the unilateral CVA/DVA 
expressions 

 

𝑢𝐶𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[𝐿𝐺𝐷𝑐(𝜏𝑐)1{𝑡<𝜏𝑐<𝑇}𝐷(𝑡, 𝜏𝑐)𝐻𝑐

+(𝜏𝑐)])

= −𝔼𝑡
𝑄
[∫ 𝐿𝐺𝐷𝑐(𝑢)𝜆𝑐(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐

+(𝑢)𝑑𝑢

𝑇

𝑡

], 

 

𝑢𝐷𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[𝐿𝐺𝐷𝐼(𝜏𝑐)1{𝑡<𝜏𝐼<𝑇}𝐷(𝑡, 𝜏𝐼)𝐻𝑐

−(𝜏𝐼)])

= −𝔼𝑡
𝑄
[∫ 𝐿𝐺𝐷𝐼(𝑢)𝜆𝐼(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐻𝑐

−(𝑢)𝑑𝑢

𝑇

𝑡

], 

 
which are not symmetric between the two counterparties. 
In case of deterministic constant LGDs and independent defaults (of each other and of the underlyings of the 
netting set) we obtain the simplified expressions 

 

𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) = −𝐿𝐺𝐷𝑐(𝑡)𝔼𝑡
𝑄
[1{𝑡<𝜏=𝜏𝑐}1{𝑡<𝜏𝑐<𝑇}]𝐸𝑃𝐸𝑐(𝑡, 𝜏𝑐)

= −𝐿𝐺𝐷𝑐(𝑡)∫ 𝜆𝑐(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝑃𝐸𝑐(𝑡, 𝑢)𝑑𝑢
𝑇

𝑡

, 

 

𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) = −𝐿𝐺𝐷𝐼(𝑡)𝔼𝑡
𝑄
[1{𝑡<𝜏=𝜏𝐼}1{𝑡<𝜏𝐼<𝑇}]𝐸𝑁𝐸𝑐(𝑡, 𝜏𝐼)

= −𝐿𝐺𝐷𝐼(𝑡)∫ 𝜆𝐼(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝑁𝐸𝑐(𝑡, 𝑢)𝑑𝑢
𝑇

𝑡

, 

 

𝑗𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[1{𝑡<𝜏=𝜏𝐼=𝜏𝑐}1{𝑡<𝜏<𝑇}][𝐿𝐺𝐷𝑐(𝜏)𝐸𝑃𝐸𝑐(𝑡, 𝜏) + 𝐿𝐺𝐷𝐼(𝜏)𝐸𝑁𝐸𝑐(𝑡, 𝜏)]

= −∫ 𝜆𝐼(𝑢)𝜆𝑐(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)[𝐿𝐺𝐷𝑐(𝑡)𝐸𝑃𝐸𝑐(𝑡, 𝑢) + 𝐿𝐺𝐷𝐼(𝑡)𝐸𝑁𝐸𝑐(𝑡, 𝑢)]𝑑𝑢
𝑇

𝑡

, 
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𝐸𝑃𝐸𝑐(𝑡, 𝑢):= 𝔼𝑡
𝑄[𝐷(𝑡, 𝑢)𝐻𝑐

+(𝑢)], 
 

𝐸𝑁𝐸𝑐(𝑡, 𝑢):= 𝔼𝑡
𝑄[𝐷(𝑡, 𝑢)𝐻𝑐

−(𝑢)], 
 

𝑠𝑥(𝑡, 𝑢):= 𝔼𝑡
𝑄
[1{𝜏𝑥>𝑡}] = 𝔼𝑡

𝑄
[𝐷𝜆𝑥(𝑡, 𝑢)] =

1

𝐿𝐺𝐷𝑥(𝑡)
[
𝑃𝑥(𝑡, 𝑢)

𝑃(𝑡, 𝑢)
− 𝑅𝑒𝑐𝑥(𝑡)], 

 

𝑞𝑥(𝑡, 𝑢) = 1 − 𝑠𝑥(𝑡, 𝑢) =
1

𝐿𝐺𝐷𝑥(𝑡)
[1 −

𝑃𝑥(𝑡, 𝑢)

𝑃(𝑡, 𝑢)
], 

 

𝑃𝑥(𝑡, 𝑢) ≔ 𝔼𝑡
𝑄
[𝐷(𝑡, 𝑢)(1{𝜏𝑥>𝑢} + 𝑅𝑒𝑐𝑥(𝑡)1{𝜏𝑥≤𝑢})] = 𝑃(𝑡, 𝑢)[𝐿𝐺𝐷𝑥(𝑡)𝑠𝑥(𝑡, 𝑢) + 𝑅𝑒𝑐𝑥(𝑡)], 

 

where 
 𝑥 = {𝑐, 𝐼}, index for counterparty and investor, respectively. 

 𝐸𝑃𝐸(𝑡, 𝑢), 𝐸𝑁𝐸(𝑡, 𝑢) = Expected Positive/Negative Exposures at time u expected at time t<u, 
respectively. 

 𝑠𝑥(𝑡, 𝑢) = survival probability expected at time t<u for the time interval [𝑡, 𝑢]. 
 𝑃𝑥(𝑡, 𝑢) = price of a risky zero coupon bond issued by counterparty x with recovery 𝑅𝑒𝑐𝑥. 

 
We stress that the equations above, widely used in the industry for their relative simplicity, do not include 
the correlations between the counterparty defaults and the underlyings of the netting set. The effect of such 
correlations is called right/wrong way risk, and it has been discussed in section 6.2.3. 
 
Close-Out  

The calculation of the bCVA requires an assumption on how to evaluate the exposures 𝐻𝑐
±(𝜏) in the event of 

counterparty default, called Close-Out convention. According to the ISDA Master Agreement, the surviving 
counterparty must follow a poll mechanism with other market counterparties to establish the Close-Out 
Amount, without any specification regarding the names of such counterparties. Hence, there are essentially 
two possible choices in the calculation of the Close-Out Amount. 

 Risk Free Close-Out: the netting set is valued at its base value, 𝐻𝑐,0(𝜏):= 𝑉𝑐,0(𝜏) − 𝐶𝑐(𝜏), assuming 
that both the Investor and the substituting Counterparty are default free or, equivalently, that they 
are perfectly collateralised. In this case, the bCVA calculation is simpler, but it implies discontinuity in 
the netting set value at the default date. 

 Risky Close-Out: the netting set is valued at its full value, 𝐻𝑐(𝜏):= 𝑉𝑐(𝜏) − 𝐶𝑐(𝜏), including some 
XVAs (CVA/DVA/FVA in particular). This choice implies continuity in the netting set value at the 
default date, but makes the bCVA calculations extremely complicated to solve, as they assume a 
recurring form (the present fair value depends on the XVAs, which depends on the future value, 
which depends on the future XVAs, etc.). Furthermore, the default risk of the substituting 
counterparty cannot be known in advance. 

The ISDA documentation [4] provides insufficient guidelines on choosing between Risk Free or Risky Close-
Out. Since both the surviving and the substituting counterparty are probably Banks with a mutual CSA 
agreement, the risk free close-out seems a reasonable assumption. The literature on the subject is rich (see, 
for example [79], [80], [92]), but, overall, the scientific community has not yet identified a definitive choice. 
In conclusion, the choice between risk free and risky close-out is a possible source of model risk uncertainty 
in the bCVA calculation. 
 
Numerical solution 

The bCVA expressions above are calculated using a discretization over a suitable time grid {𝑡 =

𝑡0, 𝑡1,⋯ , 𝑡𝛼 ,⋯ 𝑡𝑁𝑇 = 𝑇} as 
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𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) ≃ −∑𝔼𝑡
𝑄
[𝐿𝐺𝐷𝑐(𝑡𝛼)1{𝑡𝛼−1<𝜏𝑐≤𝑡𝛼}1{𝜏𝐼>𝑡𝛼}𝐷(𝑡, 𝑡𝛼)𝐻𝑐

+(𝑡𝛼)]

𝑁𝑇

𝛼=1

, 

𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) ≃ −∑𝔼𝑡
𝑄
[𝐿𝐺𝐷𝐼(𝑡𝛼)1{𝑡𝛼−1<𝜏𝐼≤𝑡𝛼}1{𝜏𝑐>𝑡𝛼}𝐷(𝑡, 𝑡𝛼)𝐻𝑐

−(𝑡𝛼)]

𝑁𝑇

𝛼=1

, 

𝑗𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) = −∑𝔼𝑡
𝑄
[1{𝑡𝛼−1<𝜏𝑐≤𝑡𝛼}1{𝑡𝛼−1<𝜏𝐼≤𝑡𝛼}𝐷(𝑡, 𝑡𝛼)[𝐿𝐺𝐷𝑐(𝑡𝛼)𝐻𝑐

+(𝑡𝛼) + 𝐿𝐺𝐷𝐼(𝑡𝛼)𝐻𝑐
−(𝑡𝛼)]]

𝑁𝑇

𝛼=1

. 

 
We notice that, manipulating the joint default indicator as follows 
 

1{𝑡𝛼−1<𝜏𝑐≤𝑡𝛼}1{𝑡𝛼−1<𝜏𝐼≤𝑡𝛼} = 1{𝑡𝛼−1<𝜏𝑐≤𝑡𝛼}(1{𝜏𝐼>𝑡𝛼−1} − 1{𝜏𝐼>𝑡𝛼}) = (1{𝜏𝑐>𝑡𝛼−1} − 1{𝜏𝑐>𝑡𝛼})1{𝑡𝛼−1<𝜏𝐼≤𝑡𝛼}, 

 
the joint default term 𝑗𝑡𝑑𝐶𝑉𝐴𝑐 can be absorbed into the 𝑓𝑡𝑑𝐶𝑉𝐴𝑐 and 𝑓𝑡𝑑𝐷𝑉𝐴𝑐 terms, leading to the 
following joint first to default bCVA formula, 
 

𝑏𝐶𝑉𝐴𝑐(𝑡) = 𝑗𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) + 𝑗𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡), 
 

𝑗𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) ≃ −∑𝔼𝑡
𝑄
[𝐿𝐺𝐷𝑐(𝑡𝛼)1{𝑡𝛼−1<𝜏𝑐≤𝑡𝛼}1{𝜏𝐼>𝑡𝛼−1}𝐷(𝑡, 𝑡𝛼)𝐻𝑐

+(𝑡𝛼)]

𝑁𝑇

𝛼=1

, 

 

𝑗𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) ≃ −∑𝔼𝑡
𝑄
[𝐿𝐺𝐷𝐼(𝑡𝛼)1{𝑡𝛼−1<𝜏𝐼≤𝑡𝛼}1{𝜏𝑐>𝑡𝛼−1}𝐷(𝑡, 𝑡𝛼)𝐻𝑐

−(𝑡𝛼)]

𝑁𝑇

𝛼=1

, 

 
In case of deterministic constant LGDs and independent defaults (of each other and of the underlyings of the 
netting set) we obtain the simplified expressions 
 

𝑗𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) ≃ −𝐿𝐺𝐷𝑐(𝑡)∑ 𝑞𝑐(𝑡, 𝑡𝛼−1, 𝑡𝛼)𝑠𝐼(𝑡, 𝑡𝛼−1)𝐸𝑃𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

, 

 

𝑗𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) ≃ −𝐿𝐺𝐷𝐼(𝑡)∑ 𝑞𝐼(𝑡, 𝑡𝛼−1, 𝑡𝛼)𝑠𝑐(𝑡, 𝑡𝛼−1)𝐸𝑁𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

, 

 

𝑞𝑥(𝑡, 𝑡𝛼−1, 𝑡𝛼) ≔ 𝔼𝑡
𝑄
[1{𝑡𝛼−1<𝜏𝑥≤𝑡𝛼}] = 𝑞𝑥(𝑡, 𝑡𝛼) − 𝑞𝑥(𝑡, 𝑡𝛼−1) = 𝑠𝑥(𝑡, 𝑡𝛼−1) − 𝑠𝑥(𝑡, 𝑡𝛼), 

 
where 𝑞𝑥(𝑡, 𝑡𝛼−1, 𝑡𝛼) is the marginal default probability of counterparty x expected at time t for the time 
interval [𝑡𝛼−1 , 𝑡𝛼]. 
 
The expectations in the equations above can be calculated using a Monte Carlo simulation on scenarios 
{𝑠 = 1,⋯ ,𝑁𝑀𝐶}. The stochastic dynamics of the relevant quantities, i.e. default times, LGDs, underlyings of 
the netting set, and discount rate, may be modelled using appropriate models, allowing closed or semi-
closed formulas for the simplest payoffs. For exotic payoffs, nested Monte Carlo or American Monte Carlo 
(e.g. using Longstaff & Schwartz) techniques must be used. 
 
Analytical solution 
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Finally, we describe a special case of particular interest: if the netting set is made of a single IRS, floating vs 
fixed rate K, schedule 𝑻 = {𝑇0,⋯ , 𝑇𝑁}, without collateral, LGDs are constants and defaults are independent, 
the formulas above admit analytical solution, 
 

𝐸𝑃𝐸𝑐(𝑡, 𝑡𝛼) = 𝔼𝑡
𝑄[𝐷(𝑡, 𝑡𝛼)𝑉𝐼𝑅𝑆

+ (𝑡𝛼; 𝑻, 𝐾)] = 𝑉𝑆𝑤𝑎𝑝𝑡𝑖𝑜𝑛(𝑡; 𝑡𝛼 , 𝑻, 𝐾,+1) 

 

𝐸𝑁𝐸𝑐(𝑡, 𝑡𝛼) = 𝔼𝑡
𝑄[𝐷(𝑡, 𝑡𝛼)𝑉𝐼𝑅𝑆

− (𝑡𝛼; 𝑻, 𝐾)] = 𝑉𝑆𝑤𝑎𝑝𝑡𝑖𝑜𝑛(𝑡; 𝑡𝛼 , 𝑻, 𝐾,−1) 

 

𝑗𝑓𝑡𝑑𝐶𝑉𝐴𝑐(𝑡) ≃ −𝐿𝐺𝐷𝑐(𝑡) ∑ 𝑞𝑐(𝑡, 𝑡𝛼−1, 𝑡𝛼)𝑠𝐼(𝑡, 𝑡𝛼−1)𝑉𝑆𝑤𝑎𝑝𝑡𝑖𝑜𝑛(𝑡; 𝑡𝛼 , 𝑻, 𝐾,+1)

𝛼:𝑡𝛼≤𝑇𝑁−1

𝛼=1

, 

𝑗𝑓𝑡𝑑𝐷𝑉𝐴𝑐(𝑡) ≃ −𝐿𝐺𝐷𝐼(𝑡) ∑ 𝑞𝐼(𝑡, 𝑡𝛼−1, 𝑡𝛼)𝑠𝑐(𝑡, 𝑡𝛼−1)𝑉𝑆𝑤𝑎𝑝𝑡𝑖𝑜𝑛(𝑡; 𝑡𝛼 , 𝑻, 𝐾,−1)

𝛼:𝑡𝛼≤𝑇𝑁−1

𝛼=1

, 

 
where 

 𝑉𝐼𝑅𝑆(𝑡𝛼; 𝑻, 𝐾) = value at time 𝑡𝛼 of the forward starting IRS, with residual schedule 𝑻 =

{𝑇𝑗0+1,⋯ , 𝑇𝑁} such that 𝑇𝑗0 < 𝑡𝛼 < 𝑇𝑗0+1, forward swap rate 𝑅𝐼𝑅𝑆(𝑡𝛼, 𝑻) and annuity 𝐴(𝑡𝛼 , 𝑻). 

 𝑉𝑆𝑤𝑎𝑝𝑡𝑖𝑜𝑛(𝑡; 𝑡𝛼 , 𝑻, 𝐾, 𝜔) = value at time t of a swaption with expiry date 𝑡𝛼, schedule 𝑻, and strike 

𝐾. 

 𝜔 = 1/−1 for payer/receiver swap and swaption, respectively. 
 
 
6.5.4 Funding Valuation Adjustments (FVA) 
The Funding Valuation Adjustment (FVA) is the valuation component of a portfolio of trades that takes into 
account the funding risk premium. In a valuation context, the funding risk is the market risk due to variations 
of the funding rates of the cash flows (i.e. coupons, dividends, collateral margins, etc.) generated by a 
portfolio of financial instruments. The funding risk premium is the expected discounted value of such cash 
flows. 
 
Observation of FVA 
In practice, FVA may be observed when a derivative position (single trade, netting set or funding set) 
between an institution I (usually a bank) and an uncollateralized counterparty c (usually a corporate client of 
the bank) is subject to some market operation with a funding impact. In such context, the counterparties will 
face some funding cost and will charge it to each other, thus determining the exit price of the trade. We 
notice that the counterparties will also face a CVA/DVA impact, and will charge it to each other as well.  
We may  illustrate three examples where a funding impact can be practically observed in the market exit 
prices, as follows. We stress that such examples give a qualitative and stylized view of how exit prices are 
formed and observed on the market, enlightening only the role played by the funding component and 
neglecting other important price components. See e.g. refs. [94], [103], [104] for further discussions. 
 
A. Client vs hedge trades  

An uncollateralized trade A between the Bank and a Client (client trade A) is hedged with a collateralized 
trade B between the Bank and another market dealer (hedge trade B). See Figure 13. 
 

 
Figure 13: Client vs hedge trades for a uncollateralized position A hedged with a collateralized position B, 

generating funding costs/benefits. 
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From the point of view of the Bank, two opposite scenarios are possible at any time t between trade A 
and B inception and maturity. 

1. 𝑉0,𝐴(𝑡) > 0 (asset) and 𝑉𝐵(𝑡) < 0 (liability): the Bank receives nothing from the Client on 
position A (except at coupon dates), but posts collateral assets (variation margin) and receives 
collateral interests to the dealer on position B. Thus, the Bank shall incur into a cost of financing 
the collateral assets at its own borrowing rate. The spread between the borrowing and collateral 
rates generates a funding costs, named Funding Cost Adjustment (FCA, negative), during the 
trade lifetime, and the bank shall charge the corresponding premium to the client at inception as 
the hedging cost of its funding risk. In conclusion, at any time t the Bank will see the base value 
of trade A reduced of the FCA:  

 
𝑉𝐴(𝑡) = 𝑉0,𝐴(𝑡) + 𝐹𝐶𝐴𝐴(𝑡) = −𝑉0,𝐵(𝑡) + 𝐹𝐶𝐴𝐴(𝑡). 

 
2. 𝑉0,𝐴(𝑡) < 0 (liability) and 𝑉𝐵(𝑡) > 0 (asset): the Bank pays nothing to the Client on position A 

(except at coupon dates), but receives collateral assets (variation margin) and pays collateral 
interests to the dealer on position B. Thus, the Bank shall invest the collateral assets at its own 
borrowing rate. The spread between the borrowing and collateral rates generates a possible 
gain, named Funding Benefit Adjustment (FBA, positive), during the trade lifetime, that the Bank 
may transfer to the Client at inception. In conclusion, at any time t the Bank will see the base 
value of trade A increased of the FBA 

 
𝑉𝐴(𝑡) = 𝑉0,𝐴(𝑡) + 𝐹𝐵𝐴𝐴(𝑡) = −𝑉0,𝐵(𝑡) + 𝐹𝐵𝐴𝐴(𝑡). 

 
B. Novation 

An uncollateralized trade A between the Bank and a Client (client trade A) is subject to novation (or 
substitution) with a third counterparty (Dealer) collateralized with the Bank. The Bank closes the 
uncollateralized trade A with the client, and opens a new collateralized trade B with the Dealer (hedge 
trade B). The Dealer and the Client reopen the old trade A into a new uncollateralized trade C (client 
trade C). See Figure 14. 
 

 
Figure 14: Novation scheme for an uncollateralized position A into a new collateralized position B generating 

funding costs/benefits. 
 
From the point of view of the Bank, two opposite scenarios are possible at novation date. 

1. 𝑉0,𝐴(𝑡) > 0 (asset): the Bank receives collateral asset (variation margin) and pays collateral 

interests to the Dealer on position B. Thus, the Dealer shall incur into a cost of financing the 
collateral assets at its own borrowing rate. The spread between the borrowing and collateral 
rates generates a funding costs (FCA, negative), that the Dealer shall charge to the Bank. In 
conclusion, at novation time t the Bank will see the base value of trade A reduced of the FCA, 

 
𝑉𝐴(𝑡) = 𝑉0,𝐴(𝑡) + 𝐹𝐶𝐴𝐴(𝑡) = 𝑉0,𝐵(𝑡) + 𝐹𝐶𝐴𝐴(𝑡). 

 
2. 𝑉0,𝐴(𝑡) < 0 (liability): the Bank posts collateral asset (variation margin) and pays collateral 

interests to the Dealer on position B. Thus, the Bank shall incur into a cost of financing the 
collateral assets at its own borrowing rate. The spread between the borrowing and collateral 
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rates generates a funding costs that the Bank shall charge to the Dealer, thus obtaining a 
Funding Benefit Adjustment (FBA, positive) and reducing the liability for the Bank. In conclusion, 
at novation time t the Bank will see the base value of trade A increased of the FBA, 
 

𝑉𝐴(𝑡) = 𝑉0,𝐴(𝑡) + 𝐹𝐵𝐴𝐴(𝑡) = 𝑉0,𝐵(𝑡) + 𝐹𝐵𝐴𝐴(𝑡). 
 
C. Collateralization 

An uncollateralized trade A between the Bank and a Client (client trade A) is subject to a collateralization 

agreement (CSA). See Figure 15. 

 

 
Figure 15: an uncollateralized position A is collateralized, generating a new position B and funding 

costs/benefits. 
 
From the point of view of the Bank, two opposite scenarios are possible at CSA date. 

1. 𝑉0,𝐴(𝑡) > 0 (asset): the Bank receives collateral asset (variation margin) and pays collateral 

interests to the Client on position B. Thus, the Client shall incur into a cost of financing the 
collateral assets at its own borrowing rate. The spread between the borrowing and collateral 
rates generates a funding costs (FCA, negative), that the Client shall charge to the Bank. In 
conclusion, at novation time t the Bank will see the base value of trade A reduced of the FCA, 

 
𝑉𝐴(𝑡) = 𝑉0,𝐴(𝑡) + 𝐹𝐶𝐴𝐴(𝑡) = 𝑉0,𝐵(𝑡) + 𝐹𝐶𝐴𝐴(𝑡). 

 
2. 𝑉0,𝐴(𝑡) < 0 (liability): the Bank posts collateral asset (variation margin) and pays collateral 

interests to the Client on position B. Thus, the Bank shall incur into a cost of financing the 
collateral assets at its own borrowing rate. The spread between the borrowing and collateral 
rates generates a funding costs that the Bank shall charge to the Client, thus obtaining a Funding 
Benefit Adjustment (FBA) that reduces the liability for the Bank. In conclusion, at novation time t 
the Bank will see the base value of trade A increased of the FBA, 
 

𝑉𝐴(𝑡) = 𝑉0,𝐴(𝑡) + 𝐹𝐵𝐴𝐴(𝑡) = 𝑉0,𝐵(𝑡) + 𝐹𝐵𝐴𝐴(𝑡). 
 
Theoretical introduction 
From a general point of view, the no-arbitrage principle implies that future cash flows generated by a 
financial instrument shall be discounted at an interest rate equal to the financing rate of the hedging 
strategy. For example, in the classical Black-Scholes model, a European Option written on a stock is hedged 
through a replicating portfolio made of a bank account and the underlying stock. The financing rate of the 
hedging strategy is given by the interest rate applied to the bank account. Therefore, the value of the option 
is given by the conditional expected value (under the risk-neutral probability) of future payoffs, discounted 
by the financing rate. In particular, we may identify two limit cases as follows. 

 Perfectly collateralized instrument: this is the base value discussed in sec. 6.5.1. 

 Uncollateralized instrument: in this case, the discounting rate depends upon the hedging strategy, which 
may be realized in practice in different ways: via unsecured funding, repo, other derivatives (e.g. 
Forwards, or synthetically using Call-Put parity), etc. Therefore, different financing rates derive from 
different strategies.  

For a single trade i with counterparty c, we may look at the FVA, at least in a simple linear fashion, as an 
additive component to the base value (including bCVA) 
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𝑉𝑐𝑖(𝑡) = 𝑉0,𝑐𝑖(𝑡) + 𝑏𝐶𝑉𝐴𝑐𝑖(𝑡) + 𝐹𝑉𝐴𝑐𝑖(𝑡), 

 
where we have used the notation introduced in the previous sec. 6.5.2, 6.5.3. 
The two limiting cases described above delimit all the possible intermediate cases of partial collateralization 
(e.g. with non-null thresholds and/or minimum transfer amounts, margination frequency, partial 
rehypothecation, etc.).  
The application of the concepts above to a portfolio of trades with multiple counterparties, in presence of 
multiple possible funding strategies is not straightforward and is debated in the financial community is (see 
e.g. refs. [87], [90], [93], [97], [101], [102]).  
The existence of different possible approaches, together with the lack of a universally accepted market 
standard, translated into different choices of the market participants. Since 2011, some Banks started to 
account FVA as a fair value component, reporting the corresponding losses. Other Institutions, instead, do 
not account for FVA as a fair value component [97]. Figure 16 summarizes the FVA losses recognized by the 
main financial institutions as of end of 2014. 
 

 
Figure 16: FVA losses (source: [97]) 

 
The debate can be summarized as follows. 

 From a trading point of view, the FVA as a risk premium to hedge the funding risk, as represented in 
Figure 13, thus supporting the idea of FVA as a component of the fair value to be charged to the 
client consistently with CVA/DVA (netting set level). 

 From a treasury point of view, the FVA should take into account all the funding sources and their 
corresponding costs. In particular, the liquidity generated by derivatives position (cash flows, 
collateral margins, etc.) is often rehypothecable and should be considered as a funding source. 
Furthermore, also consider the liquidity arising from possible capital surplus (difference between 
regulatory capital and that effectively owned) as a funding source. These considerations naturally 
lead to look at the FVA as a portfolio measure (funding set level). 

 From an accounting point of view, FVA seems an entity specific adjustment, not consistent with the 
principle of fair value as an exit price supported by international accounting standards (e.g. IFRS13 
[7]). 

 As noted by J. Hull and A. White in [87], the capital structure irrelevance principle (Miller and 
Modigliani Theorem [16]) implies that financing costs do not belong to fair value, but to the general 
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operational cost of the institution. Therefore, there is no need of recognize FVA in the Income 
Statement. Instead, it should be prudentially filtered in the computation of regulatory capital, 
consistently with other components linked to own credit risk, e.g. the DVA11. 

Some of the considerations above could lead to a general reduction in the value of the FVA, moving the 
impact from P&L to capital. Therefore, the financial community is currently meditating on the right approach 
to FVA, as reported, e.g., in [101], [102], [98], [99]. In the following we introduce the most important 
approaches. 
 
 
The FCA/FBA approach 
The so-called FCA/FBA approach has been developed, in different flavors, in a series of papers, e.g. by 
Burgard and Kjaer [84], [85], [91], [95] and by Pallavicini et al. [86], [88], [94]. A complete discussion of these 
results would be rather long, going far beyond the scope of this paper. Thus, we report here just one 
FBA/FCA version, precisely that corresponding to funding strategy II in ref. [95], generalized to different 
lending and borrowing rates as in ref. [103], sec. 15.2. Using the same notations established in the previous 
secs. 6.5.2-6.5.3 we have the following expressions, 
 

𝐹𝐶𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[∫ 𝑆𝐼

+(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐
+(𝑢)𝑑𝑢

𝑇

𝑡

]

≃ −∫ 𝑆𝐼
+(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝑃𝐸𝑐(𝑡, 𝑢)𝑑𝑢

𝑇

𝑡

, 

 

𝐹𝐵𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[∫ 𝑆𝐼

−(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐
−(𝑢)𝑑𝑢

𝑇

𝑡

]

≃ −∫ 𝑆𝐼
−(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝑁𝐸𝑐(𝑡, 𝑢)𝑑𝑢

𝑇

𝑡

, 

 

𝐹𝑉𝐴𝑐(𝑡) = 𝐹𝐶𝐴𝑐(𝑡) + 𝐹𝐵𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[∫𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)[𝑆𝐼

+(𝑢)𝐻𝑐
+(𝑢) + 𝑆𝐼

−(𝑢)𝐻𝑐
−(𝑢)]𝑑𝑢

𝑇

𝑡

]

≃ −∫ 𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)[𝑆𝐼
+(𝑢)𝐸𝑃𝐸𝑐(𝑡, 𝑢) + 𝑆𝐼

−(𝑢)𝐸𝑁𝐸𝑐(𝑡, 𝑢)]𝑑𝑢
𝑇

𝑡

, 

 

𝐹𝑉𝐴(𝑡) = ∑[𝐹𝐶𝐴𝑐(𝑡) + 𝐹𝐵𝐴𝑐(𝑡)]

𝑁𝑐𝑡𝑝

𝑐=1

=

= −𝔼𝑡
𝑄
[∫𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)∑ 𝐷𝜆𝑐(𝑡, 𝑢)[𝑆𝐼

+(𝑢)𝐻𝑐
+(𝑢) + 𝑆𝐼

−(𝑢)𝐻𝑐
−(𝑢)]

𝑁𝑐𝑡𝑝

𝑐=1

𝑑𝑢

𝑇

𝑡

] =

≃ −∫ 𝑠𝐼(𝑡, 𝑢) ∑ 𝑠𝑐(𝑡, 𝑢)[𝑆𝐼
+(𝑢)𝐸𝑃𝐸𝑐(𝑡, 𝑢) + 𝑆𝐼

−(𝑢)𝐸𝑁𝐸𝑐(𝑡, 𝑢)]

𝑁𝑐𝑡𝑝

𝑐=1

𝑑𝑢
𝑇

𝑡

, 

 
where: 

 𝑆𝐼 = 𝑟𝐼 − 𝑟 is the funding spread of the Investor w.r.t. the perfect collateral rate in the base value 
(see sec. 6.5.1). 

                                                 
11 The DVA is filtered out in the calculation of regulatory capital following CRR art. 33(1c): “Institutions shall not include the following items in any 
element of own funds: […] (c) all fair value gains and losses arising from the institution's own credit risk related to derivative liabilities.” [8].  
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 𝑆𝐼
+, 𝑆𝐼

− = borrowing and lending spreads, respectively. 

 The last equality in each expression holds in case of deterministic constant LGDs and independent 
defaults. 

 
The numerical solutions of the equations above proceeds as in sec. 6.5.3, using a discretization over a 

suitable time grid {𝑡 = 𝑡0, 𝑡1,⋯ , 𝑡𝛼 ,⋯ 𝑡𝑁𝑇 = 𝑇} as 

 

𝐹𝐶𝐴𝑐(𝑡) ≃ −∫ 𝑆𝐼
+(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝑃𝐸𝑐(𝑡, 𝑢)𝑑𝑢

𝑇

𝑡

≃ ∑Δ𝐹𝐼
+(𝑡, 𝑡𝛼−1, 𝑡𝛼)Δ𝑡𝛼𝑠𝐼(𝑡, 𝑡𝛼−1)𝑠𝑐(𝑡, 𝑡𝛼−1)𝐸𝑃𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

, 

𝐹𝐵𝐴𝑐(𝑡) ≃ −∫ 𝑆𝐼
−(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝑁𝐸𝑐(𝑡, 𝑢)𝑑𝑢

𝑇

𝑡

≃

= ∑Δ𝐹𝐼
−(𝑡, 𝑡𝛼−1, 𝑡𝛼)Δ𝑡𝛼𝑠𝐼(𝑡, 𝑡𝛼−1)𝑠𝑐(𝑡, 𝑡𝛼−1)𝐸𝑁𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

, 

Δ𝐹𝐼
±(𝑡, 𝑡𝛼−1, 𝑡𝛼)Δ𝑡𝛼: = [𝐹𝐼

±(𝑡, 𝑡𝛼−1, 𝑡𝛼) − 𝐹(𝑡, 𝑡𝛼−1, 𝑡𝛼)]Δ𝑡𝛼 =
𝑃𝐼
±(𝑡, 𝑡𝛼−1)

𝑃𝐼
±(𝑡, 𝑡𝛼)

−
𝑃(𝑡, 𝑡𝛼−1)

𝑃(𝑡, 𝑡𝛼)
. 

 
 

 
We stress the following points. 

 Asymmetric funding strategy: if the Investor lending strategy is default risk free, then the Investor 
lending rate is equal to the base collateral rate, the FBA vanishes, and the total FCA at funding set level is 
the sum over netting set positive exposures (weighted with their corresponding counterparty’s survival 
probabilities),  

 

𝐹𝑉𝐴(𝑡) = ∑ 𝐹𝐶𝐴𝑐(𝑡)

𝑁𝑐𝑡𝑝

𝑐=1

= −𝔼𝑡
𝑄
[∫ 𝑆𝐼

+(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)∑ 𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐
+(𝑢)

𝑁𝑐𝑡𝑝

𝑐=1

𝑑𝑢

𝑇

𝑡

] =

≃ −∫ 𝑆𝐼
+(𝑢)𝑠𝐼(𝑡, 𝑢)∑ 𝑠𝑐(𝑡, 𝑢)𝐸𝑃𝐸𝑐(𝑡, 𝑢)

𝑁𝑐𝑡𝑝

𝑐=1

𝑑𝑢
𝑇

𝑡

. 

 

 Symmetric funding strategy: in the limit of equal borrowing and lending spreads we obtain the compact 
expressions 

 
𝑆𝐼
+ = 𝑆𝐼

− = 𝑆𝐼 , 
 

𝐹𝑉𝐴𝑐(𝑡) = −𝔼𝑡
𝑄
[∫ 𝑆𝐼(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐(𝑢)𝑑𝑢

𝑇

𝑡

] ≃ −∫ 𝑆𝐼(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝐸𝑐(𝑡, 𝑢)𝑑𝑢
𝑇

𝑡

, 

 

𝐹𝑉𝐴(𝑡) = −𝔼𝑡
𝑄
[∫ 𝑆𝐼(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢)∑ 𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐(𝑢)

𝑁𝑐𝑡𝑝

𝑐=1

𝑑𝑢

𝑇

𝑡

] ≃ −∫ 𝑆𝐼(𝑢)𝑠𝐼(𝑡, 𝑢)𝑠𝑐(𝑡, 𝑢)𝐸𝐸(𝑡, 𝑢)𝑑𝑢
𝑇

𝑡

, 
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𝐸𝐸(𝑡, 𝑢) ≔ ∑[𝐸𝐸𝑐(𝑡, 𝑢)]

𝑁𝑐𝑡𝑝

𝑐=1

= ∑[𝐸𝑃𝐸𝑐(𝑡, 𝑢) + 𝐸𝑁𝐸𝑐(𝑡, 𝑢)]

𝑁𝑐𝑡𝑝

𝑐=1

, 

 

 Discounting approach: in the symmetric funding strategy, with default free counterparties and no 
collateral, the FVA is just the impact of discounting at the Investor’s funding rate 𝑟𝐼, 

 

𝐹𝑉𝐴(𝑡) = −𝔼𝑡
𝑄
[∫ 𝑆𝐼(𝑢)𝐷(𝑡, 𝑢)𝐻(𝑢)𝑑𝑢

𝑇

𝑡

] ≃ −∫ 𝑆𝐼(𝑢)𝐸𝐸(𝑡, 𝑢)𝑑𝑢
𝑇

𝑡

= 𝑉𝐼(𝑡) − 𝑉0(𝑡), 

 

𝑉𝐼(𝑡) ≔ ∑ 𝑉𝐼,𝑐(𝑡)

𝑁𝑐𝑡𝑝

𝑐=1

= ∑∑𝑉𝐼,𝑐𝑖(𝑡)

𝑁𝑐

𝑖=1

𝑁𝑐𝑡𝑝

𝑐=1

= ∑∑∑𝑃𝐼(𝑡, 𝑇𝑖𝑗)𝐶𝑐𝑖𝑗(𝑡)

𝑁𝑐𝑖

𝑗=1

𝑁𝑐

𝑖=1

𝑁𝑐𝑡𝑝

𝑐=1

, 

 

𝑃𝐼(𝑡, 𝑇) = 𝑒
−∫ 𝑟𝐼(𝑢)𝑑𝑢

𝑇

𝑡 . 
 
 
 
The FVA/FDA approach 
The FCA/FBA approach as a fair value adjustment at netting set level has been criticized and an alternative 
framework has been proposed in refs. [98], [99] (see also [101][102]) as follows. 

 The FVA (negative) is the cost of financing the OTC derivatives’ asset (positive exposure) at funding set 
level incurred by the Institution’s shareholders. 

 There exist a FDA (Funding Debt Adjustment, positive) as the benefit for bondholders (creditors) in case 
of Institution’s default, when they may attack the OTC derivatives’ asset (positive exposure) at funding 
set level. Notice that both FDA and DVA depend on the own credit risk. 

 According to the capital structure irrelevance principle (Miller and Modigliani Theorem) FVA + FDA = 0, 
and there is no impact on the Income Statement. 

 The FDA (positive) is filtered is subject to prudential filtering in the computation of regulatory capital, 
similarly to DVA. 

 Liquidity arising from possible capital surplus (difference between regulatory capital and that effectively 
owned) can be used as a source of funding 

 
In conclusion, the FVA/FDA formulas are the following, 
 

𝐹𝑉𝐴(𝑡) = − 𝔼𝑡
𝑄
{∫𝑆𝐼(𝑢)𝐷(𝑡, 𝑢)𝐷𝜆𝐼(𝑡, 𝑢) [∑ 𝐷𝜆𝑐(𝑡, 𝑢)𝐻𝑐(𝑢)

𝑁𝑐𝑡𝑝

𝑐=1

]

+

𝑑𝑢

𝑇

𝑡

} 

 
𝑉(𝑡) = 𝑉0(𝑡) + 𝑏𝐶𝑉𝐴(𝑡) + 𝐹𝑉𝐴(𝑡) + 𝐹𝐷𝐴(𝑡), 

 
𝐹𝑉𝐴(𝑡) + 𝐹𝐷𝐴(𝑡) = 0 

 
𝐶𝐸𝑇1(𝑡) = 𝑉0(𝑡) + 𝑢𝐶𝑉𝐴(𝑡) + 𝐹𝑉𝐴(𝑡), 

 
𝑉(𝑡) = 𝑉0(𝑡) + 𝐹𝑇𝑃(𝑡) = 𝑉0(𝑡) + Δ𝑢𝐶𝑉𝐴(𝑡) + Δ𝐹𝑉𝐴(𝑡), 

 
where 

 The entry price for a new trade is calculated by the price maker such that the CET1 is constant. 
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 The Fund Transfer Price (FTP) is the price charge that the price maker asks to the counterparty. 

 The exit price for an existing trade is fixed by the price maker looking at the best bid counterparty. 
 
 
The Funding curve 
The construction of a funding curve, reflecting the term structure of market cost of funding of a Bank, is not 
an easy task, since there are many sources of funding available: (i) collateral (cash or securities), (ii) money 
market (Certificate of Deposits, Commercial Papers, etc.), (iii) repo market, (iv) bond market, (v) bank 
accounts of retail customers (for retail banks), (vi) Repayment of credits through credit lines, (vii) 
prepayment of mortgages, (viii) selling of shareholdings, ix) excess capital, etc.  
Moreover, not only these sources of funding imply different funding spreads at different maturities, but also 
they show different characteristics. On the one hand, market funding channels (i-iv) are quoted, carries 
stochastic spreads, and deterministic amounts; on the other hand, other funding channels (v-viii) are not 
quoted on the market, and carries stochastic cash flow times and amounts. 
The common practices include the use of: 

1. A FTP curve based on the internal treasury funding rate, e.g. 
a. Pillars <1 year: use market quotations for buying deposits. 
b. Pillars >1 year: use market quotations for bonds, selected by liquidity and seniority. 
c. Interpolate/extrapolate using the preferred methodology (none is right). 

2. Blended curves: weighted average of short term funding (e.g. Deposit 6M) and term funding (e.g. 
TIT). 

3. Average funding spread of a set of possible dealers or peers available to exit the positions 
(novations). 

4. Market observable indexes such as IBOXXs. 
 
 
6.5.5 Other XVAs 
There exist a number of other XVAs, in particular the funding risk generated by collateral initial margins (i.e. 
MVA), or by the capital absorption risk connected to regulatory capital (i.e. KVA). We refer to [103], [104]for 
details. 
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7 AVA CALCULATION UNDER THE SIMPLIFIED APPROACH 

In this section, we discuss the practical application of the prudent valuation framework in case of the 
simplified approach. 
 
 
7.1 Threshold application 
As summarized in sec. 3.3, Institutions that do not breach the EUR 15 billion threshold are allowed, but not 
obliged, to adopt the simplified approach. The threshold is determined using the applicable prudent 
valuation scope of application discussed in sec. 4. The applicable prudent valuation scope refers to the 
individual institution’s financial statements under the applicable accounting framework. 
In case of institutions constituted by a central holding and one or more subsidiaries, which computes their 
balance sheets both on individual and consolidated levels, the EBA RTS art. 4.3 specifies that if the threshold 
is breached on a consolidated level, the core approach must be applied to all subsidiaries included in the 
consolidation. This choice mitigates the risk that positions with high valuation uncertainty were transferred 
from the holding above threshold to smaller subsidiaries below threshold, and to ensure more consistency in 
the valuation of positions within a group.  
In practice, each legal entity included in the consolidation must check the threshold twice, both on 
consolidated and individual level, as follows. 

1. Consolidated balance sheet level: if the consolidated threshold is breached, both the holding and all 
the subsidiaries included in the consolidation must adopt the core approach at consolidated level, 
otherwise they may adopt the simplified approach.  

2. Individual balance sheet level: if the individual threshold is breached, the individual legal entity must 
adopt the core approach, otherwise it may adopt the simplified approach. 

Table 11 below reports a scheme of the possible cases. 
 

 
Individual balance sheet 

(subsidiary’s accounting framework) 
Consolidated balance sheet  

(holding’s accounting framework) 

Holding 
o Below threshold: simplified or core  
o Above threshold: core 

o Below threshold: simplified or core  
o Above threshold: core Subsidiaries 

included in the 
consolidation 

o Below threshold: simplified or core  
o Above threshold: core 

Table 11: Possible applications of simplified approaches in case of a banking group constituted by a central 
holding and one or more subsidiaries. 
 
 
7.2 AVA calculation 
The EBA RTS, art. 5-6, state that in case of simplified approach the total AVA is equal to the 0.1% of the 
aggregate absolute value of fair-valued positions under the prudent valuation scope. In formulas, 
 

𝐴𝑉𝐴(𝑡) = 0.1%× [𝐹𝑉𝐴𝑠𝑠𝑒𝑡𝑠 + |𝐹𝑉𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠|] 
where 

𝐹𝑉𝐴𝑠𝑠𝑒𝑡𝑠 ≔ ∑ 𝐹𝑉𝑖(𝑡)

𝑁𝐴𝑠𝑠𝑒𝑡𝑠

𝑖=1

, 

 

𝐹𝑉𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 ≔ ∑ 𝐹𝑉𝑖(𝑡)

𝑁𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

𝑖=1

. 
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We show in Table 12 an example of AVA calculation under the simplified approach. 
 

 
Table 12: Example of AVA calculation under the simplified approach. Data do not refer to real portfolios. 
 
We report in Figure 17 an estimate of the threshold for 8+8 major banks in EU and Italy, respectively, based 
on public balance sheet releases. More details are reported in App. 12.1, Figure 42. 
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Figure 17: Estimate of the simplified/core approach threshold for major banks in EU and Italy. We apply 
prudential filters in place for 2014 and we consider positive AFS reserves. Values in mln/€ at 31-12-2013, 
ordered by absolute fair value (col. 3). Source: public balance sheets releases. More details are reported in 
App. 12.1, Figure 8. 
 
 
7.3 Moving between simplified and core approach 
The EBA RTS, art. 4.4, set the conditions to switch from the simplified to the core approach: in case 
institutions applying the simplified approach breach up the EUR 15 billion threshold, for two consecutive 
quarters, they must notify the relevant competent authority and determine a plan to switch to the core 
approach within the following two quarters. Based on this wording, we argue the following decision tree. 

1. In case an institution applying the simplified approach breaches up the EUR 15 billion threshold: 
o in non-consecutive quarters, it is allowed to maintain the simplified approach; 
o for two consecutive quarters, it must switch to the core approach within the following two 

quarters. 
2. In case an institution applying the core approach breaches down the EUR 15 billion threshold, it is 

allowed to switch to the simplified approach for that quarter. In case of switch to simplified, in the 
following quarters it will apply the conditions at point 1 above. 

The decision tree above seems to be formally consistent with the regulation. Cleary, in case of breach down, 
an Institution will consider the relative values of the total AVA under the simplified and core approaches, 
and catch a possible opportunity to reduce capital reserves. 
 
 

8 AVA CALCULATION UNDER THE CORE APPROACH 

This section introduces the calculation of each AVA category. To describe the AVAs calculation, we follow a 
unified approach (sec. 8.2) using a standard AVA discussion scheme. We also provide a variety of case 
studies. Part of them are based on the standard instruments and market data described in secs 8.1 and 8.2.  
 
 
8.1 Market data set 
In order to perform some case studies in a consistent framework, we selected a common market data set. 
The snapshot was taken at 31 march 2014. In particular, we made the following choices. 
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 The OIS curve is bootstrapped externally from Overnight Swap instruments and then used to 
discount cash flows in the bootstrapping of forwarding curves 3M and 6M, bootstrapped from 
Euribor3M and Euribor6M Swap instruments. OIS, 3M and 6M curves are provided as zero coupon 
rates term structure, with linear interpolation on the rates. 

 Bond curves and Funding curves examples are built as spread over OIS curve. To keep the framework 
as simple as possible, the spread is kept constant over the different tenors.  

 CDS curves are retrieved for several financial institutions in different countries, in order to span a 
wide range of credit riskiness. CDS spreads range from 25 to 300 bp in the short term and from 100 
to 600 bp on the 10Y pillar. 

 ATM Interest Rates volatilities are used in most of the cases to calibrate IR models (see for instance 
the case studies on AVA UCS in sec. 8.6), although the full smile would be available to correctly 
reprice OTM/ITM options. 

 
In Table 13, we report a summary of the market data set. The data are available in a spreadsheet. 
 

Market data set 

   

Market data Usage Comments 

EUR OIS curve Discount rates Collateralised derivatives 

Funding curves Discount rates Uncollateralised derivatives, constant spread w.r.t. OIS 

Euribor Curves Forward rates 3M, 6M 

Bond curves Bond pricing Investment grade ratings AAA and AA 

CDS curves CVA Several names 

EUR Interest rate volatilities  ATM volatility 

Table 13: Summary of market data set used for case studies in sec. 8. Data are available in a spreadsheet. 
 
 
8.2 AVAs discussion scheme  
For each AVA category, as defined in EBA RTS Articles 9-17, we adopt a standard discussion scheme, as 
illustrated in the following table. 
 

AVA general discussion scheme 

AVA item Description 

AVA definition and 
references 

AVA definition, interpretation, and references to documents relevant to 
understand the AVA 

AVA scope 
Scope of application of the AVA, with respect to the total prudent 

valuations scope. 

Fair Value 
Fair value calculation of the instruments subject to the AVA, discussion of 
possible FV practices, FV adjustment, and alternative starting points for 

AVA calculations. 

AVA calculation rules AVA calculation rules, according to the regulations 

AVA calculation approaches AVA calculation approaches, discussion of possible calculation alternatives 

AVA data Data needed for AVA calculation, and their sources 

Case studies Concrete examples of AVA calculation on test portfolio defined in sec. 8.1. 

Table 14: General scheme for AVA discussion used in sec. 8. 
 
The scheme is intended as a tool to reduce AVA complexity and to allow easier comparison among different 
adjustments. 
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8.3 AVA Market price uncertainty 
 
AVA definition and references 
The AVA Market Price Uncertainty (MPU) is defined in EBA RTS art. 9 and further clarified in FAQs 6.1, 21, 23, 
23.1, 28, 30, 31, 40.1, 40.3. The AVA MPU takes into account the valuation uncertainty of a valuation 
exposure arising from uncertainty of a valuation input. This kind of uncertainty is rather common in price 
evaluation and may appear in different situations, for example: 

 when the financial instrument is marked to market (e.g. a contributed security), and there are 
reliable price contributors showing different prices, or the price is illiquid with a few contributors. 

 when the financial instrument is marked to model (e.g. an OTC derivative or a non-contributed 
security) using some valuation input (e.g. multiple yield curves based on market quotations of IRS), 
and there are multiple price contributors for the valuation input (e.g. multiple IRS market makers). 

AVA MPU must be computed for all valuation positions 𝑝𝑖 , 𝑖 = 1,… ,𝑁𝑝 showing a valuation exposure to a 

valuation input 𝑢𝑗,  𝑗 = 1,… ,𝑁𝑢 (valuation exposure level). We stress that a single valuation position 𝑝𝑖  may 

show a valuation exposure to either none, or one, or a few, or many, or all valuation inputs 𝑢𝑗. Thus we may 

have 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗1) = 0 and 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗2) ≠ 0 for the same valuation position 𝑝𝑖  and two 

different valuation inputs 𝑢𝑗1 ≠ 𝑢𝑗2. 

 
AVA scope  
Within the general prudent valuation scope (see sec. 4), AVA MPU regards in particular those valuation 
positions without either a firm tradable price, or a price that can be determined from reliable data based on 
a liquid two-way market, and such that at least one valuation input has material valuation uncertainty. In 
particular, listed securities and derivatives are included into the AVA MPU scope, and they may have null 
AVA MPU values depending on the AVA calculation rules below. 
 
Fair Value  
The FV of the trades subject to AVA MPU may include or not the effect of possible MPU. In some particular 
cases, Institutions may account FV adjustments in their balance sheets to cover possible losses related to 
MPU. Such FV adjustments are frequently called bid-ask adjustments, and are applied to positions showing a 
substantial market illiquidity. In this case, the FV subject to prudent valuation for AVA MPU must include 
such FV adjustments, or, in other words, such FV adjustments must be subtracted from the AVA MPU 
(keeping the AVA non-negative). 
 
AVA calculation rules 
The AVA MPU calculation must proceed according to the following steps. 

 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖) = 0 if the Institution has firm evidence of a tradable price, or a price can be 
determined from reliable data based on a liquid two-way market, and all the market sources for all 
the relevant valuation inputs 𝑢1, … , 𝑢𝑁𝑢 have no material valuation uncertainty. 

 If 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖) ≠ 0, then compute individual 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) for each valuation exposure 𝑝𝑖  

to each valuation input 𝑢𝑗 (valuation exposure level). 

 Use the data sources defined in EBA RTS art. 3. 

 For non-derivative positions 𝑝𝑖  and derivative positions 𝑝𝑖  marked to market, the valuation input 𝑢𝑗 

shall be one of the following: 
o decomposed into more than one valuation inputs, such that all inputs required to calculate 

an exit price for the position are treated separately; 
o the price of the instrument. 

 If a valuation input 𝑢𝑗 consists of a matrix of parameters {𝑢𝑗
𝛼𝛽𝛾…

} compute AVAs MPU on the 

valuation exposures w.r.t. each parameter 𝑢𝑗
𝛼𝛽𝛾…

 in the matrix. If a valuation input 𝑢𝑗 does not refer 
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to tradable instruments, map the valuation input 𝑢𝑗 and the related valuation exposure 𝑝𝑖  to a set of 

market tradable instruments.  

 The number of valuation inputs 𝑁𝑝 for a given valuation exposure 𝑝𝑖  may be reduced (to 𝑁𝑝
′ < 𝑁𝑝) 

using any appropriate methodology, provided the 𝑁𝑝
′  reduced parameters satisfy the P&L volatility 

ratio test (see below). 

 Where sufficient data exists to construct a range of plausible values for a valuation input 𝑢𝑗: 

o for a valuation input 𝑢𝑗 where the range of plausible values is based on exit prices, estimate 

a point �̂�𝑗 within the range with 90% confidence to exit the valuation exposure at that price 

or better; 
o for a valuation input 𝑢𝑗 where the range of plausible values is created from mid prices, 

estimate a point �̂�𝑗 within the range with 90% confidence that the mid value that could be 

achieved in exiting the valuation exposure would be at that price or better. 

 Where insufficient data exists to construct a plausible range of values for a valuation input 𝑢𝑗, use 

an expert-based approach using qualitative and quantitative information available to achieve a 
prudent value �̂�𝑗 with a confidence level equivalent to 90%. In this case, notify competent 

authorities of the valuation exposures for which this approach is applied, and the methodology used 
to determine the AVA. 

 Calculate the prudent value MPU 𝑃𝑉𝑀𝑃𝑈(𝑡, 𝑝𝑖, 𝑢𝑗) based on one of the following approaches: 

o by valuation exposure 
o directly by revaluation  

 Calculate individual AVA MPU as  

 Calculate the total category level AVA MPU 
 
In Figure 18 below, we show the general AVA MPU calculation scheme. In the following, we explain in detail 
the different AVA calculation approaches. 
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Figure 18: AVA MPU calculation scheme. 
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AVA calculation approaches 
According to EBA RTS art. 9.5c the prudent value 𝑃𝑉𝑀𝑃𝑈 and the additional partial valuation adjustment 
𝐴𝑃𝑉𝐴𝑀𝑃𝑈 may be calculated according to one of the following approaches: 

 Revaluation approach  
The revaluation approach requires a new evaluation of the fair value 𝐹𝑉𝑖 for valuation position 𝑝𝑖  
using the prudent value of the relevant risk factors, �̂�𝑗, as 

 

𝑃𝑉𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝐹𝑉(𝑡, 𝑝𝑖 , �̂�𝑗), 

 
If the valuation input is directly the value of the instruments (e.g. for quoted securities and 
derivatives), we have the simplified expression 
 

𝑃𝑉𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = �̂�𝑗. 

 
In both cases, the additional partial valuation adjustment 𝐴𝑃𝑉𝐴𝑀𝑃𝑈 is given by 
 

𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝑤𝑀𝑃𝑈 [𝐹𝑉𝑀𝑃𝑈(𝑡, 𝑝𝑖, 𝑢𝑗) − 𝑃𝑉(𝑡, 𝑝𝑖, 𝑢𝑗)]. 

 

 Sensitivity approach  

The sensitivity approach is based on the Taylor expansion of the fair value function 𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗) 

w.r.t. the underlying risk factors 𝑢𝑗 as follows 

 

𝑃𝑉𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝐹𝑉𝑀𝑃𝑈(𝑡, 𝑝𝑖 , �̂�𝑗) = 𝐹𝑉(𝑡, 𝑝𝑖, 𝑢𝑗) − |
𝜕𝐹𝑉

𝜕𝑢𝑗
(𝑡, 𝑝𝑖, 𝑢𝑗)(�̂�𝑗 − 𝑢𝑗)|, 

 

𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝑤𝑀𝑃𝑈 |
𝜕𝐹𝑉

𝜕𝑢𝑗
(𝑡, 𝑝𝑖 , 𝑢𝑗)(�̂�𝑗 − 𝑢𝑗)|. 

 
The total category level AVA MPU is given by (EBA RTS art. 9.6) 
 

𝐴𝑉𝐴𝑀𝑃𝑈(𝑡) =∑∑𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖, 𝑢𝑗)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

. 

 
We stress that the total category level AVA MPU value strongly depends on essentially two main choices 

considered in the single 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) calculation: 

 choice of the valuation positions {𝑝1, … , 𝑝𝑁𝑝} (sum over index i above). 

 choice of the valuation inputs {𝑢1, … , 𝑢𝑁𝑢} (sum over index j above); 

The choice of the valuation positions {𝑝1, … , 𝑝𝑁𝑝} determines the valuation exposure. The latter is defined 

implicitly by the choice of the valuation positions {𝑝1, … , 𝑝𝑁𝑝} itself in the full evaluation approach, and 

explicitly by the sensitivity 
𝜕𝐹𝑉

𝜕𝑢𝑗
(𝑡, 𝑝𝑖 , 𝑢𝑗) in the sensitivity approach.  

From a mathematical point of view, such strong dependence originates from the non-commutativity of the 
double summation in the formula above w.r.t. the same summation implicit in the FVs contributing to the 

single 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) on the right hand side. This is particularly clear if we look at the sensitivity 

approach, since the sensitivity figures and distribution will depend strongly on their aggregation level both in 
terms of valuation positions and on valuation inputs. For example, we may think to a set of interest rate 
derivatives (valuation positions) distributed into three portfolios: a portfolio of exotics, and its corresponding 
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delta and vega hedging portfolios, including plain vanilla IRS and options, respectively. The total aggregated 
sensitivity of the total (hedged) valuation position (exotic+hedges) will be much smaller than the single 
sensitivities by pillar and/or by portfolio, and the same will hold for the total and partial AVA MPU. 
We also stress that the two choices above present very different degrees of arbitrariness. The choice of the 

valuation positions {𝑝1, … , 𝑝𝑁𝑝} in the single APVA calculation is in any case constrained to be summed over 

all those valuation positions 𝑝𝑖  showing a valuation exposure to a given valuation input 𝑢𝑗 (valuation 

exposure level). Thus, it is always convenient to compute the total AVA MPU for the total valuation exposure 
in one single shot, instead of computing the single APVAs and then aggregating. In the example above, it is 
convenient to compute the AVA for the total (hedged) valuation position (exotic+hedges), instead than 
computing the partial APVAs for the three portfolios (or for each trade) separately. 

Instead, the choice of the valuation inputs {𝑢1, … , 𝑢𝑁𝑢} is subject to a strong degree of arbitrariness, in 

particular when the valuation input is a (D-dimensional) matrix of parameters. Thinking again in terms of 
sensitivity, the sensitivity distribution by pillar (e.g. the terms of a yield curve, or the terms/strikes in a 
volatility surface) may be aggregated in many different ways, thus leading to very different AVA MPU figures. 
Hence, the EBA RTS, art. 9.4b allows Institutions to reduce the valuation inputs using any appropriate 
methodology provided that some conditions are met. More details are given below. 

 

 AVA calculation for securities  
We can identify the following cases. 

o Liquid securities accounted at Fair Value Level 1 

𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 0, if the FV is calculated on market tradable prices with negligible bid-

ask, otherwise go to next cases. 
o Contributed securities accounted at Fair Value Level 1 

If a contributed security admits multiple price contributors with a reliable distribution of fair 
values, we can compute the AVA looking for the appropriate 10th percentile of such price 
distribution. If there are some contributors, but the resulting price distribution is not 
reliable, a possible alternative approach is the following 
 

𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝑤𝑀𝑃𝑈 {
+𝑤𝑏𝑖𝑑 × [𝐹𝑉(𝑡, 𝑝𝑖, 𝑢𝑗) − 𝑉𝑏𝑖𝑑

𝑚𝑖𝑛(𝑡, 𝑝𝑖, 𝑢𝑗)] long positions,

−𝑤𝑎𝑠𝑘 × [𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗) − 𝑉𝑎𝑠𝑘
𝑚𝑎𝑥(𝑡, 𝑝𝑖 , 𝑢𝑗)] short positions.

 

 

where 𝑉𝑏𝑖𝑑
𝑚𝑖𝑛(𝑡)/𝑉𝑎𝑠𝑘

𝑚𝑎𝑥(𝑡) are the lowest/highest bid/ask prices quoted at time t, 𝑤𝑀𝑃𝑈 =
0.5 and 𝑤𝑏𝑖𝑑/𝑤𝑎𝑠𝑘 are two further weights to account for the 90% confidence level, e.g. 
𝑤𝑏𝑖𝑑 = 𝑤𝑎𝑠𝑘 = 0.9. 

o Securities accounted at Fair Value Level 2 or 3 
AVA MPU may be computed via sensitivity or full revaluation based on relevant risk factors, 
in particular credit spread and interest rate curves, using prudent MPUs. 

o Impaired/defaulted securities 

 𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 0 if the FV is already conservative and does not depend on uncertain 

market data, otherwise go to the other cases above.  
We stress that more and/or different cases may be identified according to the fair value policy 
adopted by the Institution. 
 

 AVA calculation for derivatives   
We can identify the following cases. 

o Exchange Traded Derivatives (ETD)  

𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗) = 0, since the FV is quoted and actively traded on the exchange with 

negligible bid-ask, otherwise go to next case. 
o OTC Derivatives (OTCD)  

AVA MPU may be computed typically via full revaluation or sensitivity based on relevant risk 
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factors. Both approaches are computationally intensive, but sensitivities are typically 
computed also for hedging and risk management purposes, thus the second method may be 
preferred in practice. 

 

 MPU estimation  
We observe that the calculation of AVA MPU requires a methodological effort to define the 
distribution of the relevant valuation inputs. If we define price as random variable X with cumulative 
density function 𝐹𝑋(𝑢) and density function 𝑓𝑋(𝑥) and the theoretical confidence level with 𝛼 =
90%, it is possible to calculate the AVA by solving for X the following expression 

 

(1 − 𝛼) =

{
 
 

 
 
𝑃(𝑋 < 𝐾) = ∫ 𝑓𝑋(

𝐾

−∞

𝑢) 𝑑𝑢, 𝑙𝑜𝑛𝑔 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠,

𝑃(𝑋 > 𝐾) = ∫ 𝑓𝑋(

+∞

𝐾

𝑢) 𝑑𝑢, 𝑠ℎ𝑜𝑟𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠.

 

 
The expression above, which provides a theoretical concept depending only on the form of 𝑓𝑋(𝑥) 
without taking into account any other hypothesis. Indeed 𝑓𝑋(𝑥) can be a function of time and of 
some parameters, such as volatility. These features have been widely explored in financial literature 
by using approaches of conditional volatility or realized volatility; one recent example can be found 
in ref. [65].  
 
Possible sources of MPU data are the following. 

o Front office traders active in their respective markets. 
o Appropriate selection of multiple contributors (brokers, market makers) available from data 

providers (e.g. Bloomberg or Reuters). 
o Consensus price services (e.g. Markit, Superderivatives, etc.). 
o Collateral counterparty valuations for derivatives. 
o Historical series of market data 

 

 Netting and P&L variance test  
According to EBA RTS, art. 9.4b, Institutions are allowed to reduce the valuation inputs using any 
appropriate methodology provided the reduced parameters satisfy all of the following requirements. 

1. The total value of the reduced valuation exposure is equal to the total value of the original 
valuation exposure; 

2. The reduced set of parameters can be mapped to a set of market tradable instruments. 
3. The P&L variance test is successful. 

Thinking in terms of sensitivity, reducing the valuation inputs amounts to aggregate the original 
sensitivity distribution by market pillars onto a reduced set of market pillars. Such reduction is also 
called sensitivity netting. Clearly, there may exist many different netting choices that satisfies 
conditions 1 and 2 above, even the most extreme, such as netting all the sensitivities onto a single 
market pillar, leading to very different AVA MPU figures. However, all such netting choices will 
capture different amounts of variance of the underlying risk factor uncertainty, and will display 
different time dynamics, possibly leading to unstable AVA MPU figures. Valuation input reduction to 
a single factor is exact only in case: 

1. the sensitivity has constant sign (always positive or negative) for all the valuation inputs (e.g. 
the terms of a given yield curve, or the terms/strikes of a given volatility surface), 

2. all the valuation inputs have the same uncertainty.  
In fact, in this case the AVA MPU calculation does simplify as 
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𝐴𝑉𝐴𝑀𝑃𝑈(𝑡) =∑∑𝐴𝑃𝑉𝐴𝑀𝑃𝑈(𝑡, 𝑝𝑖 , 𝑢𝑗)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

= 𝑤𝑀𝑃𝑈∑∑|
𝜕𝐹𝑉

𝜕𝑢𝑗
(𝑡, 𝑝𝑖 , 𝑢𝑗)(�̂�𝑗 − 𝑢𝑗)|

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

 

 

= 𝑤𝑀𝑃𝑈Δ𝑢∑∑|
𝜕𝐹𝑉

𝜕𝑢𝑗
(𝑡, 𝑝𝑖 , 𝑢𝑗)|

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

= 𝑤𝑀𝑃𝑈Δ𝑢 |∑∑
𝜕𝐹𝑉

𝜕𝑢𝑗
(𝑡, 𝑝𝑖 , 𝑢𝑗)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

|. 

 
Notice that the same result holds under the full revaluation approach, since the full revaluation will 
react to valuation input uncertainties consistently with the sensitivity approach. Furthermore, both 
approaches must lead to the same figures (within the precision of the Taylor expansion underlying 
the sensitivity approach). 
The P&L variance test is designed to ensure that a netting choice captures most of the historical 
variance of the valuation exposure, using an historical VaR-like approach. To define the test let’s fix 
the notation as follows. 
o 𝑢𝑗𝛼 ,  𝑗 = 1,… ,𝑁𝑢,   𝛼 = 0,… ,𝑁𝑑 = j-th risk factor (scalar, vector or matrix element, generically 

indexed with some ordering) for 𝛼-th date (backward time ordered, with 𝛼 = 0 = today, 𝛼 = 1 = 
yesterday business day, etc.). 

o Δ𝑢𝑗𝛼 ≔ 𝑢𝑗𝛼 − 𝑢𝑗𝛼−1 = 𝛼-th daily variation of risk factor 𝑢𝑗𝛼. 

o 𝐹𝑉𝛼 = fair value of today’s valuation exposure at 𝛼-th date (static portfolio). 
o 𝛿𝑗𝛼 ≔  𝜕𝐹𝑉𝛼 𝜕𝑢𝑗𝛼⁄  = first-order sensitivity of today’s valuation exposure to risk factor 𝑢𝑗𝛼 (delta, 

vega, rho, etc.). 
We know the valuation exposure and its fair value at today’s date, 𝐹𝑉𝛼=0 = 𝐹𝑉0. Instead, it is much 

more difficult to recompute the past fair values of the present valuation exposure, {𝐹𝑉1, … , 𝐹𝑉𝑁𝑑}. 

Thus, we approximate such values using first order Taylor expansion and today’s risk factors 
sensitivities as follows 
 

𝐹𝑉𝛼 ≅ 𝐹𝑉𝛼−1 +∑𝛿𝑗𝛼

𝑁𝑅

𝑗=1

Δ𝑢𝑗𝛼 +⋯ ≅ 𝐹𝑉𝛼−1 +∑𝛿𝑗,0

𝑁𝑅

𝑗=1

Δ𝑢𝑗𝛼. 

 
Notice that we are assuming that first order sensitivities are fairly constant w.r.t. the risk factors 
levels, 𝛿𝑗,𝛼 ≅ 𝛿𝑗,0  ∀ 𝛼. This is consistent with first order Taylor expansion and the static portfolio 

assumption. Second order sensitivities (gamma in particular) can be introduced in the expansion if 
required. Hence, we may define the 𝛼-th daily profit & loss of the valuation exposure as 
 

𝑃𝐿𝛼: = 𝐹𝑉𝛼 − 𝐹𝑉𝛼−1 ≅∑𝛿𝑗,0

𝑁𝑅

𝑗=1

Δ𝑢𝑗𝛼,  𝛼 = 1,… ,𝑁𝑑 , 

 
and we may compute the variance of the historical series as 
 

𝑉𝑎𝑟{𝑃𝐿} = 𝑉𝑎𝑟{𝑃𝐿1, … , 𝑃𝐿𝑁𝑑}, 

 
where the EBA RTS require 𝑁𝑑 = 100. The calculations above may refer to both unreduced and 
reduced sets of risk factors as well. Denoting reduced quantities with a hat, the reduced set is 

characterized by a lower number of risk factors, �̂�𝑢 < 𝑁𝑢. We may calculate the profit & loss of the 
reduced valuation exposure as 
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𝑃𝐿�̂�:= 𝐹�̂�𝛼 − 𝐹�̂�𝛼−1 ≅∑𝛿𝑗,0

�̂�𝑅

𝑗=1

Δ𝑢𝑗𝛼,   𝛼 = 1,… ,𝑁𝑑 , 

 
with the constrain on the total reduced and unreduced sensitivities, 
 

∑𝛿𝑗,0

�̂�𝑅

𝑗=1

=∑𝛿𝑗,0

𝑁𝑅

𝑗=1

 , 

 
for each single risk factor class (e.g. delta, vega, etc.). Finally, the P&L variance ratio test required by 
EBA RTS [1], art. 9 can be calculated as 
 

𝑃𝐿 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 =  
𝑉𝑎𝑟{𝑃𝐿 − 𝑃�̂�}

𝑉𝑎𝑟{𝑃𝐿}
≤ 0.1, 

 
where 
 

𝑉𝑎𝑟{𝑃𝐿 − 𝑃�̂�} = 𝑉𝑎𝑟{𝑃𝐿1 − 𝑃�̂�1, … , 𝑃𝐿𝑁𝑑 − 𝑃�̂�𝑁𝑑 }. 

 
The approach above is based on common approximations and requires, beyond the present value 
and sensitivities of the valuation exposures subject to AVA MPU, just the historical series of the 
relevant market risk factors.  
One of the most important factors driving the success of the test and the resulting AVA MPU figures 
is obviously the choice of the reduced valuation exposure. Starting from a unique unreduced 
exposure, linked to tradable risk factors, multiple possible reduced exposures may be created using 
different aggregation strategies, including the most aggressive (reduction to a single node). Although 
valuation input reduction is a simplification of the framework, once the test is passed, it is able to 
capture the most relevant component of the P&L variance. As such, institutions are allowed, for each 
prudent valuation reporting date, to look for the most convenient reduced exposure that passes the 
test and minimizes the AVA. 
The stability of the test across different reporting dates depends on the stability of the sensitivity 
distribution and on the amounts of variance of the valuation exposure is explained by the chosen 
reduction. In this sense, we argue that a principal component analysis of the valuation exposure w.r.t 
to the underlying risk factors would help to figure out the most important nodes and the 
corresponding aggregations. 
 

 
AVA data 
The AVA MPU calculation requires the following data. 

 Construction of a plausible range of values for each valuation input 𝑢𝑗 of each valuation position 𝑝𝑖. 

Clearly, the market does not quote multiple reliable values for each valuation input, and an expert-
based approach is required for most of them. We report some case studies below. 

 Sensitivity of all the valuation positions {𝑝1, … , 𝑝𝑁𝑝} w.r.t. all the relevant valuation inputs 

{𝑢1, … , 𝑢𝑁𝑢}, for each possible component of the valuation input 𝑢𝑗
𝛼𝛽𝛾…

. 

 
Case study #1: AVA MPU calculation for quoted securities 
In this case, study we consider a security for which there are multiple reliable price contributors and we 
compute the AVA looking for the 90% confidence limit in the market price distribution. In Figure 19, top left 
table, we show the 12 market bid and ask prices, and the corresponding mid prices. We assume to compute 
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the FV as the average mid-price (162.25). In the top right table, we compute the mid-price distribution, 
ranking the market bid prices and assigning the corresponding percentiles. The prudent values for long 
(positive FV) and short (negative FV) positions are the closest matches to the 10th and 90th percentiles, equal 
to 161.97 and -162.49, respectively. Finally, we compute the AVA MPU as the half of the difference between 
FV and PV, equal to 0.14 and 0.12 for long and short positions, respectively.  
We observe that, in this case study, the AVA calculation is possible thanks to the existence of multiple 
market price contributors for the same financial instrument. Even in this case, the corresponding price 
distribution is highly irregular (see Figure 19, bottom chart), thus weakening the robustness of the 90% 
confidence limit. 
We also remark that, in this case study, we showed the AVA calculation considering a single quoted security. 
Anyway, also for quoted securities, Prudent Regulation allows a sensitivity-based approach, that can factor-
in possible hedging with different instrument types (e.g. Bond-CDS) within the same portfolio to build the 
valuation position subject to AVA MPU. 
 
 

 
Figure 19: Case study #1, market data (top left), MPU distribution, prudent value and AVA MPU calculation 
(top right) and distribution chart (bottom). 
 
 
Case study #2: AVA MPU calculation using sensitivities, P&L variance test 
This case study is illustrated in detail in EBA RTS sec. 4.1.1. Another example can be found in ref. [39]. 
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Case study #3: MPU estimation using consensus price services 
In this case, study we consider, for example purposes, the Totem consensus price service run by Markit12. 
The Totem service provides consensus-based prices for vanilla and exotic products, covering equity, interest 
rate, currency, commodity, credit, property and bond markets. The service is based on a do ut des 
mechanism, such that, at each contribution date (e.g. end of month), for each service (e.g. EUR interest rate 
swaps), and for each instrument in a template portfolio distributed by Totem (e.g. EUR IRS on Euribor6M 
maturity 10Y) a panel of participants (typically banks having trading positions in that market) submit their 
best estimate of the mid fair value. Then, after a check of the contributions and possible exclusions of 
outliers, Totem returns the average consensus price for each instrument, with some additional figures, such 
as standard deviation, skewness and kurtosis of the price distribution, the range between the minimum and 
maximum accepted contributors, etc. Notice that possible outlier contributors are excluded from the 
consensus calculation and do not receive the feedback. See Figure 20 for a pictorial representation of the 
service mechanics. During 2015, Totem has included also the 10th and 90th percentiles of the price 
distribution for prudent valuation purposes. 
 

 
Figure 20: Pictorial representation of consensus price services mechanics. There are four steps, proceeding 
clockwise from top-left corner. 
 
Case study #4: MPU estimation using historical trades  
In this case, study we exploit MPU estimation looking at past transactions happened on the market and 
recorded in public Trade Repositories. In particular, we selected intra-day OTC Euro Swap trades available 
from Bloomberg, CME, DTCC and ICE, with 6m floating leg frequency, 1y-10y, 12y, 15y, 20y, 30y, 50y 
maturities (15 buckets), in the sample period from January 1, 2013 to December 31, 2013 (252 business 
days), with trade execution time coherent with GMT market opening hours. The data set was worked out 
and provided by Financial Machineries [114].  
Assuming that swap rates follow a normal distribution with a certain mean and variance, it is possible to 
estimate hourly average quotations (mid prices) and their historical variance for each maturity considered. 
We fitted the term structure of the swap rate curve using the classic Nelson – Siegel model [55], given by  
 

𝑅(𝑡, 𝑇) =  𝛽0 + 𝛽1 [
1 − 𝑒−𝜃

𝜃
] + 𝛽2 [

1 − 𝑒−𝜃

𝜃
− 𝑒−𝜃] , 𝜃 =

𝑇 − 𝑡

𝜏
, 

                                                 
12 We choose one particular data provider for example purposes. Similar services are also delivered by other data providers, such as Bloomberg, 
Reuters, Superderivatives, etc. 
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where: 

 𝑡, 𝑇 are the swap start and end dates, respectively, 

 𝑅(𝑡, 𝑇) is the swap rate, 

 𝛽0 is the long term swap rate, not depending on maturity, 

 𝛽1 is the short term component, decaying to zero in the long term, 

 𝛽2 is the mid-term component, expressing the curvature of the yield curve, 

 𝜏 is the decay factor of the yield curve. 
In practice, for each day in the historical time window, we looked for swap trades executed within the EUR 
open market time window 8.00 am - 5.00 pm GMT, gathering most of the trading activity, and we formed 9 
hourly groups. For each hourly group we computed the 50th and 90th percentiles of the swap rates 
distribution. Next, we fitted two Nelson-Siegel models, one for each percentile, for each hourly group and 
for each historical day, thus leading to 2 x 9 x 252 fits. In order to avoid possible erratic fits, we filtered out 
possible fits such that: 

 NS parameters are estimated on groups including less than two deals for at least three maturities, 

 NS curves are not monotonically increasing, 

 NS curves allow negative swap rates.  
Finally, we computed the MPU for each maturity as the expected absolute difference (over 9 x n° of days 
fits) between 90th percentile and 50th percentile curves for every hourly calibration, 
 

𝑀𝑃𝑈(𝑇) = 𝔼[ |𝑅90𝑡ℎ(𝑇) − 𝑅50𝑡ℎ(𝑇)| ] . 
 
As shown in Figure 21, the resulting MPUs grow up to 1.5 bps for longer expiries like 30y and 50y, while 
shorter expiries display MPUs under 1 bps. This feature may be interpreted in terms of lower market 
liquidity of the longer maturities and with the resulting difficulty of fitting both short and the long terms of 
the curve by using the Nelson-Siegel model. Anyhow, the results are stable even using different samples of 
market data and reflect information from real traded deals.  
 

  
 

Figure 21: Case study #4, MPU estimation for OTC Euro Swaps rates (basis points) from 1Y to 50Y maturities 
(15 buckets), with 6m floating leg frequency, sample period from January 1, 2013 to December 31, 2013 (252 
business days). Data from public American Trade Repositories, elaborated by Financial Machineries [114].  
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8.4 AVA Close-out costs  
 
AVA definition and references 
The AVA Closed-out cost (CoCo) is defined in EBA RTS art. 10 and further clarified in FAQs n. 23, 24, 24.1, 28, 
30, 31, 37, 37.1, 40.1, 40.3, 42.5. 
AVA CoCo refers to the valuation uncertainty of a valuation exposure arising from uncertainty in the exit 
price of the valuation positions, or, in other terms, the cost of liquidity that a particular valuation exposure 
can exhibit in particular market conditions. Both situations lead to relevant bid-ask spreads to exit the 
valuation position.  
Since illiquidity can also be seen as uncertainty around the mid-price, AVA CoCo overlaps with AVA MPU. 
Thus, when AVA MPU is based on tradable prices, AVA CoCo may be set to zero. 
 
 
AVA scope 
Within the general prudent valuation scope (see sec. 4), AVA CoCo refers in particular to those valuation 
positions for which there is not sufficient liquidity to exit the valuation exposure at mid price (at 90% 
confidence level), and there are relevant bid-ask spread. 
 
Fair value 
The FV of the trades subject to AVA CoCo may include or not the effect of possible CoCo. Institutions 
typically account FV adjustments in their balance sheets to cover possible losses related to CoCo, called bid-
ask adjustments. In this case, the FV subject to prudent valuation for AVA CoCo must include such FV 
adjustments, or, in other words, such FV adjustments must be subtracted from the AVA CoCo (keeping the 
AVA non-negative). 
 
AVA calculation rules 
The AVA CoCo calculation must proceed according to steps fairly analogous to AVA MPU calculation. In 
Figure 22 below we show the general AVA CoCo calculation scheme. The different AVA calculation 
approaches are explained in detail below. 
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Figure 22: AVA CoCo calculation scheme. 
 
 
AVA calculation approaches 
According to EBA RTS art. 10.6c the prudent value 𝑃𝑉𝐶𝑜𝐶𝑜 and the additional partial valuation adjustment 
𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜 may be calculated according to one of the following approaches: 

 Revaluation approach  
The revaluation approach requires a new evaluation of the fair value 𝐹𝑉𝑖𝑗 for valuation position 𝑝𝑖  

using half the prudent bid-ask spread Δ̂𝑗 of the relevant risk factors, 𝑢𝑗, as 

 

𝑃𝑉𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗 ± 0.5 × Δ̂𝑗). 

 
If the valuation input is directly the value of the instruments (e.g. for quoted securities and 
derivatives), we have the simplified expression 
 

𝑃𝑉𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗) − 0.5 × Δ̂𝑗. 

 
In both cases, the additional partial valuation adjustment 𝐴𝑃𝑉𝐴𝑀𝑃𝑈 is given by 
 

𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝑤𝐶𝑜𝐶𝑜[𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗) − 𝑃𝑉𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗)] 

 

 Sensitivity approach  

The sensitivity approach is based on the Taylor expansion of the fair value function 𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗) 

w.r.t. the underlying risk factors 𝑢𝑗 as follows 

 

𝑃𝑉𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝐹𝑉(𝑡, 𝑝𝑖 , 𝑢𝑗) −
1

2
|
𝜕𝐹𝑉

𝜕𝑢𝑗
| �̂�𝑗, 

 

𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗) = 𝑤𝐶𝑜𝐶𝑜
1

2
|
𝜕𝐹𝑉

𝜕𝑢𝑗
| �̂�𝑗. 
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The total category level AVA CoCo is given by (EBA RTS art. 10.7) 
 

𝐴𝑉𝐴𝐶𝑜𝐶𝑜(𝑡) =∑∑𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖 , 𝑢𝑗)

𝑁𝑢

𝑗=1

𝑁𝑝

𝑖=1

. 

 
Similarly to the AVA MPU, the AVA CoCo strongly depends on the choice of the valuation positions 

{𝑝1, … , 𝑝𝑁𝑝} (sum over index i above) and of the valuation inputs {𝑢1, … , 𝑢𝑁𝑢} (sum over index j above). 

 

 AVA calculation for securities  
We can identify the following cases. 

o Securities held in market making portfolios   
𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖) = 0 since, in these cases, the Institution makes both the bid and the ask 
prices. 

o Liquid securities accounted at Fair Value Level 1   
a possible approach is 
 

𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖) = 𝑤𝐶𝑜𝐶𝑜𝐹𝑉(𝑡, 𝑝𝑖) {
−�̅�𝑏𝑖𝑑(𝑡, 𝑝𝑖) long positions,

+�̅�𝑎𝑠𝑘(𝑡, 𝑝𝑖) short positions.
 

 
where �̅�𝑏𝑖𝑑(𝑡, 𝑝𝑖)/�̅�𝑎𝑠𝑘(𝑡, 𝑝𝑖) are the average bid/ask prices quoted for position 𝑝𝑖  at time t, 
and 𝑤𝐶𝑜𝐶𝑜 = 0.5. 

o Other securities   
𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖) = 0 if, according to the Institution Fair Value Policy, they are already priced 
at prudent bid or ask. Otherwise AVA CoCo shall be computed via sensitivity or full 
revaluation based on relevant risk factors, in particular credit spread and interest rate 
curves, using prudent bid-ask spread. 

We stress that more and/or different cases may be identified according to the Fair Value Policy 
adopted by the Institution. 
 

 AVA calculation for derivatives   
We can identify the following cases. 

o Exchange Traded Derivatives (ETD)  
𝐴𝑃𝑉𝐴𝐶𝑜𝐶𝑜(𝑡, 𝑝𝑖) = 0, since the FV is quoted and actively traded on the exchange with 
negligible bid-ask, otherwise go to next case. 

o OTC Derivatives (OTCD)  
AVA CoCo may be computed typically via full revaluation or sensitivity based on relevant risk 
factors, similarly to AVA MPU. 

 

 CoCo estimation  
We observe that the calculation of AVA CoCo requires a methodological effort to define the 
distribution of the relevant valuation inputs, as in the AVA MPU case. If we define bid and ask prices 
as random variables X with cumulative density function 𝐹𝑋(𝑢) and density function 𝑓𝑋(𝑥) and the 
theoretical confidence level with 𝛼 = 90%, it is possible to calculate the bid or ask solving for X the 
following expression 

 

𝑃(𝑋 < 𝛼) = (1 − 𝛼) = ∫ 𝑓𝑋(

𝛼

−∞

𝑢) 𝑑𝑢 = 0.1. 
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The expression above leads to a correct calculation of CoCo in case of symmetric bid – offer spread. 
However, CoCo calculation is not strictly limited to expression above and can be also estimated by 
using other quantitative or qualitative approaches, as described for AVA MPU in sec. 8.3. 

 
AVA data 
Data can be collected by using either indicative bid ask spreads offered and published by data providers, 
such as Bloomberg or Reuters, or an indirect estimation method, which can infer information from any 
financial historical series. This approach, and the relative branch of literature, has been inspired by a pioneer 
paper written by Roll [40]. 
 
Case study #1: AVA CoCo calculation for quoted securities 
In this case study we consider the same security considered for AVA MPU case study #1 in sec. 8.3 above, for 
which there are multiple reliable price contributors for bid and ask price. In Figure 23, top left table, we 
show the 12 quotations of market mid-bid spreads. The corresponding 12 quotation of ask-mid spreads are 
shown in top right table. The FV is the average mid-price (162.25). In the top tables, we also compute the 
mid-bid and ask-mid spreads distributions, ranking the market spreads and assigning the corresponding 
percentiles. The prudent bid (for long positions) and ask (for short positions) are the closest matches to the 
90th percentiles, equal to 1.43 in both cases (since in this example bid-ask prices are symmetrical). The 
prudent values are given by 162.25 − 1.43 = 160.83 and −162.25 − 1.43 = −163.68 for long and short 
positions, respectively. Finally, the AVA CoCo is given as the half of the difference between FV and PV, equal 
to 0.71 for both long and short position (because of symmetry). In addition, in this case the price distribution 
is highly irregular (see bottom charts), thus weakening the robustness of the 90% confidence limit. 
 

 
Figure 23: Case study #1, market data CoCo distribution, prudent value and AVA CoCo calculation (top 
tables), and distribution charts (bottom). The FV is the average mid-price (162.25). 
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Case study #2: AVA CoCo calculation using sensitivities, P&L variance test 
This case study is illustrated in detail in EBA RTS sec. 4.1.2. 
 
Case study #3: CoCo estimation from historical data 
Similarly, to the case study #4 of sec. 8.3, here we perform an AVA CoCo estimation by looking at past 
market transactions recorded in public Trade Repositories (Bloomberg, CME, DTCC and ICE). 
Following the pioneer approach used in [40], and the concept developed in [52], and [54], an implicit 
volatility, not belonging to the theoretical price, which can be identified, at least partially, as the bid-ask 
spread, is estimated. 
According to the references, the main feature is that the volatility of log-price returns depends on two 
stochastic factors: a Brownian motion, describing the dynamics of the theoretical price, and a microstructure 
noise term due to imperfections of the trading processes, or bid-ask spread. 
We also assume that such components are uncorrelated with each other, and the sample time interval is 
independent of the price process. Mathematically, we have 
 

𝑌𝑡 = 𝑋𝑡 + 휀𝑡 , 
 

𝑑𝑋𝑡 = 𝜇𝑡𝑑𝑡 + 𝜎𝑑𝑊𝑡 , 
 
where 𝑌𝑡 is the log-price at time; 𝑋𝑡 is the stochastic variable describing an unobserved log-price, composed 
of a time-constant volatility 𝜎 and a standard Brownian motion 𝑊𝑡; and 휀𝑡  is the noise component due to 
trading process. 
 
Using the dynamics above, it is possible to model log–price returns 𝑅𝑡 with a MA(1) process, 
 

𝑅𝑡 = 𝜎(𝑊𝑡 −𝑊𝑡−1) + 휀𝑡 − 휀𝑡−1  ≡  𝑢𝑡 +  𝜂𝑢𝑡−1, 
 
where 𝑢𝑡 has mean zero and variance 𝛾2. Assuming 휀𝑡 ∽ 𝑁(0, 𝑎

2), then each 𝑢𝑖  is Gaussian and 
independent from the other 𝑢𝑗, for every 𝑖 ≠ 𝑗. The log-price likelihood function of the observed log-price 

returns {𝑅1, … , 𝑅𝑛} can be seen as a function of the parameters 𝜂, 𝛾2, and is given by 
 

ln 𝐿(𝑅𝑛, … , 𝑅1 ; 𝜂, 𝛾
2) =  𝑙(𝜂, 𝛾2) = −

1

2
ln det(Σ) −

n

2
ln(2𝜋𝛾2) −

1

2𝛾2
𝑅′Σ−1𝑅, 

 
where Σ is the covariance matrix for vector[𝑅𝑛, … , 𝑅1]

′, i.e. 
 

Σ =  

[
 
 
 
1 + 𝜂2

𝜂

𝜂

1 + 𝜂2
⋯
⋱

0
⋮

⋮ ⋱      ⋱ 𝜂

0    ⋯       𝜂 1 + 𝜂2]
 
 
 
. 

 
In order to correctly estimate the parameters by using non-equally-spaced time observations, 𝛥𝑖 = 𝑡𝑖 −
𝑡𝑖−1, the log–price likelihood must be readapted as a function of all the available information (observed 
returns, and time between observations). This reformulation of the likelihood function can be found in [52], 
section 8. 
By maximizing the likelihood function, a confidence interval for the error component explaining the bid-ask 
noise, ε, is identified. Also, the implicit bid-ask spread can be equivalently calculated as one-half of the 90th 
percentile in the distribution of the noise. 
It is remarkable that the Swap trading frequency depends on its expiry. Using this data set can be inferred 
that the most liquid series are those expiring at 2y, 5y, 10y, 30y (Figure 24). Liquid series can be estimated as 
standalone results, while less liquid series must be inferred as functions of liquid series data. Inferring 
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information from series with different expiries is a reasonable assumption, as long as the difference between 
them is low, given a high level of correlation.   
 

  
Figure 24: Number of trades by swap maturity, for OTC Euro Swaps with 6m floating leg frequency, sample 
period from January 1, 2013 to December 31, 2013 (252 business days). Data from public American Trade 
Repositories, elaborated by Financial Machineries [114].  
 
  
Liquid series calibration 

This category of series must be adjusted for misreported data, given the possible presence of misleading 
valuations in the repositories. In order to obtain a robust and adaptive filtration, a procedure consisting in 
the iterative removal of possible outliers has been adopted. Such a procedure is aimed at maximize the 
likelihood function, while reducing the number of removed items. The filtering procedure can be 
summarized as follow:  

 The log-likelihood is computed by using every observation of the swap price.  

 A confidence interval (with 𝛼 = 0.01%) around log price changes is determined, assuming the 
stationarity around zero of log price changes. 

 By using this interval, outliers are selected, and parameters are re-estimated using the log-likelihood 
function. 

 A valuation of the global minimum has to be performed. If it is below the level of the one calculated 
in the first step, a score is computed as the ratio of the difference between those minimums and the 
number of observation removed. 

 The above procedure is repeated until the score is below a selected threshold. When convergence is 
reached, i.e., the increment of the likelihood function is below the threshold, the algorithm stop at 
the optimal score, and so does the associated bid-ask. 

 Those parameters that best estimate the bid-ask spread volatility for that series are, finally, kept. 
 
Illiquid series calibration 
The calibration of model parameters on illiquid historical series must take into account the lack of 
observations. To solve this problem we inferred information from more liquid series with similar maturities, 
assuming high correlations. 
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We found two different approaches able to tackle this issue. The first regards the use of a constrained log-
likelihood function (the same as the one described above plus a constraint). The volatility of the theoretical 
price change must be a linear combination of the volatility of the theoretical price of the nearest liquid series 
parameters. The “near” is determined by looking to the proceeding of the following expiring bucket until a 
liquid one is found. The second regards the use of a feed-forward neural network algorithm, which creates 
dependencies and forecasts illiquid series observations from liquid series. The literature on Artificial Neural 
Networks is quite rich. Classical approaches can be found in [44], and more recently in [46]. Such an 
algorithm is able to forecast illiquid series observations, using observed patterns of imprinted paths during 
optimization. In other words, this procedure allows describing complex relations that cannot be 
characterized by simple analytical functions. 
In particular, in our work, a neural network has been optimized for each illiquid series, in order to reproduce 
forecasts for illiquid series dependent to liquid ones. Finally, the bid-offer spread has been estimated on 
forecasted series by using the econometric model as previously defined. 
Results are obtained by using GTR Analytics, i.e., a software package developed by Iason internally, for the 
time period between April 28, 2014 and October 28, 2014. On the one hand, the first approach seems to be 
more conservative, giving a similar value both for liquid and illiquid series. On the other hand, the second 
approach seems to show better the lack of liquidity of illiquid series. These results are summarized in Table 
15 (where we use a basis point notation) and Figure 25. 
 

 
Table 15: Results 
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Figure 25: Computing bid-ask spread with different approaches. 

 
In conclusion, for the time series herein studied, we can confidently state that the bid-ask estimation is 
correct, at least for the first part of the swap curve, in both the approaches, given their similar values. 
Nevertheless, for longer maturities, the two approaches seems to differ, with regards to the estimation of 
microstructure volatility. This is due to the fact that, on the one hand, interpolation represents a simplified 
version of the process true volatility, thus a real increased in the bid-ask spread is not obtained for less liquid 
series. On the other hand, neural networks, which are optimized using a small amount of observation of 
illiquid series, highly depends on filtering errors. It is worth noting that, as the length of time series 
increases, the optimization process of neural networks for illiquid series increases the performance of the 
second approach, and allows for a better identification of microstructure volatility. 
 

 
8.5 AVA Model risk 
 
AVA definition and references  
The AVA Model Risk (MoRi) is defined in EBA RTS art. 11 and further clarified in FAQs n. 10, 23.1, 28. 
AVA MoRi refers to the valuation uncertainty of a valuation exposure arising from uncertainty in models and 
calibrations used by market participants. In particular, AVA MoRi does not refers to the uncertainty in 
market risk capital arising from model risk (see FAQ 23.1). 
 
AVA scope  
Within the general prudent valuation scope (see sec. 5), AVA MoRi refers in particular to those valuation 
positions for which the Institution estimates that there is a lack of firm exit price due to model and/or model 
calibration choices. Of course, instruments that can be replicated by exact static combination of mark-to-
market instruments should not contribute to AVA MoRi. 
 
Fair Value  
The FV of the trades subject to AVA MoRi may include or not the effect of possible model risk. In some 
particular cases, Institutions may account FV adjustments in their balance sheets to cover the most relevant 
model risk uncertainties. In this case, the FV subject to prudent valuation for AVA MoRi must include these 
FV adjustments, or, in other words, the FV adjustments must be subtracted from the AVA MoRi (keeping the 
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AVA non-negative). In particular, FV adjustments for Model Risk are typically computed for financial 
instruments accounted at fair value hierarchy level 3, where there are unobservable parameters with 
material price impact, although also instruments accounted at fair value hierarchy level 2 may be subject to 
FV adjustments for model risk. For instance, Bermudan Swaptions may be priced using a model without 
unobservable parameters (fair value level hierarchy level 2) but, in an illiquid market lacking of reliable exit 
prices, with a sensible price dependence on the pricing model, a model risk adjustment may be computed by 
using an alternative model. Fair value adjustments for model risk may be also computed using different 
approaches, e.g. stress testing illiquid parameters and comparing with valuations from consensus price 
services. 
 
AVA calculation rules 
In Figure 26 below, we show the general AVA MoRi calculation scheme. The different AVA calculation 
approaches are explained in the following. 
 



 Prudent Valuation Guidelines and Sound Practices 
 

AIFIRM – Market Risk Committee Page 90 of 148 

 

 
Figure 26: AVA MoRi calculation scheme. 
 
In case of expert-based approach to model risk (according to EBA RTS art. 11.4), art. 11.5 requires a model 
risk test as described in Figure 27 below. 
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Figure 27: AVA MoRi test scheme. 
 
The EBA RTS art. 19.2, 19.3 also sets a number of processes and controls relevant to model risk. 

 Annual review of model performance. 

 Independence in the validation process between risk taking and control units. 

 Institution-wide product inventory ensuring that every valuation position is uniquely mapped to a 
product definition. 

 Defined valuation methodologies for each product of the inventory, including calibration and 
measurement of the valuation uncertainty. 

 Validation process ensuring that for each product, the product level methodologies are approved. 

 Defined thresholds based on observed market data for determining when valuation models are no 
longer sufficiently robust. 

 A new product approval process referencing the product inventory. 
 
AVA calculation approaches 
Analogously to model risk fair value adjustments, AVA MoRi must be computed for the valuation exposure at 
aggregated level, including all the positions valuated using the same model, both plain vanilla and exotic, 
and not at single deal level, in order to benefit from natural hedges in the portfolio, that may reduce model 
risk.  
The sources of model valuation uncertainty that may be considered for AVA MoRi are listed in the “AVA 
data” paragraph below. Since such data sources typically do not allow to recover enough information to 
meet the required 90% confidence level, one is forced to recur to expert-based approach. Some possible 
alternatives are listed below. 

 Model risk scenarios: generate a range of prices using model risk scenarios as discussed in sec. 6.4.3. 
As discussed there, such approach depends critically on model scenario generation and may suffer of 
high computational cost which strongly limit its practical applicability. We give some examples in the 
case studies below in this section.  

 Model stress test: another approach to model valuation uncertainty is to stress directly the model 
parameters themselves and to extract AVA MoRi as the 90% confidence level of the corresponding 
distribution of stressed prices. This case is actually a particular case of the model risk scenarios 
approach discussed above, since stressing model parameters is roughly equivalent to use different 
calibration alternatives and to consider calibration error. Expert-based judgment clearly enters in 
determining the distributions (or ranges) of parameters to be used in the stress test. Creating such 
distributions is rather delicate, because model parameters are not free variables, but are 
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constrained by a model calibration procedure to guarantee consistent model and market prices for 
the selected calibration instruments. Relaxing this constrain would imply different prices for 
calibration instruments, and thus the application of the model to different market data, overlapping 
with AVA MPU or even out of the scope of prudent valuation. Notice also that such approach is 
incomplete because it does not consider the usage of alternative models, since we are just stressing 
the parameters of one single model. 

 Model regression: a particular case of model stress test (and thus of model scenarios) is obtained by 
locking some model parameters to particular some values (or combinations of values), such that the 
model reduces to a simpler model. For instance, one could regress a Local Stochastic Volatility Model 
to Local Volatility or Stochastic Volatility. Both such alternative modelling approaches are widely 
used and discussed in the literature, with their pros and cons13. Given a comparable performance in 
the calibration, the different approaches can be used to estimate model risk. Different calibration 
set up could also be considered14. 

 Illiquid model parameters: in some cases, some model parameters may be particularly difficult to 
calibrate because the relevant quotes are illiquid or even not available at all. For instance, 
correlations appearing in basket options, quanto adjustments, path dependent interest rate 
payoffs15, etc. typically cannot be directly inferred from a liquid market. In such cases, a possible 
approach to estimate model valuation uncertainty is to resort to historical analysis. For example, in 
the case of correlations, we may proceed as follows: 
o estimate the historical correlations entering the model using historical series of the 

corresponding risk factors (e.g. two stocks, two rates, etc.); 
o calculate the historical volatility of the correlation estimates; 
o use such volatility to determine the shift at a 90% confidence level; 
o apply the shift to the correlation matrix, performing appropriate regularization; 
o obtain a new correlation matrix and recalculate the prudent price of the valuation position 

exposed to that illiquid parameter. 
We notice that we cannot obtain easily the 90% confidence level directly from the historical 
distribution of historical correlations, since such estimate requires non-overlapping estimation 
windows for each element in the sample. 

 Payoff regression: in some cases, instruments’ payoffs may be regressed to simpler payoffs such 
that the regressed price constitute a constraint for the original price. For instance, a Constant 
Maturity Swap with TARN feature might be prudentially estimated (constrained from above) relaxing 
the cap on the payment flow and using the replica approach. Another similar case happens when the 
instruments’ price can be super/sub replicated with opportune combinations of plain vanillas. For 
example, the price of a Bermudan Swaption is always constrained between the price of the 
maximum underlying European Swaption and the price of the basket of all underlying European 
Swaptions. 

 Expected vs realized P&L: estimate AVA MoRi using the P&L Explain test mentioned in sec. 6.4.2, as 
described in the case study #5 below in this section. 

 
AVA data 
The following data sources may be considered to obtain information about model valuation uncertainty and 
to meet the required 90% confidence level. 

 Broker quotes: obtain from brokers a collection of quotes for the instruments in the valuation 
position. Such quotes are quite difficult or even impossible to obtain for exotic derivatives.  

                                                 
13 Local Volatility Models, although capable of very good calibration on the smile, typically cannot reproduce a realistic forward smile. On the other 
side, Stochastic Volatility Models typically have issues in reproducing short term smile. 
14 The choice of benchmark instruments to be calibrated is typically related to hedging strategies, so different model alternatives must be equally 
calibrated to the chosen calibration instruments to correctly estimate model risk.  
15 A typical example of illiquid model parameters in interest rates payoff is the Libor correlation matrix needed by Libor/Swap Market Models, where 
one typically resort to some functional form with a few parameters very difficult to calibrate. 
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 Real market trades: such data may be available from brokers or from internal trading evidence. 
Clearly, such evidences can be useful for a limited time window after their appearance. 

 Collateral data: for the trades in the valuation position subject to collateral agreements (CSA), the 
price of the counterparty is available through collateral management. Clearly, the quality of such 
prices should be assessed. In general, it is usually difficult to obtain a significant statistical analysis 
from collateral management, except for those valuation positions hugely collateralized with multiple 
counterparties. 

 Consensus price services: as discussed in case study #3 in sec. 8.3, such data source may provide 
sufficient data for “standard exotic” instruments, such as, e.g., IR Bermudan and Spread Options, FX 
Barriers, Equity baskets, etc. Indeed, such data source typically explores a wide range of strikes and 
expiries, thus allowing to test smile model risk for deep out of the money vanilla options, for which 
liquid quotes are typically not available. 

We notice that, typically, data from the sources mentioned above may be obtained only for a subset of 
instruments in the valuation position. In this case, the model valuation uncertainty emerging from the 
analysis of such limited set of data may be applied to estimate the same model valuation uncertainty for the 
entire valuation position. Clearly, such application requires expert judgment. 
 
Case study #1: model risk from yield curve interpolation 
In this case study, we exploit a very common and simple case of model risk, related to yield curve 
construction. This is an important case study because yield curves are used, in general, in any pricing 
situation for discounting future cash flows, and, in particular, to price interest rate derivatives and securities 
with floating rate coupons. Yield curve construction is based on recursive application, called bootstrapping, 
of pricing formulas applied to interest rate market instruments. Thus, there are actually a lot of modelling 
choices inside. In particular, the chosen interpolation algorithm is crucial: in fact, interpolation is used both 
during the bootstrapping procedure, to “fill the gaps” between the term structure of the market quotations 
and the cash-flow schedule of market instruments16, and post bootstrapping, to price non-market 
instruments. The most important interpolation algorithms typically used in yield curve construction are the 
following. 

 Linear interpolation: very simple and robust, but produces irregular forward rate curves. 

 Standard spline interpolation: less simple but produces oscillating yield curves and non-locality 
effects. 

 Monotonic cubic spline interpolation: less simple and non-local, but produce regular forward curves. 
We notice also that interpolation may be applied to different targets: discount factors, log-discount factors, 
discount rates, forward rates. Furthermore, non-local interpolation requires also the usage of an 
optimization algorithm. See refs. [77] and [33] for further details and references. 
The case study has been set up as follows. 

 We used the yield curves described in sec. 8.1. Such curves were constructed using linear 
interpolation on zero rates. 

 We pre-computed a table of discount factors, discount rates and forward rates on regular grids with 
maturities from 1Y to 30Y and different rate tenors (3M, 6M, 12M), using different interpolation 
algorithms: linear, natural cubic spline and monotonic cubic spline on discount rates. 

 Using the table above, we priced a set of 30 IRS with maturities 1Y-30Y of 6 types (180 IRS in total):  
o fixed vs Euribor 3M,  
o fixed vs Euribor 6M,  
o fixed vs Eonia 12M,  
o basis Euribor 3M vs Euribor 6M,  
o basis Euribor 6M vs Eonia 12M,  
o basis Euribor 3M vs Eonia 12M. 

The results are reported in Figure 28 and Figure 29 below.  

                                                 
16 For example, we may have an annual term structure of swap quotations, where the floating coupons have semi-annual frequency. 
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In Figure 28 we show the yield curves, forward curves in particular, obtained with different interpolation 
algorithms. Notice that discount rate curves (top-left chart) are smooth, but forward rate curves are not 
smooth at all (top-right), since such yield curves were originally bootstrapped using linear interpolation on 
discount rates. Monotonic cubic spline interpolation does not change visibly the discount curves (bottom-
left), but strongly reduces the non-smooth behaviour of linear interpolation (bottom-right: residual 
irregularities would be smoothed out using consistently the same interpolation approaches during yield 
curve construction). A completely smooth result would be obtained using monotonic cubic spline also in 
bootstrapping (see. [53]). Thus, we have a model risk in yield curve bootstrapping.  
In Figure 29, we show the impact of using different interpolation algorithms on the 180 IRS described above. 
We may appreciate swap rate differences up to 2.5 basis points. Such differences would have a huge impact 
on the price of typical portfolios of interest rate derivatives, with local sensitivities up to 100.000-1.000.000 
Eur.  
We conclude that, even if the size and term structure of the differences above depends on the details of the 
input yield curves, the model risk hidden in yield curve construction may be an important source of AVA 
MoRi. 
 

 
Figure 28: Yield curves. Top: linear interpolation on discount rates. Bottom: monotonic cubic spline 
interpolation on discount rates. Left: discount rates term structures. Right: forward rates term structures. See 
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comments in the text. The residual irregularities observed in the bottom-right chart would be smoothed out 
using consistently the same interpolation approaches during yield curve construction. 
 
 

 
Figure 29: Swap rate differences (bps) for the 180 IRS and three interpolation algorithms as described in the 
text. 
 
Case study #2: model risk for Caps/Floors/Swaptions using Numerix Library 
In this case study, we exploit a more complex case of model risk, related to the usage of different pricing 
models and model calibrations for Bermudan Swaptions and Floors in a negative interest rate environment. 
Details of the case study set up are reported in the following Table 16. The full presentation is available in 
webinar form at the Numerix website [78]. The Numerix Library allows a great flexibility in exploiting 
different model choices, as represented in the following Figure 30 for Bermudan Swaptions. 
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Experiment 
# 

Instruments Models Calibrations 

Bermudan 
swaption 

• Coterminal bermudan payer 
swaption 

• Euribor 6M 
• 10Y maturity 
• Annual callability 
• Strike ATM 10Y swap 
• OIS discounting 

• Hull-White 1 Factor 
(HW1F) 

• Black-Karasinski (BK) 
• Cox-Ingersoll-Ross 1 

Factor (CIR1F) 
• Hull-White 2 Factors 

(HW2F) 
• Cox-Ingersoll-Ross 2 

Factors (CIR2F) 

• Set 1: 10 Y diagonal 
swaption ATM 

• Set 2: 10Y diagonal and 
1Y column swaption 
ATM 

• Set 3: 20Y diagonal and 
1Y column swaption 
ATM 

Caps/Floors 
with 

negative 
rates 

• 5Y Floor 
• Euribor 6M 
• Negative and positive strikes 
• Yield curves with negative 

rates 
• Linear interpolation and flat 

extrapolation 
• SABR interpolation and flat 

extrapolation 

• Black (analytic) 
• Hull-White 1 Factor 

(HW1F) 
• Shifted Black-Karasinski 

(SBK) 

• Set 1: Cap volatility 
columns for strikes 
ATM and 1% 

• Set 2: full Cap volatility 
surface, with strikes 
from 1% to 10% 

Table 16: Details of case study set up. 
 

 
Figure 30: Model flexibility allowed by the Numerix Library [115] for the Bermudan Swaption experiment 
(yellow boxes). 
 
The numerical results for experiment #1 (Bermudan Swaptions), are shown in the following Figure 31, Figure 
32, Figure 33 and Table 17: Bermudan Swaptions, AVA results (EUR) for long and short trades. Test 
parameters as in Table 16, notional 10.000.000 EUR. Fair Value (1) is computed as the average of all model 
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prices. Fair Value (2) for “All but HW2F” is computed excluding the price of the HW2F model.Table 17, and 
commented in their respective captions. 
 

 
Figure 31: Bermudan Swaptions, overview of results. Test parameters as in Table 16. Prices range from 1.45% 
to 3.91%. Normal models produce consistently higher prices for all calibration sets compared to non-normal 
models. 

 

 
Figure 32: Bermudan Swaptions, breakthrough of results by calibration set (left) and by model (right). Test 
parameters as in Table 16. Calibration set 1 (10Y diagonal) produces highest distribution of prices. Average 
price is fairly stable across different calibration sets. Same model stays consistently below or above the 
average price for all calibration sets. HW1F and BK models exhibit lower price variations with changing 
calibration set. Prices of 1F and 2F models of the same model type can differ significantly. 
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Figure 33: Bermudan Swaptions, exercise probabilities. Test parameters as in Table 16. CIR-type models imply 
a higher probability of early exercise than HW models. The term structure of exercise probabilities is regular 
for all models for calibration set 1, humped for calibration sets 2 and 3. 
 
 

 
 
Table 17: Bermudan Swaptions, AVA results (EUR) for long and short trades. Test parameters as in Table 16, 
notional 10.000.000 EUR. Fair Value (1) is computed as the average of all model prices. Fair Value (2) for “All 
but HW2F” is computed excluding the price of the HW2F model. 
 
Case study #3: model risk scenarios for interest rate derivatives 
In this case study, we work out in more details possible model risk scenarios, as described in sec. 6.4.3, for 
interest rate derivatives. The results are shown in Table 18. The columns show the different modelling 
features possibly applicable to interest rate instruments, divided in two main categories (derivatives written 
on Libors or on swap rates). The instruments are reported in the first rows. Crosses represent the relevant 
combinations between the modelling feature and the financial instrument. For example, model risk related 
to yield curve construction is common to all instruments, while model risk related to joint distribution of 
swap rates is applicable only to CMS Spread Options.  
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The second group of rows in Table 18 (yellow) shows the model scenarios, divided in base scenario (blue 
text), alternative calibrations, numerical methods and pricing models. Empty boxes correspond to non-
applicable combinations (non-admissible model scenarios), while compiled boxes reports possible 
alternatives (admissible model scenarios). The base scenario is referred to the standard set up chosen by the 
Institution for fair value calculations, encoded in the Institution’s fair value policy.  
We stress that each box in Table 18 may correspond to multiple modelling choices: for example, “alternative 
LMM set up” may be realized in many different ways, e.g. changing the LMM date grid, or the correlation 
function, etc. (see e.g. refs. [28], [30] for details about the Libor Market Model). Notice also that Table 18 
refers to financial instruments in a given currency, and should be repeated for each currency for which the 
institution has relevant positions subject to AVA MoRi. 
Clearly, the practical application of such approach requires a detailed analysis of the feasible modelling 
scenarios and, last but not least, of the available computational power to run multiple full calibrations and 
revaluations of the valuations positions subject to AVA MoRi. In practice, such approach is applied by market 
participants using very small N, typically a single alternative model and/or model calibration and/or 
numerical method for the most complex models used for the most complex valuation positions. 
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Table 18: Model risk scenario analysis for interest rate derivatives. 
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Case study #4: model risk for XVAs 
In the context of XVAs discussed in sec. 6.5, model risk may be estimated by using an expert-based approach 
comparing valuations obtained with alternative modelling assumptions. See the case studies reported in sec. 
8.6 for CVA and 8.7 for FVA.  
 
Case study #5: model risk check using P&L Explain 
In this case study, we give more details about the P&L Explain test mentioned in sec. 6.4.2. Formally, given 
an infinitesimal time interval [𝑡, 𝑡 + 𝑑𝑡] we have  
 

𝑑𝑉(𝑡, 𝑟(𝑡)) ≔ 𝑉(𝑡 + 𝑑𝑡, 𝑟(𝑡 + 𝑑𝑡)) − 𝑉(𝑡, 𝑟(𝑡)) = Θ(𝑡)𝑑𝑡 + Δ(𝑡)𝑑𝑟(𝑡) + 𝜙(𝑡)𝑑𝑡 + 𝑜(𝑡, 𝑟), 

 
where 

 𝑟(𝑡) the vector of underlying risk factors, i.e. interest rates, volatilities, correlations, etc. at time t, 

 𝑉(𝑡, 𝑟(𝑡)) the value of a portfolio at time t, 

 Θ(𝑡, 𝑟(𝑡)) =
𝜕𝑉

𝜕𝑡
(𝑡, 𝑟(𝑡)) the first derivative of the price w.r.t. time, at time t, 

 Δ(𝑡, 𝑟(𝑡)) =
𝜕𝑉

𝜕𝑟
(𝑡, 𝑟(𝑡)) the first derivative of the price w.r.t. underlying risk factors 𝑟(𝑡) at time t. 

 𝜙(𝑡)𝑑𝑡 = the possible cash flows amount exchanged during the time interval [𝑡, 𝑡 + 𝑑𝑡], 

 𝑜(𝑡, 𝑟) denotes higher order differential terms w.r.t t and r.  
 
Notice that we are not introducing explicit stochastic dynamics for the underlying risk factors 𝑑𝑟(𝑡) =

𝜇(𝑡, 𝑟(𝑡))𝑑𝑡 + 𝜎(𝑡, 𝑟(𝑡))𝑑𝑊(𝑡) (thus, we do not use Ito’s Lemma yet). Now, given a finite time interval 
[𝑡1, 𝑡2] we may define the expected and realized P&Ls. 
 

 Expected P&L 
 

Δ𝑉𝐸𝑥𝑝 (𝑡1, 𝑡2, 𝑟1, 𝑟2, 𝑐1, 𝑝1,ℳ, 𝒞)
≔ Θ(𝑡1, 𝑟1, 𝑐1, 𝑝1,ℳ, 𝒞)(𝑡2 − 𝑡1) + Δ(𝑡1, 𝑟1, 𝑐1, 𝑝1,ℳ, 𝒞)(𝑟2 − 𝑟1) + Φ(𝑡1, 𝑡2) + 𝑜(𝑡, 𝑟), 

 

Φ(𝑡1, 𝑡2):= ∫ 𝜙(𝑡)𝑑𝑡

𝑡2

𝑡1

, 

 
where 𝑟𝑖 ≔ 𝑟(𝑡𝑖), the greeks Θ and Δ are calculated w.r.t. the initial time 𝑡1, Φ(𝑡1, 𝑡2) is the total 
cash flows amount exchanged during the time interval [𝑡1, 𝑡2], and we have specified the pricing 
model ℳ, the calibration set 𝒞, the model parameters 𝑝𝑖 ≔ 𝑝(𝑡𝑖) and the calibration market prices 
𝑐𝑖 ≔ 𝑐(𝑡𝑖). From a financial point of view, we may identify the time instants 𝑡1, 𝑡2 with two different 
open market instants, and with 𝑟1, 𝑟2 the corresponding values of underlying risk factors quoted on 
the market at 𝑡1, 𝑡2. Notice that the same pricing model ℳ is calibrated at time instants 𝑡1, 𝑡2 𝑤. 𝑟. 𝑡. 
the same calibration set 𝒞, with different calibration market prices 𝑐1, 𝑐2 giving different model 
parameters 𝑝1, 𝑝2. 

 

 Realized P&L 
 

Δ𝑉𝑅𝑒𝑎𝑙(𝑡1, 𝑡2, 𝑟1, 𝑟2, 𝑐1, 𝑐2, 𝑝1, 𝑝2,ℳ, 𝒞): = V(𝑡2, 𝑟2, 𝑐2, 𝑝2,ℳ, 𝒞) − V(𝑡1, 𝑟1, 𝑐1, 𝑝1,ℳ, 𝒞). 
 

Notice that Δ𝑉𝑅𝑒𝑎𝑙 already includes the cash flows amounts exchanged during the time interval 
[𝑡1, 𝑡2]. 
 

For a good model, we expect that, systematically, 
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Δ𝑉𝑅𝑒𝑎𝑙(𝑡1, 𝑡2, 𝑟1, 𝑟2, 𝑝1, 𝑝2, 𝑐1, 𝑐2,ℳ, 𝒞) ≃ Δ𝑉𝐸𝑥𝑝 (𝑡1, 𝑡2, 𝑟1, 𝑟2, 𝑝1, 𝑐1,ℳ, 𝒞), 
 
at least for short time intervals [𝑡1, 𝑡2]. Notice that second order derivatives (gamma, vanna, volga) may be 

added to refine the linear approximation. In case Δ𝑉𝑅𝑒𝑎𝑙 ≠ Δ𝑉𝐸𝑥𝑝 systematically, either the model or the 
market are wrong, as discussed in sec. 6.4.2. 
 
In practice, a P&L Explain process requires the following elements. 

 Identify the portfolio 𝒫 subject to P&L explain, evaluated (price and greeks) with a given model ℳ, 
calibrated to a given set 𝒞 of calibration instruments. 

 Identify a time interval [𝑡1, 𝑡2], e.g. two subsequent close of business (cob) instants, or the open of 
business (oob) and the close of business (cob) instants in the same day. 

 At time 𝑡1: 
o Recover the risk factors 𝑟1 and calibration prices 𝑐1 from the market. 
o Calibrate the model ℳ w.r.t. calibration set 𝒞 and obtain model parameters 𝑝1. 
o Compute the portfolio model value V(𝑡1, 𝑟1, 𝑐1, 𝑝1,ℳ, 𝒞) and greeks 

Θ(𝑡1, 𝑟1, 𝑐1, 𝑝1,ℳ, 𝒞), Δ(𝑡1, 𝑟1, 𝑐1, 𝑝1,ℳ, 𝒞), … .  

 At time 𝑡2: 
o Recover the risk factors 𝑟2 and calibration prices 𝑐2 from the market. 
o Recover the total cash flows amount Φ(𝑡1, 𝑡2) exchanged in [𝑡1, 𝑡2]. 
o Calibrate the model ℳ w.r.t. calibration set 𝒞 and obtain model parameters 𝑝2. 
o Compute the portfolio value V(𝑡2, 𝑟2, 𝑝2, 𝑐2,ℳ, 𝒞). 

o Compute the expected and realized P&Ls Δ𝑉𝑒𝑥𝑝, Δ𝑉𝑟𝑒𝑎𝑙, and the unexpected P&L as 

Δ𝑉𝑒𝑥𝑝(𝑡1, 𝑡2) − Δ𝑉
𝑟𝑒𝑎𝑙(𝑡1, 𝑡2). 

 Repeat for subsequent time intervals [𝑡1, 𝑡2], [𝑡2, 𝑡3], [𝑡3, 𝑡4],… and for different portfolios 𝒫1, 𝒫2, … 
and models ℳ1,ℳ2, … 

 
We stress that the most time consuming step above is the calculation of the model greeks, especially for 
complex payoffs/models with non-negligible second order greeks. In addition, the model calibration is rather 
delicate, since possible calibration errors and instabilities17 may lead to P&Ls jumps. 
In conclusion, the P&L test can be used to monitor day by day the “deviation” between the model and the 
market. The AVA MoRi can be estimated using the 90° percentile of the distribution of unexplained P&Ls  
 

{𝑑𝑖: = Δ𝑉𝑖
𝑅𝑒𝑎𝑙 − Δ𝑉𝑖

𝐸𝑥𝑝
}
𝑖=1

𝑁𝑜𝑏𝑠
, 

 

over some historical time window {𝑡1,⋯ 𝑡𝑁𝑜𝑏𝑠}. 

 
 
8.6 AVA Unearned Credit Spread 
 
AVA definition and references  
The AVA unearned credit spread (UCS) is defined in EBA RTS art.12, and further clarified in QAs n. 25, 28. In 
particular, AVA UCS refers to the valuation uncertainty in the credit valuation adjustment (CVA) to include, 
according to the applicable accounting framework, the current prudent value of expected losses due to 
counterparty default on derivative positions. Such valuation uncertainty refers, in particular, to market price 
(MPU), close-out costs (CoCo), and model risk (MoRi) uncertainties in the calculation of CVA. Hence, the EBA 

                                                 
17 Pricing models with model parameters calibrated to sets of plain vanilla market instruments often shows some difference between model and 
market prices of calibration instruments, called calibration error, which are typically minimized using appropriate numerical calibration algorithm. 
Calibration instability for a model happens when, given mild variations in market data 𝑟1, 𝑟2,𝑐1, 𝑐2 from time 𝑡1, 𝑡2, one finds large variations in model 
parameters 𝑝1, 𝑝2, due to the existence of multiple local minima in the calibration procedure, leading to very similar prices for plain vanilla calibration 
instruments but to different model parameters and prices for portfolios with exotics. 
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RTS specify (art. 12.2) that the AVA UCS shall be split into such components, to be aggregated to their 
corresponding AVAs.  
We stress that the definition of unearned credit spread given in the EBA RTS (art. 12.1), refers to “losses due 
to counterparty default on derivative positions”, and not to “own default”. Furthermore, the CRR, art. 33 
states that that the DVA (gains or losses on liabilities reported by the entity due to its own credit quality) 
shall not be included in the calculation of own funds. Hence, we may conclude that the AVA UCS refers only 
to the unilateral CVA, as defined in sec. 6.5.3 and shall not include any component related to own default, 
such as the DVA component. In other words, if the Institution calculates the bilateral CVA, the uncertainties 
used to calculate the Prudent Value are only those referred to counterparty credit spread, rather than own 
credit spread. 
 
AVA scope  
Within the general prudent valuation scope (see sec.4), AVA UCS refers in particular to those valuation 
positions subject to a credit valuation adjustment, and specifically, to OTC derivatives, with a particular focus 
on uncollateralized derivatives. Securities are excluded, since the credit risk of the issuer is already included 
in the security credit spread (see discussion in sec. 5.2). 
 
Fair Value  
The FV of the trades subject to AVA UCS may include full, partial or null CVA. In any case, the FV subject to 
prudent valuation for AVA UCS must include these CVAs. 
 
AVA calculation rules 
The calculation rules for AVA UCS are summarized in Figure 34.  

 

 
Figure 34: AVA UCS calculation scheme. 
 
AVA calculation approaches 
Following the discussion and notations in sec. 6.5.3, the unilateral CVA (uCVA) formula is 
 

𝑢𝐶𝑉𝐴𝑐(𝑡) ≃ −𝐿𝐺𝐷𝑐(𝑡)∑ 𝑞𝑐(𝑡, 𝑡𝛼−1, 𝑡𝛼)𝐸𝑃𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

. 
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In the formula above it is assumed that credit correlations are null (no right/wrong way risk), and the default 

is supposed to happen discretely into a time grid {𝑡𝛼}𝛼=1
𝑁𝑇 . The expected exposures are estimated using a 

Monte Carlo multi-step approach, where the evolution of the underlying risk factors is modelled with some 
stochastic dynamics calibrated to market, and the risk neutral marginal default probabilities are extracted 
from Credit Default Swap (CDS). Thus, the possible AVAs related to the formula above are essentially the 
following: 

a. AVA UCS due to uncertainty of the exposures; 
b. AVA UCS due to uncertainty of default probabilities; 
c. AVA UCS due to model risk, related to model assumptions and numerical methods. 

 
In the case study below, we show an example of AVA UCS calculation. 
 
AVA data 
The data needed to calculate AVA UCS in the uCVA formula above are the following: 

 LGDs,  

 default probabilities,  

 data related to the calculation of exposures. 
 
Case study #1: AVA UCS for Interest Rate Swaps and Swaptions 
We select the following set of financial instruments. 

1. IRS, payer, ATM, maturity 30Y 
2. IRS, payer, ITM, maturity 30Y 
3. IRS, payer, OTM, maturity 30Y 
4. IRS, payer, ATM, maturity 30Y, break clause at 8Y 
5. IRS, payer, ITM, maturity 30Y, break clause at 8Y  
6. IRS, payer, OTM, maturity 30Y, break clause at 8Y  
7. Swaption, payer, ATM, 5X25Y 
8. Swaption, payer, ITM, 5X25Y 
9. Swaption, payer, OTM, 5X25Y 

 
We also assume the following set up. 

 Counterparty: Barclays Bank 

 Notionals: 100€/mln. 

 Valuation date is 31/03/2014. 

 Alternative collateralizations: 
o Perfect CSA with zero threshold and minimum transfer amounts for all the instruments listed 

above. 
o No CSA for instruments 1, 2, 3, 7, 8 and 9 in the list above. 
o Partial CSA with threshold amount of 10€\mln and minimum transfer amount of 1€\mln for 

instruments 1, 2 and 3 in the list above.  

 The base model scenario to calculate the base value for 𝑢𝐶𝑉𝐴 is the following. 
o Interest rate dynamics: one-factor Hull-White (HW1) short rate model. 
o Default probabilities: deterministic bootstrapping from calibration instruments, assuming 

deterministic constant LGD. 
o Calibration instruments: ATM market Swaptions, CDS. 
o Numerical approach: Monte Carlo multi-step simulation. 

All the calculations have been performed using Numerix CrossAsset XL [115]. 
 
The computations can be summarized as follows. 
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1. The AVA UCS due to the uncertainty of the exposures may be estimated using stressed exposures, 
calibrated on stressed swaption volatilities, obtained by multiplying the base ATM volatilities by 1 + 
the 90th percentile of the historical volatilities changes (2-year horizon, bi-weekly observations). The 
corresponding AVA is given by 
 

𝐴𝑉𝐴1 = 𝑚𝑎𝑥(0, 𝑢𝐶𝑉𝐴𝑠𝑡𝑟𝑒𝑠𝑠𝐸𝑥𝑝 −  𝑢𝐶𝑉𝐴), 

 
where 𝑢𝐶𝑉𝐴𝑠𝑡𝑟𝑒𝑠𝑠𝐸𝑥𝑝 denotes the unilateral CVA with stressed exposures. 

2. The AVA UCS due to the uncertainty of the PDs may be estimated using stressed PDs calibrated on 
stressed CDS spreads, obtained by multiplying the base CDS spreads by 1 + the 90th percentile of the 
historical CDS spreads changes (2-year horizon, bi-weekly observations). The corresponding AVA is 
given by  

 
𝐴𝑉𝐴2 = max(0, 𝑢𝐶𝑉𝐴𝑠𝑡𝑟𝑒𝑠𝑠𝑃𝐷 − 𝑢𝐶𝑉𝐴), 

 
where, 𝑢𝐶𝑉𝐴𝑠𝑡𝑟𝑒𝑠𝑠𝑃𝐷 denotes the uCVA with stressed PDs. 

3. The AVA UCS due to model risk has 2 components: 
o Model risk due to the uncertainty of the model used to estimate the exposures, 
o Model risk due to assumptions in the uCVA formula. 

The first AVA component is estimated using an alternative two-factor Hull-White (HW2) dynamics to 
model the interest rates, leading to  

 
𝐴𝑉𝐴3 = max(0, 𝑢𝐶𝑉𝐴𝐻𝑊2 − 𝑢𝐶𝑉𝐴), 

 
where, 𝑢𝐶𝑉𝐴𝐻𝑊2 denotes the uCVA calculated using HW2. The second AVA component is estimated 
by removing the assumption about independence between default probabilities and exposures. In 
this case the expected exposures are calculated taking into account the correlation between interest 
rates and CDS spreads (wrong/right way risk), leading to 

 
𝐴𝑉𝐴4 = max(0, 𝑢𝐶𝑉𝐴𝑊𝑊𝑅 − 𝑢𝐶𝑉𝐴), 

 
where, 𝑢𝐶𝑉𝐴𝑊𝑊𝑅 is the uCVA taking into account the wrong-way risk. 

 
The total AVA UCS is the sum of the four AVAs calculated in the previous steps. Notice that we have dropped 
the 0.5 weight in the AVA definition. Table 19 shows the results of such computations. 
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Table 19: Results of the computation of AVA UCS for different instruments. 

 

 
8.7 AVA Investing and funding costs 
 
AVA definition and references  
The AVA Investing and Funding Costs (IFC) is defined in EBA RTS art.13 and further clarified in FAQs n. 26, 35, 
36. In particular, AVA IFC refers to the valuation uncertainty in the funding costs used when assessing the 
exit price of a valuation position, according to the applicable accounting framework. Such valuation 
uncertainty refers, in particular, to MPU, CoCo and MoRi uncertainties in the calculation of the funding cost. 
Hence, the EBA RTS specify (art. 13.2) that the AVA IFC shall be split into such components, to be aggregated 
to their corresponding AVAs.  
 
AVA scope  
Within the general prudent valuation scope (see sec. 4), AVA IFC refers in particular to those valuation 
positions subject to a funding valuation adjustment and specifically, to OTC derivatives. Securities are 
excluded, since funding risk is already included in the security credit spread. 
 
Fair Value  
The FV of the trades subject to AVA IFC may include full, partial or null IFC. In any case the FV subject to 
prudent valuation for AVA IFC must include these IFCs. 
 
AVA calculation rules 
The calculation rules for AVA IFC are summarized In Figure 35 below. 
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Figure 35: AVA IFC calculation scheme. 

 
AVA calculation approaches 
A first basic distinction for AVA IFC calculation regards the collateral. 

 In case of derivative valuation positions under a nearly perfect CSA, also called “strongly 
collateralized derivatives”, as discussed in sec. 6.5.4, the funding cost is already included in the FV 
using the OIS discounting methodology, then 𝐴𝑉𝐴𝐼𝐹𝐶(𝑡) = 0. 

 In all the other cases, we must consider whether the Institution includes the FVA in the accounting 
FV for some valuation positions: 

o If FVA is included, then AVA IFC will be calculated on the top of FVA as the FVA uncertainty,  
o if FVA is not included for some valuation positions, 𝐴𝑉𝐴𝐼𝐹𝐶(𝑡) will be equal to the full 

prudent FVA of those positions. 

 The same considerations above apply also to the case of CSA including initial margins: FVA and/or 
AVA IFC will be computed on the initial margins, taking into account the exposure profile of the 
future initial margins. 

AVA IFC will be calculated according to the FVA approaches discussed in sec. 6.5.1, considering the following 
valuation uncertainties: 

 𝐴𝑉𝐴𝐼𝐹𝐶(𝑡,𝑀𝑃𝑈): uncertainties in the risk factors underlying the FVA calculation, such as funding 
spreads, PDs and recovery rates, and the underlyings of the exposure (e.g. yield curves, volatilities, 
correlations); 

 𝐴𝑉𝐴𝐼𝐹𝐶(𝑡, 𝐶𝑜𝐶𝑜): bid/ask in the risk factors above; 

 𝐴𝑉𝐴𝐼𝐹𝐶(𝑡,𝑀𝑜𝑅𝑖): uncertainties due to modelling and numerical approaches in the calculation of the 
exposure, such as the choice of discrete time simulation grid, different dynamics to simulate 
underlying risk factors, margin period of risk, etc. 

 
AVA data 
The data needed to calculate AVA IFC above are the following: 

 funding curves,  

 survival probabilities,  

 data related to the calculation of exposures. 
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Case study #1: AVA IFC for Interest Rate Swaps and Swaptions 
The following case study is a continuation of the case study presented in section 8.6, to which we refer for 
the setup of the problem. Coherently with the discussion of section 6.5.4, the computations of AVA IFC have 
been performed using the following formulas, 
 

𝐹𝐶𝐴𝑐(𝑡) ≃ −∑ Δ𝐹𝐼
+(𝑡, 𝑡𝛼−1, 𝑡𝛼)Δ𝑡𝛼𝑠𝐼(𝑡, 𝑡𝛼−1)𝑠𝑐(𝑡, 𝑡𝛼−1)𝐸𝑃𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

, 

 

𝐹𝐵𝐴𝑐(𝑡) ≃ −∑ Δ𝐹𝐼
−(𝑡, 𝑡𝛼−1, 𝑡𝛼)Δ𝑡𝛼𝑠𝐼(𝑡, 𝑡𝛼−1)𝑠𝑐(𝑡, 𝑡𝛼−1)𝐸𝑁𝐸𝑐(𝑡, 𝑡𝛼)

𝑁𝑇

𝛼=1

, 

 

𝐴𝑉𝐴𝐼𝐹𝐶(𝑡) = ∑[𝐹𝐶𝐴𝑐(𝑡) + 𝐹𝐵𝐴𝑐(𝑡)]

𝑁𝑐𝑡𝑝

𝑐=1

, 

 
where we assumed that the Institution does not include the FVA in its accounting FV, such that the full FVA is 
accounted into prudent valuation. Table 20 shows the results of the numerical computations. 
 

 

 

 
 

Table 20: AVA IFC calculations. The calculation has been performed using a flat funding curve equal to 300 
bp. 

 
 

8.8 AVA Concentrated positions 
 
AVA definition and references  
The AVA Concentrated Positions (CoPo) is defined in EBA RTS art. 14 and further clarified in FAQs n. 32, 33, 
34.  
AVA CoPo refers to the valuation uncertainty in the exit price of concentrated positions. Such valuation 
uncertainty refers, in particular, to those valuation positions showing concentrated exposures related to: 

 the size relative to the liquidity of the related market; 

 the average daily market volume and typical daily trading volume of the institution; 

 the institution’s ability to trade in that market, and to exit the valuation position within the time 
horizon implied by the market risk capitalization (10 days) without impacting the market. 

 
In general, concentrated positions are referred to as those groups of interconnected exposures that, due to 
poor market conditions, have the potential to produce losses large enough to threaten the institution’s 
health or ability to maintain its core operations. These homogeneous groups of exposures may be allocated 
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both within a specific type of risk (intra-risk concentration) or amid different categories of risk (inter-risk 
concentration) (CEBS, 2010). 
 
AVA scope  
Within the general prudent valuation scope (see sec. 4), AVA CoPo refers in particular to those valuation 
positions subject to concentration risk as defined above. 
 
Fair Value  
The FV of the trades subject to AVA CoPo typically does not include CoPo component. 
 
AVA calculation rules 
According to EBA RTS, art. 14, the AVA CoPo calculation must proceed according to the following three-step 
approach. 

 Firstly, Institutions shall identify concentrated valuation positions 𝑝𝑖 , 𝑖 = 1,… ,𝑁𝑝. In doing so, they 

shall consider: 
o the size of all valuation positions relative to the liquidity of the related market; 
o the Institution’s ability to trade in that market; 
o the average daily market volume and typical daily trading volume of the institution. 

Moreover, Institutions shall establish and document the methodology applied to determine 
concentrated valuation positions for which a concentrated positions AVA shall be calculated. 

 Secondly, for each identified concentrated valuation position, where a market price applicable for 
the size of the valuation position is unavailable, they shall estimate a prudent exit period; 

 Only where the prudent exit period exceeds 10 days, they shall estimate an AVA taking into account 
the volatility of the valuation input, the volatility of the bid offer spread and the impact of the 
hypothetical exit strategy on market prices. 

 
Finally, the total AVA CoPo shall be computed as the sum of individual concentrated positions AVAs, i.e. 
 

𝐴𝑉𝐴𝐶𝑜𝑃𝑜(𝑡) =  ∑𝐴𝑃𝑉𝐴𝐶𝑜𝑃𝑜(𝑡, 𝑝𝑖)

𝑁𝑝

𝑖=1

. 

 
In Figure 36 below, we show the general AVA MPU calculation scheme. 
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Figure 36: AVA CoPo calculation scheme. 
 
AVA calculation approaches 
In defining the calculation approaches for AVA CoPo, we should distinguish between securities and 
derivatives.  
 

 AVA calculation for derivatives  
Derivatives typically do not show concentrated positions in the sense defined above. Possible 
exceptions shall be documented and AVA CoPo shall be calculated as described in the previous 
scheme. 

 AVA calculation for securities  
For securities, AVA CoPo may be calculated as follows: 

o look for possible concentrated positions by comparing the size held w.r.t. the outstanding 
amount of the security circulating on the market; 

o estimate coefficients of uncertainty related to the sizes; 
o compute AVA CoPo via sensitivity on the credit risk factors and uncertainties. 
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AVA data 
The data needed to calculate AVA CoPo are typically the following: 

 data on the asset underlying the concentrated position, including liquidity. 
 
Case study #1: AVA CoPo for securities 
In this case study, we give a toy example of application of the AVA CoPo calculation approach discussed 
above for securities. Looking at Table 21, we assume to hold a significant amount (11.5% of the outstanding 
amount) of a certain security, and we assign to such position a CoPo uncertainty of 10%, using expert-based 
approach. Next, using the estimated MPU of the z-spread and the CR01 sensitivity, we obtain the AVA CoPo 
shown in the bottom-right cell using the simple expression 
 

𝐴𝑉𝐴𝐶𝑜𝑃𝑜(𝑡) = 𝑤𝑀𝑃𝑈𝑛|𝐶𝑅01|Δ𝑀𝑃𝑈𝑍. 
 

 

 
 

Table 21: Example of AVA CoPo calculation 

 
 
Case study #2: Concentration risk in option pricing 
In this case study we use the tools described in section 6.3, together with the Cox-Ross-Rubinstein (CRR) 
model [40] to show an example of AVA CoPo calculation for an option written on a stock. The original study 
has been performed in [64]. 
The CRR model implies the use of a lattice, where the life of the option is discretized into 𝑛 time steps of 
width 𝑑𝑡. In other words, dt is the time interval between two portfolio adjustments (we consider dt to be 

constant). Let �̂�0 be the initial value of the underlying stock. The stock price process is a Markov chain, and at 

each node it can either move up from �̂�0 to a new level, �̂�𝑡 = �̂�0𝑢 , where 𝑢 = 𝑒𝜎√𝑑𝑡 > 1, or down from �̂�0 

to a new level, �̂�𝑡 = �̂�0𝑑, where 𝑑 =
1

𝑢
< 1. Where σ is the annual volatility of the underlying stock. 

In a model with concentration and liquidity risks, the dynamics of the underlying asset is modified by the 
price impact. We model the new dynamics, including the price impact following [61] as 
 

𝑆𝑡 = �̂�𝑡 [1 + 𝛾𝑘(𝛿𝑡 − 𝛿𝑡−1)] , 
 

where �̂�𝑡 is the price of the underlying asset immediately before the replicating portfolio is rebalanced, and 
𝑆𝑡 the price immediately after. The next step is to compute the incremental cost of re-hedging, as defined in 
[61], at each node. In other words, we discretize the equation, 
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𝐶𝑡 = �̂�𝑡  ∫ (1 + 𝑘(𝑥))
𝛿𝑡−𝛿𝑡−1

0

𝑑𝑥 + (𝛽𝑡 − 𝛽𝑡−1) , 

 

and use a linear price impact function, as described in section 6.3, such that 𝑘(𝑥) =
𝜎

𝑉𝑎𝑣𝑔
𝑥 . In doing so, we 

distinguish between different time intervals as follows. 

 At 𝑡 = 0, 
 

𝐶0 = �̂�0𝛿0 (1 + 
𝜎

2𝑉𝑎𝑣𝑔
𝛿0) + 𝛽0. 

 

 For 𝑡 = [1,… , 𝑇 − 1] , 
 

𝐶𝑡 = �̂�𝑡(𝛿𝑡 − 𝛿𝑡−1) [1 +
𝜎

2𝑉𝑎𝑣𝑔
(𝛿𝑡  − 𝛿𝑡−1)] + [𝛽𝑡 − 𝛽𝑡−1(1 + 𝑟𝑑𝑡)]. 

 

 At 𝑡 = 𝑇 , 
 

𝐶𝑇 = �̂�𝑇𝛿𝑇−1 [
𝜎

2𝑉𝑎𝑣𝑔
𝛿𝑇−1 − 1] − 𝛽𝑇−1(1 + 𝑟𝑑𝑡) + (�̂�𝑇 −𝐾)

+
. 

 
Note that we do not consider any price impact due to the final liquidation of the replicating portfolio. 
 
Finally, we compute the APVA CoPo for the option as follows 
 

𝐴𝑃𝑉𝐴𝐶𝑜𝑃𝑜(𝑡) =  𝐸𝑡
𝑄[𝐶𝑇] − 𝐹𝑉(𝑡) =∑[∑

𝐶𝑗
(1 + 𝑟)𝑗

𝑛

𝑗=0

∏𝑄𝑗

𝑛

𝑗=0

]

𝑠

− 𝐹𝑉(𝑡)

𝑆

𝑠=1

, 

 

where 𝐹𝑉(𝑡) is the unadjusted value of the option, and 𝐸𝑡
𝑄
[∙] indicates that we are working under the risk-

neutral probability measure, 𝑄. In particular, the expected value is computed considering the discounted 
value of the replicating cost in all the 𝑆 = 2𝑛 final trajectories of the binomial tree. Further, note that we are 
considering an economy with constant interest rates and volatility. 
We consider a numerical example, with an at-the-money call option, with cash settlement, on 10 million 
units of the underlying asset with exercise in one year. The option starts on October 29, 2014, and expires on 
October 28, 2015. We assume that the portfolio is rebalanced, according to price changes, with quarterly 
frequency, respectively on January 28, April 29 and July 29, 2015. Also we assume a 1% interest rate. The 
underlying asset is Fiat Chrysler Automobiles NV stock (FCA:MIL) with mid-price (the mean of bid and ask) is 
€8, trading on average 24.88 million shares per day and with an annual volatility of 27% (sources: Financial 
Times and Milano Finanza). The value of the option, with no price impact, is equal to that of a portfolio made 
of 𝛿0 shares of the underlying asset, and a position 𝛽0 in the risk-free asset:  
 

𝐹𝑉(𝑡) =  𝛿0𝑆0 + 𝛽0 = {

(5.64 ∙ 104  ∙ €8) −  €36.70 ∙ 104 =  €8.44 ∙ 104          𝑐𝑎𝑙𝑙 𝑜𝑝𝑡𝑖𝑜𝑛

(− 4.36 ∙ 104 ∙  €8) + €42.51 ∙ 104 =  €7.64 ∙ 104      𝑝𝑢𝑡 𝑜𝑝𝑡𝑖𝑜𝑛
 

 
The AVA obtained for the at-the-money call option on 10 million units of the underlying asset is equal to 
€307.528, or 3.64% of the unadjusted value. For the put, the AVA is €237.521, corresponding to 3.11% of the 

unadjusted value. Computations are shown in Table 22. 
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It is worth noting that this is only one of the possible solutions to the hedging problem in the case of 
concentration and liquidity risks; other feasible strategies might lead to lower values for the AVA. In other 
words, the one proposed here is just one of the super-replication strategies attainable in this framework, 
and represents an upper bound of the set of the optimal solutions. As shown in [51], the presence of 
liquidity costs implies that the no-arbitrage price is no longer unique. On the contrary, a continuum of no-
arbitrage prices is obtained. In this sense, this case study suggests one of the feasible solutions to the 
problem. Moreover, this case study is based on 4-period model, but it may be extended to further time 
steps. However, a higher number of time steps makes the algorithm for computations very slow, as it is of 
order 𝑂(2𝑛). Further details can be found in [64]. 
Finally, as shown in Figure 37, APVA CoPo is monotonically increasing in the size of the underlying asset, 
both for a call and a put option. Stated differently, as the quantity on which the option is written increases, 
so does the price impact and, in turn, the valuation adjustment needs to be augmented.  
 

 

  
Table 22: APVA CoPo calculations. 
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Figure 37: APVA CoPo sensitivity to the size of the underlying asset. 

 
 

Case study #3: Bloomberg Liquidity Assessment Tool (LQA) 
In this case study, we analyse the Liquidity Assessment Tool, a framework developed by Bloomberg, which 
allows measuring AVA CoPo18. The main idea behind LQA lies on the fact that bid-ask spread is a rather 
incomplete and inconsistent measure of liquidity. Instead, liquidity is defined as “the probability of 
liquidating a given volume of a security at its fair value price or better”. This definition includes not only the 
estimation of expected values, but also the distribution error around them, recognizing that data quality and 
availability play an important role in the estimation of liquidity, especially in less transparent markets. 
Machine learning and data mining techniques are used in order to search inside data and identify patterns. 
In particular, the goal is to (i) identify clusters of comparable securities around a target security, (ii) identify 
the important features that drive similarity between securities in the clusters, (iii) “learn” how to weight 
such features. Moreover, the Machine Learning Approach is used to move from raw data (transaction data) 
to the final model formulation following a sequential process, which includes several steps that we analyse 
in the following. 

 Data Acquisition and Normalization: a screening algorithm analyses market data received from data 
contributors. At this stage, only seller initiated trades are considered to estimate cost and time to 
liquidation. 

 Bucketing: data are segmented into smaller buckets of securities sharing some characteristics. This 
step is necessary given that the application of machine learning over the entire set of securities is 
computationally inefficient. The factors considered for bucketing are pretty much standard, e.g., 
country of risk, rating, currency, Issuer type, etc. This step is executed on a weekly basis to include 
new securities. 

 Clustering: for each bucket, subgroups of similar securities are individuated according to bucket-
specific similarity rules. The clustering algorithm runs on a weekly basis and is based on the following 
steps. 

                                                 
18 The tool produces also the prudent price, AVA CoCo, and AVA MPU.  
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o Normalization: every variable is normalized so that each dimension has an equal incremental 
contribution relative to their range to the overall distance. In particular, the normalization of 
each dimension is defined as 

 

𝑑𝑖,𝑗,𝑘 = 
∆𝑖,𝑗,𝑘

𝜎𝑘
 

 
where ∆𝑖,𝑗,𝑘 is the difference along the feature k of securities i and j, and 𝜎𝑘 is the standard 

deviation of feature k, calculated from the data set used in the weight optimization. 
o Distance function (similarity index): the distance between two securities across all the features 

included in the model is defined as 
 

𝑑𝑖,𝑗 = √∑𝑊𝑘𝑑𝑖,𝑗,𝑘
2

𝐾

𝑘=1

= √∑𝑊𝑘𝑓𝑘(𝑋𝑖,𝑘 , 𝑋𝑗,𝑘)
2

𝐾

𝑘=1

, 

 
where 𝑑𝑖,𝑗,𝑘 is the distance calculated through a feature specific distance function, 𝑓𝑘, and W is a 

weight determined through an optimization process described below. 
o Weight optimization: the process to identify the features that drive similarity within a bucket. 

Using quadratic programming, the objective function tries to minimize the yield standard 
deviation for the securities included in the cluster. The result of such an optimization process 
should be the inclusion in the same cluster of bonds with similar yields and yield dynamics to the 
target bond. Without imposing constraints to the process, the algorithm identifies duration, 
ratings, CDS spreads, bid-ask spread and maturity as the major drivers of similarity (50% of the 
weights). The process also selects non-conventional features, such as news sentiment index, 
holder type or central banks eligibility. 

o Cluster cutting: the process to determine how many securities should be included in the target 
security cluster. Each cluster is cut controlling the change in yield standard deviation and number 
of observations, according to the condition 

 
𝜎𝑛
𝜎𝑛+1

< 𝛼 + 𝛽𝑁
1
𝑘  

 
where 𝜎𝑛 is the yield standard deviation of the cluster containing n bonds, 𝛼, 𝛽, 𝑘 are constants 
to control the cut-off points, N is the number of pooled observations in the cluster. If 𝜎𝑛 =
 𝜎𝑛+1 = 0, then set 𝜎𝑛/ 𝜎𝑛+1 = 1. The condition above allows for the addition of new 
comparable bonds to the neighbourhood as long as there is no large increase in standard 
deviation. 

o Cluster Quality Metrics: a value between 0 and 1 measuring how well the methodology works in 
including neighbouring securities in a cluster. Cluster quality is measured using Discounted 
Cumulative Gains (𝐷𝐶𝐺) defined as 

 

𝐷𝐶𝐺𝑝 = ∑
2𝑆𝑖 − 1

log2(𝑖 + 1)

𝑝

𝑖=1

 . 

 
For each cluster, 𝐷𝐶𝐺𝑝 measures the absolute goodness of similarity of the top 𝑝 comparable 

bonds in the list using their similarity scores, 𝑆𝑖, computed using the bid yield difference 
between the comparable bond 𝑖 and the target bond. 𝐷𝐶𝐺𝑝 is an absolute ranking measure; 

therefore, in order to have a measure that allows to compare quality across clusters, the 
Normalized Discounted Cumulative Gain (𝑁𝐷𝐶𝐺) is introduced, 
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𝑁𝐷𝐶𝐺𝑝 = 
𝐷𝐶𝐺𝑝
𝐼𝐷𝐶𝐺𝑝

 . 

 
where 𝐼𝐷𝐶𝐺𝑝 is the ideal ranking of the comparable bonds according to their similarity score 

from the highest to the lowest. 
o Cluster Migration Rate: measures the changes to the cluster membership on a weekly basis. Each 

element of the cluster is classified as new (if it is not in the previous week’s cluster for a given 
target bond) or old (if it is in the previous week’s cluster), and the migration rate is calculated as 

 
#𝑛𝑒𝑤

#𝑛𝑒𝑤 + #𝑜𝑙𝑑
=  

#𝑛𝑒𝑤

𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 𝑠𝑖𝑧𝑒
. 

 
A high value of the cluster migration rate (many new bonds in the cluster) can occur either for 
good reasons (market events and/or new transaction data discovered) or because of cluster 
instability. Monitoring this measure can help attribute jumps in the market impact to such 
events. 

 Regression: for every bucket, regression analysis is used to assess the contribution of each factor to 
market impact. This, in turn, helps to arrive to the final formulation of the market impact model. The 
first step is to discriminate between buyer and seller initiated trades, given that LQA is calibrated 
only using sell trades. Then, the input dataset is subject to additional checks to clean the data from 
noise (e.g. retail traders) and errors (e.g. records with key information missing). Finally, LQA runs 
two regressions: 
o Cluster regression: trades included in the regression but not belonging to the target bond are 

weighted using the similarity index: 
 

𝑠𝑖𝑗 = 𝑒
−𝛼𝑑𝑖,𝑗  

 
where 𝑑𝑖,𝑗  is the distance between bond 𝑗 and target 𝑖, and 𝛼 is a constant. The final weight used 

in the regression is defined as 𝑤𝑖 = 𝑠𝑖𝑤0, where 𝑤0 is the weight representing number and 
quality of direct observations on the fair value price, with 𝑤0 = 1 if the fair value is completely 
generated by direct observations on the bond. The objective function used in the regression is 

 

min
𝛽1,…,𝛽𝑚

∑𝑤𝑖,𝑡(𝐼𝑖,𝑡 − 𝐼𝑖,𝑡)
2

𝑛

𝑖=1

 

 

𝐼𝑖,𝑡 = 𝛽0,𝑖 +∑𝛽𝑖𝑋𝑖,𝑡

𝑚

𝑖=1

 

 
where 𝑡 is the number of trade observations, 𝐼𝑖,𝑡 is the market impact defined as the percentage 
price difference between trade price and fair value, 𝑋𝑖,𝑡 are the independent variables allowed 
to be different across buckets. 

o Bucket Regression: if any of the following conditions: (i) the coefficient of the volume component 
has wrong sign; (ii) the coefficient of the volume component has a p-value greater than 10%; (iii) 
the RMSE of intra-cluster regression is less than half of the RMSE from bucket regression; (iv) 
observations of the local regression are than 40; is met, a bucket level regression is used. In the 
bucket regression, all observations are treated with equal weights. A standard example of bucket 
regression is as follows: 

 

𝐼 =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 +𝐻(𝐷, 𝐶, 𝜎𝑝, 𝐾, 𝐸, … ), 
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𝑋1 = 𝑆 (
𝑉

ln(𝑀)
)
𝛿

, 

𝑋2 =
1

𝑀
∑ 𝑉𝑡

0

𝑡=−𝑇

, 

 
where 𝜎𝑝 is the last 2 months price volatility, 𝐶 is the coupon, 𝐷 the duration, 𝑆 is the bid-ask 

spread, 𝑉 the volume traded, 𝑀 the amount outstanding, 𝛿 determines the shape of the market 
impact curve (usually a value of 0.5 is used). 

 Model Output: the steps described above lead to a model to assess liquidity over time and across 
specific securities. In particular, AVA CoPo is computed, where the exit period exceeds 10 days, as 
the net increment of the projected Volume Weighted Average Price over fair value. 

 
 
8.9 AVA Future administrative costs 
 
AVA definition and references  
The AVA Future Administrative Costs (FAC) is defined in EBA RTS art. 15 and further clarified in FAQs 37, 
37.1. 
AVA FAC takes into account the valuation uncertainty emerging from possible administrative costs and 
future hedging costs on valuation positions for which a direct exit price is not applied for the close-out costs 
AVA. Thus, future administrative costs are complementary to close-out costs. If the close-out costs are 
assessed on a full exit price basis then, after executing the corresponding close out strategy, the positions 
disappear, and there are no future administrative costs. However, where close-out costs are assessed on a 
"cost-to-hedge" basis, as with derivative portfolios, the positions are maintained, and therefore there are 
possible future administrative costs in running the portfolio until maturity. 
 
AVA scope  
AVA FAC potentially regards all the positions included in the general prudent valuation scope (see sec. 4). 
We argue that the most relevant valuation positions maintained until maturity and generating future 
administrative costs are fair value level 3 positions. 
 
Fair Value  
The FV of the valuation positions typically does not include the effect of possible future administrative costs, 
since such costs are specific of each institution and do not regard an exit price according to IFRS. Hence, the 
AVA FAC must be applied directly to the full FV of valuation positions. 
 
AVA calculation rules 
According to the EBA RTS art 15 and FAs 37.1, the AVA FAC calculation must take into account the following 
components. 

 The valuation positions for which AVA MPU and AVA CoCo has not been calculated on a full exit 
price basis (see EBA RTS art. 15.1). 

 The risk free discount factors related to trade maturities (see EBA RTS art. 15.2). 

 The fixed and variable administrative costs related to staff, including finance and risk functions, and 
future hedging costs over the expected life of the valuation exposures (see EBA RTS art. 15.2 and 
FAQ 37.1). 

 The cost reduction consistent with the size reduction of the valuation exposures over time (see EBA 
RTS art. 15.3). 

 The cost reduction consistent with assuming that the institution would cease its normal course of 
business in managing the valuation positions and run only hedging activity for the remaining life of 
the valuation exposures (see FAQ 37.1). 
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In Figure 38 we show the general AVA FAC calculation scheme. 
 

 
Figure 38: AVA FAC calculation scheme. 
 
AVA calculation approaches 
Given the previous prescriptions, the AVA FAC calculation may proceed according to the following steps.  

 Identification of valuation positions 𝑝𝑖  for which AVA MPU and AVA CoCo are not calculated or not 
on a full exit price basis (or, in other words, imply fully exiting the exposure). 

 For those valuation positions 𝑝𝑖  at full exit price set 𝐴𝑃𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖) = 0 (see EBA RTS art. 15.1). 

 For those valuation positions 𝑝𝑖  not at full exit price compute 𝐴𝑃𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖) according to the 
following steps. 

 Compute the discounted expected future value 𝑉𝐹𝐴𝐶(𝑡, 𝑇𝑘, 𝑝𝑖) of valuation position 𝑝𝑖  at 
discrete future dates 𝑡 < 𝑇1, … , 𝑇𝑀. 

 Compute the administrative and hedging costs expected at t for the future time interval 
[𝑇𝑘−1, 𝑇𝑘] per unit of currency, 𝐶(𝑡, 𝑇𝑘 , 𝑝𝑖), related to the trading desks managing the 
valuation positions 𝑝𝑖  subject to AVA FAC. 

 Compute individual 𝐴𝑃𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖) for each valuation position 𝑝𝑖  according to the following 
formula 

 

𝐴𝑃𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖) = ∑ 𝑉𝐹𝐴𝐶(𝑡, 𝑇𝑘, 𝑝𝑖)𝐶(𝑡, 𝑇𝑘 , 𝑝𝑖)(𝑇𝑘 − 𝑇𝑘−1)

𝑇𝑀

𝑘=𝑇1

. 

 

 Compute the total category level 𝐴𝑉𝐴𝐹𝐴𝐶(𝑡) as the sum of the individual 𝐴𝑃𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖) for 
each valuation position, 
 

𝐴𝑉𝐴𝐹𝐴𝐶(𝑡) =∑𝐴𝑃𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖)

𝑖

. 

 
A simpler formula considers directly the total 𝐴𝑉𝐴𝐹𝐴𝐶(𝑡) computed on the weighted average maturity, 
 

𝐴𝑉𝐴𝐹𝐴𝐶(𝑡, 𝑝𝑖) ≅ 𝑉𝐹𝐴𝐶(𝑡, 𝑇𝑎𝑣𝑔, 𝑝𝑖)(𝑇𝑎𝑣𝑔 − 𝑡). 
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Clearly, the administrative cost 𝑉𝐹𝐴𝐶(𝑡, 𝑇𝑘 , 𝑝𝑖) is the most difficult data to obtain. Typically, one is able to 
obtain the present admin costs, and must resort to flat extrapolation until portfolio maturity. We stress that 
in the formula above 𝑉𝐹𝐴𝐶(𝑡, 𝑇𝑘 , 𝑝𝑖) refers to the cost per unit of time and currency, not to the total cost of 
the desk or the institution, which also manages other portfolios not subject to AVA FAC. 
 
AVA data 
AVA FAC calculations require the following input data. 

 Valuation positions not at full exit price, with nominal amounts and maturities. 

 Administrative and hedging costs per unit of time, per currency, per desk, per activity. 

 Risk free discount term structure until portfolio maturity. 
 
Case studies 
No case studies have been conducted for this AVA. 
 
 
8.10 AVA Early termination 
 
AVA definition and references  
The AVA Early Termination (EaT) is defined in EBA RTS art. 16 and further clarified in FAQ 38. The AVA EaT 
takes into account the valuation uncertainty emerging from potential losses arising from non-contractual 
early terminations of client trades.  
 
AVA scope  
Within the general prudent valuation scope (see sec. 4), AVA EaT regards in particular client trades, that is, 
trades with client counterparties that may be subject to non-contractual early termination because of 
litigations or commercial reasons. 
 
Fair Value  
The FV of the client trades subject to AVA EaT typically does not include the effect of possible non-
contractual early terminations by clients. In some particular cases, Institutions may account reserves in their 
balance sheets to cover possible losses related to early terminations of some trades or portfolios with 
specific counterparties. If these reserves are accounted as a FV component, the FV subject to prudent 
valuation for AVA EaT must include the reserves. In other words, the reserves must be subtracted from the 
AVA EaT. 
 
AVA calculation rules 
According to the EBA RTS art. 16 and FAQ 38, the AVA EaT calculation must take into account the following 
components: 

 the percentage of client trades that have historically terminated early, or, in other words, the 
historical probability of early termination, 

 the losses arisen in those cases, given differentials between client valuations and firm valuations. 
In Figure 39 we show the general AVA EaT calculation scheme. 
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Figure 39: AVA EaT calculation scheme. 
 
AVA calculation approaches 
Given the previous prescriptions, the AVA EaT calculation must be based on historical data, and may proceed 
according to the following steps. 

 Identification of valuation positions 𝑝𝑖  subject to possible non-contractual EaT. 

 Identification of a suitable past time window [𝑇; 𝑡], where 𝑇 < 𝑡. 

 Identification of past trades 𝑢𝑗, 𝑗 = 1,… ,𝑁𝐸𝑎𝑇, subject to non-contractual EaT at past dates 

{𝑇𝑁𝐸𝑎𝑇 , … , 𝑇1} such that 𝑇 ≤ 𝑇𝑁𝐸𝑎𝑇 ≤ ⋯ ≤ 𝑇1 ≤ 𝑡. 

 Retrieval of the corresponding historical fair values 𝐹𝑉(𝑇𝑗, 𝑢𝑗) and actual termination prices 

𝑃(𝑇𝑗, 𝑢𝑗). 

 Calculation of the historical profit and loss percentages,  
 

𝑃𝐿(𝑇𝑗, 𝑢𝑗) ∶= [𝑃(𝑇𝑗, 𝑢𝑗) − 𝐹𝑉(𝑇𝑗, 𝑢𝑗)] 𝐹𝑉(𝑇𝑗, 𝑢𝑗)⁄ . 

 

 Calculation of the historical profit and loss distribution, Δ𝑁 Δ𝑃𝐿⁄ . 

 Calculation of the 10th percentile of the profit and loss distribution, 𝑃𝐿10% ≔ ℙ{Δ𝑁 Δ𝑃𝐿⁄ , 10%}. 
The 10th percentile may be negative (loss) or positive (profit), and represents the highest % loss or 
the smallest % profit happened with 90% historical probability. For example, if we find that 𝑃𝐿10% =
−1%, we conclude that in 90% of the past EaTs we lost less than 1% of the FV.  

 Calculation of the individual APVA EaT according to the following formula 
 

𝐴𝑃𝑉𝐴𝐸𝑎𝑇(𝑡, 𝑝𝑖) = {
0, 𝑖𝑓 𝑃𝐿10% ≥ 0,

|𝑃𝐿10% × 𝐹𝑉(𝑡, 𝑝𝑖)| 𝑖𝑓 𝑃𝐿10% < 0.
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 Calculation of the total category level AVA EaT 
 

𝐴𝑉𝐴𝐸𝑎𝑇(𝑡) =∑𝐴𝑃𝑉𝐴𝐸𝑎𝑇(𝑡, 𝑝𝑖)

𝑖

. 

 
AVA data 
AVA EaT calculations require a database of historical early terminations, including, for each trade: 

 termination date, 

 nominal, 

 fair value at EaT time instant, 

 actual EaT price at EaT time instant. 
 
Case studies 
 
Case study #1 
We provide in Table 23 below a case study based on the toy portfolio in Table 25 below, with the following 
set up. 

 We refer to “Derivatives HFT” in Table 25 (12 €bln nominal) and we assume that, within this 
portfolio, we have selected 2,000 trades subject to possible non-contractual EaT, with an absolute 
FV equal to 5% of the nominal (600 €mln). This is the target portfolio for which we want to calculate 
AVA EaT. 

 We assume a past EaT observation window of, say, one year, of the portfolio, with an average 
number of trades equal to 1,000 (for example, the portfolio opened one year ago with zero trades 
and grew linearly up to 2,000 trades today), still with an absolute FV equal 5% of the nominal (300 
€mln). We also assume that, during the EaT observation window, we have observed non-contractual 
EaTs for 10 trades. Thus, the historical probability of non-contractual EaT is 1%.  

 In Table 23 bottom, we show a possible break-down of such 10 trades, with their nominals, FVs and 
EaT prices. We generated the absolute EaT prices (col. 4) as 𝑃𝑖 = 𝐹𝑉𝑖(1 + 10%휀𝑖), 𝑖 = 1,⋯ ,10, 
where 휀1,⋯ , 휀10 are independent random numbers with uniform distribution in [-1,1]. Hence, the 
P&Ls (cols. 5-6) may be positive or negative (we chose a negative case). Given the relative P&L% 
distribution (col. 6), we calculated the 10th percentile (which, in this simple case with 10 trades, is 
just the 2nd higher negative P&L%, equal to -9.64%), representing the highest loss happened with 
90% historical probability because of non-contractual EaT. Finally, we applied such historical 
estimate to the absolute FV of the present portfolio in the top table (col. 9-10). The AVA (col. 11) is 
just the absolute value of the corresponding expected loss (col. 10, equal to 578,346€).  

We notice that the historical P&L%(10) (-9.64%) corresponds to a small historical loss (-28,917€) originated 
by a single deal with limited fair value (300.000€), but generates a much larger expected loss (-578,346€) and 
corresponding AVA EaT once applied to the fair value of the present portfolio (6,000,000€). This is consistent 
with the idea of prudent value at 90% confidence level of the present portfolio required by the regulation. 
On the other side, large percentage historical losses on very small trades could lead to an overestimation of 
the AVA EaT. Thus, a filtering procedure should be applied to the historical series of EaTs to discard possible 
outliers. 
We stress that the basic ingredient of the AVA calculation is the historical record of each trade subject to 
non-contractual EaT, with the absolute nominal, the absolute FV and the EaT price at the time instant of the 
EaT (cols. 2-4, respectively), such that the P&L can be calculated.  
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Table 23: Toy example of AVA EaT calculation, based on the toy portfolio in Table 25. See explanation in the 
text. 
 
 
8.11 AVA Operational risk 
 
AVA definition and references  
The AVA Operational Risk (OpR) is defined in EBA RTS art. 17 and further clarified in FAQ 39, 40, 42. 
The AVA OpR takes into account the valuation uncertainty emerging from potential losses that an institution 
may incur because of the operational risk related to valuation processes. This risk is mainly related, but not 
limited, to the balance sheet substantiation process19 and to possible legal disputes (EBA RTS art. 17.1). 
The main driver for AVA OpR is the operational risk framework adopted by the Institution. Institutions 
adopting the Advanced Measurement Approach (AMA) Operational Risk defined in the CRR, title III, Ch. 4, 
art. 321-324, for regulatory or managerial purposes (AMA Institutions), are allowed a lighter or null AVA 
OpR, as described below. This facilitation is intended to avoid double counting of capital reserves related to 
the same source of risk. In all other cases (non-AMA Institutions), the AVA OpR is given by 10% of the sum of 
AVA MPU and AVA CoCo, which can result in high figures. In particular, FAQ 39 remarks that Institutions 
using the Standardized Method for Operational Risk defined in the CRR, title III, Ch. 3, art. 317-320, cannot 
show that they already take into account the operational risk related to valuation processes. Thus, they must 
calculate AVA OpR as non-AMA institutions.  
 
AVA scope  
Within the general prudent valuation scope (see sec. 4), AVA OpR regards in particular those positions that: 

 can be considered subject to operational risk during the valuation process; 

 for which in the balance sheet there are provisions for operational risk. 
Evidences of operational risk related to valuation process are the inclusion of those valuation processes as 
part of the AMA accounting for the mispricing, misselling and the process execution errors. Furthermore, an 
AMA usually accounts provision for legal disputes with clients where the underlying of the contract is a fair 
value position.  
 
 

                                                 
19 The FAQ 42 clarifies that the valuation uncertainty related to the balance sheet substantiation process does not have a specific AVA, because it is 
viewed as an operational risk of the valuation process, and is therefore included in the AVA OpR. 
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Fair Value  
The fair values of positions under AVA OpR typically does not include any component or adjustment related 
to operational risk, since these factors do not concur to an exit price. From a risk management point of view, 
unexpected operational risk losses may be evaluated using scenario analysis and historical data related to 
realized operational risk losses. 
 
AVA calculation rules 
AVA OpR must be calculated according to the following provisions. 

 AMA Institutions (RTS art. 17.2): 

 𝐴𝑉𝐴𝑂𝑝𝑅(𝑡) = 0 if the Institution provides evidence that the operational risk relating to 

valuation processes is fully accounted for by the AMA; 

 otherwise, the Institution must compute 𝐴𝑉𝐴𝑂𝑝𝑅 by estimating the valuation uncertainty 

deriving from potential losses related to operational risk in valuation processes that are not 
covered by the AMA. 

 Non-AMA Institutions: AVA OpR is calculated according to the following formula (RTS art. 17.3) 
 

𝐴𝑉𝐴𝑂𝑝𝑅(𝑡) = 10% × [𝐴𝑉𝐴𝑀𝑃𝑈(𝑡) + 𝐴𝑉𝐴𝐶𝑜𝐶𝑜(𝑡)]. 

 
Given the previous prescriptions, the AVA OpR calculation may proceed according to the steps shown in 
Figure 40. 
 

 
 
Figure 40: AVA OpR calculation scheme. 
 
AVA calculation approaches 
The AVA OpR calculation approach is simple for non-AMA Institutions, which shall apply the formula given 
above based on AVA MPU and CoCo. AMA Institutions, instead, must provide evidence that the operational 
risk relating to valuation processes is fully accounted for by the AMA. This task depends on the details of the 
AMA implementation. In particular, the AMA scope should include the fair value production chain of the 
institution, such that data related to operational risk in the valuation process are properly collected into the 
model, and the corresponding operational risk capital reserve includes, or would include, a component 
related to this specific operational risk. 
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AVA data 
AVA OpR calculations requires, if applied, just the AVA MPU and AVA CoCo figures calculated according to 
previous sections 8.3, 8.4, respectively. 
 
Case studies 
A toy example of AVA OpR calculation is given in Table 25 below, where the AVA OpR figure (0.58 €\mln) has 
been calculated with the formula above for non-AMA Institutions. 
 
 
8.12 AVA Fall-Back  
Under the core approach, in case the institution is not able to compute the individual AVAs for some 
valuation positions 𝑖 = 1,… ,𝑁𝑓𝑏 , the EBA RTS (art. 7.2.b) allows a "fall-back solution", to directly compute 

the total AVA as, 
 

𝐴𝑉𝐴 = 100% 𝑁𝑈𝑃+ + 10% 𝑁𝐷𝑒𝑟 + 25%|𝐹𝑉 − 𝑁𝑈𝑃
+|𝑁𝑜𝑛−𝐷𝑒𝑟, 

 

𝑁𝑈𝑃+: = 𝑚𝑎𝑥 [∑𝑁𝑈𝑃𝑖

𝑁𝑓𝑏

𝑖=1

, 0], 

 

𝑁𝐷𝑒𝑟 =∑|𝑁𝑖|

𝑁𝑓𝑏

𝑖=1

,      𝐹𝑉 =∑𝐹𝑉𝑖

𝑁𝑓𝑏

𝑖=1

, 

 
where 𝑁𝑖  are the single valuation positions notionals, 𝑁𝑈𝑃𝑖 , 𝑖 = 1,… ,𝑁𝑓𝑏, are the valuation positions 

individual net unrealized profits, or the changes in fair values since trades inception, determined on a first-
in-first-out basis. Any term in the equation above is referred only to the financial instruments included in the 
fall-back approach. 
In Table 24, we show a toy example of AVA calculation under the core approach, assuming that the Fall-Back 
approach is applied to a small part (0.1%) of the sample portfolio of Table 25. As we can see, the main driver 
of the AVA is the derivatives notional component. 
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Table 24: Toy example of AVA calculation for positions subject to fall-back approach. We assume to apply the 
Fall-Back approach to the 0.1% portion of the Derivatives HFT and Bonds AFS portfolio in Table 25. We 
assume also that the net unrealized profit & losses for derivatives and bonds are the 0.1% of the 
corresponding aggregated fair values, with positive P&L (Profit) for derivatives and negative P&L (loss) for 
bonds. The notional for derivatives is assumed to be 10 times the fair value. 
 
 
8.13 Total AVA 
Following the AVAs calculation rules described in sec. 8.3-8.12, the total AVA under the core approach is 
computed using the following algorithm. 

o CoPo, FAC, EaT, OpR AVAs are aggregated each as the sum of its corresponding individual 
components at valuation positions level, as described in sections 8.3-8.12 above, weighted at 100% 
as discussed in sec. 5.4. 

o UCS and IFC AVAs are decomposed each into 3 components related to MPU, CoCo and MoRi 
uncertainties, as described in sections 8.6-8.7, thus leading to 2 MPU + 2 CoCo + 2 MoRi = 6 
individual AVA components, to be included in the total MPU, CoCo and MoRi AVA aggregation 
discussed below. 

o AVAs MPU, CoCo and MoRi are aggregated each as the sum of: 

 its individual components at valuation positions level, as described in sec. 8.3-8.5, 

 the corresponding AVA UCS and IFC components above,  

 all the components above are already weighted at 50% because of the diversification benefit 
as discussed in sec. 5.4. 

o The total AVA is computed as the simple sum of the residual MPU, CoCo, MoRi, CoPo, FAC, EaT, OpR 
AVAs determined above. 

In conclusion, the final aggregation includes 50% of MPU, MoRi, CoCo, UCS and IFC AVAs (5 out of 9 AVAs), 
and 100% of CoPo FAC, EaT, OpR AVAs (4 out of 9 AVAs).  
In Table 25 we show a toy example of AVAs calculation and aggregation under the core approach. We also 
add the possible contribution of the fall-back approach discussed in sec. 8.12 above.  
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Table 25: Toy example of AVA calculation and aggregation under the core approach. IFC and UCS AVAs are 
split into their MPU, CoCo and MoRi components and pre-aggregated to the corresponding AVAs, then the 
total AVA is obtained from the aggregation of the other seven residual AVAs. In order to show toy but 
realistic figures, we assumed the principal AVAs equal to 1/7 of the 99% x 0.1% of the total FV under the core 
approach. AVA OpR has been calculated as for a non-AMA Institution as described in sec. 8.11. In the last 
line, we also add a possible AVA fall-back calculated on the remaining 1% x 0.1% of the total FV (see sec. 
8.12).  
 
 
8.14 Comparison between simplified, core and fall-back approaches 
The three approaches allowed by the EBA RTS, namely the simplified approach (EBA RTS Sec. 2, sec. 7 
above), the core approach (EBA RTS Sec. 3, sec. 8 above), and the fall-back approach (EBA RTS art. 7.2b, sec. 
8.12 above), may lead to AVAs with very different relative sizes. In Table 12, Table 25, and Table 24 we 
report the corresponding results obtained with a toy portfolio. We find that, under very simplified 
hypothesis, the AVA figures are 13.4, 18.1 and 12.6 €\mln, respectively. Clearly, the different AVA sizes 
(relative and absolute) strongly depend on the AVA scope composition and on the specific AVA application 
chosen by the Institution. The AVA fall-back, in particular, is very high w.r.t. the other AVAs, since it is 
dominated by the 10% of the absolute nominal value of derivatives. 
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9 PRUDENT VALUATION OPERATING FRAMEWORK 

In this section, we design a possible operating framework for prudent valuation, taking into account the 
regulatory requests in terms of roles, responsibilities, systems and controls. The main sources of regulation 
are the CRR [8], art. 105(2-8) and the EBA RTS [15], art. 18-19. 
Looking at prudent valuation as a process, we distinguish four main different areas (see also Figure 41): 

 governance, 

 methodology, 

 documentation and reporting, 

 technology. 
 
We discuss the four areas above in the following sections 9.1, 9.2, 9.3, 10, respectively. An example of 
prudent valuation process is proposed in section 9.4. 
 

 

 
Figure 41: The four main areas of the prudent valuation process. 

 

 

 
9.1 Governance 
The governance of prudent valuation requires that Institutions must integrate their operating models in 
terms of roles, responsibilities and processes for measurement, management and control of both fair 
valuations and prudent valuations. This organization follows from precise regulatory requests, as follows. 

 AVA governance (EBA RTS art. 19.1): AVAs must be initially approved, and subsequently monitored 
by independent control units.  

 Controls related to the governance of fair-valued positions (EBA RTS art. 19.2): must include all of 
the following. 

o Resources: must be adequate to implement such controls and ensure robust valuation 
processes even during a stressed period. 

o Valuation of model performance: at least annual review. 
o Changes to valuation policies: significant changes require management sign-off. 
o Risk appetite: the Institution’s risk appetite for exposure to positions subject to valuation 

uncertainty must be clearly defined and monitored at an aggregate institution-wide level. 
o Independence: risk taking and control units must be independent in the valuation process.  
o Audit: valuation processes and controls are subject to internal audit review. 

 Controls related to the valuation process of fair-valued positions (EBA RTS art. 19.3): must include 
all of the following. 

o Audit: subject to regular internal audit review. 
o Product inventory: one-to-one mapping between product list and valuation positions. 
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o Valuation methodologies: must be associated to each product in the product inventory 
above, including model choice and calibration, possible fair value adjustments, IPV, valuation 
uncertainties, and AVAs, 

o Model validation: to ensure that, for each product, both the risk-taking and relevant control 
departments approve the valuation methodologies at product-level methodologies and their 
application to the corresponding valuation positions. 

o Thresholds: must be defined for determining when valuation models are no longer 
sufficiently robust. 

o IPV: an Independent Pricing Valuation process must be in place. 
o New products: a new product approval processes must be in place, referencing the product 

inventory and involving all internal stakeholders relevant to risk measurement, risk control, 
financial reporting and valuations. 

o New deal review process: to ensure that pricing data from new trades are used to assess 
whether valuations of similar valuation exposures remain appropriately prudent. 

 Documentation and reporting (EBA RTS art. 18): see sec. 9.3 below.  
 
In summary, the elements for updating the Institution’s valuation governance to include prudent valuation 
are the following: 

 definition of prudent valuation processes and controls, and implementation along the operating 
supply chain;  

 definition of the risk appetite for exposure to positions subject to valuation uncertainty; 

 identification of the units involved in the prudent valuation processes and of their respective 
operating processes; 

 introduction of prudent valuation processes into the scope of internal audit review; 

 definition of documentation and reporting. 
 
 
9.2 Methodology 
According to EBA RTS art. 18, Institutions must document appropriately their methodologies for AVA 
calculation, providing guidance on all of the following points. 

 The methodologies to calculate the AVAs for each valuation position. 

 The hierarchy of methodologies to be used for each asset class, product or valuation position.  

 The hierarchy of market data sources used for AVAs calculation. 

 The characteristics of market data to justify a zero AVA.  

 The methodology applied for AVA calculated using expert based approaches. 

 The methodology applied to identify concentrated positions. 

 The time horizon assumed to calculate AVA CoPo. 

 The positions for which a change in accounting valuation has a partial or zero impact on CET1 capital 
(see EBA RTS art. 4.2 and 8.1).  

 
 
9.3 Documentation and reporting 
Regarding prudent valuation documentation, Institutions shall design (also using the guidelines and best 
practices suggested in the present document), realise and maintain a Prudent Valuation Policy, including 
essentially two parts: 

 Governance: the documentation regarding the governance discussed in sec. 9.1 above. 

 Methodology: the documentation regarding the methodology discussed in sec. 9.2 above. 
The PVP is subject to senior management approval and review with annual frequency at least (EBA RTS art. 
18.3). 
 
Moreover, Institutions shall integrate their exiting valuation reporting as follows 
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 Regulatory reporting: inclusion of AVA figures in the CET1 deduction according to CRR art. 34. 

 Management reporting: information from the AVA calculation process must be provided to senior 
management, in order to ensure an adequate understanding of the level of valuation uncertainty on 
the institution's portfolio of fair-valued positions (EBA RTS art. 18.2). 

 
 
9.4 Example of prudent valuation process 
The process for determining the measure of prudent valuation, at each calculation date, consists of four 
principal steps, as discussed below. 

 Scope of application 
o Identification of the assets and liabilities held at fair value and subject to prudent valuation.  
o Application of filters to consider the exclusions discussed in sec. 4 for positions for which the 

change in fair value has no impact or partial impact on CET1.  
o Data quality check and validation. 

 Data collection  
o Market price uncertainties from trading desk and data providers. 
o Trade static data from position keeping systems. 
o Trade dynamic data (e.g. sensitivities) from pricing systems. 
o Data quality check and validation. 

 Calculation 
o Check of the threshold for the application of the Simplified or Core approach. 
o AVA calculation according to the applicable prudent valuation approach.  
o In case of Core approach: 

 Association of single trades to related AVAs and uncertainty levels. 
 Aggregation and netting of positions related to the same AVA. 
 AVA calculation according to Core approach rules. 

o Data quality check and validation. 

 Reporting 
o Preparation of AVA figures for the regulatory reporting process. 
o Preparation of management reporting. 
o Data quality check and validation. 
o Reports delivery. 
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10 PRUDENT VALUATION TECHNOLOGY 

Prudent valuation requires an automated IT system for feeding and calculation processes. In particular, the 
IT system should be integrated with the accounting repositories, in order to determine the prudent valuation 
scope. Integration should also be provided with the regulatory reporting platform. Moreover, the IT system 
must implement feeds and a calculation engine, and should be able to monitoring and control input/output 
data. Finally, management reporting tools shall be developed within the IT system. 
The construction of a software system or of a module is based on a requirements definition, which generally 
is progressive and accurate enough to address the most important choices in the first stage of the project 
and to follow the final design, as details increase. 
This section focuses on the “core” approach, since this is the most complete and difficult prudent valuation 
task20. Since a detailed description of the individual calculation of each AVA has already been made in the 
preceding sections, we will focus on the qualitative aspects of the system and data flows. The goal is to 
provide an idea of the type of problems to be addressed and their possible solutions. It is worth noting that 
the considerations herein made are exposed to a level of generality that necessarily disregards the 
environmental characteristics (architecture in place, relevance and budget allocated to the theme, etc.) of 
individual financial institutions. This level of generality allows the readers to capture the main points of 
complexity, when focusing on the initial assessment of a project to implement an IT system that meets the 
requirements of Prudent Valuation. 
 
 
10.1 AVA system  
The description of the AVA system is split in two sections as we look inside its internal components and its 
relations with the components of an institution’s software architecture and data feed. 
 
Contracts database 

The deals included in the database are those recognized at fair value, and listed on a regulated exchange or 
traded over the counter. The most relevant features of this part of the database are the following. 

 Risk management software typically organizes trade data into sets of snapshots. Usually, there is one 
snapshot for each valuation date. The snapshot is the image of the trades after the execution of 
relevant fixings, application of administrative events (e.g. corporate actions), market operations 
(e.g., unwind).  

 The trade attributes are all those referenced by evaluation functions (in particular, the payoff 
formulas), and those referenced in the classifications in order to process them. 

 Some contracts could be unbundled into their corresponding most liquid replicating contracts. The 
data structures used for representing such information must either allow for the acquisition of 
details, when a breakdown is already provided by the source software, or produce the unbundling at 
the time of the upload. 

 The database not necessarily presents a snapshot for each working day: the data are collected 
according to the schedule of supervisory reporting. However, this does not exclude evaluations of 
deals outside the demand of supervision. Therefore, the database shall take into account the need 
of exceptional evaluations, and some functionalities in order to manage irregular updates must be 
provided. 

 Another central issue is the database size. The choice is weather apply compression methods to 
reduce information redundancy when trade data does not change across different valuation dates, 
or apply methods of direct access to the archives of applications that manage the master data in 
question, assigning to them the solution of the problem of redundancy. 

 1Finally, the database must allow for the auditability of calculation. Hence, data structures and 
navigation tools should support a form of drill down even to the referenced master data. 

                                                 
20 In case of Simplified Approach, the AVA calculation engine is reduced to the application of a single simple formula. 
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Many legacy software and interfaces are involved in an architecture hosting an AVA system. Therefore, 
issues of consistency and quality of data might arise, together with the problem of choosing how to feed the 
contracts database when multiple sources are available. 
 
Classification of contracts 
The attributes also play a special role in relevant classifications of contracts:  

 contracts back to back,  

 contracts and positions designated as hedge accounting; 

 fair value of positions where prudential filters with no impact or reduced impact on the calculation 
of CET1 are in place; 

 listed contracts, i.e. those with no uncertainty in valuations; 

 contracts subject to expert based valuations. 
Some classifications might not be static, but change over time. Therefore, a class of time dependent 
information, incorporated in the contract itself or simply mentioned by it, shall also be included in the 
design. Finally, it must be noted that some issues might arise either from the position, when designated as 
micro fair value, or cash-flow hedge, when the hedging is not on a static position, i.e. the secondary market 
of bond issues. In such cases, the classification and size of the over hedging position are the result of a 
complex data mining process. 

 
Financial Group Hierarchy and Consequences 
In the context of a group of multiple legal entities, AVAs have relevance both at the individual and 
consolidated level. Therefore, information related to the whole perimeter subjected to valuation shall be 
embedded in the system. Moreover, the incoming systems can have significant impact on the design and 
dimensions of the project, multiplying the types of sources to handle. 
Some relief to consolidated companies should be supported by the system, organizing the process and 
evaluations, in order to give centrally-managed solutions for all the companies in the same group, when 
fulfilling regulatory requirements at an individual level. Moreover, some classifications relating to back-to-
back and IAS designations might change the values according to the level of the hierarchy at which the focus 
is on. Back-to-back classification, which is rather common for a group of companies, emerges at a 
consolidated level. Transactions classified for trading at an individual level sometime become, at a 
consolidated level, classified for hedge. Hence, the system shall have the classifications set out for each deal 
both at an individual and consolidated level. 
Finally, intra-group transactions shall be tagged as such in order to allow the production of the consolidation. 
 
 
10.2 Official fair value measurements 
The database includes the historical series of official estimates of the contracts used in the processes of 
accounting and reporting, including fair value adjustments and XVAs, such as CVA, DVA, and FVA. 
 
 
10.3 Check AVA calculation approach  
The choice between Simplified Approach and Core Approach depends on quantifying the amount of fair 
value, with respect to the contracts included in the prudent valuation scope. 
This component, which is very important to decide whether the bank is required to use the Core Approach, 
is entitled to:  

 calculate the fair value for the purposes of comparison with the threshold; 

 store the results;  

 apply the decision tree (overshoot on the up and down-side). 
In general, the source for data are the accounting systems. Moreover, the periodic check of capital 
requirements in each approach can be a measure reported to the management. 
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10.4 Data management 
Data management is a key point of the project and must contain important information about market data 
used in accounting valuation, and additional market data for AVA valuations. 
This component of the system has to manage three types of data: 

 market data, as they come from a market data feed; 

 pricing parameters, i.e. the parameters of pricing models evaluated by the fitting and calibration 
phases; 

 risk factors, i.e. the set of pricing parameters, which will be evaluated as a source of uncertainty. 
With regards to market data, a key point is to assess the opportunity of either adding an external market 
data/risk factor data provider to take into account information uncertainty, or collecting in house the series 
that will support the valuations. 
Regulators require that the hierarchy in the use of the mark date for the production of the valuations - and 
thus AVAs - and the hierarchy in the choice of market parameters used with priority shall be traced. 
Additionally, the market dataset, extended to calibration results, must be monitored through rules that 
allow verifying compliance with the thresholds for which market data do not become more significant. 
This component of the system is also entitled to manage: 

 the calibration parameters of the models, in order to maintain a link with the given set of prices 
used,  

 the risk parameters required, such as the mean and variance of the distribution of bid/ask spread, or 
their empirical distribution. 

An additional component, Market Data Association/Assignment, is in charge of associate the appropriate 
valuation parameters to the contract as a function of static data. The criteria for the choice are, among 
others: 

 credit spread, forwarding/discounting term structures, etc. 

 interpolation models, 

 pricing models, 

 etc. 
Through a set of rules that checks specific static attributes of the contract, the component identifies the set 
of parameters used for the valuation of the contract or its implicit derivatives. 
 
 
10.5 AVA engines 
The AVA system shall compute all the AVA analyzed in sections 7-8. Given the high number of alternatives 
available for each AVA calculation, it is necessary to provide a configuration environment that associates 
families of contracts to the method for calculating the single AVA. 
 
 
10.6 AVA aggregation 
A two-steps process governs the aggregation of AVAs, i.e. the production of figures at some consolidated 
level.  

 The first step reduces the net exposure of the portfolio by applying the aggregation of risk factors for 
each AVA, together with the details that facilitate the elimination of duplication in the successive 
stages of aggregation.  

 In the second step, the aggregation by AVA type is executed in order to get the Total AVA.  
The first step for some AVAs executes non-additive calculations. Therefore, AVAs cannot initially be 
produced as contributions of the individual contracts, and must necessarily be the result of an overall 
calculation. Hence, the phase of aggregation can be no longer easily separable. This feature makes 
impractical the use of architectural solutions with partial contributions to the details of AVA from external 
systems 
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10.7 Repository AVA & details reporting 
The regulator does not requires the conservation of results and the ability to query them after the first 
evaluation, through a specific reporting process able to support the management in monitoring and 
understanding the level of uncertainty.  
The database of input-output figures and intermediate details is potentially huge. Therefore, some smart 
solution, in order to organize reporting using tools that provide also good feature of data compression, 
indexation of query like in RAM database, should be provided. 
The database shall also support back testing of models. This implies that information cannot be organized 
with one-file-for-processing-date approach, but the whole data set, at least the part on the results for the 
entire period, must remain available. Moreover, the same database must be able to support a management 
reporting system in addition to more practical, detailed and draft representations. 
Finally, a part of reporting is related to data quality monitoring and the support of agile data corrections. 
Of course, the use of an existing database, as shown in the following, will ease a lot the task of keeping the 
data “clean & complete”. 
 
 
10.8 Workflow management 
The production of AVAs is a complex process and depend on the rules and architecture of each institution. In 
any case, the AVA System has to support at least three workflows:  

 deal data and related information acquisition,  

 market data acquisition,  

 validation of evaluations. 
Finally, some contribution to the workflow management of the entire regulatory reporting process shall be 
provided. 
 
 
10.9 Input/output 

 
Outcoming data 
This section describes the possible sources of information and the output of the system. 
The system feeds AVA as the main output of the System Regulatory Reporting, according to the schedule 
that governs the process. Beside the performance of the function strictly regulate the system Ava feeds 
procedures on monitoring of capital in the versions of its configurations and systems of planning and control 
measures that expose style RAROC.  
 
Incoming data 
Major incoming data are: 

 Deals (FX forward and FX swap, other OTC contracts, listed instruments) 

 Hedge Accounting positions 

 Accounting data for fair value and adjusted fair value 

 IAS aims and other classifications 

 Market data Feed 
The following list contains the major systems involved in the architecture: 

 Front office Systems 

 Back office systems (securities, foreign markets, derivatives, bond issues) 

 Liability systems 

 Accounting and Balance Sheet system 

 ALM system 

 Risk Management System 
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The likely presence of a Market Risk Management Data Mart is a good starting point, given that it provides a 
relevant amount of data, is an already implemented database, and it displays many features. 
 
 
10.10 IT requirements reviewed 
The reference standards and methodology insights developed in the previous sections allow IT professionals 
to list a series of requirements that characterize an effective solution. 
At this stage, we will point out several major requirements, beyond the implementation details of the 
methodology, regarding the system and its evolution over time. 
 
Managing Requirements instability 
The complexity of the issues, the difficult standardization of solutions, and the inevitable need of managing 
"change requests" require a high level of flexibility when making choices. 
Flexibility covers aspects such as: 

 hardware infrastructure that must allow for the elaboration time management, as well as the 
reduction of operations in the case where the institution chooses to orient differently its business 
choices; 

 access to new market data feeds and manipulation of market data in order to check, fill, and define 
derived risk factors; 

 pricing algorithms for the purposes of producing the AVAs; 

 changes in the process of production data, i.e. all the workflow issues (task assignments, monitoring, 
nested workflows); 

 access to new sources of contracts, or access modification for those already implemented; 

 surfing of the results. 
The main challenge here is to manage the instability of the requirements, trying to dominate the system 
over time in terms of maintainability and technical costs. 
Developing the point related to the assembly of the functionality of pricing, a comparison can be made 
between what is specific to the use of pricing functions in a front office usage scenario, and what relates to 
the use in the context of the Prudent Valuation. 
Many features necessary in Prudent Valuation are implicit in front-office systems, risk management, asset 
and liability management. However, their use for Prudent Valuation shall to be carefully evaluated, as it 
might be significantly different.  
For example, consider the use of pricing functions in a context of front office compared to what is necessary 
to evaluate the impact of model risk. On the one hand, in the former case, the use of a pricing function is 
characterized by the use of one model at a time for each contract, a real time context, and a single data set 
of market push. On the other hand, the latter is characterized by the assessments carried out in parallel on 
the same contract with many pricing models, the batch processing, also repeated on the same contract, but 
with different parameters, and the fact that market data sets vary within the same evaluation. 
It is obvious that the different usage scenario implies the development of a different software, in which the 
same algorithm is implemented and invoked in the pricing architecture in a substantially different manner. A 
front office system is designed to be performant and it is optimized in architecture, user interfaces, data 
feed connections; our ideal AVA System is optimized in order to reassemble the functions. 
 
Integration with legacy systems 
The AVA system requires a strong integration with those systems managing the contracts within the 
perimeter. The abundance and complexity of data structures requires very computerized interfaces between 
legacy systems and the fueling modules of the AVA System. 
 
Auditability 
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The processes of acquisition, calculation, and examination of the results should allow verifications of the 
production chain and the tracking of corrective actions to users outside the automated tasks, changes in 
operations, classifications, and market data. 

 
Maintenance 
The maintainability of the system is tested over time for different reasons. First of all, many components are 
very complex, with a high degree of flexibility. Moreover, the management of the system is very dependent 
on the users and technicians who have followed the initial development. The staff turnover is a risk factor 
that has to be mitigated. Therefore, it is a system presenting a priori difficulties in managing its evolution 
and production version, particularly for an end user who has advanced computer skills on some aspects of 
the application, but that tends to pay less attention on other issues such as certification of release, putting 
into production, documentation. 
The attempts to find a solution are purely organizational in nature. In particular, prototyping techniques 
would mitigate misunderstanding on requirements, whereas a highly specialized and permanently located 
staff in the IT sector would be an efficient counterpart and make proposals to the users. Furthermore, IT 
department has to face the long evolutionary and corrective maintenance, without weighing excessively on 
users and keeping a consistent design of the software. 
 
A Structured Process as the final target 
The production process of the AVA, after an initial phase in which the values are generally produced as a 
result of a patchwork of outputs from different applications, will be structured in the following steps in an 
application that complies with the standards of reliability of each institution and of the financial sector: 

 acquisition of inputs, 

 validation, 

 reclassification or addition of necessary information, 

 tracking of passages and management of a workflow, 

 rationalization of the main redundancy of data and software, 

 historicizing of output, 

 processing of summary reports and analysis of complex and huge data, 

 security management, 
 
In summary, designing an application, which is so flexible and has the features of a stable product, is a 
challenging task. 
 
 
10.11 How to cover the requirements for the AVA with an IT solution 
Since off-the-shelf IT solutions have not appeared as ready to install and be integrated, the solution will be a 
mix of new developments and reuse of existing applications. Therefore, in this section we develop some 
considerations relating to the possibility of sharing components and user activities between the AVA System 
and other system in the financial sector. 
The system that appears in every organization with more synergies is that responsible for the calculations of 
Market Risk and Counterparty Risk, since: 

 the contract database is structured and populated in order to feed pricing algorithms;  

 pricing functions and evaluations (full and delta) are already available.  
An accurate architectural assessment will define whether the system is flexible enough in order to host new 
data, and new software. For instance, typical shortcomings could be: 

 the lack of historical intra-day prices; 

 the absence of functions to manipulate the risk factors to bring out further risk factors (i.e. create a 
distribution of the bid/ask spread from prices); 

 the insufficient coverage of pricing models. 
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In substance, it may be advantageous to adopt a mixed solution that uses the Risk Management System 
already present in the architecture of the Institution, integrated with a side software based on:  

 a pricing library that allows for at least the market benchmark to acquire terms of comparison, and 
the possibility to be expanded with proprietary models;  

 a "glue" that allows to add connections with legacy reporting, and give structure to the process, 
users and permissions, workflow validation steps of the processing, scheduling, data quality, 
processing when they are not satisfied by the Risk Management System (some AVA, aggregation, 
selection between Simplified Approach and Core Approach). 

The critical points to be evaluated, in this scenario, are the flexibility in reassembling the basic features 
already available in the usage scenarios consistent with the objectives of the AVA project, and the costs 
associated with the construction of the AVA System compared to that of a Risk Management System, when 
the latter is a third-party product. 
Another starting point could be the use of data mart for Market and Counterparty Risk, when they are 
already in place, in order to enrich the missing information. In terms of implementation, this data mart could 
be either a database sufficiently open to a software product market - the system to be accessed with the 
Risk Management API – or a relational database on which the information of the source systems Data mart 
Risk Management is spilled. The solution of direct access to the database via API would ensure the offsetting 
of many features related to downloading, uploading, data quality, and lower operating costs of new financial 
products. However, it appears, from a technical point of view, complex to manage, since the management of 
the queries could not be delegated to SQL, particularly for the selections of contracts in the feeding of 
counts. 
Both solutions allow saving some efforts in building the major part of the database, but none prevents extra 
efforts for reaching a useful market database, coordination and executions of the all processes.  
To summarize, the above considerations allow a first overview of the type of project, and can be further 
specified by qualifying the components of the IT architecture in place in its constraints and opportunities. 
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11 CONCLUSIONS 

In this section, we review the results obtained in this work and we discuss possible directions of future work. 
We also attempt to extrapolate possible suggestions for Financial Institutions and Regulators involved in 
Prudent Valuation.  
 
 
11.1 Overview of results 
In this work, we have explored guidelines and sound practices for the practical implementation of the EU 
Prudent Valuation Framework required by the combined Capital Requirement Regulation (CRR) [8] and EBA 
Regulatory Technical Standard [15]. 
First, we have worked out a detailed interpretation and a practical realization of the regulatory requests 
(secs. 3 and 4). Second, we have given a comprehensive methodological analysis of the different sources of 
valuation risk related to valuation adjustments (sec. 5 and 6). Third, we have explored a wide range of 
possible individual AVA calculation approaches, providing many practical case studies mimicking the actual 
valuation scenarios that Institution might face (secs. 7 and 8). Finally, we have designed a comprehensive 
example of the entire Prudent Valuation process, covering both organizational and IT issues (secs. 9 and 10). 
 
 
11.2 Directions of future work 
The calculation of each individual AVA represents a fertile ground for theoretical research and practical 
applications. Therefore, further work along the directions discussed in this document would explore other 
case studies on AVAs calculation, perhaps focusing on limiting cases, or providing other questions and 
solutions, in order to enrich the choices available to the industry.  
It would be also interesting to investigate the quantitative impact of Prudent Valuation on the institutions’ 
financial statements. On one side, it would be interesting to investigate which banking institutions are more 
affected by the Prudent Valuation regulation and then more exposed to valuation risk. On the other side, it 
would be interesting to assess the impact of prudent valuation in situations of financial stress. 
 

 
11.3 Suggestions for Financial Institutions 
Financial institutions, in particular the large players subject to the core approach for prudent valuation, could 
exploit the new regulation for an assessment of their internal pricing process. The AVAs calculation process 
could be suitably used to provide a better knowledge of the models used to price different products, or for 
different elements of the replicating portfolio of a single product.  
The new capital charge could also affect the business decision of the financial institutions, according to the 
additional capital charge required for prudent valuation. On one side, it would increase the cost of 
negotiating illiquid products with high valuation uncertainty. On the other side, it could penalize the 
development of the credit transfer market that was the origin of most of the Fair Value Level 3 assets that 
are subject to higher valuation uncertainty. 
It will also have to be assessed how the two different approaches to prudent valuation will cause market 
segmentation. On one side, the simplified approach could induce a lower cost on the trading book as a 
whole, so that smaller Institutions, and Institutions with lower trading activity, could save capital with 
respect to the others. On the other side, the lower cost is spread over the whole trading book, without 
distinction of the differences in liquidity, opacity and counterparty exposure. So, the prudent valuation 
regulation could induce a change of the structure of trading book of the large Institutions, while it could 
have no such effect for the smaller Institutions using the simplified approach. In principle, smaller 
Institutions could even keep products so opaque that they would need to be addressed with the fall back 
approach in larger Institutions. So, more opaque products could head for smaller institutions, while larger 
institutions would curb their exposure to more opaque products. 
Of course, these effects are conditional on the hypothesis that the impact of these capital requirements in 
the core approach would be material. It is also possible that the huge reduction of the scope of application 
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could reduce the impact of the regulation and fail to change the behaviour of the financial institutions. For 
this reason, the scenarios that we just described can be explored only after a quantitative analysis of the 
relevance of the amount of capital required.     
 
 
11.4 Suggestions for Regulators 
From the point of view of regulators, it is not only important if and how the new prudent valuation 
regulation would change the business policies of the banking institutions. What is also relevant is whether 
the amount of capital posted is sufficient to shield the impact of a new crisis. Moreover, it is paramount that 
the regulation could be applied with similar effects on players that have similar portfolios, by reducing 
possible distortions in market competition. It seems that on these issues more work has to be done.  
In fact, given the generality of the prudent valuation framework designed by the CRR [8] and EBA RTS [15], 
the disclosure of some ambiguous issues is recommended. In particular, the technical standards leave lots of 
discretion in the computation of AVAs, and in particular for AVA CoPo, FAC, EaT, and OpR, for which a direct 
approach is prescribed. Such a discretion might lead to strengthen a problem that is already in place, i.e. the 
generalized heterogeneity in the application of regulations. Financial statements only report final AVA 
values, but institutions are not required to disclose the models they used for AVA computation. Clearly, the 
more the regulation is general, the more the results are heterogeneous. 
Another source of uncertainty is represented by the implementation of Method 2 (see Annex in [15] and 
section 5.4 in these guidelines) for the computation of AVA MPU, CoCo, and MoRi. In particular, the 
interpretation of the expected value of the possible fair values, that has to be calculated in the formula 
provided by EBA, looks not completely clear. 
All of these arguments suggest that an assessment of the implementation of prudent valuation done by 
Institutions, and clarifications of how to uniformly apply the regulation and compute the AVAs would be 
helpful. For example, a new Quantitative Impact Study (QIS) could be a suitable tool to assess how 
institutions respond to Prudent Valuation, and how the requirements affect their financial statement. 
Furthermore, an analysis of what could happen in a stress situation, similar to the subprime crisis that 
originated the need of this regulation, would also be helpful to check if the Prudent Valuation rules actually 
reach the target.  
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12 APPENDIXES 

12.1 Simplified/core approach threshold for major banks in EU and Italy 
We report in Figure 42 details regarding the estimate of the simplified/core threshold for 8+8 major banks in 
EU and Italy, respectively. 

 
 
Figure 42: Estimate of the simplified/core approach threshold for major banks in EU and Italy, ordered by 
absolute fair value (col. 3). Assumed prudential filters as of 2014, and positive AFS reserves. Values in mln/€ 
at 31-12-2013. Source: public balance sheets releases. A summary table is reported in Figure 17. 
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14 GLOSSARY AND NOTATION 

We collect here some common abbreviations used throughout the document. 
 
Acronyms 

 APVA = Additional Position/Partial Valuation Adjustment 

 AVA = Additional Valuation Adjustment 
o MPU = Market Price Uncertainty 
o CoCo = Close out Costs 
o MoRi = Model Risk 
o UCS = Unearned Credit Spread 
o IFC = Investing and Funding Costs 
o CoPo = Concentrated Positions 
o FAC = Future Administrative Costs 
o EaT = Early Termination 
o OpR = Operational Risks 

 CRR = Capital Regulatory Requirements 

 EBA = European Banking Authority 

 EU = European Union 

 FV = Fair Value 

 FVP = Fair Value Policy 

 PV = Prudent Value 

 PVA = Prudent Valuation Adjustment 

 PVP = Prudent Value Policy 

 QA = EBA Questions & Answers to DP and QIS, ref. [12]  

 RTS = EBA Regulatory Technical Standards, ref. [15] 
 

Symbols 

 𝑝𝑖 , 𝑖 = 1,… ,𝑁𝑝: valuation positions 

 𝑢𝑗, 𝑗 = 1,… ,𝑁𝑢: valuation inputs 

 𝑡, 𝑇: time instants, expressed as dates 

 (𝑡, 𝑇), [𝑡, 𝑇]: time intervals expressed as sets of dates 

 𝑇 − 𝑡: time interval expressed as distance between two dates, measured in years (year fraction) 

 𝑃𝑥(𝑡, 𝑇): discount factor of type x from time T to time t<T. 


