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Abstract: The Kyoto Committee clearly understood the larger ramifications of Edward Lorenz’s Chaos theory, when they described it 

“as the boldest scientific achievement in discovering ‘deterministic chaos,’ a principle which has profoundly influenced a wide range of 

basic sciences and brought about one of the most dramatic changes in mankind’s view of nature since Sir Isaac Newton.” Over time the 

theory entered almost every field including finance and banking.  This study examines the relevance of chaos theory to risk assessment in 

microfinance institutions. Using a systematic literature review, it considers how nonlinear dynamics, sensitivity to initial conditions, 

feedback loops, tipping points, and recurring patterns can improve understanding of risks that conventional linear approaches may not 

fully capture. The review identifies concentrated client exposure, borrower vulnerability, liquidity and funding pressures, human-capital 

constraints, social and political disturbances, regulatory changes, and macroeconomic contagion as important areas in which relatively 

small disturbances may produce disproportionate consequences for microfinance institutions. A chaos-informed perspective may support 

more frequent monitoring, early-warning mechanisms, adaptive stress testing, portfolio diversification, and resilience planning. The 

review also indicates that chaos theory should complement rather than replace established risk-management methods because practical 

application is constrained by data availability, model complexity, and noise. Overall, integrating selected chaos-theory concepts with 

conventional and computational risk tools may strengthen adaptive risk assessment in microfinance institutions. Methodology: This paper 

adopts a structured literature review approach focussing on peer reviewed journal articles, conference papers, books, magazine articles 

and other authoritative reports on the subject.  
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1. Introduction 
 

Chaos is the learning of surprises, of the nonlinear and the 

unpredictable, teaching us to expect the unexpected. While 

most traditional sciences deal with mostly predictable 

phenomena like gravity, electricity, or chemical reactions, 

Chaos Theory deals with nonlinear things that are effectively 

impossible to predict or control. Chaos theory was developed 

in 1961 by Edward Lorenz, an American mathematician and 

meteorologist at the Massachusetts Institute of Technology 

(MIT) while running a computer simulation to predict 

weather patterns. To his utter surprise, the accidental rounding 

of a variable from 0.506127 to 0.506 produced results he 

didn’t think were possible. The almost imperceptible change 

in the starting data resulted in an entirely different, 

unpredictable weather scenario (1). 

 

In 1972, he delivered a lecture to the American Association 

for the Advancement of Science titled "Predictability: Does 

the Flap of a Butterfly's Wings in Brazil Set Off a Tornado in 

Texas?" The provocative title was actually coined by 

meteorologist Philip Merilees. The unexpected result led 

Lorenz to a powerful insight about the way nature works in 

which small changes can have large consequences. The idea 

came to be known as the “butterfly effect” after Lorenz 

suggested that the flap of a butterfly’s wings might ultimately 

cause a tornado. Like the results of a wing’s flutter, the 

influence of Lorenz’s work was nearly imperceptible at first 

but would resonate widely expanding rapidly during the 

1970s and 1980s into fields as diverse as meteorology, 

geology, and biology. “It became a wonderful instance of a 

seemingly esoteric piece of mathematics that had 

experimentally verifiable applications in the real world,” said 

Daniel Rothman, a professor of geophysics at MIT (2,3) 

 

Lorenz’s work also challenged the classical understanding of 

nature and the work of Newton and Laplace whose work gave 

no place to unpredictability in the universe. The theory 

challenged the Newtonian math’s belief that systems typically 

settle into a clear, single equilibrium or follow a predictable 

cycle. He argued that chaotic systems do not. For centuries, 

scientists believed in Newtonian determinism: if you drop a 

ball, Newton’s laws of motion allow you to calculate exactly 

where and when it will land. Chaos theory challenged this by 

showing that even in systems governed by perfectly exact, 

deterministic laws, outcomes can still behave unpredictably. 

By challenging the established idea of determinism and 

predictive models assuming linear, deterministic progression 

he drove home the importance of nonlinearity, a characteristic 

of many natural systems. He showed that even tiny initial 

errors render these models useless as inaccuracies compound 

over time. This exponential growth of errors, known as 

deterministic chaos, occurs in most systems, simple or 

complex. Many scientists now rank chaos theory alongside 

relativity and quantum theory counting them among the great 

scientific revolutions of the 20th century (4,5,6).  

 

It took longer for chaos theory spread to other disciplines. 

Chaos theory permeated finance and banking through the 

coming together of visionary mathematicians, physicists and 

economists and real-world crises forcing innovation. Benoit 

Mandelbrot revolutionized mathematics and chaos theory by 

demonstrating that seemingly chaotic, infinitely complex 

patterns in nature follow simple geometric rules. He 

introduced fractals which were infinitely complex, repeating 

geometric shapes. He ensured that chaotic systems were not 

seen as being messy and incomprehensible and proved that 

chaotic phenomena actually hold a hidden "degree of order" 

that can be quantified and modelled mathematically. Soon 
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fractal geometry emerged as a powerful tool for modeling 

scale invariance in natural and financial phenomena (7).  

 

Later Physicists, Doyne Farmer and Norman Packard 

pioneered applying chaos theory and non-linear dynamics to 

the financial markets in the early 1990s (7,8).  In 1994 Edgar 

E. Peters published the seminal book "Chaos and Order in the 

Capital Markets," which introduced the concept of the Fractal 

Market Hypothesis and taught major banking analysts how to 

apply chaos theory to capital risk and market volatility (9,10).  

 

The collapse of Lehman Brothers in September 2008, a crisis 

in part driven by derivatives on subprime mortgages, a 

seemingly obscure sector of the financial market which 

helped fuel the worst economic crisis since the Great 

Depression, significantly reinforced the importance of Chaos 

Theory principles for financial institutions. At the time, 

Lehman’s collapse represented the largest corporate failure in 

US history. In addition, this bankruptcy was emblematic of a 

devastating loss of trust in both the financial system and 

regulators. The then chair of America’s central bank, the 

Federal Reserve (‘the Fed’), Ben Bernanke, called the 

financial upheavals following Lehman’s failure ‘the worst 

financial crisis in global history, including the Great 

Depression’ (11). The 2008 financial crash revealed the 

limitations of traditional linear risk modeling. A small trigger 

(e.g., subprime mortgage defaults) cascaded into a global 

meltdown through interdependencies. This validated Lorenz's 

"butterfly effect" in finance, where minor perturbations 

amplified into systemic collapse due to feedback loops. The 

crisis proved that extreme "black swan" events, once thought 

highly improbable, are inherent to the chaotic nature of 

markets (12, 13). The butterfly effect says that if a butterfly 

flutters its wings in one region of the earth, it can cause a 

storm to happen in another. This has huge repercussions in the 

financial market where a small bump in the stock market or 

economy of one nation can have a significant impact on 

another country’s financial markets. This is the natural 

outcome of globalisation, liberalisation and technology. In 

reality, the crash reflected the growing importance of 

complexity and nonlinear dynamics in understanding modern 

financial systems, marked by high volatility, 

interdependence, and structural shifts (14). 

 

The more recent Silicon Valley Bank (SVB) collapse is 

another textbook example of chaos theory, demonstrating 

how a complex system can spiral into catastrophe due to 

microscopic initial changes and human panic. The bank saw 

a massive influx of tech deposits during the pandemic with 

which the bank purchased long-term, fixed-rate government 

bonds and mortgage-backed securities. When the Federal 

Reserve aggressively raised interest rates to combat inflation, 

the value of these long-term bonds plummeted.  Besides the 

start-up record run slowed down. As startups burned through 

their cash, they withdrew deposits, forcing SVB to sell those 

devalued bonds at a 1.8 billion loss. This announcement of 

losses should have been a manageable corporate event, but it 

triggered a rapid, non-linear panic. The panic was triggered 

by the CEO of Mangrove Capital, Mark Tluszcz’s, tweet: “If 

you are not advising your companies to get the cash out, then 

you are not doing your job as a board member or as a 

shareholder’’ and investor Jason Calacanis’s tweet “You 

should be absolutely terrified right now,” using all capital 

letters for emphasis.   Chaos theory dictates that outside 

stimuli can drastically shift a system's trajectory. The SVB 

bank run was entirely digital; WhatsApp messages, social 

media posts, and online banking allowed venture capitalists 

to coordinate withdrawals instantly. High-profile 

entrepreneurs sounded the alarm which spread on social 

media, resonating loudly with the bank’s customers who 

tended to be tech-savvy entrepreneurs keenly tuned in to 

online chatter. Congressman Patrick McHenry, chairman of 

the US House Financial Services Committee, referred to the 

turmoil as, “the first Twitter fuelled bank run.” SVB might be 

the first bank run of the social media era, but it wasn’t the first 

bank to see its fundamental business rocked by feverish 

Twitter speculation (15, 16, 17). 

 

The SVB collapse perfectly mirrors the "butterfly effect" of 

chaos theory which creates a highly unpredictable type of 

domino effect, amid other governance and operational 

challenges. While a traditional domino effect involves 

sequential, linear steps, chaos theory shows how a tiny initial 

change can trigger disproportionately massive, exponential, 

and unforeseen outcomes across a complex system. Here the 

butterfly effect was sparked by the US Federal Reserve 

aggressively raising interest rates to curb inflation. This 

action devalued the long-term Treasury bonds that SVB held, 

setting the stage for an asset-liability mismatch. When a few 

VCs noticed potential liquidity trouble, they broadcasted 

panic across Twitter and private messaging groups creating a 

chaotic feedback loop which made customers withdraw a 

staggering $42 billion in a single day, a withdrawal rate 

traditional banking risk models were entirely unprepared for. 

The domino effect came when a few days later, 

Switzerland’s Credit Suisse announced that it would take a 

$53.7bn loan from the Swiss central bank to shore up its 

finances after its share price fell by as much as 30% triggering 

loss of customer confidence forcing a sellout (18,19,20,21). 

 

Each of these case studies exemplifies how critical 

governance and risk management can help avert a systemic 

crisis. A deeper analysis of banking failures suggests that 

banks must use a dynamic and pragmatic risk management 

approach to deal with a complex and rapidly changing 

financial environment. As a result, risk management extends 

beyond classic risks like credit risk and liquidity mismatches 

to encompass recognizing and attempting to manage 

developing risks, including interest rate swings, depositor 

behaviour, and governance flaws (22), the latter being the 

nonlinear factors that chaos theory focuses on.  

 

These examples exemplify the critical roles played by 

financial institutions in domestic and global economies. The 

modern global financial system is highly complex, with cross-

border interconnections and interdependencies. In this highly 

interconnected environment, local financial shocks and 

events can be easily amplified and turned into global events.  

 

Financial and macroeconomic connectedness makes 

economies, corporations, and banks more vulnerable to 

financial contagion. Negative market developments can 

spread to other parts of a bank, other markets, or involved 

parties and can cause a bank’s operating environment to 

deteriorate quickly and significantly. This can occur 

domestically and across borders, based on international 
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capital flows and the globalization of finance. The more 

closely connected the markets, the more quickly volatility 

spreads (23). This makes more diligent risk assessment and 

management very crucial.  New models are needed to capture 

the structure of the global financial village and uncover 

channels of spillover and contagion (24,25). This 

interconnectedness causes the failure of a single major entity 

to cause can a domino effect, leading to frozen credit markets 

and widespread economic downturns (e.g., the 2008 financial 

crisis). This issue is not limited to the banking industry. The 

US’s Federal Reserve encouraged JP Morgan-Chase to 

acquire Bear Stearns in March 2008 because it was 

considered too interconnected to fail and, because of its 

significant role in the financial market, it was possible that if 

it failed it would have caused considerable disruption across 

financial markets (Financial Crisis Inquiry Commission 

2011). Later that year, the insurance behemoth American 

International Group (AIG) was also bailed out, owing in large 

part to its position in the credit default swap market where it 

was a key provider of this type of risk insurance. These 

instances show the relevance of TBTF institutions, and the 

risk associated with them (26, 27). 

 

With risks more connected than ever, and new risk 

dimensions emerging, risk appetite will become even more 

critical and will need to evolve significantly: Banks will need 

a more granular articulation of risk appetite.  Non-linear risk 

assessment is becoming essential for financial institutions 

because modern financial shocks such as market volatility and 

credit defaults exhibit complex, curved relationships that 

traditional linear models inherently fail to capture, making 

over reliance on linear models leading to dangerous 

underestimations of extreme risk (28,29). This where chaos 

theory becomes increasingly relevant. 

 

This paper focuses on use of chaos theory based nonlinear risk 

assessment in Microfinance institutions (MFIs) which have 

begun to play a critical role in promoting financial inclusion 

and stimulating economic development, particularly in 

developing countries. By providing financial services to 

underserved populations, MFIs help alleviate poverty, 

support entrepreneurship, and drive economic growth 

(30,31). By lowering the entry barriers and giving such 

groups access to a range of services like financing, credit 

cards, savings accounts, financial literacy training and 

remittances empower people to improve their economic well-

being. The global microfinance market size was valued at 

USD 255.69 billion in 2025 and is projected to grow from 

USD 281.55 billion in 2026 to USD 646.56 billion by 2034, 

exhibiting a CAGR of 11% during the forecast period. The 

Asia Pacific region dominated the global market with a share 

of 54.90 in 2025 (30,31,32,33) . In India specifically, the 

sector forms a massive part of the financial ecosystem with a 

Gross Loan Portfolio (GLP) exceeding ₹3.85 lakh crore and 

serving over 7.9 crore active borrowers at a year-on-year 

(YoY) growth rate of 21 percent. Microfinance Institutions 

(MFIs) are critical to India’s economy, acting as a grassroots 

engine for financial inclusion, poverty alleviation, and 

women's empowerment. By providing small-ticket loans to 

low-income individuals without collateral, MFIs enable 

millions in rural and semi-urban areas to start small 

businesses and build economic resilience ((33,34,35).  

 

The microfinance sector in India, largely unfettered by 

tedious regulation and interference is young and dynamic. 

The biggest obstacle until recently was little access to 

commercial markets and the forbidding cost of capital funds. 

As private banks, spearheaded by ICICI in 2003, entered the 

microfinance market, this barrier has partly disappeared and 

microfinance is growing at a break-neck pace on all fronts viz. 

loan outstanding, client outreach, product and service 

diversification or geographic spread (36). Given their crucial 

role in India’s economic growth, it is even more important for 

them to focus on comprehensive risk management to avoid 

failures and loss of trust of their customer base. This paper 

focuses on how MFIs who are more susceptible to non-linear 

risks can benefit from using Chaos Theory and complexity 

science in their risk assessment rather than relying on 

traditional linear models.  

 

2. Why MFIs are more vulnerable to nonlinear 

risk and why a Chaos Theory perspective is 

better aligned with their risk assessment 

strategy? 
 

Microfinance Institutions (MFIs) are inherently more prone 

to non-linear risks as compared to larger financial institutions 

due to the complex, dynamic, and context-specific 

environment in which they operate. Traditional risk 

assessment frameworks like the standard Gaussian 

distributions or VaR - Value at Risk which rely on linear 

dynamics where a small shock results in a proportional loss, 

and a large shock results in a large loss prove to be inadequate 

in these circumstances. These systems tend to fail in a 

nonlinear environment where small, interconnected factors 

can trigger catastrophic, cascading failures (often called the 

butterfly effect) (37). 

 

Chaos Theory and the Science of Fractals characterize 

financial markets as systems sensitive to initial conditions that 

progress in a non-linear behaviour due to feedback 

mechanisms. For risk management this is important because 

it describes markets not as efficient and stable, but turbulent 

and volatile. Essentially, it recognizes the risky nature of 

financial markets. This is exactly the kind of environment that 

MFIs operate in. This is where chaos theory which is the study 

of nonlinear dynamic systems promises to be a useful 

conceptual framework for risk assessment (38, 39). 

 

Moreover, unlike large financial institutions that have the 

benefit of working in a more structured environment with 

diversified portfolios and deep capital buffers, MFIs are 

highly vulnerable to localized economic shocks which are 

difficult to predict through traditional risk assessment tools. 

Missing out on these crucial nonlinear risks can have a 

devastating impact on them.  For example, a minor shock like 

untimely rains that affect the quality of crops, or a change in 

pesticide which doesn’t produce desired results, can cascade 

into severe, system-wide repayment crises across vulnerable, 

lower-income households causing damage through what 

chaos theory calls the butterfly effect. MFIs’ operations and 

risk exposures align better with chaos theory’s core focus on 

local nonlinearity and sensitivity while big banks prioritize 

complexity theory for systemic interdependencies. Large 

financial institutions rely on complexity theory because they 
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manage heavily interconnected, multi-agent systems where 

risks emerge from systemic interactions. Chaos theory serves 

the Microfinance Institutions (MFIs) better as they are 

extremely sensitive to localized initial conditions which are 

difficult to predict. It would not be incorrect to summarise that 

risk in large financial institution arises from structural 

interconnectedness rather than random chance as is the case 

with MFIs (40).  

 

3. Nonlinear risks that challenge MFIs and a 

chaos theory perspective for mitigation 

strategies 
 

3.1 The complexity of the operating environment and the 

perils of a homogenous client base:  

 

Microfinance operates at the complex intersection of finance 

and social development, inherently navigating environments 

characterized by high risk. Serving low-income and 

vulnerable populations, often in regions susceptible to 

economic volatility, political instability, and environmental 

shocks, places unique pressures on Microfinance Institutions 

(MFIs). Without robust mechanisms to anticipate, assess, 

mitigate, and respond to diverse risks, MFIs cannot reliably 

serve their clients nor ensure their own longevity (41). While 

serving the most vulnerable section of society, MFIs normally 

function within a restricted geography and sectoral focus 

which doesn’t give them the balance that large institutions 

have. This low-income segment within a restricted 

geography, is very vulnerable to the slightest political, 

economic, or social volatility. (e.g., natural disasters, riots, 

rumours, inflation, policy shifts. Smaller institutions mostly 

do not have the cost efficiencies larger financial entities enjoy, 

making them less adaptable to changing conditions 

demanding greater risk diligence. A localized shock (e.g., 

drought, flood, or localized conflict) can trigger widespread 

defaults across their portfolio. 

 

This risk associated with a highly vulnerable concentrated 

and mostly homogeneous Client Base is better understood 

using the chaos theory. Homogeneous groups are highly 

sensitive to initial shocks for example one client’s mistrust or 

open defiance may encourage others to default or one 

unseasonal rainfall in the area may impact their crop leading 

to mass defaults, closure of one employing small-scale 

industry etc. One such small incident can cascade 

catastrophically. This cascading effect has all the markers of 

chaos theory. A seemingly small shock like a weather 

anomaly, sudden shortage of pesticides, locust swarm can 

cause massive, disproportionate, and unpredictable swings in 

overall portfolio default rates exemplifying its Butterfly 

Effect. Moreover, since the client base is restricted to a certain 

geographic area and   because the clients share similar 

economic realities, a localized catastrophe like rainfall, 

shortage of groundwater, increases the defaults which in turn 

instantly weakens the community's capital capacity. This 

triggers a negative feedback loop where further economic 

stagnation limits clients' ability to pay back their loans. Thus, 

a localized shock quickly spreads through social contagion 

and joint-liability peer pressure, transforming minor localized 

defaults into a widespread liquidity crisis (42, 43, 44). 

 

MFIs can identify the strange attractors or the recurring 

patterns within chaos to map economic cycles and use fractals 

to model local volatility. For example, BRAC Microfinance 

uses fractal analysis of flood-repayment data   to understand 

how payments stagger as per season and noticed that 

maximum defaults came during the flood season which 

created higher chaos. To overcome this risk, they adjusted the 

repayments to weekly micro-instalments aligned with 

informal wage cycles (attractor: daily cash flows), reducing 

default rates by 22%. By synchronizing these payments with 

the daily cash flow cycles of informal wage labourers, 

institutions create an "attractor" that stabilizes collections. 

This alignment allows borrowers to easily manage their daily 

liquidity, which ultimately reduces default rates by 22%. By 

analyzing variables such as spatial shock vulnerability, 

agricultural downtime, and consumer spending during 

localized riverine flooding (e.g., in the highly vulnerable 

Sirajganj district), they created a financial attractor by making 

repayments easier. In chaos theory, an "attractor" is a state 

toward which a system naturally gravitates. 

 

Later, research conducted by organizations like J-PAL on 

seasonality-adjusted flexible microcredit in rural Bangladesh 

also showed that increasing repayment flexibility during lean 

periods is highly beneficial to both the MFI and the borrower. 

Other initiatives like the Programmed Initiatives for Monga 

Eradication (PRIME) (facilitated by the Palli Karma-Sahayak 

Foundation - PKSF) also followed the same model (45,46). 

 

3.2 Vulnerable clientele with limited or no capacity to bear 

external shocks:  

 

MFIs operate in a uniquely vulnerable space serving low 

income, mostly illiterate or unskilled school/ college drop 

out.  Poverty is multidimensional making it essential to 

understand its intersecting issues like health, education, 

gender dynamics to tailor solutions. The client base does not 

have the capacity to bear the slightest shock as they don’t have 

any buffer of savings or insurance to build resilience against 

them. This means that the slightest shock can trigger a loan-

default cascade. 

 

Chaos theory suggests that small initial changes in economic 

conditions or personal circumstances can lead to significant 

deviations in outcomes. MFIs can use this understanding to 

develop predictive models that anticipate how minor 

economic shifts (like a sudden increase in local food prices or 

unprecedented rainfall/drought) could disproportionately 

impact clients' repayment capabilities. MFIs can be better 

prepared if they identify early warning signals from rainfall 

trends, meteorological weather reports, commodity 

prices trends to intervene before it becomes a default crisis. 

Importantly there is no linearity in their vulnerability. Which 

means that a slight income drop may cause a 50% default rate 

spike. So, the solution could lie in understanding the trends 

and build adaptive nonlinear responses. The situation has the 

typical   chaos theory feedback loops inherent in client 

behaviour as one default can cascade into mass defaults 

triggered by her behaviour. Chaos theory can model herd 

behavior in financial systems, helping MFIs to anticipate and 

mitigate panic-driven withdrawals or defaults by identifying 

early signals of collective stress and to study how loss of 
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social trust or communal behaviour impact MFI 

operations (47, 48, 49). 

 

Ahon sa Hirap, Inc. (ASHI), an MFI in the Philippines 

reversed the findings to their benefit by using the herd 

behaviour in a positive context. They turned it around to set 

up social network analysis to map relationships and identify 

emergent trust clusters by examining local social topology. In 

this way, ASHI set up self-organized savings groups in these 

clusters, leveraging organic peer pressure to ensure high 

repayment rates and prevent defaults. They reinforced the the 

client induction process as well as meeting and reciting 

pledges every week clients would internalize what it means to 

be a ‘good borrower’: to pay instalments every week without 

fail, and to take collective responsibility for the behaviour of 

their peers, a psychology tool used to ensure lesser defaults 

used by Grameen Foundation in Bangladesh to a social 

level.  They worked on the principle that Microfinance 

organizations can use strong incentives to inculcate a sense of 

identity in their borrowers, with associated norms for good 

behaviour. If they deviate from the prescribed behaviour, 

borrowers suffer penalties which can be psychological (e.g., 

cognitive dissonance, guilt, shame) or social (reputation). 

Identity models can hence serve as a micro foundation for 

social norms- shared perceptions of what behaviour is 

appropriate for whom and in which situation Specifically, 

norms for ‘good borrowers’ may compel individuals to pay 

instalments, even if this is not strategically optimal in a 

monetary sense bringing down defaults substantially (50, 51, 

52, 53). 

 

The case study of SKS Microfinance is very useful in 

understanding the adverse impact of failing to regard chaos 

theory principles in risk assessment. SKS established itself as 

a leader in the microfinance industry in India and became the 

first listed microfinance company in the country in a very 

short period of time. Their success was attributed to their 

ability to read the needs of their low-income client base, 

customise products for them through inbuilt flexibility and to 

structure their operations to improve accessibility (54,55). 

SKS flourished, distributing billions of dollars in loans. The 

company was applauded for blending philanthropy and 

capitalism, and the founder, Vikram Akula appeared on the 

covers of the Wall Street Journal and TIME magazine as one 

of the most influential people in the world. But just as he 

thought he was making a difference, a storm was brewing. 

Ironically the same company failed to read the butterfly effect 

of some of its staff’s behaviour who coerced locals in the state 

of Andhra Pradesh, the same state where the company was 

applauded for its social mission. The case of nearly 200 

lenders committing suicide in 2010, led to the company’s near 

closure as a fierce political backlash in India created an 

implosion. Politicians began attacking microfinance and 

telling those living in poverty not to repay loans. Soon, SKS 

had to write off $280 million in loans and lay off 10,000 

employees. For decades, microfinance had been heralded as a 

key solution to global poverty, but, nearly overnight, it came 

to be viewed as a villain (56). 

 

This itself is an example of how chaos theory is so relevant. 

If they had stayed alert the crisis could have been averted with 

careful handling after the first suicide itself. They clearly 

misread the butterfly effect it caused. This further proves that 

ultimately, managing complex projects in an age of 

uncertainty requires a mindset shift: from predicting a single 

future to preparing for multiple futures; from controlling 

variables to cultivating adaptability; and from rigid execution 

to dynamic evolution. SKS Microfinance paid the price for 

chasing numbers and profits by ignoring the non-linearity in 

their risk assessment which was intertwined with the 

vulnerability of their client base which got pushed beyond the 

tipping point. It also exemplified the deep vulnerability that 

runs through the client base of MFIs requiring specially 

adaptive management of their systems. The dream run did not 

continue for long, as the Andhra Pradesh government started 

putting some regulatory conditions in place. This analysis 

also compelled MFIs to diversify their client base. SKS 

Microfinance (now Bharat Financial Inclusion) worked on 

diversifying its portfolio across different sectors and 

geographies to mitigate risks associated with client income 

volatility. This only happened with diligent study of nonlinear 

risks by identifying patterns of client behavior and income 

sources to predict and manage repayment challenges, akin to 

understanding sensitivity to initial conditions in chaos theory 

(56, 57, 58).  

 

3.3 Liquidity and funding vulnerabilities 

 

Microfinance Institutions (MFIs) face unique liquidity and 

funding challenges due to their operational model and client 

base. They are characterised by mismatched cash flows as 

they disburse loans upfront but receive repayments in small, 

frequent instalments (often weekly). Moreover, 

large unexpected contingency withdrawals (e.g., during 

harvest season, crises) can quickly drain reserves if 

repayments halt or slow. Unexpected shocks or events like 

unexpected spell of rain, disease spread or even rumours 

leading to loss of confidence can impact repayments draining 

its liquidity reserves faster than its efforts to replenish 

through loans. As discussed earlier this risk is amplified as 

most MFI operated in restricted geography and sectoral areas 

which amplifies their risks. For example, in a small farming 

rural community, a localized shock like a drought, flood or 

conflict can cause widespread repayment delays/defaults 

simultaneously.  

 

The primary sources of funding for MFIs are contributed 

equity capital, donor funds, concessional and commercial 

borrowings, members’ savings, wholesale deposits from 

institutional investors, lines of credit and retail savings and 

sight deposits from the public. While a licensed MFI may 

have an edge in liquidity access over the non-licensed ones, 

most of these sources are volatile and cannot be dependable 

in a contingency (59,60). Smaller MFIs, especially non-

deposit-taking ones or those in less developed financial 

systems, often lack reliable access to central bank discount 

windows, interbank markets, or contingent credit lines. Even 

if funds are available, unfavourable interest rates can tip the 

scales for them. Moreover, donor priorities can change, 

and grants and concessional loans may dry up unexpectedly, 

forcing abrupt portfolio and funding model shifts. Using 

short-maturity debt (e.g., short-term credit lines, commercial 

paper) to finance longer-term micro-loans creates a maturity 

mismatch. Rolling over short-term funding becomes difficult 

and expensive during market stress. It all depends on how 

much financial risk an institution is willing to take to reach its 
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profitability targets. High concentration in funding sources 

makes the MFI vulnerable to the withdrawal or re-pricing 

decisions of a few key creditors. Risk wary MFIs operate with 

thin capital buffers which limits their loss absorption capacity 

and severely restricts their expansion/ scaling efforts (61, 62, 

63). 

 

Thus, measurement of the financial risk an institution is 

willing to take to reach its profitability targets is extremely 

important to their survival. This is where a chaos theory 

perspective can be useful in anticipating nonlinear 

contingencies and preparing for them in advance.  MFIs 

cannot make the mistake of viewing the MFI's operations, 

portfolio, funding base, and its interaction with the economic 

and social environment as a simple, predictable machine, but 

needs to assess it as a complex, interconnected system driven 

by numerous unpredictable factors that can create the 

devastating butterfly effect. Even modelling individual 

borrower repayments cannot follow traditional linear 

modelling, as borrower decisions and repayments vary as per 

individual behaviour, social network influences, local events 

(e.g., rumors - a small initial 'disturbance'), and external 

economic shocks. Chaos Theory perspective can help analyze 

the potential for cascading defaults triggered by seemingly 

minor events and helps the MFI recognise the tipping points 

and the rapid escalation beyond the initial trigger. 

Mathematicians have compared markets to physical systems 

under stress. Tension builds slowly but breaks suddenly. With 

each second, the risk becomes exponential and not linear. 

Often such tension building events are an inherent part of the 

system, and once instability passes certain thresholds, 

collapse becomes increasingly likely. Perhaps, paying better 

attention to these small changes can help predict the worst-

case scenario. Chaos theory principles enhance the quality of 

stress testing, as it begins to consider scenarios triggered by 

very specific small disturbances ("impact of a bad news 

article circulating in village A," "effect of competitor MFI's 

pricing change," "sudden withdrawal request by major funder 

B"). It emphasizes the importance of setting up early warning 

mechanisms by constantly observing and monitoring 

parameters that hold the potential of becoming potential 

trigger points. It allows for advanced pattern recognition that 

might spot characteristic signs preceding a phase transition 

for example an increased volatility in small account 

withdrawals preceding a run (64,65,66,67,68).  

 

Chaos theory can help find the critical thresholds from where 

the system behaviour drastically changes. This could be 

unfavourable loan-to-deposit ratio, level of portfolio 

concentration where a local shock becomes existential, 

acceleration in the rate of withdrawals etc. Rather than 

viewing the growing bifurcation in Loan-to-Deposit Ratios 

(LDR) a static metric, chaos models trace the point of 

"acceleration" in deposit flight, helping MFIs to take timely 

remedial measures and design contingency plans. This could 

mean diversifying funding resources to create safe shock 

absorbers, training staff to Identify clear points of 

intervention which could mean better communication to 

quickly and transparently address concerns to dampen 

negative feedback loops like stemming a rumour creating 

negative perception of the MFI or its staff, focus on fostering 

loyalty among depositors and funders through first-rate 

service and transparency making them less likely to react 

impulsively to small disturbances and  implement more agile 

systems to respond quickly and effectively to emerging signs 

of instability, rather than relying solely on rigid quarterly 

plans. 

 

A clear alignment with chaos theory will compel MFIs to 

monitor key metrics with higher granularity and frequency, 

looking for unusual patterns like increased withdrawals. It 

also allows for a more rigorous Asset-Liability Management 

(ALM) to actively manage maturity mismatches. Traditional 

ALM frameworks rely on stable, normal distributions (e.g., 

standard Value-at-Risk) which consistently underestimate 

sudden, severe tail events. By treating balance sheet risks as 

a complex, dynamic system, chaos theory offers the 

advantage of recognising fragility breakpoints that can create 

a butterfly effect to drastically stray away from 

expected portfolio outcomes. Instead of relying on static point 

forecasts, managers use fractal generation tools to stress-test 

balance sheets against thousands of diverse, non-linear stress 

paths to ensure operational continuity.  It is also useful for 

introducing computational optimization with tools like 

Neural Networks or genetic algorithms, to manage non-linear 

variables.  By doing so it encourages MFIs to go beyond 

traditional linear risk management towards framing strategies 

that recognise the turbulence characteristic of complex, 

dynamic environments (69, 70, 71). By doing so they can 

adopt more adaptive portfolio diversification by dynamic 

mixing of funding resources like deposits, equity bonds and 

concessional funds mandated by some governments. 

 

3.4 Human capital gaps and high attrition 

 

The challenge of human resources arises from the nature of 

the microfinance model, which is an extremely intensive 

consumer of such resources, especially in the critical area of 

credit operations. The sustainable growth of MFIs requires a 

supply of skilled personnel that might be difficult to find even 

in economies with far higher levels of investment in education 

and training than will typically be the case. While advances 

in technology might allow some improvements in 

productivity, there will still be no substitute for the intimate 

knowledge of their customers by loan officers in the field, 

often among highly dispersed populations with low levels of 

financial literacy (72). 
 

Human resource challenges of MFIs in fact are not very 

different from those of mainstream companies; hiring the 

right people, finding the organizational fit, and retaining 

employees were key issues. However, working with 

populations at the Bottom of the Pyramid, in countries with 

varying cultural, political and economic climates is bound to 

generate challenges unique to particular areas (73). 
 

Most MFIs work in remote or rural areas and for the low-

income population with its unique challenges discussed 

above. This profile does not attract the best talent and even if 

it does, it may not be able to adapt to the tough working 

conditions that need a deep understanding of the specific 

needs, vulnerabilities (associated with ultra-poor/poverty 

pockets), and informal financial behaviours of various 

segments of the poor. The working conditions are often 

stressful as it requires physically demanding fieldwork (travel 

to remote areas on poor roads, often in harsh weather), 
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emotional toll of dealing with clients facing poverty and 

default, high pressure to meet disbursement and collection 

targets and pressure of bureaucratic compliance burdens. 

Since MFIs work within resource constraints, they may not 

be able to afford compensation compatible with the demands 

of the job. Then there is this constant threat of poaching of 

talent from competing or newer fintech players offering 

potentially higher pay or perceived better conditions. Tough 

working conditions leads to burnout and loss of talent pool. 

The resultant high attrition poses an even severe problem as 

it takes time to build trust between the MFI staff and the 

people (74, 75, 76, 77). 

 
Since the more skilled personnel are not prepared to rough it 

out in remote and low-income areas, the staff available 

lacks sophisticated credit analysis skills, inadequate 

understanding of various financial products, limited digital 

literacy (for using MIS, mobile banking tools), poor risk 

assessment capabilities for complex environments, lack of 

sophisticated risk mitigation strategies and insufficient soft 

skills which can put pressure on the MFI. Most organisations 

are unable to attract and retain staff who can both understand 

traditional microfinance and navigate/leverage new 

technologies (fintech integrations, digital credit scoring) that 

are necessary to extend reach, reduce costs and prices, 

improve and deepen client services, and improve risk 

management. Exploiting fintech opportunities in 

microfinance won’t come easy, but MFIs that fail to search 

for the unicorn risk succumbing to nimbler competitors, or at 

minimum, will offer their clients suboptimal, lower impact 

services (78). 
 

In this context too following the basic Chaos Theory 

principles could streamline HR strategy. Small changes in HR 

practices, hiring decisions, a single manager's action, or 

market shift can lead to large, disproportionate outcomes in 

terms of morale, skills evolution, or attrition patterns. Hence, 

the organisation needs to be better adept at identifying key 

personnel that are important for the organisation so that 

greater focus can be made on retaining them. It is also 

important to identify the feedback loops Positive 

reinforcement amplifies trends of higher retention, while one 

dismissal or loss to another competing company can lead to 

high attrition. Recognising the fractal patterns in interactions 

between two employees, staff-client supervisor-staff 

resemble dynamics in teams or even organization-wide 

trends. Understanding these local patterns can offer insights 

into the whole. A good understanding of these factors 

alongside testing "butterfly effect" mechanisms- “what small 

tweak could cause positive large-scale change”? can help 

design a better strategy.  Identifying answers to questions like 

which specific first-line supervisor’s  leadership style 

disproportionately impacts a branch's retention, which 

supervisor’s trained agents are showing  more positive results 

and what is he/she doing differently, which onboarding ritual 

significantly boosts commitment and performance etc. it also 

allows for framing compensation strategies that are more 

impactful than generalized hikes and helps to identify and 

target modulations  where small strategic inputs might yield 

massive gains. 

 
Chaos theory demands more micro assessment of 

interconnected nonlinear factors that also help an MFI to 

focus more forcefully on high-leverage skill building. This is 

crucial in a high impact environment where trust building and 

empathy could be the deal breaker. These seed skills can 

range from knowledge of the cultural topography, political 

navigation, language and compassion. This information is 

essential to create updated reskilling pathways to navigate the 

increasingly complex microfinance landscape, facilitating 

technical-financial, socio-emotional, and technological skill 

development. 

 

A micro assessment which is an essential byproduct of 

adhering to chaos theory norms can also help in mitigating 

attrition. Companies can use feedback loops to address 

emerging signs of burnout or discontent before they cascade. 

It also helps in managing the feedback loops as they can have 

a telling impact on the business. Early detection of   negative 

feedback loops (e.g., demotivation leading to poor 

performance) can be controlled by amplifying positive loops 

(recognition for increased effort and better remuneration and 

increased authority). Careful assessment could reveal the 

patterns in attrition data (timing, triggers, specific branches, 

staff profiles). Do top producers leave at predictable points? 

Are rural branches stuck in a 4- 5-year retention 

cycle attractor? Are skill gaps directly linked to increased 

performance pressure and attrition? Are the company’s brand 

and reputation attracting only certain types of employees – 

can that pattern be broken to attract better and more 

diversified cohorts? Does the "employer brand" naturally 

attract staff with certain strengths and weaknesses? Is this 

pattern replicating? Design strategies to diversify incoming 

cohorts. – these questions find actionable answers (79, 80, 81, 

82, 83). 

 

Assessment of all fractals can help in delegation of authority 

within clear parameters (risk limits, values). It is a well-

known fact that by giving teams significant autonomy over 

workflows, client engagement approaches, problem-solving, 

and adapting processes they would work better as compared 

to micromanaged groups. Empowered teams often build 

stronger internal resilience against external stress, fostering 

peer support and ownership. This also helps in organic 

knowledge sharing (communities of practice, peer learning 

groups) by creating self-help learning pathways. This allows 

the leadership to shift from micromanagement to enabling 

teams and motivating them to deliver (84). This approach 

requires a shift in management philosophy towards fostering 

environments where effective solutions can emerge 

organically.  This principle was put to good use by the 

Grameen Bank which operates in the highly complex, 

dynamic, and often unpredictable environment of rural 

Bangladesh, serving financially excluded populations. 

Grameen famously recruits staff primarily from within 

communities leveraging on the fact that the recruits would 

have a better understanding of local socioeconomic dynamics, 

culture, informal economies, risks, and client vulnerabilities 

far better than outsiders. This drastically reduces the gap in 

critical context-specific knowledge and soft skills needed for 

effective microfinance. They are able to win the trust of the 

clients more effectively. Moreover, proximity to their 

families and social contacts fosters greater stability and 

intrinsic motivation and minimises the chances of a burnout 

experienced by outsiders. The local recruiting model 

inherently builds resilience against the non-linear nature of 
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rural economies (agricultural cycles, climate shocks, local 

disputes) as they can anticipate risks in advance. Staff with 

roots in the community anticipate and adapt to local 

"microclimates" of stress and opportunity far more effectively 

than outsiders following rigid protocols.  Being deeply 

embedded means Bank Workers receive rapid, organic 

feedback directly from their clients and the environment, 

constantly informing their practice in a way that formal 

reviews cannot match creating the crucial feedback loops that 

chaos theory encourages. This allows problems to be resolved 

at the point of origin rather than at a time when they could 

cause a greater cascading disruption. Delegation of authority 

leads to empowering locally sourced staff to take flexible, 

context-specific solutions that emerge from their integration 

into the complex social system they serve, rather than top-

down mandates (84, 85). 
 

3.5 Political and Social Challenges 

 

Microfinance Institutions (MFIs) are extremely vulnerable to 

social and political challenges because their core business of 

collateral-free lending is limited to low-income populations. 
 

Social challenges: 
In low-income communities, social networks tend to be tight-

knit and reliant on mutual survival, fostering strong 

interdependence. This can result in a high emphasis on 

conformity to local norms as a way to maintain community 

trust, social support, and safety. People living in poverty tend 

to exhibit psychological traits that differ from those of 

wealthier individuals. Compared with more affluent settings, 

less affluent environments are associated with higher levels 

of conformism (ref.  Meta-analytic evidence across a pilot and 

preregistered replication on U.S. participants (who would be 

slightly more aware and better off than extreme poverty 

ridden communities in the less developed nations) shows that 

childhood environmental adversity increases adults’ 

propensity to follow group opinions in a face-evaluation 

task), more present-oriented behaviours, less personal 

agency, and heightened social vigilance.  This creates a lack 

of trust in formal financial institutions. Moreover, certain 

cultural beliefs and traditions can affect the willingness of 

individuals to engage with MFIs. On the other hand, low 

levels of financial literacy can make it challenging for MFIs 

to educate their clients on financial products and services 

effectively. Consequently, a single client’s bad experience 

can cascade into a community issue creating a catastrophic 

impact for the MFIs, mirroring the butterfly effect of chaos 

theory. Because microfinance relies heavily on local social 

networks, trust, and group-lending models, negative 

experiences, such as aggressive collection tactics or poor 

customer service can rapidly spiral into something much more 

severe. This creates a destructive feedback loop like the 

butterfly effect, where a minor localized disruption cascades 

into a widespread repayment boycott or a devastating 

reputational crisis (86, 87, 88, 89, 90, 91, 92, 93). First, social 

capital is a double-edged sword. Leveraging community ties 

can enhance loyalty and collective action under stable 

conditions, but it also creates vulnerabilities during crises. 

Founders should be mindful of the potential for adverse 

spillovers: What works well in good times could unravel 

quickly in a crisis if social pressure turns into a driver of 

collective default or disengagement. Another example of 

social challenges is the case study of defaults after 

demonetisation. Studies showed that defaults (or missed 

repayments) after the 2016 Indian demonetization were 

clustered within specific communities, meaning that 

borrowers in the same group or community were more likely 

to default together rather than independently. This suggested 

that social influence played a major role in repayment 

behavior during the crisis. Research found that the same 

social pressures that ensure repayments are on track in good 

times can become a source of fragility during crises, leading 

to a wave of defaults. This is extremely vital to understand 

because while social capital is usually seen as a positive force 

in microfinance, it amplifies problems for the lending 

microfinance organization when a crisis hits the external 

business environment (94). The slightest suspicion whether 

true or planted about the profit motives of MFIs, especially if 

they are perceived to be benefiting at the expense of 

impoverished clients can harm the MFI immensely. Hence the 

need to constantly micromanage the feedback loops and take 

corrective action at the first trigger point itself. In this case 

there was complete failure of studying the butterfly effect of 

Demonetisation. 
  
Political Challenges: 
Because MFIs target vulnerable voting blocs, politicians 

often step in to win populist favor. Local or national 

governments can disrupt recovery efforts by declaring 

moratoriums on loan repayments. Andhra Pradesh became a 

magnet for microfinance start-ups and witnessed a 

proliferation of loans from private MFIs particularly under 

Chief Minister Chandrababu Naidu, whose agenda was 

supported by IMF structural adjustment lending. One of AP’s 

reforms focuses on scaling back subsidized rural credit, which 

MFIs happily stepped in to replace. The state in turn 

supported this microfinance expansion (politically and 

logistically) since it allowed retrenchment of spending on 

social programs. This created particularly acute problems in 

rural areas, considered Naidu’s major support base, due to 

declining investments in agriculture. The solution that Naidu 

sought to solve this problem was through microfinance. He 

dramatically expanded the state’s “Self Help Group” scheme 

on the back of a major public relations campaign. Sensing an 

immense opportunity for lending, commercial microfinance 

providers entered the market, capitalizing on the large number 

of available borrowers experienced in managing credit 

through the SHGs. SHGs complemented MFIs; by the early 

2000s, more than half of all SHGs in India were concentrated 

in AP, offering MFIs a pool of experienced borrower groups 

on which they could “piggyback” their lending. 
 

Four interconnected processes increasingly squeezed Indian 

cultivators since the mid-1990s, generating a crisis of social 

reproduction in the semi-arid areas of India (particularly AP). 

First, population pressures forced many farmers to work ever-

smaller and more marginal plots of land. Second, increasing 

cultivation of non-food crops made farmers more dependent 

on volatile markets for inputs as well as outputs. Third, a 

“privatization of risks” was caused by the breakdown of 

patronage relationships, retrenchment of social welfare, and 

destruction of common resources. Fourth, farmers faced an 

increasingly degraded ecological environment and volatile 

climate patterns. These factors, not new opportunities for 
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development, drove many borrowers into the hands of 

microfinance institutions. 
 

Then came the infamous Krishna crisis.  In December 2010, 

reporters around the world declared that Andhra Pradesh, the 

fifth largest state in India, was facing an unprecedented 

suicide epidemic. The alleged cause of the spike in suicides 

was malpractice on the parts of microfinance institutions 

(MFI). The media rapidly became saturated with stories of 

individuals whose excessive debt burdens were composed of 

multiple MFI loans, and whose deaths were prompted by the 

coercive practices of MFI employees. By December 2010, the 

Society for Elimination of Rural Poverty (SERP), a 

governmental agency, reported at least 70 MFI-related 

suicides. Hence, the financial service, which had once been 

hailed as the silver bullet against poverty, became the target 

of public and governmental outrage. Faith in microfinance 

deteriorated around the world as the deaths unfolded. Yet the 

causes behind the MFI crash, measured by the high default 

rates that rendered these institutions unsustainable, remain 

unclear. District authorities in Andhra Pradesh closed down 

50 branches of two major microfinance institutions in the 

state following allegations that they were charging usurious 

interest rates and indulging in forced loan practices. The crisis 

can be seen as a conflict between state and civil society 

organisations vying to capture the popular space on one hand, 

and the structural problems of MFIs on the other. Repayment 

rates went down to between 10% and 20% for several months 

in the district as the locals felt the local politicians would 

come to their rescue for defaults. Local politicians and state-

backed Self-Help Group (SHG) networks actively intervened 

in operations. They encouraged borrowers to stop repaying 

private MFIs, essentially enforcing a boycott to protect the 

state's own SHG programs and maintain grassroots political 

control. As a direct result of political messaging and disrupted 

collection mechanisms, repayment rates in the state 

plummeted to nearly zero, leading to a massive liquidity crisis 

for major institutions. 
 

From loan to investment Commercial banks who lent to MFIs 

lost money in the Krishna crisis, diminishing their willingness 

to fund MFIs. This led to a brief lull in nationwide loan 

portfolio growth and the media ensured that the news 

dampened spirits worldwide.  In October 2010, the Andhra 

Pradesh government passed an emergency measure requiring 

MFIs to register with local authorities, limiting loan 

collections to once a month, and capping interest rates. This 

is a classic case of the butterfly effect of chaos theory which 

started from the chief minister’s desk and if the 

interconnected loops had been studied carefully, every MFI 

would have seen this coming. 
 

Political patronage and bias also have a huge impact. Chaos 

theory detects recurring disorders through fractal analysis. 

This can help measure political volatility, especially that 

caused by electoral cycles that trigger regulatory shocks and 

credit reforms. These exemplify how MFIs can navigate 

politically constructed financial hazards as complex adaptive 

systems. This makes the MFIs understand their client base as 

a unique mobilizable voting bloc who are more vulnerable to 

populist political strategies. Political instability, such as riots, 

coups, civil unrest can also severely disrupt operations, affect 

repayment rates, and threaten the safety of employees and 

clients (94, 95, 96, 97). 
 

3.6 Regulatory & Compliance Landscape Challenges 

 

MFIs face great uncertainty and restriction on account of 

regulatory and compliance landscape challenges (98). In 

countries like India where the MFIs are growing, the 

tentativeness is caused by the fact that both the central and 

state governments can regulate the working of the MFIs 

making it very dependent on political priorities.  The conflict 

between India's Central government (acting through the 

Reserve Bank of India) and State governments over 

Microfinance Institutions stems from a fundamental 

constitutional overlap wherein although banking, non-

banking financial regulation, and overall macro-financial 

services fall strictly under Central jurisdiction, 

"Moneylending and lifelines of agrarian debt" fall under State 

jurisdiction creating ambiguity in regulation. There was also 

a huge perception gap as the Centre viewed them as crucial 

instruments for national financial inclusion, while the states 

saw them as aggressive, commercialized moneylenders 

requiring local law-and-order intervention (98) 

 
The conflict came to surface post the reports of borrower 

over-indebtedness and coercive recovery tactics by private 

MFIs, the Andhra Pradesh government promulgated the AP 

Microfinance Institutions Ordinance, 2010. This law 

effectively mandated that MFIs get prior state approval for 

every single loan, capped total interest returns, and banned 

weekly collection models. This was in direct conflict with the 

RBIs authority as the sole regulator of Non-Banking Financial 

Companies (NBFCs). The State argued it was protecting its 

citizens under its money lending powers, while the Central 

government argued that the state was overreaching into 

financial services. The state governments construed 

microfinance as moneylending and subsequently as a sector 

to be strongly supervised by regional authorities in order to 

protect borrowers from potentially predatory lending 

practices. 

 
The outcome was disastrous for MFIs as repayment rates in 

AP crashed from 99% to less than 10% overnight, freezing 

credit lines. This forced the RBI to step in globally and create 

a legally distinct "NBFC-MFI" category in 2011 to shield 

MFIs from individual state laws. The RBI governs the 

registration, licensing, and financial operations (such as 

interest rate frameworks and capital requirements) of all 

NBFC-MFIs. However, the State governments continue to 

have authority over the execution of local lending laws and 

consumer protection (99, 100). 

 
The Assam state government’s Assam Microfinance 

Institutions (Regulation of Money Lending) Act, 2020 that 

was brought in response in the wake of the protests against 

them in terms of over-lending, exorbitant interest rates and 

coercive recovery practices. large scale rural household 

distress, sought to govern interest rates and collection 

protocols for all entities operating within its borders, 

including RBI-regulated NBFCs and banks. Soon after, the 

state rolled out the Assam Micro Finance Incentive and Relief 

Scheme to waive outstanding debts for lakhs of women, 

putting extra stress on the MFIs. It mandated that during 
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floods, other periods of distress or natural calamities, 

moratorium on interest payment shall be provided for a 

minimum period of 3 months and may be extended by 

multiples of the same and that the collection of 

repayments shall be made at the office of the Gram Panchayat 

or at a public place indicating political/bureaucratic control. 

The introduction of the Assam MFI Bill may result in further 

decline in disbursements by existing lenders along with 

limited new entrants in the region as the MFIs are cautious 

and have to register themselves before undertaking any 

business. Thus, the credit growth for the segment is expected 

to remain low over the short to medium term in the state as 

witnessed as an aftermath of the Andhra Pradesh Bill (101, 

102, 103). 
 

MFIs are directly impacted as they are expected to invest in 

adhering to regulatory requirements which can be costly for 

MFIs, particularly smaller institutions with limited resources. 

These costs can include licensing fees, reporting 

requirements, investments in technology for compliance (e.g., 

AML/CFT systems), and staff training. Such costs can 

sometimes lead MFIs to increase interest rates or focus on 

larger, less costly loans, potentially reducing outreach to the 

poorest clients. Inappropriately low interest rate caps may 

make it unviable for MFIs to serve high-cost, rural, or very 

poor populations. Additionally, sudden or politically 

motivated changes in regulation can create an unstable 

operating environment for MFIs, making long-term planning 

and investment difficult (104, 105). 
 

Adoption of chaos theory makes the MFI look at regulation 

as a complex adaptive system where rule changes happen due 

to sensitivity to initial conditions and non-linear propagation 

effects. This makes MFIs anticipate regulation in advance and 

prepare accordingly. Chaos theory principles also help 

mitigate the impact of these regulatory challenges as and 

when they emerge. One can avoid the butterfly effect of a new 

regulatory announcement by embedding regulatory change 

impact simulation in portfolio management systems. For 

example they can use 5% interest cap change scenario in MFI 

cashflow models to forecast capital adequacy breaches 6 

quarters ahead, so that no new announcement rattles them. By 

building capital buffers proportional to regulatory uncertainty 

indices, they create stability. They can also create an internal 

stress-testing mechanism for potential regulatory regime 

shifts by studying the feedback loops, messaging and clues. 

They can also sensitise staff by training them on adaptive 

reactions to nonlinear factors preparing them for regulatory 

cascade scenarios and its impact on client behaviour and 

repayments (106). 
 

3.7 Systemic Vulnerability to Macro- economic and 

market risks:  

 

Systemic contagion in MFIs manifests through 

interconnected channels that amplify localized shocks into 

widespread crises. This happens primarily due to credit 

linkages as most MFIs borrow from banks or capital markets. 

While on one hand, a macro economic risk can alter the 

stability of the lender, a default by one MFI erodes lender 

confidence, triggering credit crunches for other MFIs, on the 

other.  

 

A contagion effect strongly relates to a financial crisis and one 

shock at one end of the globe can send ripples throughout the 

global economy.  Based on the events from 2007 – 2008, 

when the US financial crisis hit all around the globe, the 

concept of financial contagion became of great interest for 

examination and interpretation. Since the 1980s, crises were 

faster and faster transmitted from one country to others in 

spite of their economic structure, amplitude, location, and 

other differences compared to the crisis’ originating country. 

This is the natural outcome of global integration. 

international capital markets, particularly those in emerging 

markets, are more volatile to global downturns. And these are 

the markets where MFIs play a key role (107, 108, 109).   

 

The MFIs get indirectly affected if their lenders are combating 

a systemic contagion. When institutional lenders (such as 

commercial banks) face systemic distress, their risk aversion 

spikes and they restrict funding to higher-risk sectors like 

microfinance to protect their own capital adequacy. This 

funding shortfall severely restricts the credit access micro-

enterprises depend on impacting their own operations 

adversely. Scarcity of cash also leads to a spike in interest 

rates that harms the revenue model of MFIs.  MFIs are then 

forced to absorb the margin squeeze or pass the elevated 

interest rates on to their low-income end-borrowers, which 

can lead to higher default rates (110, 111). 

 

Another systemic contagion that cannot be ignored is the one 

that comes from sudden trust erosion. A default by one MFI 

erodes lender confidence, triggering credit crunches for other 

MFIs. India’s 2010 Andhra Pradesh crisis, where political 

scrutiny caused funding withdrawals from multiple MFIs is a 

fine example of this (112). 

 

A macroeconomic contagion ultimately impacts the informal 

and micro-enterprise sectors where the MFI clientele 

operates. As broader economic conditions decline, micro-

borrowers face lower demand, supply-chain bottlenecks, and 

reduced incomes. As low-income households and small 

businesses and informal sectors that employ them are 

distressed, it creates a crisis of defaults driving up the MFIs 

portfolio-at-risk (PAR). The same regulatory buffer or 

emergency policies that central banks and regulators enact to 

protect the MFIs to ensure they get priority funding, turns out 

to be a liquidity squeeze trap as they must still pay their 

lenders but are unable to collect cash flows from borrowers 

(113).  

 

While Economic Downturns/ Recessions increase 

unemployment, reducing borrowers’ repayment capacity, 

hyperinflation erodes real loan values and borrowers’ 

purchasing power. There is also the issue of volatility in 

interest rates each time the Central bank hikes rates which 

inflate MFI borrowing costs, squeezing margins. If passed to 

borrowers, they may trigger defaults among overleveraged 

households.  

 

Chaos theory helps in getting alerted early of possible risks, 

even the smallest ones so that the organisation can have a 

contingency plan prepared well in advance. They must study 

all the macroeconomic, regulatory and systemic feedback 

loops that are likely to impact their operations even in the 

slightest manner, as small ripples can turn into a cascade.  Use 
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of stochastic modelling to simulate "domino effect" scenarios 

of each identified risk albeit small can help MFIs build robust 

financial and strategic resilience. Stochastic modelling helps 

Microfinance Institutions (MFIs) quantify uncertainties and 

measure how small, localized vulnerabilities (like a slight 

drop in local repayment rates) can cascade into systemic 

liquidity or insolvency crisis. Simulating these "domino 

effects" enables institutions to build. It also allows for 

dynamic stress testing to evaluates how secondary risk factors 

(like shrinking inter-branch cash flows, collateral 

devaluation, and client default correlations) compound one 

another. This also allows for setting up early-warning triggers 

for interventions. Identification of main risk attractors and 

tipping points is important. A subsequent fractal analysis to 

identify patterns within seemingly irregular datasets, such as 

customer repayment behaviours or market trends can provide 

more actionable insights. Advanced Computational 

Techniques utilizing machine learning and artificial 

intelligence, can help MFIs process large datasets to identify 

patterns and anomalies that may indicate emerging risks. This 

works even better in employing real time monitoring systems. 

Use of Lyapunov analysis to quantify, study, and predict 

systems exhibiting chaos theory would also be a very useful 

tool (114,115).  

 

4. Conclusion 
 

Globally, 1.7 billion adults remain unbanked, lacking access 

to formal financial services. This financial exclusion 

disproportionately affects the world's poor, trapping them in 

a cycle of poverty. Microfinance has emerged as a potential 

solution to this challenge. MFIs fill the multi-trillion-dollar 

financing gap left by traditional commercial banks, reaching 

the "unbanked" at the base of the pyramid. According to the 

World Bank, Microfinance Institutions (MFIs) serve as 

essential bridges to financial inclusion. They provide capital, 

savings, payments, and insurance to unbanked, low-income 

individuals and micro-enterprises. By providing financial 

services to underserved populations, MFIs support poverty 

alleviation by helping vulnerable households cope with 

external economic and livelihood shocks, support their 

entrepreneurship, and drive economic growth (116, 117, 118).  

This it is important to keep Microfinance Institutions (MFIs) 

risk-free or at least more resilient to risks. A poorly managed 

MFI that collapses can destroy savings and plunge already 

vulnerable households deeper into poverty. In the previous 

paragraphs we discussed the various non liner risks faced by 

the MFIs and their devastating butterfly effect indicated in the 

chaos theory. Microfinance institutions operate in 

environments where borrower vulnerability, concentrated 

exposures, social interactions, regulatory changes, funding 

pressures, and macroeconomic shocks can interact in 

nonlinear ways. This review suggests that concepts from 

chaos theory, particularly sensitivity to initial conditions, 

feedback loops, tipping points, and recurring patterns, can 

provide a useful complementary perspective for assessing 

these risks. Such an approach encourages MFIs to strengthen 

early-warning systems, monitor emerging disturbances more 

frequently, conduct adaptive stress testing, diversify 

exposures, and prepare for multiple risk trajectories rather 

than relying only on static forecasts. Chaos theory 

nevertheless has important practical limitations, including 

demanding data requirements, modelling complexity, and 

difficulty distinguishing meaningful nonlinear patterns from 

noise. It should therefore complement established risk-

management approaches rather than replace them. Integrating 

selected chaos-theory concepts with scenario analysis, 

computational methods, and conventional financial risk tools 

may help MFIs develop more adaptive and resilient risk-

management frameworks (119, 120, 121) 
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