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Abstract

Agricultural production is highly sensitive
to climatic variability, with weather conditions
playing a major role in determining crop yields
and farm income stability. Conventional
indemnity-based crop insurance systems often
face difficulties in managing widespread weather-
related risks due to high costs, delays in claim
settlement and challenges such as moral hazard.
Weather index insurance has emerged as an
alternative approach by linking payouts to
observed weather variables like rainfall and
temperature rather than individual farm losses.
This system enables faster compensation and
reduces administrative complexity. However,
basis risk remains a key limitation, as insurance
payouts may not always match actual crop
damage. Recent developments in data availability
and analytical techniques, including long-term
weather records, satellite observations and
machine learning methods, provide opportunities
to design more accurate and reliable insurance
indices. These advancements can reduce basis
risk and improve trust in insurance schemes. As a
result, farmers show increasing willingness to
adopt insurance products that ensure timely,
transparent and fair compensation for weather-
related crop losses. Keywords: Crop insurance;
Weather index insurance; Climate variability; Basis
risk; Agricultural risk management.

Why Crop Insurance Is Really About Weather?

Crop insurance is fundamentally tied to
weather because agricultural production depends
heavily on climatic conditions, making weather
the primary driver of yield variability and income
fluctuation (Gulati et al, 2018). Many study
indicates that a significant proportion of
agricultural losses are directly attributable to
weather vagaries, such as drought or excessive
rainfall (Biswas et al., 2009). Furthermore, because
weather  events  strike  entire  regions
simultaneously, they create systemic risks that
traditional insurance models struggle to cover
effectively. To address this, modern insurance
often uses objective weather data (indices) as a
proxy for crop loss, which simplifies claims and
reduces transaction costs.

Farming Depends on the Sky

Farming is a risky business because
agricultural production relies heavily on the
weather. Changes in climatic conditions are the
main reason why a farmer’s harvest and income
go up or down from year to year. When the
weather is good, yields are high, but erratic
weather causes significant uncertainty. Because of
this strong connection, modern crop insurance
focuses on weather patterns to understand and
manage these risks effectively (Vishnoi et al,
2020). Image source (Ganaie, 2025).
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Fig 1. Farming Depends on the Sky

How Weather Causes Crop Loss

Most damage to crops is not caused by
the farmer's mistakes but by nature. Studies
analysing agricultural losses show that a very
large portion of crop failure is directly caused by
weather problems. These issues include
unpredictable rainfall, extreme temperatures and
other climatic vagaries. Because these weather
events are the root cause of the damage, tracking
them provides a direct way to understand why
crops failed in a specific season (Biswas et al.,
2009).

What Crop Data Can Tell Us

Historical records of crop yields help
insurers understand the past performance of a
farm. By looking at how much a farm produced in
previous years, insurers can estimate the "normal”
production level. This data is traditionally used to
set the price for insurance premiums and
calculate the likelihood of a loss. However, yield
data alone often has gaps or is not available for a
long enough time to predict extreme events
accurately

Weather Data Explains Crop Damage Better

While past harvest numbers tell
us what happened, weather data explains why it
happened. Advanced computer models use
weather information to explain the relationship
between the climate and crop losses. By analysing
specific variables like rainfall and soil moisture,

these data-driven models can identify the specific
environmental conditions that led to a failed
harvest. This provides a more accurate picture of
risk than just looking at yield history alone

Table 1. Features of crop yield data and
weather data for insurance processing.

Crop Yield
Feature Weather Data
Data

Often short,
missing, or

Available for

Availability long historical

incomplete -
periods.

records.

Can be

influenced by | Objective,
Reliability farmer transparent and

behavior cannot be

(Moral manipulated.

Hazard).

Expensive to
Low cost to

measure .
Cost . monitor
(requires i
. automatically.
farm visits).
Claims Allows for
processing is | faster,
Speed ) )
slow and | automatic claim
delayed. settlement.

Rainfall: The Key Driver of Farm Losses

For many farmers, especially in
places like India, rain is the most critical factor for
success. Insurance products are often designed
specifically to track rainfall levels. These policies
pay out if there is a "deficit," meaning not enough
rain fell during the growing season (drought), or
if there was "excess" rain that drowned the crops.
Tracking rainfall is often the best way to measure
risk for rain-fed agriculture (Clarke et al., 2012).
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Temperature, Heat and Cold Stress

Crops are very sensitive to temperature
changes and extreme heat or cold can ruin a
harvest. Insurance indices have been created to
track these specific threats. for example, high
temperatures during the flowering stage can
damage wheat, while frost (extremely low
temperatures) can destroy crops like potatoes or
mustard. Insurance products use temperature
data to trigger payouts when these specific
damaging weather events occur (Clarke et al.,
2012).

Droughts, Floods and Other Extremes

Extreme weather events, such as
widespread droughts or floods, are unique
because they tend to hit a massive area all at
once. This creates what is known as "systemic
risk," where almost every farmer in a region
suffers a loss simultaneously. Traditional
insurance struggles to handle this because they
cannot pay everyone at once easily. Weather-
based insurance is better suited to handle these

large-scale regional disasters. Image sources
(Chris.peacock, 2022)

How Weather Triggers Insurance Claims

In weather-based insurance, the policy is
designed with specific "triggers." These are pre-
set weather limits defined in the contract. For
instance, if a weather station records that rainfall
has dropped below a certain number of
millimetres, the insurance automatically pays the
farmer. The farmer does not need to prove their
individual crops died; the payment is made simply
because the adverse weather event occurred
(Biswas et al., 2009).

Moving Beyond Field Inspections

Traditional crop insurance requires an
insurance expert to visit the farm, inspect the field
and estimate the damage, which is very expensive
and time-consuming. Weather index insurance
removes the need for these farm-level loss
adjustments. Because the payout relies only on
data from weather stations, the insurance
company does not need to send anyone to the
field, greatly reducing the cost of running the
insurance program (Vedenov & Barnett, 2004).

Faster Claims Through Weather Records

One of the biggest advantages of using
weather data is speed. Traditional claims can take
months to settle, but weather data allows for
almost immediate payouts. For example, the
Kilimo Salama project in Kenya used mobile
technology and weather data to transfer payouts
to farmers within just 2 to 4 days of a bad weather
event. This allows farmers to get money quickly
when they need it most(Gulati et al., 2018).

Fair Compensation Using Weather Data

Weather-based insurance solves the
problem of cheating or unfairness. In traditional
insurance, a farmer might neglect their crop to
get a payout (moral hazard), or an adjuster might
be biased. However, weather data is objective and
public; neither the farmer nor the insurance
company can manipulate it. This ensures that

GreenariA 04(02): 20 - 25

February - 2026 | 22



Murugan et al., 2026

ISSN: 2584-153X

compensation is based on scientific facts rather
than human judgment or dishonest behavior.

Role of Weather Stations and Satellites

To make weather based crop insurance
work, a strong network of technology is required.
This includes Automatic Weather Stations (AWS)
on the ground and remote sensing satellites in
space. Satellites and drones are increasingly used
to capture images of crop health and assess
damage over large areas. This technology helps
verify weather data and ensure that insurance
coverage is accurate even in remote locations.

Crop Insurance in India: A Weather-Based
Model

India has adopted this approach on a
large scale through programs like the
Restructured Weather Based Crop Insurance
Scheme (RWBCIS). These schemes operate on an
"Area Approach," where a specific location is
linked to a reference weather station. If the
station records adverse weather, such as extreme
heat or low rain, it serves as a "proxy" for crop loss
and all insured farmers in that area receive
compensation.

Restructured Weather Based Crop Insurance
Scheme

The Restructured Weather-Based Crop Insurance
Scheme (RWBCIS) was launched by the
Government of India in 2016 to protect farmers
from financial losses caused by adverse weather
events. The scheme relies on measurable weather
indicators such as rainfall, temperature, wind
speed and humidity to determine compensation,
rather than field-level crop loss assessments.
RWBCIS covers a wide range of crops, including
food grains, oilseeds and commercial and
horticultural crops. It provides insurance against
weather-related risks such as drought, excess
rainfall, floods, cyclones, hailstorms, heat stress
and frost. By linking payouts directly to deviations

in weather parameters, the scheme enables faster
and more transparent claim settlement.

All farmers cultivating notified crops in
notified areas are eligible for coverage, including
sharecroppers and tenant farmers, making the
scheme inclusive and accessible.

Table 2. Key features of RWBCIS

Aspect Description
Restructured Weather-
Scheme Name | Based Crop  Insurance
Scheme (RWBCIS)
Year of
. 2016
Introduction
Implementing i
. Government of India
Authority
) Weather indices based on
Basis of .
observed  meteorological
Insurance
data
Key Weather Rainfall, temperature, wind
Parameters speed, humidity
Food crops, oilseeds,
Crops .
commercial and
Covered )
horticultural crops
. A Drought, excess rainfall,
Major Risks .
flood, cyclone, hailstorm,
Covered
heat and frost
Loss Deviation of actual weather
Assessment data  from  predefined
Method thresholds
Claim Automatic payout based on
Settlement weather triggers
All farmers, including
Eligibility sharecroppers and tenant
farmers, in notified areas
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Climate Change and Rising Weather Risks

Climate change is increasing the
frequency and intensity of extreme weather
events like floods and droughts. As the earth
warms, rainfall patterns become more erratic,
increasing the vulnerability of farmers to
economic losses. Because the risks to agriculture
are rising, developing robust, weather-based
adaptation strategies is becoming essential to
protect food security and farmer livelihoods in
the future (Gulati et al., 2018).

Problems and Limits of Weather-Based
Insurance

The biggest limitation of weather-based
insurance is "basis risk." This is the mismatch
between the payout triggered by the weather
index and the actual loss a farmer experiences.
For example, a weather station might record
enough rain, so no payout is triggered, but a
farmer a few kilometres away might still lose their
crop due to local pests or wind. If the index does
not match the real experience on the ground,
farmers lose faith in the product (Clarke et al.,
2012).

Why Weather Data Will Shape the Future of
Crop Insurance

The future of crop insurance lies in using
better data to reduce basis risk. Advanced
methods, such as machine learning and neural
networks, are being used to analyse complex
weather variables like soil moisture and runoff. By
using these data-driven technologies, insurers
can design better, more accurate indices that
closely match actual crop losses, making
insurance fairer and more effective for farmers in
developing economies (Hernandez-Rojas et al.,
2023).

Conclusion

Ultimately, crop insurance is intrinsically
linked to weather because climatic variability
remains the primary determinant of agricultural

productivity and vyield fluctuations, while
traditional indemnity-based insurance struggles
with systemic risks, moral hazard and high
transaction costs, weather index insurance offers
a streamlined alternative by using objective
meteorological data such as rainfall and
temperature as proxies for crop loss. This model
addresses critical logistical challenges by
enabling faster claim settlements and reducing
the need for expensive field assessments,
However, the persistence of basis risk, where
index measurements fail to align with actual farm-
level losses, remains a significant barrier to
widespread adoption and effectiveness. To
ensure the long-term viability of crop insurance,
future frameworks must leverage advanced data-
driven  methodologies, including machine
learning and remote sensing, alongside robust
historical weather records to minimize this risk
and create more accurate, efficient and equitable
risk management tools for farmer.
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