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Foundation IRB Capital Charge: 
Probability of default is most commonly associated with the Basel II IRB approach to credit risk. Under the IRB or 
internal ratings based approach, probability of default is one of the key inputs required to compute a regulatory 
capital charge. All institutions are expected to derive PD estimates for all borrowers based on their own realized 
experience. Using our sample of 40 financial institutions and their Merton based probability of default estimates, 
we have derived the capital requirement based on the foundation IRB approach. 

 

There is a linear relationship between probability of default and the resulting capital charge requirement, which 
means that lending to institutions with the highest PDs requires that highest capital requirement. 

 

The IRB function uses a number of risk parameters, namely PD or probability of default, LGD or loss given default, 
EAD or exposure at default, and M or maturity. 

 

Our calculations are based on an LGD of 45%, an EAD of 100% and a maturity of 2.5 years. 

The capital requirement is calculated using the following formula: 

 

Capital Requirement (K) = 
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× 𝐆𝐆(𝟎𝟎.𝟗𝟗𝟗𝟗𝟗𝟗) � –  𝐏𝐏𝐏𝐏 × 𝐋𝐋𝐋𝐋𝐋𝐋 × 𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌 𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 

 

In the above formula, the required inputs are LGD, PD and R. R or asset correlationis calculated using the following 
formula: 

 

Correlation (R) = 𝟎𝟎.𝟏𝟏𝟏𝟏 ×  (𝟏𝟏−𝐞𝐞(−𝟓𝟓𝟓𝟓 ×𝐏𝐏𝐏𝐏))
(𝟏𝟏−𝐞𝐞(−𝟓𝟓𝟓𝟓 ))

 + 𝟎𝟎.𝟐𝟐𝟐𝟐 ×  𝟏𝟏 −  (𝟏𝟏−𝐞𝐞(−𝟓𝟓𝟓𝟓 ×𝐏𝐏𝐃𝐃))
(𝟏𝟏−𝐞𝐞(−𝟓𝟓𝟓𝟓 ))

 

 

This formula takes PD as an input. R appears in three different places in the capital requirement formula and is has 
a significant impact on capital charge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Asset correlations are presented separately for the sample institutions. 
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Maturity Adjustment in Credit Portfolios: 
A key component of the Basel II IRB capital charge function is the ‘maturity adjustment’. As the name suggests, the 
adjustment takes into account the maturity of the loan, but in addition the probability of default of the borrower is 
also considered. The resulting maturity adjustment or factor is then multiplied by the other components of the 
function to calculate a regulatory capital charge. 

 

Maturity adjustment = [𝟏𝟏 −  𝟏𝟏.𝟓𝟓 ×  𝐛𝐛 (𝐏𝐏𝐏𝐏)]−𝟏𝟏  × [𝟏𝟏 +  (𝐌𝐌 −  𝟐𝟐.𝟓𝟓) ×  𝐛𝐛 (𝐏𝐏𝐏𝐏)] 
 

The maturity adjustment formula takes the probability of default of the borrower (PD) and the maturity of the loan 
(M) as an input. Under the foundation IRB approach, the input for maturity has been set to 2.5 years for all loans 
by the regulator, however this is replaced by the actual maturity when using advanced approaches. 

 

In addition to PD and maturity (M), the formula is comprised of a number of constants and the function b(PD) 
which is defined as: 

 

b(PD) = [𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 − 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 × 𝐥𝐥𝐥𝐥𝐥𝐥(𝐏𝐏𝐏𝐏)]𝟐𝟐 
 

Generally speaking, longer term credit obligations are riskier than short term obligations since there is a greater 
‘margin’ for downgrades or the likelihood of credit rating downgrade is higher. The maturity adjustment therefore 
increases with maturity, which results in an increased capital charge. 

 

PD on the other hand is inversely related to the maturity adjustment. Just like longer term credits have a greater 
chance of being downgraded lower PDs have a greater chance of increasing. Hence, the impact of probability of 
default on the maturity adjustment is most severe with low PDs. It is interesting to note that this is not a liner 
function instead the slope of the maturity adjustment function decreases as PD increases, suggesting that a small 
change in PD at lower levels will have a greater impact on the maturity adjustment compared to a small change in 
PD at higher levels. 
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The graph above is a plot of the Basel II foundation IRB approach maturity adjustment for probability of default 
estimates ranging from 0.03% to 1.5%. In addition, for the same data set, additional curves for maturities ranging 
from 6 months to 3 years have also been generated. 

 

The relationship between PD and maturity and the impact on the maturity adjustment and the resulting impact on 
capital charge is evident. For maturity equal to 1 year, the maturity adjustment is equal to 100% or 1 at all PD 
levels, which implies that the maturity adjustment will have a negligible impact on the capital charge for loans with 
maturity close to one year. 

 

In addition, maturities of 1.5 years, 2 years, 2.5 years and 3 years have also been included. For institutions using 
the foundation IRB approach, only an estimate for PD is required since a standard maturity of 2.5 years for all 
facilities has been set by the regulator. However, with the advanced approaches, actual maturity is used. We have 
done a similar exercise for a sample of financial institutions. The results of this exercise are presented in the next 
section. 

 

Industry Study: 
Using a sample of 40 financial institutions, we have computed maturity adjustments using one year PD PDs and 
maturities ranging from 1.75 years to 3.25 years. For institutions with the lowest or most favorable probability of 
default in the range of 0.03%, we observe a maturity adjustment in the range of 180% to 200%. For more risky 
institutions on the other hand, with PDs closer to 1%, the adjustment drops sharply to approximately 120%.  

 

 
 

While it may seem counterintuitive that the maturity adjustment is both higher and more sensitive for lower PDs, 
but considering that the lower PDs result in a lower capital makes the impact of high maturity adjustment less 
severe, at lease in absolute terms.  

 

The graph below displays the capital charge for 40 financial institutions, based on the foundation IRB approach. 
We have used an LGD (loss given default) of 45% and a confidence interval of 99.9%. 
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The key variable here is the maturity adjustment. The capital charge has been computed without the effect of the 
maturity adjustment, in addition to different maturities ranging from 1.75 years to 3.25 years. 

 

 
 

The capital charge function shares a similar characteristic with the maturity adjustment function, in which the 
slope of the capital charge function decreases as PD increases.  

 

To summarize, the maturity adjustment penalizes high quality loans more than low quality ones. As a result, the 
capital charge after incorporating the maturity adjustment whether using foundation or advanced approaches 
increases as probability of default increases, but the sensitivity and the impact on regulatory capital is most severe 
for counterparties with the lowest probability of default. 
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Probability of Default Calculators  

Introduction 
Obligor risk rating is a quantitative measure of the risk associated with a customer. It is derived by assigning credit 
scores based on objective and subjective factors. Credit scores aim to translate a customer’s financial position, the 
industry dynamics and the economic factors involved to a score that is comparable across customers and sectors. 
This forms the basis of probability of default estimates.  

 

Probability of default is the likelihood that a customer will default, given the actual realized experience of 
customers with similar credit scores. Facility risk ratings further refine the risk rating framework by calculating PDs 
by customers and products as specified by the central bank. This paper documents the methodology used to assign 
customer credit scores and probability of default computation. 

 

Definitions: 
Customer Behaviour:  
A schedule of customer payment information, including amount received, amount outstanding, payment due date 
and payment received date. 

 

Credit Update:  
Any instance of a predefined event. Credit updates are ranked in terms of severity of negative behaviour (with 1 
representing the highest risk of default), and are generated from customer behaviour.   

 

Credit Event:  
A credit event is defined as any instance of a customer moving from one credit update to a higher ranked credit 
update. 

 

Default:  
Any credit event is considered a default. 

 

Probability of Default (PD):  

Probability of default is a function of credit events and credit updates. 

 

Scoring Elements:  

A scoring element can be any information about a customer that is used in predicting default.  

 

Scoring Engine:  

A fully configurable engine used to convert raw scoring elements to a customer score. 

 

Sample Window:  

Historical period over which payment behaviour is analyzed in order to compute probability of default 
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Scoring Engine:  
Scores can be computed using customer specific information such as industry, sub industry, sector, length of 
relationship, time since incorporation in addition to financial information.  

 

The first step involves determining which elements to use in the scoring process. The system may be configured to 
use a different set of scoring elements for each sector. This allows the user to configure the scoring engine to 
mimic the banks existing scoring methodology by not only having the ability to include or exclude scoring 
elements, but also determine the weight of each element in order to fine tune the scores by means of a feedback 
loop. 

 

Next, each attribute or scoring element is scaled and converted to a customer score. The buckets used to scale the 
weighted scoring elements to customer scores are defined for each scoring element, depending on the sensitivity 
of graduation required. 

 

Once the scoring elements are weighted and scaled, the final customer score is simply the sum of scores across all 
scoring elements. 

 

Customer scores serve as a link between PD estimates and customers. Probability of default is calculated for range 
of scores, and customers, whether existing or new relationships are assigned PDs depending on their individual 
credit scores. 

 

Probability of default is calculated on a consolidated as well as facility wise basis. In addition, PDs may be 
computed using number of credit events and credit updates, or amount outstanding for credit events and credit 
updates.  

 

Finally, PD can be grouped not only by scores, but by any scoring element. This is covered under feedback loop. 
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Payment Behaviour: 
Payment behaviour is captured for each customer on a facility wise and consolidated basis. The date on which a 
payment was due and the date on which it was subsequently received, and the amount that was due and the 
amount of payment received is in used to determine customer behaviour. Payment behaviour may be captured at 
any frequency, be it monthly, quarterly, semi annually or annually.  

 

Using this information and the definition of default, a grid (A) is generated displaying the number of credit updates 
within the sample window at the desired frequency.   

 

The next step involves the transition from credit updates to credit events. Any update that is ranked higher than 
the previous update is marked as a credit event. The number of credit events is displayed on a second grid (B). 

 

The same process is repeated a second time, however all credit updates, the amounts outstanding are determined 
and accumulated for each period within the sample window.  

 

Similarly, total amount outstanding for credit events is also calculated. 

 

Probability of Default: 
 

P (Default) = Number of credit events 

        Number of credit updates 

 

P (Default) = Amount outstanding for credit events 

        Amount outstanding for credit updates 

 

PDs are computed using credit events and credit updates corresponding to groups of customers with similar 
scores. The definition of PD given above may be directly applied to the PD for a given period for a score range. The 
overall PD is calculated using total credit events and the total credit updates for all periods for a given score range. 
The same methodology applies to PDs calculated by amount outstanding. 
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Feedback Loop: 
Overall probability of default increases with deteriorating scores. Any inconsistency in this pattern suggests a need 
to calibrate and fine tune the scoring model.  

 

The built in feedback loop is used to determine the predictive quality of each scoring element in isolation, and 
forms the basis of selection and weight assignment for scoring parameters. 

 

The steps involved in calculating PDs are repeated for each scoring element; however credit events and credit 
updates are filtered by attribute score range as opposed to total customer score range. PDs are then computed 
using only those customers whose attribute scores fall within a given range. 

 

Default Definition: 
The definition of default is user defined, and provides the flexibility of extending the Basel II definition to any 
number of days past due, with incremental tracking, as well as definitions for non payments and covenant 
breaches. Alchemy ORR can be configured and used for IRB PD estimates and capital charge calculation or internal 
analysis and loan pricing.  

 

Separate default definition for funded and non funded exposures may be accommodated. 
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