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Mitigating  agrarian  distress  remains  a  global  policy  priority,  with  food  security  and  community
resilience as cornerstone of Sustainable Development Goals. Crop insurance has long been viewed as
a mechanism to safeguard farmers against production risks. However, despite decades of subsidies
and policy  support,  participation  rates  remain  limited  across  major  agrarian  economies.  Flagship
schemes in India or the federally subsidised programme in the United States continue to operate as
‘incomplete markets’, characterised by systemic risks, information asymmetry, and the difficulty to
diversify losses across space or time. Literature has highlighted consequent issues related to adverse
selection,  moral  hazard,  and  basis  risk,  while  the  problem  of  correlated  yields  undermines  the
fundamental principle of risk pooling. Government subsidies, though significant, have not resolved
these structural challenges, that deserve a deeper look and could lead to a self-sustaining, market-
based solution.

Recent  studies  (Consiglio  &  Giovanni,  2008;  Carter  et  al.,  2017;  Sethanand  et  al.,  2023)  have
increasingly  emphasised  the  role  of  technological  innovations,  particularly  remote  sensing  and
advanced data processing, to improve crop monitoring, yield forecasting, and claim settlement. While
index  insurance  reduces  transaction  costs,  it  introduces  basis  risk  that  discourages  farmers.
Consequently, researchers and policymakers are now exploring whether data-driven and technology-
assisted solutions can meaningfully address the underlying market failures. Against this backdrop, our
work examines the systemic roots of incompleteness in crop insurance markets. It evaluates whether
ongoing  innovations,  particularly  satellite-based  monitoring  and  index  insurance,  can  facilitate  a
viable market mechanism or whether subsidies will remain an enduring feature of agricultural risk
management.

The purpose of the model is to explore the dynamics that drive market failure in crop insurance and to
assess the conditions under which welfare interventions become necessary. The scope encompasses
the  entire  insurance  cycle  from  premium  quotation  to  claims  settlement  while  accounting  for
interactions between insurers, farmers, and government agencies providing subsidies. To represent
uncontrollable  factors  such  as  weather  and  the  varying  perceptions  about  risks  by  different
stakeholders, stochastic noise was incorporated into the framework. 

The model is structured around annual crop cycles, with three principal feedback loops. The first, a
reinforcing  loop  (R1),  captures  the  interdependence  between  premiums  (price)  and  coverage
(demand) as follows: higher premiums reduce demand, which raises the fixed cost burden per policy,
further escalating premiums and potentially driving coverage towards zero. Conversely, low (heavily
subsidised)  premiums  can  encourage  high  coverage,  yielding  equilibrium when  subsidies  absorb
much of the premium loading and administrative costs.  A second loop (B1) represents the buyer
satisfaction  dynamic,  whereby  errors  in  claims  settlement  lead  to  customer  dissatisfaction  and  a
multiplier effect on suppressing future demand, thereby limiting market penetration. The third loop
(R2) models the influence of insurers’ historical claims experience on premium setting, highlighting
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how high realised losses, whether due to poor data quality or fraud feed back into risk assessments
and premium calculations.

Extensive  simulations  using  plausible  parameter  ranges  derived  from  literature  and  informed
judgement reproduced behaviours consistent with real-world crop insurance markets. Results suggest
that the price elasticity loop (R1) dominates system dynamics, driving instability unless subsidies are
substantial. The model, developed as an exploratory framework following Richardson (2024), offers a
structured basis for understanding the persistence of market failure in crop insurance and provides a
platform for testing policy interventions under alternative initial conditions.

Simulation runs over five decades for key variables, including geographical variability, data quality,
coverage, subsidies, and customer satisfaction, exhibit behaviours consistent with both market failure
and conditional stability. In high-risk geographies, claim events often trigger a reinforcing cycle of
escalating  premiums  and  shrinking  coverage,  resulting  in  insurers  exiting  the  geographies.  Data
quality plays a role in customer dissatisfaction, but does not materially alter overall dynamics. Index
insurance fails to mitigate instability, while premium subsidies prove effective only if sufficiently
large in the early years to stabilise risk estimates and premiums; modest subsidies (e.g., 10% of sum
assured) remain inadequate in high-risk contexts. 

This study presents an exploratory system dynamics model to examine the market failures in crop
insurance.  By simulating the interactions between farmers,  insurers,  governments,  and exogenous
risks, the model demonstrates how reinforcing feedbacks particularly the premium–coverage loop,
drives instability unless substantial subsidies or policy interventions are introduced. While parameter
calibration  remains  approximate,  sensitivity  analyses  suggest  that  the  broad  insights  are  robust,
highlighting  the  critical  role  of  elasticity,  loading,  and  fixed  costs  in  shaping  outcomes.  The
framework underscores  the  value of  dynamic modelling in  policy discourse.  Future  work should
refine parameter estimation, incorporate strategic behaviour of insurers, and engage stakeholders in
participatory model-building to strengthen policy relevance.
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