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Bottom-up Default Analysis (BuDA) is a credit stress testing and scenario analysis toolkit 
developed by the Credit Research Initiative (CRI) team of National University of Singapore 
(NUS) in a collaboration with the International Monetary Fund (IMF). This toolkit is 
operated and supported by CRI (https://www.nuscri.org). This document provides step-
by-step instructions with illustrated examples for the BuDA web application. Regulatory 
authorities, central banks, and commercial/investment banks may use the BuDA toolkit 
to conduct credit stress testing and scenario analysis and, more generally, to examine 
macroeconomic and financial risks. Users are recommended to understand the key 

concept underpinning BuDA by reading its white paper. 

 
  

 
 
BuDA (v1.0) was developed by Jin-Chuan Duan of the NUS-CRI team and Weimin Miao of CriAT, a 
former NUS-CRI team member, in collaboration with Jorge Chan-Lau of IMF. The NUS-CRI team 
provides the continual development and support of the BuDA platform.

 
 
 
The Credit Research Initiative team (2021), Bottom-up Default Analysis (BuDA v3.3.3) White Paper, 
Accessible via https://nuscri.org/en/white_paper/. 

https://www.nuscri.org/
https://nuscri.org/en/white_paper/
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There is a growing demand for practical models and tools used for analyzing the dynamics 
of credit risk under different macroeconomic scenarios. The Bottom-up Default Analysis 
(BuDA) was conceived to meet this demand. The BuDA toolkit provides an easy-to-use 
interactive platform for analyzing the credit risk of individual firms/sectors/economies, or 
user-defined portfolios under different scenarios, stressed or otherwise. BuDA has been 
implemented with the API (Application Programming Interface) web application which 
only requires users to access an internet browser. Users need not install any other 
programming software as the BuDA executions will use the CRI cloud-based computing 
resources. With this hassle-free toolkit, users can focus on scenario design and risk 
analysis. 
 
The application’s structure is shown in Figure 1, where users are required to 
specify/provide three main inputs: (1) target portfolio, (2) testing scenarios, and (3) 
simulation settings. BuDA allows users to build their own portfolios from any of over 
80,000 listed companies in 133 economies in the CRI database. The testing scenario of 
interest is specified/uploaded by users, which is based on a single or multiple 
macroeconomic and/or financial stress variable(s).  
 
To meet varying needs of analysts, BuDA offers several flexibilities, including a customized 
portfolio, user’s supplied stress variables & scenarios, as well as advanced settings to 
modify some simulation parameters. In addition, BuDA has an inbuilt stress-variables 
recommender which assists users to identify a set of stress variables that are most apt for 
their target portfolio out of a list of close to 3000 potential stress variables. This 
recommender will choose a desired number of stress variables, say, 5 out of the user-
specified set of potential stress variables which can be drawn from a list of close to 3000 
global and economy/sector variables. This manual focuses on how to utilize the BuDA 
toolkit. Examples with a brief discussion of the results are provided to assist users to gain 
a better appreciation.  
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Figure 1: An overview of BuDA implementation 

 
 

 
 

There are three main steps in BuDA to perform stress testing and scenario analysis. Users 
will be asked to specify a target portfolio, macroeconomic and financial scenarios, and 
simulation parameter settings, as depicted in Figure 1.  The detail of each step is given in 
this section. 
 

 
The first step is to specify the portfolio of interest, on which the bottom-up default 
analysis will be conducted by aggregating the credit risks of individual firms to the 
portfolio level. To form the target portfolio, users may add the economies and industries 
from the drop-down lists. Alternatively, users may customize their own target portfolio 
by submitting a file.  
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For the first option, the requirements are to add both “Economies” and “Industries”. 
These are choices based on six main geographic regions, from which users can consider 
to either add a specific country or simply select all economies. Users can also enter 
multiple economies. To complete this step, users need to add the industries of interest. 
Then, the target portfolio will be formed using all companies classified under the selected 
industries in the specified economies. BuDA groups companies into 12 industries, 
covering nine non-financial industries and three financial sub-sectors (banks, insurance, 
and other financial firms).   
 
For users with their own target portfolios in mind, selecting “User’s target portfolio” 
presents a way to customize the portfolio. To form a customized portfolio, users must 
provide an Excel file specifying the company IDs. Importantly, the list should follow the 
Excel template below: 

 
 
The Excel file should contain only Bloomberg IDs (IDBBs) and the file must be saved as 
*.csv (Comma delimited). Once the file is successfully 

Figure 2: Testing Portfolio 



           
 
 
 
 

 
5 | Bottom-up Default Analysis (BuDA v3.3.3) | BuDA toolkit manual  

 

uploaded, BuDA will correctly identify their economies and industries and upload the data 
for the selected firms. The full list of the available companies with their IDBBs in the BuDA 
database and the template can be downloaded (optional) after clicking “User’s target 
portfolio” as in Figure 2.  
 

Step 2: Testing Scenarios 
 
This step focuses on building the stress scenarios of interest. Users need to specify the 
scenarios, the testing and training data period, and the stress variable(s). The selected 
stress variables are common for every firm in the target portfolio regardless of their 
industries and economies. The users are required to upload Excel file(s) if they consider a 
user supplied stress testing scenario (see step 2.1) and/or stress variable(s) (see step 2.4). 
 

Step 2.1: Stress testing scenarios 
Users need to specify the nature of scenario analysis. Selecting “Backtesting” requires no 
additional file. On the other hand, opting for “User-specified scenarios” will require 
uploading an Excel file for their testing scenarios after finishing step 2.4 (the final step 
before proceeding to Other Settings).  
 

Step 2.2 & 2.3: Testing time point & training sample period 
Users are required to fill in “Testing Time Point”, “Training Sample Period”, see Figure 3. 

• “Testing Time Point” is defined as an initial month prior to the testing scenario starting 

month. In other words, if the testing time point is denoted by t, t+1 will be the first 

period of the testing scenario. To put it simply, this is the time point from which users 

want to begin their scenario analysis. 

Figure 3: Fill testing time point and training sample period 

 

Two observations are in order: 

o With the testing time point being set in Step 2.2, BuDA will automatically adjust, 

upon confirming the stress variables, the testing time point by checking data 

availability. 
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o Although users may select any month in the given period, the choice should be 

made with data availability in mind. For example, the testing time point in Figure 3 

is 201806. Users need to ensure that their uploaded testing data is available from 

201807 onward. 

• “Training Sample Period” is the period that BuDA uses to estimate the stress testing 

regressions. There are three choices: 

o “Till testing time point” – the training period is defined as the period up to the 

specified testing time point. 

o “Whole sample period” – all available training data will be used as the training data. 

o “User-specified sample period” – users can specify any range within the available 

sample period. 

 

Step 2.4: Stress variables selection 
BuDA provides historical data for a list of close to 3000 potential stress variables, including 
the country specific macroeconomic variables, common risk factors (CRI-PD predictors1 
for country and industry levels), commodity prices, and other stress variables of interest. 
Users can select from this list by checking “Choose from economy/variable list” or upload 
their own stress variables (optional) by checking the “User Supplied Stress-testing 
Variables”. Combining the provided and user’s supplied variables is possible. 
 
Users can also let BuDA recommend a desired number of stress variables, up to 10, from 
the provided list of potential variables that are most apt for the target portfolio. Doing so 
requires of checking “Stress Variables Recommender” and following three simple steps. 
These steps for using the recommender will be covered with a concrete example later in 
section III of this guide. 
 

 
Figure 4: The selection of stress variables 

 
1 The CRI-PD model has multiple predictors, including firm specifics and common risk factors. User can also 
use those common risk factors as the stress variables. Readers can find concrete discussions of the CRI-PD 
model’s inputs in the BuDA White Paper. 
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Choose from Economy/Variable List 
The categories of the provided variables are shown in  
. Users can easily sort the macroeconomic variables and common risk factors by economy, 
see Error! Reference source not found.5. If a group of economies is selected, e.g., 
Eurozone, the variables for its individual members will be included. Updated details of 
these variables, including the data sources, can be downloaded upon clicking the 
information sign. After confirming the selected variables, BuDA will summarize the 
variable selected, see Figure 10 later. 
 
 

 
 

Figure 5: The selection of stress variables 
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Table 1: List of provided stress variables 
 

Type
  

Variables  Brief Description  

Country specific 
macro- economic 

variables 

GDP  Real Gross Domestic Product growth rate  

UNEMP  Difference of Unemployment rate  

CPI  Percentage change of consumer price index  

NEER  Percentage change of Nominal Effective Exchange Rate  

INT  Difference of 3-month interbank rate  

HPI  House Price Index growth rate  

PPI  Percentage change of producer price index  

CAB  Difference of Current account balance   

Country specific Common 
factors (CRI-

PD predictors) 

Stock return  Monthly stock return  

Interest rate  3-month interbank rate (level)  

Aggregate  
DTD  

Aggregate distance-to-
default for financial and/or non- financial industry  

Other key stress variables Commodity 
Prices  

Percentage change of  Standard and Poor’s Goldman Sachs 
Commodity Index and over 20 individual commodities 

VIX  Percentage change of the Chicago Board Options Exchange Vol
atility Index  

FFI  St. Louis Federal Reserve Financial Stress Index (level)  

Credit Cycle Index CCI  Credit Cycle Index is provided by using aggregated CRI-PD.  
User can select the data from country to industry levels.  

 
 
User-supplied Stress Testing Variables 
For a user’s supplied variables, it is important to provide their historical time series in an 
Excel file (*.csv) using the template as shown in Figure . The overall length of the data 
should be at least five years, although using ten years or more is recommended. Apart 
from the historical data, users need to specify the frequency and type of each variable 
using the following definitions: 

• “Frequency” (row 6), specify the value of: 

o “1” for monthly data 

o “0” for quarter-end data and fill the data in month 3, 6, 9, and 12 only 

o “-1” for year-end data and fill data in month 12 only 

• “Macro Type” (row 10), specify the value of: 

o “1” indicates growth rate % or percentage change (e.g. GDP growth) 

o “0” indicates change in different (e.g. difference of unemployment rate) 
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o “-1” indicates the level value (e.g. interest rate). 

 

   

Figure 6: User's supplied training data template 

 
 
Stress Variables Recommender 
This new feature helps users select a set of stress testing variables that are most apt for 
the target portfolio. The algorithm recommends a desired number of stress variables out 
of a list of close to 3000 global and economy/sector-specific variables by utilizing a 
cutting-edge zero-norm variable selection technique. To use this recommender, simply 
check “Stress Variables Recommender” in Figure , and follow the three simple steps. 
 
In the first step, users are required to define a pool of variables from which the 
recommendation algorithm can choose. By default, the algorithm will select variables 
from the economies in the target portfolio. The categories of stress variables available are 
the same as in Table 1. Users can click “+” to expand each category and select/unselect 
the variables in that category. The total number of variables in the pool will also be 
displayed, see Figure 77.  
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Figure 7: Definition of stress variable pool in recommender 

 
Click “Next” to proceed to the second step, users can then fill in the desired number of 
stress variables that the algorithm should recommend (from 1 to 10 variables), see Figure 
8. 

 

 
Figure 8: Choice of the number of variables to be recommended 

 
In the third step, users can review the choices made in the previous two steps and revise 
the variable(s) by going back to the previous step. Users may have in mind some “must-
include” stress variable(s) that are deemed critical to the task. These variables can only 
be entered from within the subset of stress variables defined in step 1. The “must-
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include” stress variable(s), if chosen, will be forced into the recommended set of stress 
variables and crowd out other variables even if they do not deliver at the same level of 
explanatory power, see  
Figure 9. Of course, this option may also be left blank. Finally, click “Start 
Recommendation Algorithm” to begin the selection. The resulting recommended 
variables will automatically be filled in the stress variables box in Figure . 
 
 

 
 

Figure 9: Selection of ‘must-include’ variables (optional) 
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After confirming the stress variables, BuDA will automatically check and report the data 
availability, see Figure 10. BuDA can proceed only when the overlapping period among 
the selected variables are larger than 5 years. Therefore, users are recommended to 
select a long enough training sample period to avoid model estimation difficulties. 
 

 
Figure 10: Available periods of the training period checking 

 
Uploading user specified scenarios 
When “user specified scenarios” is checked, users may select “Generate scenario file” to 
confirm their selection, where an Excel file will be generated and downloaded. The file 
will be automatically customized to the selected stress variables in Step 2.4, in which users 
can fill in the scenarios. The variables in the provided file should match those stress 
variables. 
 
Figure 11 is a generated Excel file using the stress variables previously selected. The 
following information should be filled in to complete the stress testing scenarios: 

• “Frequency” (row 6) specifies the value of: 

o “1” for monthly data 

o “0” for quarter-end data and fill the data in month 3, 6, 9, and 12 only 

o “-1” for year-end data and fill data in month 12 only 

o The frequency does not need to be the same as that of the training data 

• Ensure the same data type of each variable as in the training data, which is defined in 
Table 1 for the provided stress variables and/or the user’s uploaded stress variables. 

• Do not modify the generated Excel file for testing scenario, except for providing the 
data. 

• The coverage of the provided scenario should be from the first month or the most 
recent quarter-end or year-end months depending on the data frequency. The unused 
rows can be left blank. 
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• Multiple scenarios can be tested simultaneously by adding more sheets into the file. 

• The uploaded Excel file should be in *.xlsx format. 
 

 
Figure 11: The automatically generated testing scenario template 

 
There is an additional requirement if users select to provide stock index return as one of 
the stress variables. Instead of providing returns, users must provide stock index values, 
then BuDA will calculate the returns.  
 

Step 3: Basic Parameters and Advanced Setting 
 

Basic Parameters 
For the basic parameters, users are required to fill in “PD Horizon”, “Simulation Settings”, 
“Probability of Default Implied Rating” and “Portfolio Aggregation Setting”, (See Figure 
12): 
 

• Users can specify the PD’s forward horizon, which is available from 1-month PD to 

60-month PD. The information concerning the forward horizon can be found in the 

BuDA white paper.  

• “Number of simulations” determines the precision of the BuDA estimate. BuDA 
generates simulated possible outcomes under the given scenario and compute the 
average of the simulated quantity of interest (e.g., the target portfolio’s median PD). 
The number of simulations can be specified by users. A larger number of simulations 
will require more computing time, but the result is more accurate.  
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• For “Probability of Default implied Rating” (PDiR2.0), BuDA provides a graph which 
depicts the overall stress testing results with reference to a letter-based rating scale. 
These labels indicate the PD boundaries for different letter ratings. These boundaries 
are generated with the CRI PDiR2.0 methodology by referencing the credit migration 
history of a credit rating agency. Default is set to referencing the S&P ratings. Users 
can opt for Moody’s ratings using the dropdown menu. 

• Users can also specify the aggregation method used on individual companies stressed 

PD, which aggregates all the simulated PD on the selected portfolio’s company 

number level. The default setting is choosing the mean and median. In addition, users 

can also aggregate by multiple quantile levels should they prefer, which may cater for 

a more nuanced analysis of distribution of risk in the industry under different 

stressed scenarios. . 

 
 

Figure 12: Basic Parameters 
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Advanced Setting 
Users can modify some simulation parameters as shown in Figure 3, “Show Advanced 
Settings” (optional).  

 
Figure 13: Advanced setting 

 
The first option is “Regression Aggregated Months”. Some stress variables, for example, 
GDP, are typically available on a quarterly frequency whereas others may be available 
monthly or even daily. Implementing the stress testing regressions faces a challenge of 
having to deal with mixed-frequency data. To address this issue, BuDA deduces the stress 
testing regressions to a time-aggregated form (see the BuDA White Paper for the detail). 
Users can specify the number of the time-aggregated months, where 12-month is the 
default option. 
 
“Lags allowed for autoregressive variables” lets users adjust the number of lag terms 
deployed in the stress testing regressions, and the default is two lag terms. 
 
“Adjust parameter after regression” is an option for relative-position autoregression, 
which is based on AR(3). Recall that the stress testing regressions are performed on the 
industry-averaged firm-specific variables. The relative position (individual value minus 
industry average) is applied to translate from the simulated future industry level to 
individual level (see the BuDA White Paper for the detail). This function allows users, if 
they see fit, to modify the estimated AR(3) parameters. If this option is selected, the Excel 
file, FirmParainEcon, will be automatically downloaded after the stage III estimation is 
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completed, see Error! Reference source not found.. The file will report the parameter 
estimates for each variable in the firms’ relative-position autoregression. Users can 
modify the estimates in a way they see fit, before uploading the file as shown in Figure 
14. This is useful when users have a strong intuition on the autoregression parameters2. 
 

 
Figure 14: Adjust parameter after regression 

 
 
 
By selecting “Yes” in the drop-down menu in the “Sensitivity Analysis” panel, users can 
assess the contribution of each stress variables to the stressed portfolio PD by holding 
other stress variables constant. The user can also see the difference between the sum of 
the individual effects and the gross effect when all variables are accounted for 
simultaneously. This difference is viewed as the cross effect. 
 
After submitting, BuDA immediately starts the estimation where the estimation time in 
total and for different subcomponents will be estimated and shown, see Figure 15. Once 
the estimation is complete, the BuDA outputs will be automatically download as *.zip file. 
Users should turn off any pop-up blocker if the zip file cannot be downloaded. The 
discussion on the BuDA results is provided later in Section IV. 
 

  
Figure 15: Estimated running time 

 

 
2 As an example, the estimation result may suggest a quick decay rate for some individual-level risk factor 
(measured as a relative position) and decides that more persistence is called for. The AR(3) parameters can 
then be revised to generate a higher level of persistence. 
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This section provides an example of using BuDA’s recommender function to select stress 
variables. This example uses the financial industry of the ASEAN-5 countries (Indonesia, 
Malaysia, the Philippines, Singapore, and Thailand) and perform a backtesting from 2008-
01 onward.  
 

Three-step Instruction 

Step 1: 
To begin, define a pool of potential stress variables from which the recommendation 
algorithm can choose. Select economy/sector-specific stress variables and other variables 
of interest to define this pool. By default, the algorithm will select variables from the 
economies in the target portfolio, which is the ASEAN-5 financial industry in this example. 
Users can add or remove economies to reflect their needs. The economy/sector-specific 
variables are categorized into three groups. Users can click “+” to expand each category 
and select/unselect variables in that category. In this example, all categories are fully 
included. For other variables of interest, VIX and FFSI are also added to the pool, see 
Figure 16. In total, 132 variables are in the pool for the algorithm to choose from. 
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Figure 16: Defining the pool of stress variables 

 
 

Step 2:  
Specify the number of desired stress variables for the algorithm to select. In this example 
it is set to 5 variables (see Figure 17).  The algorithm is set to choose up to 10 variables. 
 

 
Figure 17: Specifying number of variables 

 

Step 3: 
In the final step, users can review the variables in the defined pool and the desired 
number of stress variables to be recommended. Additionally, users have the option to 
put one or more variables in the defined pool as the ‘must-include’ stress variables so that 
they will always appear in the final recommended set. In this example, Singapore GDP is 
the “must-include” variable. Select Singapore GDP using the selection box and click “Add”. 
As such, the final 5 variables chosen by the algorithm will comprise Singapore GDP and 4 
other stress variables to deliver the highest explanatory power, see Figure 18. 
 



           
 
 
 
 

 
19 | Bottom-up Default Analysis (BuDA v3.3.3) | BuDA toolkit manual  

 

 
Figure 18: Reviewing the information and selecting ‘must-include’ variables 

 

Now, click “Start Recommendation Algorithm” and wait for the results to be generated. 
During the computation, a summary about the variable selection task will be displayed 
for users’ reference. 
 

Results 
The recommended 5 variables are automatically filled in the stress variables box in Step 
2.4 (see Figure 19), namely, the “must-include” Singapore GDP, Indonesia Aggregate DTD 
(Financial), Malaysia Interest Rate, Thailand Interest Rate, and Thailand Aggregate DTD 
(Financial). 
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Figure 19: Recommended variables 

 

Next, click “Confirm” to check the sample period for each variable and then click “Next” 
to go to the final step. This example uses all default values for other settings. So, click 
“Submit” to start the analysis. Download the results when they are ready.  
 
The file 12mthPDMedian_PDiR2.0 (Mean).png shows that using the 5 recommended 
stress variables yields a good result in terms of matching the stressed portfolio PDs with 
the actual PDs from 2018-01 onward, see Figure 20. 
 

 
 

Figure 20: Backtesting result of ASEAN-5 financial industry 
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This section explains from start to finish the BuDA stress testing analysis as well as the 
interpretation of the BuDA results. The example is the Energy Industry of the United 
States of America and deploys two stress variables: (1) Cushing OK WTI Oil spot price (WTI 
Crude) provided in the BuDA database and (2) the US GDP on a quarterly basis. The second 
variable in this example is purposely treated as a user-supplied stress variable and its time 
series is extracted from the US Federal Reserve Database even though the US GDP series 
is also available in the BuDA database.  
 
Figure 21 shows the backtesting results where the testing time point is 2010-01 and the 
training data is the whole sample period. This section first provides a guidance for 
specifying the user inputs and then turns to the description of the BuDA results. 
 
 

 
Figure 21: Backtesting result of US energy industry 

 
 

Three-step Instruction 

Step 1:  
Rather than selecting the country and industry, the target portfolio for this illustration 
purpose comprises all energy firms in the US identified by their IDBBs (Bloomberg IDs) in 
an Excel file.  When “User’s target portfolio” is selected, a window, “Upload portfolio”, 
pops up. The Excel file in Figure 22 contains the IDBBs of these firms and the file is saved 
as *.csv before uploaded.  
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                                                                             Figure 22: Case Study Step 1 

 
Once the provided portfolio is successfully uploaded, the Economies and Industries boxes 
are updated as “United States of America” and “Energy”, see Figure 23. 
 

 

 
Figure 23: Provided portfolio is successfully updated 

 

Step 2:  
Select ‘User-specified scenarios’. Furthermore, choose the testing time point as 2021-02 
and the training period to be “Till testing time point”. Since WTI Crude spot price is 
provided by BuDA, click “Choose from economy/variable list” to select it from “Other 
stress variables of Interest”. In addition, US GDP is intended for inclusion through “User 
Supplied Stress Variable”. To upload the US GDP data, users follow the instructions for 
preparing the training and testing data.  
 

Training data preparation for user’s supplied stress variables 

• To upload the US GDP data, simply tick the “User Supplied Stress Variable” check box 
to upload the data set. 
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• For monthly US GDP data, “Frequency” is specified as “1”, and “Macro Type” as “1”, in 
C8 and C12 in Figure 24, respectively.  

• In this example, data are assigned for each month from 1993-01 to 2021-04.  
 

  

 
Figure 24: US GDP Historic growth rate 

 
 
Figure 25 shows the available training sample period for the selected stress variables: WTI 
Crude spot price and US GDP. 
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Figure 25: Available training period of uploaded training data 

 
 

Testing data preparation 
After confirming the stress variables, select “Generate testing scenario file”. A customized 
template corresponding to the user’s chosen variables will be downloaded. Do not modify 
or re-use the template as it might create inconsistency and cause an error. 
 
In this example, there are three scenarios of interest (adverse, current and improving), 
which are determined by the WTI Crude spot price and US GDP growth rate as shown in 
Figure 26. Each scenario should be specified in separate sheets of a single Excel file. By 
default, the provided template accommodates two scenarios. Users can add a new sheet 
by copying “Scenario 2” and creating “Scenario 3”. 
 
It is important to specify the correct data frequency in the first sheet. “1” is filled in for 
this example as monthly data are used (see cell C6 in adverse scenario 1, Figure 26).  
 
Upload the filled template to BuDA and click “confirm”.  
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Note: that the frequency of the testing data does not need to be the same as the training data. All three of 
the sheets must have the identical length and variable names. 

 

         
Figure 26: Stress Scenarios on WTI Crude and US GDP  

 

 

Step 3:  
The default setting of BuDA is to use 1-year PD values, thus the PD horizon is set for 12 
months. PD Horizon can be set anywhere between 1 and 60 months. Users can also set 
the PDiR2.0 ratings to be mapped to S&P or Moody’s.  
 
Click “Submit”. It may take several minutes to half-an-hour to complete the various BuDA 
computation tasks. The estimated times for different BuDA steps will be shown and the 
overall progress will also be reported on the screen. 
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Figure 27: Case Study Step 3’ 

 
 
 

Results 
 
Once the computation is complete, BuDA will automatically download the outputs in a 
*.zip file. The following section will cover the detail of the BuDA results, as seen in Figure 
28.  
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Figure 28: BuDA results 

 

(i) Parameter_Selection_Record.txt 
This file provides a summary of the user’s request, including the selected economies, 
industry, and stress variables. It also indicates the testing time point and training period. 
Users may keep this file as a reference.  

 

 

Figure 29: Parameters Selection Record 

 

(ii) Testing_Firm_information.csv, Testing_Firm_information_Historical.csv 
These two files report the information on individual firms included in the portfolio. 
“Testing_Firm_information_Historical.csv” also reports the historical PDs of each firm in 
the sample. Users may notice several missing PDs, as those companies may not exist in 
that data period. They may have already defaulted, exited the market for reasons other 
than default, or have not been listed in a stock exchange yet. 
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Figure 30: Testing Firm Information 

 

(iii) Coefficients.txt and Rsquare.txt 
“Coefficients.txt” reports the parameter estimates, along with their standard errors. The 
results in Figure 31 show that the WTI Crude spot price has positive effects on the stock 
index return and aggregate DTD values, which are in line with the intuition.  
 

 

 
Figure 31: Coefficients.txt 

   
In addition, the R-squares3 of all stress testing regressions are reported in “Rsquare.txt”. 
Results in Figure 32 show that WTI Crude spot price and US GDP growth rate together 
have the highest explanatory power for Stock Index Return among the common risk 

 
3 The R-squares are calculated in the normal way instead of that in Duan et al (2012). In addition, when 

there are insufficient data (less than 5 firms or less than 3 years of data) in the specific economy-sector, the 
aggregation group-sector mean is used as a substitution. For details, please refer to BuDA White Paper 
v3.3.2 page 27.   
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factors. For the sector-average firm-specific variables, the R-square for M/B is the highest 
for Energy sector.   
 

 
 Figure 32: Rsquare.txt 

 

(iv) Firm_stressedPD_Scenario 1, Scenario 2, and Scenario 3.csv 
These files report the 12-month stressed PDs of each firm (individual level) for each 
stressed scenario. Please refer to the BuDA white paper for further details on how the 
stressed PDs are computed. “Firm_stressedPD_Scenario 1.csv” contains the BuDA results 
which are the stressed PDs under Scenario 1 (Adverse WTI Crude Oil spot price and US 
GDP growth rate) and displayed in Figure 33.  
 

 
Figure 33: Testing_firm_PDs_12mth_Test1.csv 

 



           
 
 
 
 

 
30 | Bottom-up Default Analysis (BuDA v3.3.3) | BuDA toolkit manual  

 

(v) 12mthPDmedian_PDiR2.0(Mean).png  
“12mthPDmedian_PDiR2.0(Mean).png” reports the bottom-up aggregated portfolio PDs 
(medians) for both the historical data (training data) and the user-specified scenarios.  
 
For computing the stressed portfolio PD, the median PD for all individual firm in the target 
portfolio is computed under each simulation run. Since 1000 simulation is chosen in this 
example, the stressed portfolio PD, BuDA generates 1000 stressed median PDs and 
average them to obtain the final stressed portfolio PD. Their values for different time 
points are displayed in Figure 34.  
 
The blue solid line in this figure is the actual CRI-PD of the portfolio, whereas the three 
dotted lines are the stressed portfolio PDs corresponding to the three given scenarios 
(adverse, current and improved scenarios, denoted as Scenario 1, 2 and 3). As expected, 
the results show the highest stressed portfolio PD under the adverse scenario.  
 
Since v3.3.3, we add a new function that caters for user-specified aggregation method. 
Therefore, some additional results figures, named as “12mthPD(aggregated_method) 
_PDiR2.0(Mean).png”, may be generated. 
 
  

 
*PD is reported in basis point 

Figure 34: 12-Month PD of the bottom-up portfolio 

 

(vi) PDmedian_Mean&Quantiles_12mth.xlsx 
PDmedian_Mean&Quantiles_12mth.xlsx displayed in Figure 35 below shows the results 
produced under Scenario 1 (Adverse case). While the plot discussed in (iii) uses the 
stressed portfolio PD computed as the mean of the 1000 simulated median firm PDs, 
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users can apply other statistics. For example, users may consider using mean or other 
quantiles, instead of median, of the individual PDs in the target portfolio. 
 
 
Since v3.3.3, we add a new function that caters for user-specified aggregation method. 
Therefore, some additional results figures, named as “PD(aggregation_method) 
_Mean&Quantiles_12mth.xlsx”, may be generated. 
 
  

 
Figure 35: Median, Mean, and Quantiles of simulated PD-median 

 

(vii) PDmedian_Mean&Multiplies_12mth.xlsx 
Additional results pertaining to portfolio median PD simulations are also available to 
users. Columns E to I of “PDmedian_Mean&Multiplies_12mth.xlsx” as seen in Figure 36 
provide the probabilities for the portfolio’s stressed PD at  time t+1, t+2, etc. to exceed 
the portfolio PD at the testing time point, t.  The fact that 90%, 52.9%, and 27.7%, etc. of 
the simulated stressed portfolio PDs in December 2021 (last row) under the adverse 
scenario are higher than the portfolio median PD in February 2021 (testing time point) is 
in line with expectations.  
 
Since v3.3.3, we add a new function that caters for user-specified aggregation method. 
Therefore, some additional results figures, named as PD(aggregation_method) 
_Mean&Multiplies_12mth.xlsx”, may be generated. 
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Figure 36:PDmedian_Mean&Multiplies_12mth.xlsx 

 
 

(viii) RiskFactor_analysis folder 
This folder provides details of the shock to the PD predictors based on the specified stress 
scenario. The image file in the folder illustrates the simulated paths of the stressed PD 
predictors. Those Excel files provide the historical data of the PD predictors along with 
their stressed values. 
 

  
Figure 37: Risk Factor Analysis Folder 

 
Figure 38 below shows how DTD responds under the specified scenarios. The blue line 
represents the stressed PD under the adverse scenario, suggesting that DTD is expected 
to decline which will in turn cause an increase in the stressed PD value. In contrast, DTD 
increases significantly under the improving scenario (green line) and increases, though 
relatively less, if the current operating climate continues (red line). The raw data to 
generate this plot can be found in United States of America Energy_ Scenario 1, _ Scenario 
2, and _ Scenario 3.csv.  
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Figure 38: Simulated Paths of the Stressed Predictor using DTD as an example 

 

(ix) Sensitivity_analysis folder 
BuDA also has an optional function, “Output Cross-effect and Individual Variable 
Contribution”, which can be selected in the advance settings in Step 3. If this option is 
selected, an additional “Sensitivity_Analysis” folder will be provided. This folder contains 
the files representing the contribution of the stressed variables to the stressed portfolio 
PD. 
  
The main result is illustrated as an image file for each scenario. Figure 39 shows the 
contribution of WTI Crude spot price, US GDP growth rate, and cross-effect of these two 
variables to the stressed portfolio PD under the adverse scenario. Table 2 below provides 
additional notations for understanding this plot.  
 

Table 2: Notations and description for sensitivity analysis 

Notation Description 
𝑷𝑫𝑮𝑫𝑷 The stressed portfolio PD that is estimated when only US GDP has moved as specified, 

while WTI Crude spot price stays flat 
𝑷𝑫𝑾𝑻𝑰 The stressed portfolio PD that is estimated when only WTI Crude spot price has 

changed as specified, and US GDP remains constant 
𝑷𝑫𝒇𝒍𝒂𝒕 The portfolio PD when both variables remain constant in the years to come 

𝑷𝑫𝒂𝒍𝒍 The original stressed portfolio PD when both variables have moved as specified in the 
testing scenario  

 
As we have two stress variables, we assume that there are three partial contributions to 
the change in the stress PD for each scenario. These contributions are derived from WTI 
Crude spot price, US GDP growth rate, and interaction between these two variables. 
Define the total contribution of these three terms as 𝑃𝐷𝑎𝑙𝑙 − 𝑃𝐷𝑓𝑙𝑎𝑡 .  The partial 

contribution of WTI Crude to the stressed portfolio PD can be seen as 𝑃𝐷𝑊𝑇𝐼 − 𝑃𝐷𝑓𝑙𝑎𝑡, 

while that of US GDP will then be 𝑃𝐷𝐺𝐷𝑃 − 𝑃𝐷𝑓𝑙𝑎𝑡. The 
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contribution of the cross-effect is the difference between the sum of partial contributions 

of WTI Crude and US GDP and the total contribution, i.e. (𝑃𝐷𝐺𝐷𝑃 + 𝑃𝐷𝑊𝑇𝐼 − 2𝑃𝐷𝑓𝑙𝑎𝑡) −

(𝑃𝐷𝑎𝑙𝑙 − 𝑃𝐷𝑓𝑙𝑎𝑡). 

 
The partial contribution of WTI Crude is the blue line in Figure 38. As the blue line is much 
greater than zero, it means that the change in WTI Crude in the adverse scenario 
significantly raises the stressed portfolio PD. The sum of partial contributions of WTI 
Crude and US GDP is displayed by the red dotted line. As the red dotted line is above the 
blue line but not substantially, it implies that the increase in PD for the adverse scenario 
is mainly contributed by WTI Crude followed by US GDP. The cross-effect, the black line, 
appears to be mildly negative.  

 
Figure 39: Cross-effect and Individual Variable Contribution 

 
 
The remaining files in the “Sensitivity_Analysis” folder have similar descriptions as those 
of the main results. However, these files show the effect of movement in only one variable 
ceteris paribus. As there are three scenarios and two stressed variables in this example, 
the sensitivity analysis will provide six different scenario plots in total.  
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