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Introduction



 

Credit Risk

FINANCIAL LOSS CASH FLOW DISRUPTION LEGAL & RECOVERY

Measured as Probability of Default

payments money_off gavel

Credit Risk ~ borrower’s inability/unwillingness to clear his debt on time



 

Credit Risk ML Model Probability of Default



 

WHAT IF?
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What’s the Risk
Trajectory?

How does it Relate to
Different Risk Sources? What can we do about it?



 

Let’s Build a Stress Testing Framework
using Causal Inference Principles!



 

Is it a bird? Is it a DAG? No, it’s our Custom Knowledge Graph!
Starting Point = Finance Standard (FIBO)

Add E-Commerce and BNPL-Specific Knowledge

Concepts Hierarchy

Additional Relational Edges

Raw Features Mappings



 

Root Concept

Intermediate Concept 2
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300k (x2) / 100k
train/test df 48 features 17 nodes/concepts

(incl Target) 33 edges



 

Structural Causal Model



 

Features → Concepts Encoding Model Structural
EquationsStructure

SCM - “Proper” Causal Framework

Kernel PCA Target Encoding Our Expert KG ANM (Additive
Noise Model)

GAMs (Generalized
Additive Models)

● Nonlinear
● Interpretable
● Additive
● Extrapolation

● Nonlinear
Feats Extract

● No Target
Leak

● Preserving Risk
Signal

● Meaningful
Stress Testing

● Risk
Trajectories

● Stable and
widely
accepted

● Individual risk
captured in error
term

● Continuous data
preserved



 

Features → Concepts

ANM assumption: ε ⊥ X_parents

Stress = intervene on X_concept, propagate
forward through equations

GAM Structural Equations:
X_child = Σ s_k(X_parent_k) + ε

How (is it Supposed to) Work?

● Each Customer = Residual
● Under Stress → Shift the Structural Equation
● Keep the Residual
● “Better than Expected Customer” Stays Better

than Expected even under Stress



 



 



 



 



 



 



 

Bayesian Network



 

Features → Concepts
Encoding Model “Structural

Equations”Structure

BN - Usable and Meaningful Structural Framework

WoE + LR → Discretized Risk
Index Our Expert KG Bayesian Network CPTs (Conditional

Probabilities Tables)

● Simple & Fast
● Efficient Use of

Our Observed
Data

● Possible given
Relatively
Compact DAG

● Discretization Occurred to be
not that Harmful

● WoE Binning as Credit Risk
Standard

● Preserving Risk Signal
● Meaningful Stress Testing

● Risk
Trajectories

● Stable and
widely
accepted

● Simple Structure
● Enables Stress

Propagation through the
Structure



 

Features → Concepts

Parameter Estimation
Baseline State Distributions - Empirical from

Training Data
CPTs: P(child=k | parent_1=i, parent_2=j, ...)

Stress Application

DAG Structure: Assumed using our Expert KG

How does it Work?

● Choose: Concept(s), Fraction (% Affected), Severity (Shift
Magnitude)

● Shift State Distribution of Stressed Concept(s) Towards
Worse States

● Propagate through DAG via CPTs
(Parents → Children → … → Target)

● Infer Stressed PD through Exact Inference



 

Stress Testing Demo



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

Do we Trust it?



 



 



 



 

You CAN Build Causal Stress Testing / Scenario Analysis
Framework on Top of Existing Credit Risk / ML Infra

Conclusions

WoE + BN = Pragmatic Middle Ground Between “Just Multiply
PD” and Full SCM

Sometimes Expert DAG > Discovered DAG - Your Domain
Knowledge is the Asset

Real-World Data is Messy, but Useful

It’s Fun (at least for me) :)



 

Discretization Loses Granularity

Limitations

No Extrapolation Beyond Observed states - we can only
Redistribute Mass Across States we've Seen

Target is Used in Encoding - CPTs Inherit Associations from
Encoding Step

Causal Direction is Assumed, not Tested - DAG Edges Reflect
Expert Belief (it’s Fine, but a Limitation)

Single Time Slice - no Temporal Dynamics



 

Macro-Conditioned Stress (Unemployment, Inflation,
Consumer Confidence)

Future Work

Product-Level Actionable Scenarios - Abstract "Stress
Concept X" → Business Decisions

Hierarchical Stress Decomposition - Stress at Ontology
Root / Super-Concept Level

Revisit Continuous Structural Equations!

Hybrid BN + LGBM Scoring - BN for Direction and
Magnitude, ML for Individual-Level Base PD



 

Thank You!
…Questions? :)


