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Credit Risk: a 3,700 years leap in 
History



Credit Risk Management at 
Hamurabi Code (1754 BC)

Law 48

If a free person is in debt and

loses a crop because of a natural

disaster, the contract shall be

changed so that person will not owe

the creditor any interest for the year.



Credit Risk Management at 
Hamurabi Code (1754 BC)

Law 117

If anyone fails to repay a debt, and sell

himself, his wife, his son, and daughter for money

or give them away to forced labor: they shall work

for three years in the house of the man who bought

them, or the proprietor, and in the fourth year they

shall be set free.



3,700 later…



Huge Credit 

Losses not only 

when there is a 

Bankruptcy.
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Why CVA?



Why CVA?

Before the Crisis During the Crisis After the Crisis



Why CVA?

Before the Crisis During the Crisis After the CrisisBefore the Crisis

Banks used to compute 

their exposures against their 

counterparties by using either 

simplistic assumptions (static 

PF calculation) or incipient 

PFE calculations.



Why CVA?

Before the Crisis During the Crisis After the Crisis

Big banks started 

calculating simplistic 

approaches to CVA. 

No regulatory 

pressure at all.



Default of big guys

raise great attention

under the CCR

framework.

Huge losses incurred

not necessarily by

defaults…

Why CVA?

Before the Crisis During the Crisis After the Crisis



Why CVA?

While the Basel II standard covers the risk of a

counterparty default, it does not address such CVA risk,

which during the financial crisis was a greater source of

losses than those arising from outright defaults.
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CCR CVA



Potential Future Exposure (PFE) as  

future VaRs at 97.5% or 99%

Expected Positive Exposure (EPE) being 

the mean of the positive part of the distribution

PFE historically used as credit limit 

management

EPE used for RWA and capital purposes.

Cost of buying protection on the 

counterparty in case of default

Expected Positive Exposure (EPE), the 

expected value under the risk neutral measure

Now it is a considerable part of the PnL

concern.

CVA needs to be hedged

Credit Counterparty Risk Credit Valuation Adjustment

CCR CVA



Basel 2.0

Risk associated to the 

losses due to the 

probability of default 

of the counterparties 

on OTC transactions.

Basel 3.0

Risk associated to the 

losses due to the 

deterioration of 

counterparties’ 

creditworthiness on  

OTC transactions.

deterioration of 

counterparties’ 

creditworthiness 

67%

Default

33%

During 2007/2008 crisis

Losses

CCR vs CVA



Source: https://goo.gl/Ew9h4Q

CCR vs CVA

https://goo.gl/Ew9h4Q


CCR Basel 3.0

=

Default Risk + CVA Risk

Credit

VaR

VaR of the Price of 

Credit Counterparty 

Risk

CCR vs CVA 
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Obvious Business Impacts

Higher CCR Risk Charge

Higher usage of Collateral

Higher Trading Costs 

Need to Hedge the CVA



Higher CCR Risk Charge

Banks will be subject to a capital charge

for potential mark-to-market losses (i.e.

credit valuation adjustment – CVA – risk)

associated with a deterioration in the

credit worthiness of a counterparty.



Higher CCR Risk Charge

Source: https://goo.gl/GHIFjr

https://goo.gl/GHIFjr


Obvious Business Impacts
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Need to Hedge the CVA



Increase the efficiency of collateral agreements,

Recognize more mitigating effects in the regulatory exposure

measures,

Re-negotiation the terms of current collateral agreements,

Banks may fund their collateral needs via short-term loans.

Higher usage of Collateral

Source: https://goo.gl/GHIFjr

https://goo.gl/GHIFjr


Obvious Business Impacts

Higher CCR Risk Charge

Higher usage of Collateral

Higher Trading Costs 

Need to Hedge the CVA



Obvious consequence in case there is no change in the
current CSA.

Shift of the credit counterparty risk costs from Risk to
front-office.

Not all banks in LatAm have their front-offices aware of
such new responsibility.

Higher Trading Cost to the Clients

Source: https://goo.gl/GHIFjr

https://goo.gl/GHIFjr


Obvious Business Impacts

Higher CCR Risk Charge

Higher usage of Collateral

Higher Trading Costs 

Need to Hedge the CVA



Need to Hedge the CVA

CDS as the typical hedging instrument.

Lack of liquidity or non-existence.

During financial distress hedge 

strategies may go completely skewed.



Latam CDS 

during

2008 crisis



Euro zone 

CDS 

during

2008 crisis



Banking 

Industry

CDS 

during

2008 crisis



Lehman Brother's 
CDS brief history

Source: Single-name Credit Default Swaps: A Review of the Empirical Academic Literature

https://goo.gl/Ku9eFk
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CVA Path and its Analytical Challenge

The Building Blocks

Exposure V(t;st) – Value of the trade (portfolio) at time t given state st

The state (underlying or risk factor) vector is critical input for pricing.

States are model dependent.

Potential Future Exposure (PFE) = inf {; P(V(T)  )  }

Expected Exposure (EE) = E{ V(t) }

Expected Positive Exposure (EPE) = E{ V+(t)} 

Expected Negative Exposure (ENE) = E{ V-(t)}



CVA as an adjustment on price given the expected loss of a counterparty.

𝐶𝑉𝐴 = 𝐸 𝐿

𝐿 𝑡 = 1 − 𝑅 ∙ 𝐸 𝑡 ∙ 𝑃𝐷(𝑡) ∙ 𝐷𝐹(𝑡)

Future Value of the Amount 
that can be lost

Probability of 
Default

Discount 
Factor

𝐸 𝐿 𝑡 = 𝐸 1 − 𝑅 ∙ 𝐸 𝑡 ∙ 𝑃𝐷(𝑡) ∙ 𝐷𝐹(𝑡)

CVA Path and its Analytical Challenge

The Building Blocks



CVA can be seen as an adjustment on the price given the expected loss 
of a counterparty - entire portfolio. 

𝐶𝑉𝐴 = න
0

𝑇

1 − 𝑅 ∙ 𝐸(𝑡) ∙ 𝐷𝐹(𝑡) ∙ 𝑑𝑃𝐷(𝑡)

CVA Path and its Analytical Challenge

The Building Blocks



CVA Path and its Analytical Challenge

Simulating the Prices

In practice



CVA Path and its Analytical Challenge

Simulating the Prices

In practice



CVA Path and its Analytical Challenge

Computing the Exposures on the Counterparty Level

In practice



CVA Path and its Analytical Challenge

Finally, computing the XVAs

In practice
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CVA and its not so 
obvious Impacts



CVA and its not so obvious Impacts

Modeling Culture

Collateral Management

Market Data Alternatives

Integration Risk and FO



CVA deals on portfolio level. 

CVA requires a consistent/robust way to handle 

multiple asset classes.

Exposure should handle correlation structure.

All these suggest a Hybrid model…

Transformation of the modeling Culture
CVA and its not so obvious Impacts



Universal Hybrid Model 

Framework across multi-

asset classes / models 

with generic n-factor fast 

Monte Carlo (See 

Antonov and Issakov and 

Mechkov 2011)

Transformation of the modeling Culture
CVA and its not so obvious Impacts



Instrument Pricing VaR, PFE CVA BCVA

IRS Det IR IR + CR IR + CR + CR_self

FX Fwd Det FX FX + CR FX + CR + CR_self

IRS + FX Fwd Det IR + FX IR + FX + CR IR + FX + CR + CR_self

Transformation of the modeling Culture
CVA and its not so obvious Impacts



Additionally….

Negative rates have been a

tremendous modelling challenge

both from a pricing and risk

management perspective.

That might seem so far away

(LatAm standards) but, if you

trade offshore this is huge issue.

Source: Are Negative Res Having a 'Negative' Impact on Your Derivative Pricing and 

Modelling?
http://www.numerix.com/info-graphic/negative-rates-trends-continue-2016# 

Transformation of the modeling Culture
CVA and its not so obvious Impacts



Transformation of the modeling Culture
CVA and its not so obvious Impacts



Transformation of the modeling Culture
CVA and its not so obvious Impacts

Good Practices with the Algorithmic Exposure

Extension of the backward induction in the American

Monte Carlo;

Scenarios generated by arbitrage free model ;

Applies uniformly to all instruments

Computationally efficient for complex instruments;

Exposures are calculated in one pass;

Prices and exposures are generated on the same path.
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Transformation of the modeling Culture
CVA and its not so obvious Impacts

CR
BK1F

FX
Heston

EQ
Heston

IR
(S)BK2F

Good Practices with the Algorithmic Exposure

Extension of the backward induction in the American

Monte Carlo;

Scenarios generated by arbitrage free model ;

Applies uniformly to all instruments

Computationally efficient for complex instruments;

Exposures are calculated in one pass;

Prices and exposures are generated on the same path.
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Collateral Management
CVA and its not so obvious Impacts

Netting Sets:

Exposure with Netting

V(t) = Vi(t)

Exposure without Netting

V(t) = max{Vi(t),0}

The effectiveness of netting depends 

on the number of trades, correlations 

and volatilities

Perfect CSAs

Under perfect CSA: Collateral C(t) = V(t) 
at all times

Collateral fully removes CP risk

Often understood as:  

Daily collateral calls 

Zero threshold

Zero margins

No settlement risk

No close-out risk



Collateral Management
CVA and its not so obvious Impacts

Schedule of Margin Calls

How often collateral is requested?

If there are no extra conditions: 
Collateral C*(t) = V(t) on margin dates

Settlement lag: collateral posted at t will be 

received at t+hs (e.g. t+2bd)

Thresholds = uncollateralised amount
Collateral with Threshold Hs, Hc on margin dates

C*(t) = Max( V(t) – Hs, 0 ) if V(t)>0

C*(t) = - Max( - V(t) + Hc, 0 ) if V(t)<0

MTA = the smallest uncollateralised exposure 
resulting in a collateral transfer on margin 
date

Collateral with MTA: Ms, Mc on margin dates

C*(t) = V(t) if V(t)>C(t), V(t) – C(t) > Ms

C*(t) = V(t) if V(t)<C(t), C(t) - V(t) > Mc



Customizing a CSA 

Collateral Management
CVA and its not so obvious Impacts



Testing the CSA effectiveness: Pre and Post-Margin

Collateral Management
CVA and its not so obvious Impacts

CVA platform requires a robust 

collateral management system once 

it is as a crucial tool to check the 

effectiveness of the bank’s CVA 

strategy.



Transparency on the Collateral Management Business Logic

Collateral Management
CVA and its not so obvious Impacts

The collateral 

management logic should 

be the most transparent 

and flexible as possible so 

the Risk Managers can try 

different approaches as 

well as different CSA 

arrangements.



Bringing all pieces together

Collateral Management
CVA and its not so obvious Impacts
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Modeling Culture

Collateral Management

Market Data Alternatives

Integration Risk and FO



Market Data Alternatives (or new modeling challenges)
CVA and its not so obvious Impacts

Bootstrapping Probability

of Default from CDS curves

is not always possible due

to the lack of liquidity (or

even inexistence) of such

market in LatAm.



Market Data Alternatives (or new modeling challenges)
CVA and its not so obvious Impacts

Bootstrapping of Probability of 

Default from CDS curves is not 

always possible due to the lack 

of liquidity (or even inexistence) 

of such market in LatAm.

Alternatives

Prices of Bonds or any other Credit Instrument

Data Mining: Logistic Models for PDs 

Third Party Providers: Credit Bureau or Local Rating Agency Credit Score / Credit Rating

𝑃𝐷 =
1 − 𝑒−𝑠.𝑇

1 − 𝑅



Market Data Alternatives (or new modeling challenges)
CVA and its not so obvious Impacts



CVA and its not so obvious Impacts

Modeling Culture

Collateral Management

Market Data Alternatives

Integration Risk and FO



Integration of Market/Credit Risk departments and Front-Office
CVA and its not so obvious Impacts

Front-Office

Credit 
Counterparty 

Risk 
(CCR)

Market Risk 
(MR)



Integration of Market/Credit Risk departments and Front-Office
CVA and its not so obvious Impacts

Front-Office

Credit 
Counterparty 

Risk 
(CCR)

Market Risk 
(MR)

Consistency between the Credit and Market Risk 

scenarios generation. Centralized Model Engine.

Relationship between MC PFE profile and MC VaR.

Consistency between PD Models when there is a 

gap on CDS liquidity.



Integration of Market/Credit Risk departments and Front-Office
CVA and its not so obvious Impacts

Consistency between the Credit and Market Risk 

scenarios generation. Centralized Model Engine.

Relationship between MC PFE profile and MC VaR.

Consistency between PD Models when there is a 

gap on CDS liquidity.

Front-Office

Credit 
Counterparty 

Risk 
(CCR)

Market Risk 
(MR)

Robust Exposure Engine for a accurate Pre-

trading analysis (What-if Analytics): PFE, VaR, 

XVAs.



Integration of Market/Credit Risk departments and Front-Office
CVA and its not so obvious Impacts

`

Pre-trading analysis for all XVAs in order to Optimize bank’s CCR strategy.

Front-
Office

Market 
Risk (MR)

Credit 
Counterparty 

Risk 
(CCR)



Integration of Market/Credit Risk departments and Front-Office
CVA and its not so obvious Impacts

Near Real Time results of a pre-trading What-if Analysis

Front-
Office

Market 
Risk (MR)

Credit 
Counterparty 

Risk 
(CCR)



Integration of Market/Credit Risk departments and Front-Office
CVA and its not so obvious Impacts

Front-Office

Market Risk (MR)

Credit 
Counterparty Risk 

(CCR)

Robust Exposure Generation Risk Engine for a 

accurate Pre-trading analysis (What-if Analytics): 

PFE, VaR, XVAs.

Ability to Analyze Pre and Post-margin CCR risk 

measures.

Fully Customizable Reporting Layer.

Consistency between the Credit and Market 

Risk scenarios generation. Centralized Model 

Engine.

Relationship between MC PFE profile and MC 

VaR.

Consistency between PD Models when there is 

a gap on CDS liquidity.
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XVA Main components

New initial margin rules (effective September 1, 2016 for larger banks in the US)

Recent articles in RISK magazine 

 “Banks warn prime brokerage clients of ‘material’ MVA costs”, 27 September 2016

 “MVA: swaps scale new heights in complexity”, 29 July 2016 

 “Dealers wake up to MVA impact of new funding rules”, 18 July 2016 

 “Time to gear up for MVA”, 04 July 2016 

Coming soon

Adjustment Description 
CVA (2002+) Impact of counterparty credit risk
DVA (2002+) Benefit a bank derives in the event of its own default (the ‘other side’ of CVA)

COLVA (2010+) Cost of funding a collateralised derivative position, at new ‘risk free’ rate

FVA (2011+) Captures the funding cost of uncollateralised derivatives above the ‘risk free rate’

KVA (2015+) Cost of holding regulatory capital as a result of the derivative position

MVA (2015+) Cost of posting ‘initial margin’ against a derivative position 



MVA with ISDA SIMM



MVA with ISDA SIMM



MVA with ISDA SIMM

Initial Margin calculation

Compute sensitivities 

Use closed formulas for initial margin, using sensitivities 

and regulatory parameters as input

Corresponding MVA calculation (cost of initial 

margin over the life of portfolio)

Simulate Monte Carlo scenarios into the future 

Compute sensitivities on future dates most 

challenging 

Compute margin requirements on future dates (grid 

paths x timesteps) using closed formulas  

Discount back to today to obtain MVA 



XVA will become the standard for derivative pricing



“Do not let the only 

person to stick closer to 

you in adversity to be a 

creditor.”



Augusto Carvalho 
augusto@numerix.com  
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Direct Line: 305.913.3448 

Mobile: 786-338-1899 
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