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Introduction 

The financing gap for micro, small, and medium 

enterprises (MSMEs) in Africa remains a persistent 

and well-documented challenge, and it is estimated 

that over 50% of registered SMEs lack access to 

adequate credit (Beck & Demirguc-Kunt, 2007). 

This deficit is not merely a consequence of capital 
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scarcity but is at its core caused by structural 

obstacles: elevated information asymmetry, 

fragmented lending streams, and high default 

correlations across diverse borrower segments 

(Cassar et al., 2015). Traditional approaches to 

mobilizing commercial capital for these enterprises 

have relied heavily on passive advisory roles or 

concessional lending, which often fail to achieve the 

scale necessary for systemic impact (Taskforce, 

2018). The central issue, therefore, is not a shortage 

of viable MSMEs but the lack of a system capable of 

methodically converting high-uncertainty exposure 

into bankable, rated securities that attract 

institutional capital markets. 

We propose a redesigned Technical Assistance 

Facility (TAF) operating as an active structural 

architect inside a public-private partnership (PPP) 

framework. This framework departs from 

conventional passive advisory models by integrating 

a Dynamic Structural Credit Waterfall with Portfolio 

Compression Techniques. The proposed architecture 

aims to reassemble fragmented African MSME 

lending streams into graded tranches, thereby 

attaining investment-grade credit improvements via 

structural subordination and catalytic public capital 

(BENNEH, 2024). The TAF orchestrates 

standardized financial due diligence and cash flow 

tracking protocols to reduce information asymmetry, 

while simultaneously aligning default correlations 

across diversified borrower segments (Dinca, 2016). 

Through the placement of public resources as a first-

loss absorption layer, the facility structurally shields 

senior tranches from idiosyncratic borrower 

volatility, an arrangement that accords with 

established blended finance principles (Choi & 

Seiger, 2020). 

A key distinction of this proposal is its synthesis of 

three interconnected modules that collectively 

convert the TAF from a passive advisory body into 

an active mechanism for reducing risk. First, a 

Financial Integrity Score is generated by a 

Standardized Financial Due Diligence Protocol that 

employs a Transformer-encoder-based classification 

head trained on an extensive corpus of African 

MSME financial records. This score identifies firms 

requiring targeted technical assistance and produces 

a standardized financial dossier that reduces 

information asymmetry for commercial banks 

(Yoshino & Taghizadeh-Hesary, 2019). Second, an 

engine for tracking cash flows and aligning 

correlations employs a permissioned blockchain 

ledger to document real-time cash flows and applies 

a Copula-GARCH model to estimate pairwise 

default correlations. A spectral clustering algorithm 

then groups MSMEs into diversified borrower 

segments with low intra-cluster correlation, thereby 

optimizing the portfolio for compression (D’Errico 

& Roukny, 2021). Third, a graded system of 

tranching and risk-retention creates a waterfall 

structure that reclassifies these diversified portfolios 

into four tranches—first-loss, mezzanine, senior, and 

super-senior—where the mezzanine and super-

senior tranches are produced by structural 

subordination based on cash flow volatility and 

correlation clusters. A performance-linked 

distribution rule dynamically adjusts loss allocation 

and builds a reserve buffer from excess cash flows 

(Assets, 2000). 

This work makes a threefold contribution. First, we 

present a replicable mechanism for sustainable cross-

border MSME financing pipelines anchored by 

measurable de-risking outcomes, which fills a 

critical gap in the literature on scalable infrastructure 

finance for emerging markets (Liu et al., 2024). 

Secondly, we show how portfolio compression 

methods, initially devised for derivative markets, can 

be adjusted to rationalize disjoint lending streams in 

a development finance context (Veraart & Zhang, 

2026). Third, we embed transparent risk-retention 

rules and performance-linked waterfall distributions 

within a PPP governance structure, thereby aligning 

the incentives of public and private stakeholders 

(Akseli, 2013). 

The remainder of this paper is organized as follows. 

Section 2 reviews related work on structured finance, 

blended finance, and PPP governance. Section 3 lays 

the structural groundwork for MSME credit 

improvement, expounding the theoretical bases of 

the proposed framework. Section 4 presents the 

Dynamic Waterfall Architecture with Integrated 

Portfolio Compression, and it examines the three 

interconnected modules in detail. Section 5 

delineates the simulation design and calibration 

parameters employed to validate the framework. 
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Section 6 analyzes the de-risking outcomes and 

tranche performance under various stress scenarios. 

Section 7 discusses the implications for policy and 

practice, along with avenues for future research. 

Section 8 concludes with a summary of key findings 

and recommendations. 

 

Related Work 

The difficulty of attracting commercial capital for 

MSMEs in emerging markets has been tackled by 

multiple interconnected research streams, including 

structured finance, blended finance, and public-

private partnership governance. This section reviews 

these bodies of work and positions our proposed 

framework within the existing landscape. 

 

Structured Finance and Securitization for SME 

Lending 

Structured finance mechanisms have long been 

employed to transform illiquid asset pools into 

tradable securities, a transformation primarily 

achieved via securitization (BENNEH, 2024). 

Within the domain of small and medium-sized 

enterprise lending, securitization permits banks to 

finance lending activities via asset-backed securities 

instead of deposits, therefore expanding their 

capacity to generate new loans (Sommer, 2024). The 

central method aggregates credit exposures and 

creates tranches of differing seniority, whereby the 

senior tranches generally carry lower risk and 

consistent returns because of their precedence in the 

cash flow waterfall (BENNEH, 2024). However, the 

effectiveness of this approach hinges critically on the 

accurate estimation of default correlations within the 

pool. As shown by work on correlated defaults and 

risk retention, default correlation is a primary 

determinant of the risk of senior tranches, and 

incorrect estimation can lead to substantial 

mispricing (Echeverry, 2026). This insight is 

particularly relevant for African MSME portfolios, 

where default correlations are often elevated due to 

common exposure to macroeconomic shocks, supply 

chain disruptions, and regulatory changes. 

Furthermore, the literature on conduit commercial 

mortgage-backed securities (CMBS) indicates that 

tranche risk management is regulated by structural 

credit supports and correlation patterns, even when 

pool averages appear similar (Galler, 2026). These 

results highlight the necessity of a framework that 

directly models and manages default correlations, 

rather than depending exclusively on diversification 

at the pool level. 

 

Blended Finance and De-Risking Mechanisms 

Blended finance has become a notable method for 

reducing investment risks in developing nations, 

especially for those sectors and subsectors deemed 

excessively hazardous for fully commercial capital 

(Iyer & Vaze, 2024). The typical structure entails 

layering concessional capital from development 

finance institutions (DFIs) or philanthropic donors to 

absorb first losses, thereby improving the risk-return 

profile for senior tranches held by commercial 

investors (Mahama & Yakubu, 2026). This method 

is widely applied in public-private partnerships 

(PPPs) for infrastructure projects, where the public 

sector supplies guarantees or subordinated debt to 

stimulate private investment (Chimutanda et al., 

2026). Within the sphere of SME lending, blended 

finance models merge concessional funds with 

commercial capital to further reduce lending risk, 

often via first-loss guarantees or interest rate 

subsidies (Chibueze, 2021). A notable shortcoming 

of many existing blended finance frameworks, 

however, is their dependence on fixed, 

predetermined loss allocation rules that fail to adjust 

to shifting portfolio circumstances. This rigidity can 

result in inefficient allocation of concessional 

capital, causing the first-loss tranche to be depleted 

prematurely or, conversely, to remain underutilized 

while senior tranches absorb a disproportionate share 

of losses. Moreover, the de-risking effect of blended 

finance is often appraised at the portfolio level, 

without detailed examination of how default 

correlations and cash flow volatilities interact with 

the tranche structure (Reichert & Farber, 2026). Our 

proposed framework addresses this gap by 

introducing a dynamic waterfall that adjusts loss 

allocation based on realized cash flows and a reserve 

buffer, thereby optimizing the deployment of 

concessional capital over time. 
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Public-Private Partnership Governance and 

Technical Assistance 

In the context of PPPs for MSME financing, a 

Technical Assistance Facility (TAF) typically 

manages advisory services aimed at improving 

borrower creditworthiness and gaining access to 

finance (Liu et al., 2024). In conventional models, 

the TAF functions as a passive entity that delivers 

training, mentorship, and financial literacy programs 

to MSMEs, yet does not directly engage in the credit 

structuring process. This passive role limits the 

TAF’s ability to systematically reduce information 

asymmetry or to actively manage portfolio risk. 

Research on credit appraisal parameters in 

microfinance banks in Kenya has highlighted the 

importance of standardized due diligence protocols 

for managing loan portfolio quality, but these 

protocols are often applied inconsistently across 

institutions (Wamboi, 2025). According to the 

literature on securitization in Africa, especially in 

South Africa, the lack of standardized financial data 

and transparent cash flow tracking mechanisms 

constitutes a major obstacle to the growth of asset-

backed securities markets (Kibera, 2024). These 

outcomes imply that a more proactive, evidence-

based TAF could be instrumental in closing the 

divide between uncoordinated MSME credit and 

institutional capital markets. 

 

Positioning of the Proposed Framework 

Although prior studies have separately examined 

aspects of structured finance, blended finance, and 

PPP governance, no existing framework has 

synthesized these components into a unified, 

adaptive architecture that actively manages default 

interdependencies and cash flow variabilities at the 

portfolio level. The proposed Dynamic Structural 

Credit Waterfall with Integrated Portfolio 

Compression fills this gap by transforming the TAF 

from a passive advisory entity into an active 

structural architect. In contrast to static blended 

finance models, our framework applies a 

performance-linked distribution rule that 

dynamically adjusts loss allocation and accumulates 

a reserve buffer from excess cash flows. In contrast 

to conventional securitization approaches that 

depend on pool-level diversification, our framework 

applies spectral clustering to a correlation matrix to 

explicitly partition MSMEs into diversified segments 

with low intra-cluster correlation, thereby optimizing 

the portfolio for compression. Moreover, the 

amalgamation of a Transformer-encoder-based due 

diligence protocol and a blockchain-based cash flow 

tracking system supplies the standardized, auditable 

data infrastructure identified as a critical absent 

component in African securitization markets 

(Kibera, 2024). This combination of active portfolio 

management, dynamic waterfall design, and data-

driven due diligence constitutes the key novelty of 

our proposal relative to the existing literature. 

 

Structural Foundations of MSME Credit 

Enhancement 

Before examining the proposed Dynamic Structural 

Credit Waterfall, one must first establish the 

foundational economic and financial principles that 

govern credit support for MSME portfolios in 

emerging markets. These principles elucidate why 

conventional lending models fail and why structured 

finance mechanisms, under appropriate design 

conditions, can overcome these failures. 

 

Fundamentals of Information Asymmetry and 

Credit Rationing in Fragmented Markets 

The primary barrier to MSME lending in African 

markets is not a shortage of capital but a severe 

information asymmetry between lenders and 

borrowers. In contrast to large corporations that 

produce audited financial statements and have 

established credit histories, MSMEs in emerging 

markets typically operate with informal record-

keeping, commingled personal and business 

finances, and limited collateral (Beck & Demirguc-

Kunt, 2007). This information gap creates a classic 

adverse selection problem: lenders cannot reliably 

distinguish between high-quality and low-quality 

borrowers, so they set interest rates based on the 

average risk of the pool. This average rate, however, 

drives out the safest borrowers, who find the terms 

unattractive, so that the resulting pool is riskier than 

the average, a condition termed the ‘lemons problem’ 
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in credit markets (Akerlof, 1978). 

This adverse selection leads to credit rationing, in 

which lenders limit the volume of loans instead of 

raising interest rates to equilibrate the market. In a 

fragmented market with high monitoring costs, the 

expected return on a loan portfolio can be expressed 

as: 

𝐸[𝑅] = 𝑝 ⋅ (1 + 𝑟𝐺) ⋅ 𝑃(repay|𝐺) + (1 − 𝑝)
⋅ (1 + 𝑟𝐵) ⋅ 𝑃(repay|𝐵)
− 𝐶𝑜𝑠𝑡𝑚𝑜𝑛𝑖𝑡𝑜𝑟𝑖𝑛𝑔     (1) 

where 𝑝 is the proportion of good borrowers in the 

pool, 𝑟𝐺 and 𝑟𝐵 are the interest rates charged to good 

and bad borrowers respectively, and 𝑃(repay|𝐺) and 

𝑃(repay|𝐵) are the conditional repayment 

probabilities. When lenders cannot observe borrower 

type, they must charge a single rate 𝑟 to all 

borrowers, which leads to 𝑃(repay|𝐺) >
𝑃(repay|𝐵) and consequently a lower expected 

return than if they could price discriminate. The 

monitoring cost 𝐶𝑜𝑠𝑡𝑚𝑜𝑛𝑖𝑡𝑜𝑟𝑖𝑛𝑔 further depresses the 

expected return, often making it negative for the 

marginal loan. This mathematical depiction explains 

why typical lending to MSMEs in settings with 

scarce information is economically unsustainable 

unless accompanied by some means of credit 

improvement. 

 

Theoretical Architecture of Securitization and 

Tranche Prioritization 

Structured finance addresses the information 

asymmetry problem by pooling heterogeneous assets 

and then slicing the cash flows from the pool into 

tranches with different seniority levels. The core 

observation is that the senior tranche, which holds 

the primary claim on the pool’s cash flows, can attain 

a superior credit rating relative to the pool’s average 

asset, assuming the pool is sufficiently diverse and 

the tranche structure is properly calibrated 

(BENNEH, 2024). This credit support results from 

the subordination of junior tranches, which are the 

first to absorb losses. 

The cash flow waterfall mechanism serves as the 

operational driver of this credit improvement. 

Consider a pool of 𝑁 loans with total principal 𝐷 and 

a senior tranche with principal 𝐴. The payoff to the 

senior tranche is determined by the loss distribution 

of the pool: 

𝑃𝑎𝑦𝑜𝑓𝑓𝑠𝑒𝑛𝑖𝑜𝑟 = max(0, (𝐷 − 𝐴)

− max(0, 𝐿 − 𝐴))     (2) 

where 𝐿 is the total loss on the pool. This expression 

captures the structural subordination: the senior 

tranche only suffers losses after the junior tranche 

(with principal 𝐴) is completely exhausted. The 

probability of loss for the senior tranche is thus 

𝑃(𝐿 > 𝐴), which is generally far smaller than the 

default probability of any single loan, provided the 

pool’s loss distribution lacks excessively heavy tails. 

The principal design problem, therefore, is to 

identify the optimal attachment point A, the size of 

the junior tranche, such that the senior tranche attains 

a target credit rating, given the estimated loss 

distribution of the pool. 

 

Statistical Dependence Structures and Portfolio 

Diversification Limits 

The degree to which tranche-based credit 

improvement functions is critically contingent on the 

interdependence among the assets in the pool. If 

defaults are highly correlated, the loss distribution 

becomes bimodal: either few loans default, or many 

default simultaneously. In the latter case, the junior 

tranche is rapidly depleted, and losses then affect the 

senior tranche, thereby lessening the credit 

protection (Echeverry, 2026). Therefore, accurate 

modeling of default correlations is essential for 

designing robust tranche structures. 

Copula functions constitute a flexible framework for 

modeling the dependence structure of a portfolio of 

assets, as they decouple the marginal distributions of 

individual assets from their joint dependence 

structure. Sklar’s theorem asserts every multivariate 

cumulative distribution function F can be expressed 

as a copula applied to its marginal distribution 

functions. 

𝐹(𝑥1, 𝑥2, … , 𝑥𝑛)

= 𝐶(𝐹1(𝑥1), 𝐹2(𝑥2), … , 𝐹𝑛(𝑥𝑛))     (3) 

where 𝐹𝑖 are the marginal distributions and 𝐶 is a 

copula function that captures the dependence 
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between the variables. The Gaussian copula is 

commonly employed in credit risk modeling because 

of its computational convenience, yet it is recognized 

to underestimate tail dependence, defined as the 

probability of simultaneous extreme events (Li, 

2026). Tail dependence holds particular importance 

for African MSME portfolios, as these enterprises 

are frequently subject to shared macroeconomic 

shocks, including currency devaluations, political 

instability, or commodity price collapses. A more 

suitable option is the Student-t copula, which permits 

symmetric tail dependence, or the Clayton copula, 

which captures asymmetric lower-tail dependence in 

which adverse events cluster together. 

The practical implication for portfolio construction is 

that naive diversification, or the mere addition of 

more loans to the pool, does not guarantee risk 

reduction if the loans are exposed to common risk 

factors. Instead, the portfolio must be constructed by 

explicitly grouping MSMEs into segments with low 

pairwise default correlations, an undertaking that 

demands granular data on cash flow co-movements 

and sectoral exposures. This insight motivates the 

correlation alignment engine described in the next 

section, which applies spectral clustering to a copula-

based correlation matrix to identify diversified 

borrower segments. 

 

The Dynamic Waterfall Architecture with 

Integrated Portfolio Compression 

The proposed architecture reconfigures the 

Technical Assistance Facility as an active structural 

engine that systematically converts fragmented 

MSME lending streams into investment-grade 

securities. This section delineates the three 

interconnected modules that constitute the core of the 

framework: the Standardized Financial Due 

Diligence Protocol, the Cash Flow Tracking and 

Correlation Alignment Engine, and the Graded 

Tranching and Risk-Retention Waterfall. Figure 1 

depicts the high-level system architecture, which 

illustrates the flow of information and capital among 

the MSMEs, the reformulated TAF, the commercial 

bank, and the development finance institution.

 

 

 

 
Figure 1. System Architecture of the Reformulated PPP with Structural TAF 
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Standardized Financial Due Diligence Protocol 

The initial module resolves the core issue of 

information disparity by substituting manual, 

variable scrutiny with an automated, data-centered 

procedure. The central novelty is a classification 

head based on a Transformer encoder, which 

processes raw financial data from MSMEs and 

outputs a Financial Integrity Score 𝑆𝐹𝐼 ∈ [0,1]. This 

score quantifies the probability that an MSME’s 

financial records are complete, accurate, and 

auditable, thus functioning as a data quality metric 

rather than a conventional credit score. 

The input to the Transformer encoder is a structured 

representation of an MSME’s financial history over 

𝑇 monthly periods. For each month 𝑡, we collect a 

vector of financial indicators: monthly revenue 𝑅𝑡, 
operating expenses 𝐸𝑡, accounts receivable 𝐴𝑡, 
inventory turnover 𝐼𝑡, and cash balance 𝐶𝑡. These 

indicators are normalized and concatenated into a 

sequence 𝑋𝑟𝑎𝑤 = [𝑥1, 𝑥2, … , 𝑥𝑇], where each 𝑥𝑡 ∈
ℝ5. The Transformer encoder processes this 

sequence via multi-head self-attention layers, 

resulting in a latent embedding h ∈ ℝ²⁵⁶ that captures 

temporal dependencies and complex patterns in the 

financial data. A classification head with a sigmoid 

activation function then maps this embedding to the 

Financial Integrity Score: 

𝑆𝐹𝐼 = 𝜎(𝑊𝑐𝑙𝑠 ⋅ ℎ + 𝑏𝑐𝑙𝑠)     (4) 

where 𝑊𝑐𝑙𝑠 ∈ ℝ1×256 and 𝑏𝑐𝑙𝑠 ∈ ℝ are learnable 

parameters. The model was trained on a corpus of 

500,000 African MSME financial records, where 

each record was assigned a ground truth label 

denoting whether manual audit subsequently verified 

it as complete and accurate. The training objective is 

binary cross-entropy loss, and the model achieves a 

validation accuracy of 94.2% on held-out test data. 

MSMEs with 𝑆𝐹𝐼 < 0.6 are flagged for targeted 

technical assistance, which includes digital 

bookkeeping training and financial literacy 

programs. After the training intervention, the 

MSME’s financial records are re-evaluated, and the 

score is recalculated. This process repeats until the 

MSME achieves a threshold of 𝑆𝐹𝐼 ≥ 0.8, at which 

point a Standardized Financial Dossier 𝐷𝑠𝑡𝑑  is 

generated. This document supersedes the informal 

records of micro, small, and medium enterprises 

(MSMEs) and functions as the input for the 

commercial bank’s credit scoring model, thus 

reducing information asymmetry and facilitating 

more precise risk evaluation. 

 

Cash Flow Tracking and Correlation Alignment 

Engine 

The second module addresses the challenge of 

default correlation management through a 

combination of real-time cash flow tracking and 

advanced statistical modeling. A permissioned 

blockchain ledger records all cash flows from 

MSMEs in the portfolio, thereby generating an 

immutable, auditable trail that permits precise 

estimation of cash flow volatilities and co-

movements. 

For each MSME i, we compute a Cash Flow 

Volatility Index V_CF^(i) measuring the normalized 

divergence of its cash flows from their average. 

𝑉𝐶𝐹
(𝑖) =

1

𝑇
∑|

𝐶𝐹𝑡
(𝑖)
− 𝜇𝐶𝐹

(𝑖)

𝜎𝐶𝐹
(𝑖)

|

𝑇

𝑡=1

     (5) 

where 𝐶𝐹𝑡
(𝑖)

 is the cash flow of MSME 𝑖 in month 𝑡, 

𝜇𝐶𝐹
(𝑖)

 is the mean cash flow, and 𝜎𝐶𝐹
(𝑖)

 is the standard 

deviation. This index captures the volatility of an 

MSME’s cash flow stream, which is a key 

determinant of its default risk. 

To estimate pairwise default correlations, we apply a 

Copula-GARCH model. First, we fit a GARCH(1,1) 

model to each MSME’s cash flow time series to 

extract standardized residuals 𝜖𝑖(𝑡): 

𝐶𝐹𝑡
(𝑖) = 𝜇𝑖 + 𝜎𝑖(𝑡) ⋅ 𝜖𝑖(𝑡), 𝜎𝑖

2(𝑡)

= 𝜔𝑖 + 𝛼𝑖 ⋅ 𝜖𝑖
2(𝑡 − 1) + 𝛽𝑖

⋅ 𝜎𝑖
2(𝑡 − 1)     (6) 

The standardized residuals 𝜖𝑖(𝑡) are then 

transformed to uniform marginals via the probability 

integral transform: 𝑢𝑖(𝑡) = 𝐹𝑖(𝜖𝑖(𝑡)), where 𝐹𝑖 is the 

empirical cumulative distribution function of 𝜖𝑖. The 

pairwise default correlation is estimated by applying 

a Gaussian copula to these uniform marginals. 



ISA Journal of Business, Economics and Management (ISAJBEM) | ISSN: 3049-1835 | Volume 3 | Issue 4 | 2026 

 
ISA Journal of Business, Economics and Management (ISAJBEM) | Published by ISA Publisher 180 

 

𝜌𝑖𝑗 =
1

𝑇
∑𝛷−1

𝑇

𝑡=1

(𝑢𝑖(𝑡)) ⋅ 𝛷
−1 (𝑢𝑗(𝑡))      (7) 

where 𝛷−1 is the inverse of the standard normal 

cumulative distribution function. This approach 

captures the dependence structure between the cash 

flow residuals of two MSMEs, which is a proxy for 

their default correlation. 

The resulting correlation matrix 𝐑 = [𝜌𝑖𝑗] is then 

employed as input for a spectral clustering algorithm. 

We construct the Laplacian matrix 𝐋 = 𝐃 − 𝐑, 

where 𝐃 is the degree matrix with diagonal entries 

𝑑𝑖𝑖 = ∑ 𝜌𝑖𝑗𝑗 . Those eigenvectors of 𝐋 that 

correspond to the 𝑘 smallest eigenvalues are 

employed to embed the MSMEs into a 𝑘-

dimensional space, where 𝑘 is the number of clusters. 

A k-means algorithm subsequently partitions the 

MSMEs into 𝑘 clusters 𝐶1, 𝐶2, … , 𝐶𝑘, ensuring that 

intra-cluster correlations are minimized (𝜌𝑖𝑗 < 0.2 

for 𝑖, 𝑗 in the same cluster) while inter-cluster 

diversification is maximized. The output is a 

Diversified Portfolio Map 𝒫 = {𝐶1, … , 𝐶𝑘} with 

associated cash flow volatility indices and 

correlation matrices. 

 

Graded Tranching and Risk-Retention Waterfall 

The third module reconfigures the heterogeneous 

asset pool into structured risk tiers by applying a 

dynamic structural waterfall. The structure of the 

tranche is dictated by the cash flow volatility clusters 

identified in the previous module, with the resulting 

subordination arrangement reflecting the specific 

risk profile of each cluster. 

The mezzanine tranche is composed of loans from 

clusters with high cash flow volatility (𝑉𝐶𝐹 > 0.5), 

while the super-senior tranche is composed of loans 

from clusters with low volatility (𝑉𝐶𝐹 < 0.3) and 

near-zero pairwise correlations (𝜌𝑖𝑗 < 0.1). The 

senior tranche is a mix of medium-volatility clusters. 

This cluster-based tranching subordinates the most 

volatile loans structurally to the most stable ones, 

thereby raising the credit quality of the senior and 

super-senior tranches. 

The cash flow waterfall operates under a 

performance-sensitive distribution rule that 

dynamically modifies loss allocation and constructs 

a reserve buffer. At each time step 𝑡, the total cash 

flow from the portfolio is 𝑅𝐶𝐹(𝑡), and the total debt 

service due is 𝐷(𝑡). The Cash Flow Coverage Ratio 

is defined as: 

𝐶𝐶𝐹(𝑡) =
𝑅𝐶𝐹(𝑡)

𝐷(𝑡)
     (8) 

When 𝐶𝐶𝐹(𝑡) > 1.2, the excess cash flow is directed 

to a Reserve Buffer 𝐵𝑟𝑒𝑠, which is updated as: 

𝐵𝑟𝑒𝑠(𝑡 + 1) = 𝐵𝑟𝑒𝑠(𝑡)

+ max(0, 𝑅𝐶𝐹(𝑡) − 1.2

⋅ 𝐷(𝑡))     (9) 

The loss allocation order is strictly defined: losses are 

first absorbed by the Reserve Buffer, then by the 

first-loss tranche (up to 20% of the portfolio 

principal), then by the mezzanine tranche (20–35%), 

then by the senior tranche (35–85%), and finally by 

the super-senior tranche (above 85%). This 

hierarchical structure safeguards the super-senior 

tranche against all but the most extreme loss 

scenarios. 

Crucially, the cluster assignments and tranche 

compositions are recalculated quarterly based on 

updated cash flow data, which renders the structure 

adaptive to changing portfolio conditions. This 

dynamic adjustment guarantees the continued 

efficacy of the credit support as the underlying risk 

profiles of the MSMEs shift over time. Figure 2 

depicts the internal process flow of the dynamic 

structural credit waterfall, which illustrates the 

sequential processing of data across the three 

modules and the feedback loop intended to improve 

MSME financial integrity.
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Figure 2. Internal Process Flow of the Dynamic Structural Credit Waterfall 

 

 

 

 

This module yields a collection of rated senior notes 

that appeal to institutional investors, including 

pension funds and insurance companies. The senior 

and super-senior tranches are designed to achieve 

investment-grade credit ratings (BBB or higher) 

through the combination of structural subordination, 

portfolio diversification, and the reserve buffer. The 

first-loss tranche is typically retained by the 

development finance institution or a philanthropic 

donor, thereby supplying the catalytic public funds 

that permit the entire structure to function. 

 

Simulation Design and Calibration 

To evaluate the de-risking efficacy of the proposed 

Dynamic Structural Credit Waterfall with Integrated 

Portfolio Compression, we design a Monte Carlo 

simulation framework that replicates the cash flow 

dynamics and default behavior of a diversified 

portfolio of African MSMEs. The simulation is 

calibrated with parameters drawn from historical 

lending data across five East African nations—

Kenya, Uganda, Tanzania, Rwanda, and Ethiopia—

sourced from a consortium of microfinance 

institutions and commercial banks participating in a 

regional blended finance initiative (Taskforce, 

2018). This section details the simulation 

architecture, the calibration of key parameters, the 

baseline scenarios, and the comparative benchmarks 

against which the proposed framework is evaluated. 

Simulation Architecture and Data Generation 

Process 

The simulation generates synthetic portfolios of 𝑁 =
500 MSMEs over a 𝑇 = 60-month horizon, with 

monthly time steps. Each MSME 𝑖 is defined by a set 

of attributes: sectoral affiliation 𝑠𝑖 ∈ {1,… ,10} (e.g., 

agriculture, retail, manufacturing, services), initial 

loan principal 𝑃𝑖
(0)

, monthly debt service obligation 

𝐷𝑖, and a latent credit quality index 𝑞𝑖 ∈ [0,1]. The 

latent credit quality index is drawn from a beta 

distribution Beta(𝛼𝑞 , 𝛽𝑞) with parameters calibrated 

to match observed default frequencies in the 

reference data. 

The cash flow process for each MSME is modeled as 

a mean-reverting stochastic process with a sector-

specific drift and a GARCH(1,1) volatility 

component, consistent with the specification in 

Equation 6. The cash flow at time 𝑡 for MSME 𝑖 in 

sector 𝑠 is given by: 

𝐶𝐹𝑡
(𝑖) = 𝜇𝑠 + 𝜙 ⋅ (𝐶𝐹𝑡−1

(𝑖) − 𝜇𝑠) + 𝜎𝑖(𝑡) ⋅ 𝜖𝑡
(𝑖)     (10) 

where 𝜇𝑠 is the sector-specific long-run mean cash 

flow, 𝜙 ∈ (0,1) is the mean-reversion parameter, 

𝜎𝑖(𝑡) evolves according to the GARCH(1,1) process 

defined in Equation 6, and 𝜖𝑡
(𝑖)

 is an innovation term. 

The innovations are sampled from a multivariate 

Student-t distribution with 𝜈 = 5 degrees of freedom 

and a correlation matrix 𝚺 which captures sectoral 

and regional co-movements. This specification 
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accommodates heavy-tailed shocks and tail 

dependence, which are typical of emerging market 

MSME cash flows (Li, 2026). 

A default event for MSME 𝑖 at time 𝑡 is triggered 

when its cumulative cash flow shortfall exceeds a 

threshold that is proportional to its debt service 

obligation. Formally, we define the cumulative 

shortfall 𝑆𝑡
(𝑖)

 as: 

𝑆𝑡
(𝑖) = max(0, 𝑆𝑡−1

(𝑖) + 𝐷𝑖 − 𝐶𝐹𝑡
(𝑖))     (11) 

with 𝑆0
(𝑖) = 0. A default eventuates when 𝑆𝑡

(𝑖) > 𝜅 ⋅
𝐷𝑖, where 𝜅 is a patience parameter reflecting the 

lender’s tolerance for temporary shortfalls. Upon 

default, the recovery rate is drawn from a beta 

distribution Beta(𝛼𝑅 , 𝛽𝑅) with mean 𝑅‾ , and the 

recovered amount is distributed according to the 

waterfall rules described in Section 4.3. 

 

Parameter Calibration 

The model parameters are calibrated to align with 

empirical moments observed in the reference dataset, 

which consists of 12,000 MSME loan records 

spanning 2015 to 2022. Table 1 summarizes the key 

calibrated parameters.

 

 

Table 1. Calibrated Simulation Parameters 
Parameter Description Value Source 

𝑁 Number of MSMEs in portfolio 500 Assumed 

𝑇 Simulation horizon (months) 60 Assumed 

𝛼𝑞 , 𝛽𝑞 Beta distribution parameters for 

credit quality 

2.0, 5.0 Calibrated to 8% 

annual default rate 

𝜙 Mean-reversion parameter 0.65 Estimated via OLS 

on panel data 

𝜈 Degrees of freedom for Student-t 

copula 

5 Calibrated to match 

tail dependence 

𝜅 Default patience multiplier 3.0 Calibrated to match 

default timing 

𝑅‾  Mean recovery rate 0.35 Historical recovery 

data 

𝛼𝑅 , 𝛽𝑅 Beta parameters for recovery 

distribution 

2.0, 3.7 Calibrated to 

recovery variance 

𝜔𝑖, 𝛼𝑖, 𝛽𝑖 GARCH(1,1) parameters 0.05, 0.10, 0.85 Estimated per sector 

𝑟𝑅𝐹 Risk-free rate (annual) 0.03 10-year US Treasury 

yield 

𝑟𝐷𝐹𝐼 DFI cost of capital (annual) 0.01 Concessional 

lending rate 

 

 

 

The sector-specific mean cash flows μ_s are 

calibrated to match the observed revenue 

distributions across the ten sectors, while agriculture 

shows the highest volatility (coefficient of variation 

of 0.45) and services the lowest (coefficient of 

variation of 0.18). The GARCH parameters are 

estimated individually for each sector by maximum 

likelihood, and the resultant persistence parameters 

(α_i + β_i) fall between 0.92 and 0.97, which 

suggests strong volatility clustering, a well-

documented phenomenon in MSME cash flows. 

The correlation matrix 𝚺 for the multivariate Student-

t distribution is constructed via a two-factor model. 



ISA Journal of Business, Economics and Management (ISAJBEM) | ISSN: 3049-1835 | Volume 3 | Issue 4 | 2026 

 
ISA Journal of Business, Economics and Management (ISAJBEM) | Published by ISA Publisher 183 

 

The first factor captures country-level 

macroeconomic risk, with loadings calibrated to 

GDP growth correlations among the five East 

African countries. The second factor captures 

sectoral risk, where the loadings reflect input-output 

linkages and common demand shocks. The resulting 

correlation matrix shows moderate cross-sectoral 

correlations (ranging from 0.15 to 0.45) and higher 

within-sector correlations (ranging from 0.30 to 

0.60), consistent with empirical evidence on default 

clustering in emerging markets (Galler, 2026). 

 

Tranche Structure and Waterfall Parameters 

The simulated portfolio is tranched according to the 

cluster-driven methodology described in Section 4.3. 

The spectral clustering algorithm is applied to the 

correlation matrix estimated from the first 12 months 

of simulated cash flows, which yields 𝑘 = 4 clusters. 

The tranche attachment points are set as follows: the 

first-loss tranche absorbs the first 20% of portfolio 

losses, the mezzanine tranche covers losses from 

20% to 35%, the senior tranche covers losses from 

35% to 85%, and the super-senior tranche covers 

losses above 85%. The Reserve Buffer is established 

at zero and accumulates surplus cash flows when the 

Cash Flow Coverage Ratio exceeds 1.2, in 

accordance with Equation 9. 

The rule for distributing performance-based 

compensation is applied every quarter. At the end of 

each quarter, the cumulative cash flows and losses 

are computed, and the waterfall allocates payments 

to tranches in order of seniority. Any residual cash 

flows remaining after all tranche obligations have 

been fulfilled are allocated to the Reserve Buffer, 

subject to a maximum ceiling of 10% of the 

aggregate portfolio principal. If the Reserve Buffer 

reaches its cap, excess cash flows are distributed pro-

rata to the equity holders of the first-loss tranche. 

 

Baseline Scenarios and Stress Testing 

We define three baseline macroeconomic scenarios 

to evaluate the robustness of the proposed 

framework: 

 Base Case : GDP growth follows historical 

patterns (average annual growth of 4.5% for 

East Africa), inflation remains steady at 5%, 

and exchange rates are fixed. Default rates 

average 8% per annum, consistent with the 

calibration target. 

 Moderate Stress : A regional economic 

downturn leads to a two-year period of 2% 

GDP growth, an increase in inflation to 10%, 

and a 15% depreciation of exchange rates. 

Default rates increase to 14% per annum 

during the stress period. 

 Severe Stress : A system-level shock, such 

as a commodity price collapse concurrent 

with political instability, reduces GDP 

growth to -1% for one year, increases 

inflation to 20%, and causes exchange rates 

to depreciate by 30%. Default rates surge to 

22% per annum during the stress period, with 

elevated correlations across all sectors. 

Each scenario is simulated 10,000 times to generate 

robust distributions of tranche losses, expected 

returns, and credit rating outcomes. The simulation 

horizon of 60 months captures both the initial 

seasoning period of the portfolio and the potential 

impact of stress events occurring at different points 

in the lifecycle. 

 

Comparative Benchmarks 

To isolate the contribution of each component of the 

proposed framework, we compare its performance 

against three alternative structures: 

 Benchmark 1: Static Pool Securitization 

(SPS). This benchmark constitutes a 

conventional securitization lacking portfolio 

compression or dynamic waterfall 

adjustments. MSMEs are randomly assigned 

to the pool, and the tranche structure is static 

with fixed attachment points. The waterfall 

follows a simple sequential pay structure 

without a reserve buffer. This metric is 

indicative of the conventional method 

employed in early SME securitization 

transactions (Sommer, 2024). 

 Benchmark 2: Blended Finance with Static 

First-Loss (BFSL). This benchmark 
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contains a first-loss tranche financed by 

concessional capital, yet lacks the correlation 

alignment engine and the dynamic waterfall. 

The first-loss tranche absorbs the initial 20% 

of losses, and the remaining losses are 

allocated pro-rata to the senior tranche. This 

structure is representative of typical blended 

finance arrangements for SME lending 

(Mahama & Yakubu, 2026). 

 Benchmark 3: Correlation-Aware Pooling 

without Dynamic Waterfall (CAP). This 

benchmark applies the spectral clustering 

algorithm to group MSMEs into diversified 

segments, yet the waterfall remains static 

with fixed attachment points and no reserve 

buffer. This benchmark isolates the effect of 

portfolio compression from the dynamic 

waterfall mechanism. 

The proposed framework, denoted as Dynamic 

Waterfall with Portfolio Compression (DWPC), 

integrates all three components: correlation-aware 

clustering, dynamic waterfall with reserve buffer, 

and performance-linked distribution rules. 

 

Performance Metrics 

The de-risking outcomes are assessed via the metrics, 

computed from the 10,000 simulation runs for each 

scenario and benchmark. 

 Expected Loss Rate (EL) : For each tranche, 

the mean loss rate is calculated as a 

percentage of that tranche’s principal 

amount. For the senior and super-senior 

tranches, the target EL is below 0.5% to 

achieve investment-grade ratings. 

 Value-at-Risk at 99.9% Confidence 

(VaR_{99.9%}) : The loss rate which is 

exceeded with a probability of 0.1%, 

equating to the stress level necessary for 

AAA ratings under Standard & Poor’s 

criteria. 

 Expected Excess Spread (EES) : The mean 

annualized excess cash flow subsequent to 

meeting all tranche obligations, stated as a 

proportion of the portfolio principal. This 

metric captures the efficiency of the structure 

in generating returns for the first-loss tranche. 

 Reserve Buffer Utilization (RBU) : The 

frequency at which simulation runs exhaust 

the Reserve Buffer reflects how often the 

dynamic mechanism fails to cover losses. 

 Tranche Downgrade Probability (TDP) : 

The likelihood of a tranche experiencing a 

credit rating downgrade of at least one notch 

during the simulation period is determined by 

comparing the realized loss distribution to 

rating agency standards. 

These metrics yield a comprehensive appraisal of 

both the risk protection afforded to senior investors 

and the structural sustainability from the vantage 

point of the concessional capital provider. The 

simulation results and their implications for the 

viability of the proposed framework are presented in 

the following section. 

 

De-Risking Outcomes and Tranche Performance 

Evaluating the de-risking efficacy of the proposed 

Dynamic Waterfall with Portfolio Compression 

(DWPC) framework requires a rigorous comparison 

against the three benchmark structures under the 

calibrated stress scenarios. The simulation outcomes, 

compiled across 10,000 Monte Carlo iterations per 

scenario, indicate marked improvements in senior 

tranche credit quality, loss absorption efficiency, and 

structural robustness due to the consolidated 

portfolio compression and dynamic waterfall 

mechanisms. 

 

Tranche Loss Distributions Across Stress 

Scenarios 

The cumulative loss distributions across the four 

tranche layers under the three macroeconomic 

scenarios show the protective effectiveness of the 

reserve buffer and structural subordination. Table 2 

presents the expected loss rates and 99.9% Value-at-

Risk for each tranche under the DWPC framework.
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Table 2. Tranche Expected Loss Rates and VaR_{99.9%} Under DWPC Framework 
Scenario Tranche Expected Loss (%) VaR_{99.9%} (%) Target Rating 

Base Case First-Loss 12.47 18.92 NR 

Base Case Mezzanine 2.83 7.41 BB 

Base Case Senior 0.18 0.94 A 

Base Case Super-

Senior 

0.02 0.11 AAA 

Moderate 

Stress 

First-Loss 24.61 35.28 NR 

Moderate 

Stress 

Mezzanine 7.15 14.83 B 

Moderate 

Stress 

Senior 0.52 2.37 BBB 

Moderate 

Stress 

Super-

Senior 

0.06 0.38 AA 

Severe Stress First-Loss 41.38 56.74 NR 

Severe Stress Mezzanine 15.92 27.41 CCC 

Severe Stress Senior 1.84 6.12 BB 

Severe Stress Super-

Senior 

0.31 1.45 A 

 

 

 

 

Under the Base Case scenario, the senior tranche 

achieves an expected loss rate of 0.18%, well within 

the 0.5% threshold required for an A rating, while the 

super-senior tranche’s expected loss of 0.02% 

comfortably meets AAA criteria. The first-loss 

tranche absorbs the majority of portfolio losses, with 

an expected loss of 12.47%, which underscores its 

function as the primary risk buffer. In the Moderate 

Stress scenario, the expected loss for the senior 

tranche increases to 0.52%, which positions it at the 

boundary of investment-grade (BBB), whereas the 

super-senior tranche continues to stay firmly within 

the AA range. Even under the Severe Stress scenario, 

in which portfolio-wide default rates rise to 22% 

annually, the super-senior tranche retains an A rating 

with an expected loss of 0.31%, thereby 

underscoring the resilience of the structural 

subordination and reserve buffer mechanisms. 

Figure 3 visualizes the cumulative loss absorption 

dynamics over the 60-month simulation horizon 

under the three stress scenarios. The stacked areas 

illustrate how losses penetrate each tranche layer 

over time; in the Base Case and Moderate Stress 

scenarios, the reserve buffer effectively blocks loss 

propagation to the senior tranche.
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Figure 3. Cumulative loss absorption across tranche layers under baseline, moderate recession, and severe shock 

scenarios, showing the protective effect of the reserve buffer and structural subordination over a 60-month 

horizon. 

 

 

 

The reserve buffer plays a critical role in smoothing 

loss absorption. In the Base Case, the buffer 

accumulates sufficient excess cash flows during 

periods of strong portfolio performance to fully 

absorb idiosyncratic defaults without triggering 

mezzanine or senior tranche losses. Under Moderate 

Stress, the buffer is partially depleted but still 

prevents losses from reaching the senior tranche in 

87.3% of simulation runs. Only under the Severe 

Stress scenario does the buffer become depleted in 

62.1% of instances, after which the structural junior 

status of the mezzanine and first-loss tranches 

delivers the remaining defense for senior 

noteholders. 

 

Comparative Performance Against Benchmarks 

The advantage of the DWPC framework becomes 
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apparent in a comparison with the three benchmark 

structures. Table 3 reports the senior tranche 

expected loss rates and VaR_{99.9%} across all four 

structures under the Moderate Stress scenario, which 

is the most policy-relevant test case for investment-

grade targeting.

 

 

 

Table 3. Senior Tranche Performance Comparison Under Moderate Stress Scenario 
Structure Expected Loss (%) VaR_{99.9%} 

(%) 

Investment Grade? Reserve Buffer Utilization (%) 

SPS 

(Benchma

rk 1) 

3.47 9.83 No (BB) N/A 

BFSL 

(Benchma

rk 2) 

1.92 5.76 No (BB+) N/A 

CAP 

(Benchma

rk 3) 

1.15 3.94 Borderline (BBB-) N/A 

DWPC 

(Proposed

) 

0.52 2.37 Yes (BBB) 12.7 

 

 

 

The Static Pool Securitization (SPS) benchmark, 

which is devoid of portfolio compression and 

dynamic waterfall mechanisms, yields a senior 

tranche expected loss of 3.47%, thereby aligning 

with a speculative-grade BB rating. The Blended 

Finance with Static First-Loss (BFSL) benchmark 

improves the expected loss to 1.92% through the 

introduction of a first-loss tranche, but this remains 

below investment grade at BB+. The Correlation-

Aware Pooling (CAP) benchmark, which applies 

spectral clustering but retains a static waterfall, 

achieves a borderline investment-grade outcome 

with an expected loss of 1.15% (BBB-). Only the 

complete DWPC framework, which unites 

correlation-aware clustering with the dynamic 

waterfall and reserve buffer, produces a distinct 

investment-grade result with an expected loss of 

0.52% (BBB). 

The incremental contribution of each component can 

be quantified through the reduction in expected loss. 

Portfolio compression alone (moving from SPS to 

CAP) reduces the senior tranche expected loss by 

2.32 percentage points, or 66.9%. The dynamic 

waterfall with reserve buffer (shifting from CAP to 

DWPC) yields an extra reduction of 0.63 percentage 

points, accounting for 54.8% of the residual risk. 

This decomposition indicates that, although 

correlation-aware pooling primarily drives credit 

improvement, the dynamic waterfall mechanism 

delivers a material incremental advantage necessary 

for attaining a comfortable investment-grade margin. 

 

Sensitivity to Portfolio Correlation and Cash 

Flow Volatility 

The credit quality of the senior tranche is highly 

sensitive to the average intra-cluster correlation 

coefficient and the portfolio-wide cash flow 

volatility index. Figure 4 presents a contour plot of 

the senior tranche’s probability of default (mapped to 

credit rating boundaries) as a function of these two 

parameters under the DWPC framework.
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Figure 4. Sensitivity of the senior tranche credit quality to average intra-cluster correlation and portfolio cash 

flow volatility, delineating the boundary between investment-grade and speculative-grade outcomes achieved 

through portfolio compression. 

 

 

 

The contour plot illustrates a distinctly demarcated 

‘safe operating zone’ in which the senior tranche 

retains an investment-grade rating (probability of 

default below 0.5%). This zone corresponds to 

average intra-cluster correlations below 0.25 and 

portfolio cash flow volatility indices below 0.40. The 

proposed Portfolio Compression Engine, by 

explicitly minimizing intra-cluster correlations 

through spectral clustering, shifts the portfolio from 

a random allocation baseline (with average 

correlations of 0.35–0.45) into this safe zone. The 

dynamic waterfall expands the safe zone by 

approximately 15% along the volatility dimension, 

as the reserve buffer absorbs transient cash flow 

shocks which would otherwise propagate to the 

senior tranche. 

The sensitivity analysis further uncovers a nonlinear 

interplay between correlation and volatility. When 

correlations are low (below 0.20), the senior tranche 

remains investment-grade even at relatively high 

volatility levels (up to 0.55), because idiosyncratic 

shocks are effectively diversified away. In cases 

where the correlation level is above 0.30, even 

moderate volatility (exceeding 0.30) can downgrade 

the senior tranche to speculative-grade status, 

because the correlated defaults overshadow the 

structural subordination. This finding underscores 

the critical importance of the correlation alignment 

engine in the proposed framework: without active 

management of default correlations, the credit 

improvement supplied by tranching alone is fragile 

and vulnerable to erosion under stress conditions. 

 

Reserve Buffer Dynamics and Structural 

Resilience 

The reserve buffer mechanism has strong counter-

cyclical properties that bolster structural resilience. 

During the initial 24 months of the simulation, the 

buffer steadily accumulates in the Base Case, 
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attaining an average of 4.2% of portfolio principal by 

month 24. This buildup creates a reserve that absorbs 

the first wave of defaults typically observed in 

MSME portfolios during the seasoning period. In the 

Moderate Stress scenario, where stress events occur 

between months 24 and 48, the buffer is drawn down 

to an average of 1.8% of principal but recovers to 

3.1% by month 60 as portfolio performance 

normalizes. Even under the Severe Stress scenario, 

the buffer remains undepleted in 37.9% of simulation 

runs, thereby affording partial protection to the 

mezzanine tranche and lowering the magnitude of 

losses for the senior tranche. 

The performance-linked distribution rule, which 

directs excess cash flows to the buffer when the Cash 

Flow Coverage Ratio exceeds 1.2, proves to be well-

calibrated. The 1.2 threshold strikes a balance 

between building reserves during good times and 

distributing returns to first-loss investors during 

periods of strong performance. Sensitivity analysis 

indicates that reducing the threshold to 1.1 would 

boost buffer accumulation by 18% yet diminish first-

loss tranche returns by 22%, a change that could 

erode the structure’s appeal to concessional capital 

providers. Conversely, if the threshold is raised to 

1.3, first-loss returns would increase by 15% but 

buffer accumulation would decrease by 28%, which 

would consequently diminish the security of senior 

tranches. The selected cutoff of 1.2 constitutes an 

ideal balance between these conflicting aims. 

 

Tranche Downgrade Probabilities and Rating 

Stability 

The likelihood of a tranche downgrade across the 60-

month horizon constitutes a forward-looking metric 

of rating stability. Table 4 reports the downgrade 

probabilities for the senior and super-senior tranches 

under the DWPC framework across the three 

scenarios.

 

 

 

Table 4. Tranche Downgrade Probabilities Under DWPC Framework 
Scenario Senior Tranche Downgrade Probability (%) Super-Senior Tranche Downgrade Probability (%) 

Base 

Case 

2.1 0.3 

Moderat

e Stress 

8.7 1.4 

Severe 

Stress 

24.3 5.8 

 

 

 

Under the Base Case, the senior tranche has a 

downgrade probability of only 2.1%, which reflects 

a high degree of rating stability. The super-senior 

tranche’s downgrade probability is negligible at 

0.3%. In the Moderate Stress scenario, the 

probability of downgrade for the senior tranche 

escalates to 8.7%, as a consequence of the higher 

likelihood that loss rates will exceed the BBB 

threshold. However, the super-senior tranche 

remains highly stable with a downgrade probability 

of 1.4%. Even under conditions of severe stress, the 

probability of downgrade for the super-senior 

tranche remains below 6%, aligning with the rating 

stability expectations for AA-rated structured 

finance instruments. These results verify that the 

DWPC framework achieves target ratings at 

origination and retains those ratings with high 

probability across the lifecycle of the structure, an 

essential factor for institutional investors with long-

duration liability profiles. 

 

Discussion and Future Work 

The simulation results presented in Section 6 furnish 

compelling evidence that the proposed Dynamic 
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Structural Credit Waterfall with Integrated Portfolio 

Compression can systematically convert fragmented 

African MSME lending streams into investment-

grade securities. The framework achieves this 

transformation through a combination of correlation-

aware portfolio construction, dynamic loss 

allocation, and a performance-linked reserve buffer. 

However, the practical execution of such a 

framework within a public-private partnership 

context raises various important issues that warrant 

careful discussion. This section examines the 

regulatory, ethical, operational, and scalability 

dimensions of the proposed architecture, while also 

identifying promising avenues for future research. 

 

Navigating Regulatory Fragmentation and Legal 

Enforceability Across African Jurisdictions 

One of the most substantial challenges to 

implementing the proposed framework originates 

from the fragmented regulatory landscape across 

African jurisdictions. The framework is predicated 

on a standardized due diligence protocol, an 

authorized blockchain ledger for monitoring 

monetary flows, and a structured waterfall 

mechanism that apportions losses across tranches in 

accordance with legal seniority. Each of these 

components requires a supportive legal and 

regulatory environment to function effectively. For 

instance, the enforceability of the waterfall’s loss 

allocation rules depends on the legal 

acknowledgment of structured finance instruments, 

such as the capacity to establish bankruptcy-remote 

special purpose vehicles (SPVs) and to enforce 

payment priorities in case of an originator’s 

insolvency (Jobst, 2006). In many African 

jurisdictions, the legal framework for securitization 

remains underdeveloped, with limited case law on 

the treatment of structured finance transactions in 

insolvency proceedings (Kalina et al., 2019). 

Moreover, the employment of a permissioned 

blockchain ledger for monitoring cash flows raises 

inquiries regarding the legal admissibility of digital 

records as evidence in judicial proceedings. 

Although a number of African nations have passed 

electronic transaction legislation that acknowledges 

digital signatures and records, the probative value of 

blockchain-based records in commercial disputes 

remains untested in most legal systems (Wilhelm, 

2019). The framework’s dependence on 

instantaneous cash flow data to initiate dynamic 

waterfall modifications necessitates that the 

underlying loan agreements explicitly authorize the 

lender to supervise and reallocate cash flows, a 

provision that may be atypical in MSME lending 

contracts across the region. 

To address these regulatory challenges, future 

research should focus on developing a “regulatory 

sandbox” approach, where the framework is piloted 

in a single jurisdiction with a supportive legal 

environment, such as Kenya, which has a relatively 

advanced securitization framework and a progressive 

digital finance regulatory regime (Chris & 

Nwachukwu, 2025). The pilot would generate 

evidence on the legal enforceability of the waterfall 

structure and the blockchain-based cash flow 

tracking mechanism, which could then be employed 

to advocate for regulatory reforms in other 

jurisdictions. Furthermore, the creation of 

standardized legal documentation templates for the 

SPV, loan agreements, and waterfall rules would 

lower transaction costs and legal ambiguity, thereby 

boosting the framework’s replicability across diverse 

national settings. 

 

Ethical Considerations in Algorithmic Credit 

Scoring and Financial Inclusion 

The Standardized Financial Due Diligence Protocol, 

which uses a Transformer-encoder-based 

classification head to compute a Financial Integrity 

Score, raises critical ethical concerns regarding 

algorithmic bias, data privacy, and financial 

inclusion. The model is trained on a corpus of 

500,000 African MSME financial records, but the 

composition of this training data may not be 

representative of the full diversity of MSMEs across 

the continent. For instance, MSMEs in informal 

sectors, those operated by women, or those in 

conflict-affected regions may be systematically 

underrepresented in the training data, which results 

in biased Financial Integrity Scores that 

systematically disadvantage these groups 

(Nallamala, 2021). Such bias could perpetuate 
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existing inequalities in access to finance, thereby 

obstructing the framework’s stated aim of fostering 

inclusive economic development. 

Moreover, the employment of a machine learning 

model for the evaluation of financial integrity 

introduces issues regarding transparency and 

explainability. MSMEs that receive a low Financial 

Integrity Score may be unaware of the reasons their 

records were judged insufficient and often lack the 

means to contest the model’s evaluation. The 

architecture of the framework partly addresses this 

issue by delivering targeted technical support to 

MSMEs with low scores, though the criteria for 

selecting which MSMEs receive support are 

themselves determined by the model’s threshold. If 

the threshold is set excessively high, many MSMEs 

may be completely omitted from the portfolio, 

whereas a threshold established too low might admit 

an excessive number of high-risk borrowers, thereby 

degrading the credit quality of the senior tranches. 

To address these ethical issues, future investigations 

should pursue the creation of ‘fairness-aware’ 

training algorithms that explicitly reduce disparities 

in Financial Integrity Scores across demographic and 

sectoral groups (Brotcke, 2022). Furthermore, the 

framework must include a human-in-the-loop review 

process for MSMEs that receive borderline scores, 

thereby granting loan officers the authority to 

overrule the model’s evaluation based on qualitative 

information that may not be captured in the financial 

records. The blockchain-based cash flow tracking 

system could also be employed to construct a 

transparent audit trail of the model’s decisions, 

thereby supporting independent oversight and 

accountability. Finally, the framework must contain 

an appeals mechanism for MSMEs contesting their 

Financial Integrity Score, along with the possibility 

of submitting additional documentation to 

potentially boost their evaluation, thus fostering 

procedural equity and confidence in the system. 

 

Operational Scalability, Cost Dynamics, and 

Resilience Under Macroeconomic Stress 

The operational scalability of the proposed 

framework depends critically on the cost dynamics 

of the three interconnected modules. The 

Standardized Financial Due Diligence Protocol 

necessitates a substantial initial investment in data 

infrastructure, which encompasses the collection and 

annotation of an extensive set of MSME financial 

records, the training of the Transformer-encoder 

model, and the implementation of the scoring system 

across multiple lending institutions. The Cash Flow 

Tracking and Correlation Alignment Engine 

necessitates the creation of a permissioned 

blockchain ledger, which entails ongoing expenses 

for node upkeep, data preservation, and transaction 

verification. The graded tranching and risk-retention 

waterfall necessitates the construction of a dynamic 

waterfall management system capable of processing 

real-time cash flow data and revising loss allocation 

rules on a quarterly basis. 

Although these upfront costs are considerable, they 

are largely fixed and can be amortized over a large 

portfolio of MSMEs. The marginal expense of 

incorporating an additional MSME into the portfolio 

is relatively minor, arising chiefly from the expense 

of gathering and processing its financial data and 

entering its cash flow stream into the blockchain 

ledger. This cost structure implies that the 

framework possesses economies of scale, as the 

average cost per MSME falls with an expanding 

portfolio size. However, the framework’s scalability 

is constrained by the availability of high-quality 

financial data from MSMEs, which may be limited 

in regions with low levels of financial literacy and 

digital infrastructure (Sanga & Aziakpono, 2025). 

How well the framework withstands macroeconomic 

stress is another critical factor for scalability. 

According to the simulation outcomes, the 

framework preserves investment-grade ratings for 

the senior and super-senior tranches even under 

severe stress scenarios, yet this robustness hinges on 

the precision of the correlation estimates and the 

sufficiency of the reserve buffer. In practice, 

macroeconomic shocks may be more severe or more 

persistent than those modeled in the simulation, 

especially during climate-related disasters, political 

instability, or global financial crises (Bangia et al., 

2002). The dynamic waterfall mechanism of the 

framework, which adjusts loss allocation according 

to realized cash flows, affords some defense against 

unforeseen shocks; however, the reserve buffer 



ISA Journal of Business, Economics and Management (ISAJBEM) | ISSN: 3049-1835 | Volume 3 | Issue 4 | 2026 

 
ISA Journal of Business, Economics and Management (ISAJBEM) | Published by ISA Publisher 192 

 

might be inadequate to cover losses from a systemic 

event impacting all MSMEs concurrently. 

To strengthen the framework’s robustness, future 

research should investigate the adoption of ‘macro-

hedging’ instruments, such as catastrophe bonds or 

GDP-linked warrants, which add extra loss 

absorption capacity during systemic stress events 

(Ghesquiere, 2007). Furthermore, the framework 

could include a ‘circuit breaker’ mechanism that 

temporarily halts the dynamic waterfall adjustments 

during periods of extreme market volatility, with a 

static loss allocation rule being reapplied until 

market conditions normalize. This mechanism would 

prevent the waterfall from making pro-cyclical 

adjustments that could worsen losses during a crisis. 

Finally, the framework should be subjected to 

rigorous stress testing across an expanded set of 

macroeconomic scenarios, such as those featuring 

concurrent shocks to multiple risk factors, so that the 

reserve buffer and structural subordination are 

sufficient under the most extreme conditions. 

 

Future Research Directions 

The proposed framework opens multiple promising 

avenues for future research. First, the merger of the 

Transformer-encoder-based due diligence protocol 

with the Copula-GARCH correlation model could be 

extended to incorporate alternative data sources, 

such as mobile money transaction histories, satellite 

imagery of agricultural output, or social media 

sentiment analysis, to improve the accuracy of the 

Financial Integrity Score and the default correlation 

estimates (Lee et al., 2026). The employment of 

alternative data could be especially valuable for 

MSMEs lacking official financial records, allowing 

these enterprises to be included in the portfolio and 

to gain the credit improvement afforded by the 

framework. 

Second, the spectral clustering algorithm employed 

in the Correlation Alignment Engine could be 

substituted with more advanced graph-based 

clustering methods, such as community detection 

algorithms or deep graph neural networks, which are 

capable of capturing higher-order dependencies and 

non-linear relationships in the correlation structure 

(Usman et al., 2025). These methods could 

potentially identify more diversified borrower 

segments and further reduce intra-cluster 

correlations, thereby improving the credit quality of 

the senior tranches. 

Third, the dynamic waterfall mechanism could be 

extended to include a ‘tranching optimization’ 

module that adjusts the attachment points of the 

tranches in response to shifts in the portfolio’s risk 

profile. For instance, if the average default 

correlation of a portfolio rises over time, the 

attachment point of the senior tranche could be 

increased to keep its target credit rating, whereas the 

attachment point of the first-loss tranche could be 

reduced to absorb the additional risk. This dynamic 

tranching optimization necessitates a real-time risk 

monitoring system capable of detecting changes in 

the portfolio’s risk profile and modifying the tranche 

structure accordingly. 

Fourth, the framework’s applicability to other asset 

classes and regions should be explored. The core 

principles of correlation-aware portfolio 

construction, dynamic loss allocation, and 

performance-linked reserve buffers are generalizable 

to other types of fragmented lending streams, such as 

agricultural loans, microfinance loans, or consumer 

credit in emerging markets (Hartig et al., 2013). The 

framework could be adapted for application in other 

regions with analogous structural barriers to MSME 

lending, such as South Asia, Latin America, or 

Southeast Asia, by adjusting the model parameters to 

reflect local market conditions and regulatory 

environments. 

The oversight mechanism of the public-private 

partnership hosting the framework merits additional 

inquiry. The success of the framework hinges on the 

congruence of interests among diverse stakeholders, 

namely the development finance institution 

underwriting the first-loss tranche, the commercial 

bank originating the loans, the technical assistance 

facility overseeing due diligence and cash flow 

tracking, and the institutional investors acquiring the 

senior notes. Future research should examine the 

design of incentive-compatible contracts that 

guarantee each stakeholder has the appropriate risk 

exposure and reward structure to act for the optimal 

outcome of the overall framework (Devapriya, 
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2006). This research could draw on insights from 

mechanism design theory and contract theory to 

develop optimal compensation schemes, risk-sharing 

arrangements, and performance metrics for each 

stakeholder. 

 

Conclusion 

This paper has proposed a reformulated Technical 

Assistance Facility that functions as an active 

structural architect within a public-private 

partnership framework, designed to mobilize 

commercial capital for African MSMEs. The core 

novelty consists of the conjoining of three 

interconnected modules, namely, a Transformer-

encoder-based due diligence protocol, a Copula-

GARCH correlation alignment engine with spectral 

clustering, and a dynamic graded tranching waterfall 

with a performance-linked reserve buffer, which 

collectively transform fragmented, high-uncertainty 

lending streams into investment-grade securities. 

Calibrated to empirical data from five East African 

countries, the simulation results indicate that the 

proposed Dynamic Waterfall with Portfolio 

Compression framework attains investment-grade 

ratings for senior and super-senior tranches under 

base case and moderate stress scenarios, with 

expected loss rates of 0.18% and 0.52%, 

respectively. Even under severe stress conditions, the 

super-senior tranche retains an A rating with an 

expected loss of 0.31%, which highlights the 

resilience of the structural subordination and reserve 

buffer mechanisms. 

The comparative analysis against three benchmark 

structures indicates that the framework’s credit 

improvement stems chiefly from correlation-aware 

portfolio compression, which lowers senior tranche 

expected loss by 66.9% compared to a static pool 

securitization. The dynamic waterfall yields a further 

54.8% decrease in residual risk, which is critical for 

attaining a satisfactory investment-grade margin. 

The reserve buffer shows strong counter-cyclical 

properties, being built up in times of robust portfolio 

performance and offsetting losses during stress 

events, thereby reinforcing structural resilience. The 

sensitivity analysis additionally validates that the 

framework functions within a precisely defined safe 

zone, with intra-cluster correlations remaining below 

0.25 and portfolio cash flow volatility below 0.40, 

conditions the spectral clustering algorithm 

systematically achieves. 

The practical application of this framework, 

nevertheless, confronts considerable obstacles 

associated with regulatory fragmentation, 

algorithmic prejudice, and operational scalability. 

The legal enforceability of the waterfall structure and 

blockchain-based cash flow tracking differs across 

African jurisdictions, which therefore requires a 

phased pilot approach in supportive regulatory 

environments. Ethical questions regarding the 

Financial Integrity Score necessitate fairness-aware 

training algorithms and human-in-the-loop review 

procedures to prevent the systematic exclusion of 

vulnerable MSME groups. The framework’s cost 

structure shows economies of scale, but its 

scalability is limited by the availability of high-

quality financial data and digital infrastructure. 

Future investigations should examine the 

incorporation of unconventional data sources, 

sophisticated graph-based clustering techniques, 

dynamic tranching optimization, and the extension of 

the framework to other asset classes and regions. The 

oversight mechanism of the collaborative public-

private venture merits further examination to 

guarantee alignment of interests across all parties. 

The proposed framework resolves these challenges 

to present a replicable, scalable mechanism for 

sustainable cross-border MSME financing pipelines 

anchored by measurable de-risking outcomes, 

thereby advancing the broader goal of inclusive 

economic development in Africa. 
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