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INTRODUCTION

Agriculture has always been weather dependent, but climate
change is making that link harder to manage. Rainfall is less
predictable, heatwaves are more common, dry spells hit crops
in their vulnerable stages, and even a few hours of intense
storms can wipe out months of investment. Conventional
weather reports remain useful, they are frequently handwaved
at the farmer as nothing more than big city advice with no
bearing on the farm. Al is enabling tomorrow’s
agrometeorology, which transforms a complex array of
weather-related data into near real-time, geospatial
recommendations for farmers. So its real value is not just in
producing a forecast, but in linking atmospheric observations
to crop, water, pest, labour, machinery and risk management
decisions.
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Building Intelligence from Diverse Data
Modern agrometeorology uses information derived from

weather stations, satellites, doppler radar, soil probes, crop
models, UAVs, farm records and mobile phones. However,
none of the sources really give the complete picture for
agriculture. Local temperature, humidity, rainfall and wind are
measured at weather stations, and cloud movement, vegetation
status, surface temperature and soil-moisture patterns over
larger areas can be observed by satellites.
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Artificial intelligence integrates these diverse
data streams, uncovers relationships among
them and dynamically updates predictions as
new observations are obtained. This
integration enables advisory systems to go
beyond generic weather forecasts and predict
how the expected weather conditions might
affect a crop, growth stage, soil type or
management practice at a particular location.

A New Generation of Weather Forecasting

Conventional numerical weather prediction
employs physical equations to model
atmospheric changes. They remain crucial, but
require massive amounts of computing and
can still possess regional biases. Machine-
learning models can infer atmospheric patterns
from a history of observations and model
analyses spanning decades, making forecasts
quickly, and correcting systematic errors. In
February 2025, the European Centre for
Medium-Range Weather Forecasts (ECMWF)
brought its Artificial Intelligence Forecasting
System (AIFS) operational alongside its
physics-based system. ECMWF reported
improvements for a number of forecast metrics
including tropical-cyclone tracks, to illustrate
that Al forecasting has moved from
experimentation to operational meteorology.
The best of the future models will integrate
physical knowledge, observations, and data-
based learning rather than regard them as
competing methodologies.

From Regional Forecasts to Field-Level
Information

A district-level prediction maybe not represent
the farms divided by the heterogeneous
landscape. Assisted downscaling via Al
applies information on topography, land cover,
elevation and historic weather data to produce
finer-scale  local  predictions, and  bias
correction compensates systematic forecast
errors with observed data. With the use of
weather stations and field sensors, these
techniques enhance the accuracy in the
estimation of rainfall, temperature, humidity,
wind and evapotranspiration.
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However, hyperlocal predictions must be
validated rigorously, as the boom in sensors is
leading to the introduction of some very
poorly maintained sensors.

Choosing the Right Time to Sow

The sowing date is one of the most important
decisions in rainfed farming. Sowing
immediately after an isolated early shower
may result in seeds being subjected to a
desiccating spell of weather, whereas late
sowing can lead to shortened growing period
and lower yield. Al models can take into
account rainfall onset, soil moisture, seasonal
forecasts, crop duration and the likelihood of
consecutive dry days to detect a less risky
time for planting. Advisories can be
differentiated even at the level of crop, variety
and soil type as the needs for establishment
vary widely. An intelligent advisory, instead of
simply informing that monsoon rainfall has
started, should advise on sowing a short-
duration variety; waiting for one more such
effective rainfall or preparing land for sowing
while preserving moisture in the soil.

Smarter and More Efficient Irrigation

Scheduling irrigation based on weather
information has traditionally been a function
of the reference evapotranspiration and crop
coefficients. Al can further enhance this
method by considering forecast temperature,
radiation, humidity, wind, probability of
rainfall, soil-moisture data and crop-
development information. The based system is
able to predict the timing and quantity of
irrigation as well as whether the irrigation
operation should be postponed due to an
expected rain. It could also detect spatial
variability in the field and facilitate variable
irrigation if appropriate machinery is on hand.
These functions are particularly critical for the
dry areas of the world where over irrigation
can waste limited water and energy supplies,
and where under irrigation of flowering,
fruiting or grain filling can cause irreversible
yield and quality losses.
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Weather-Informed Pest and
Management

Temperature, humidity, rainfall, wind and leaf
wetness have the strongest effect on insects,
pathogens and their host plants. Al models
could integrate these variables with pest-
surveillance data, crop stage, prior outbreaks
and satellite data to provide predictions of
insect or disease risk. A disease warning may
be able to predict the existence of conditions
favorable for the germination of spores prior
to widespread dissemination of visible
symptoms, insect models can forecast

Disease

emergence, migration or explosive population
growth temperature-based phenology. This
advice enables farmers to examine fields at
the optimal time and to treat only if risk
warrants taking action. Crucially, weather-
based alerts should prompt field scouting, not
automatic pesticide wuse, as current pest
populations,  natural  enemies and the
economic threshold must continue to be part of
the decision.

Preparing for Extreme Weather
Extreme weather warnings are useful only if

they are associated with actions people can
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take to protect themselves. Al can be used to
convert predictions of heat, frost, hail, heavy
rain, high winds or drought into estimates of
crop damage and financial exposure. A heat
alert could lead to additional irrigation, shade
manipulation or altered harvesting timing,
while a freeze warning might justify protective
irrigation, orchard heating or postponed
transplanting. Predictions of heavy rain, for
example, help farmers prepare their drains,
delay application of fertilizer and move
machinery, livestock or harvested crops to
higher ground. More and more research
promotes multi-hazard early-warning systems
that integrate meteorological and geospatial
information, that communicate uncertainty and
that incorporate feedback from the people who
should act on the warning.

Supporting Yield and Harvest Decisions

Artificial intelligence can link weather history
and crop conditions with predicted yield,
maturity and harvest date. Temperature,
rainfall, radiation, soil moisture, vegetation
indices, and management information may be
integrated in models for monitoring crop
growth during the season. With the updated
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estimates of yield, the farmers get a better
opportunity to plan their labour, machinery,
storage, transportation and marketing etc.
Weather-sensitive harvest guidance holds
particular importance for fruits, vegetables,
grains and seed crops, as rainfall or very high
humidity can reduce quality and amplify
postharvest loss. Yet yield forecasts are in a
sense expected to be refined estimates rather
than definitive solutions, as unexpected pest,
nutrient restrains, localized storms or
management differences can change end
production even if seasonal weather is
perfectly represented.

Delivering Advice Farmers Can Use

Scientific accuracy does not necessarily lead
to better agricultural decisions. Advice based
on  forecasts needs to be  timely,
understandable and appropriate to the
resources of farmers. Al platforms can
transform forecasts into personalized messages
that reach farmers via apps, SMS, voice
services, chatbots, radio and extension
networks. Instructions can be tailored by
location, crop, variety, growth stage, irrigation
and language. Actionable advisories include
clear information on the forecast time period,
expected severity, recommended action and
remaining uncertainty.

Opportunities for Indian Agriculture

The highly diverse farm conditions in India
also call for agrometeorological services from
a location-specific perspective. The impact of
a single weather event on irrigated wheat,
rainfed pulses, protected vegetables and fruit
orchards can also vary. Al can help integrate
forecasts with local crop calendars, soil
conditions, and management options to
enhance advisories on sowing, irrigation,
spraying, harvesting and livestock protection.
Recent climate information led projects in
Odisha show how local production risk
management services can be upscaled to reach
thousands of farmers. To scale up such
systems, stronger networks of automatic-
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weather-stations and reliable village-level
observations will be required, as well as
cooperation between meteorological agencies,
agricultural  universities and  extension
departments, and ongoing feedback from
farmers as to whether the recommendations
were understandable, timely and practically

useful.
Trust, Explainability and Uncertainty

Agricultural action should never be taken on a
prediction without explanation that is given as
a certainty. Weather and crop systems already
have a level of inherent unpredictability, and
Al models may break down if they are faced
with data far outside their training set.
Probabilities, alternative  scenarios, and
confidence levels should be available from
reliable platforms, too. Explainable Al can tell
which variables were the largest contributors
to a warning, providing meteorologists,
extension personnel, and farmers a means to
evaluate if the outcome makes sense. Latest
science demonstrates that expert-informed Al
can probabilistically detect agricultural risks
and simultaneously reveal their principal
climatic drivers. Before a model is trusted
with high-stakes farm decisions, it must be
independently  validated, compared to
traditional approaches, and transparently
report its errors.

Inclusion, Ownership and Responsible Use

The advantages of Al will continue to be
skewed if the delivery of digital services relies
on costly sensors, constant internet
connectivity, or data that can only be obtained
from aggregators of large commercial farms.
Rural connectivity, open  meteorological
datasets, local-language services and technical
capacity of extension staff require public
investment. Farmers should be informed what
data is being collected, for what purpose, who
has access to it, and if that data can be used
commercially. Privacy should be protected in
responsible systems, farmer data rights should
be acknowledged, and recommendations
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should not be biased by commercial interests
that are not disclosed. Participatory design is
equally crucial: farmers, women, tenant
farmers, local specialists and  other
disenfranchised groups should participate in
deciding which risks are tracked, and on which
advisories formats are truly effective.

The Continuing Role of Human Expertise

Al  does not
agrometeorologists, crop experts, or extension
agents. Instead, it redefines their role from

replace the need for

undertaking the manual processing of
atomised data to the interpretation of model
outcomes, the assessment of their relevance to
the actual farming situation and the support to
farm-level decision making in the presence of
uncertainty. Local experts can identify failed
sensors, bizarre crop responses, and cultural
limitations that a mechanistic model can’t
account for. Farmers, too, have intimate
understanding of soils and microclimates as
well as traditional indicators of risk and risk
tolerance that are scarcely captured in official
datasets. The most reliable advice system is
thus a learning  system:
observations feed back into models, models

continuous
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produce guidance, experts assess the guidance,
farmers act or adapt, and their experiences
feedback to improve future recommendations.
Human control makes automated prediction
an accountable service to agriculture.

CONCLUSION

The future of agrometeorology is in
transitioning from weather observing to
decision intelligence. Artificial intelligence
has the potential to combine vast amounts of
heterogeneous data, increase the speed of
forecasting, yield field-specific risk estimates,
and provide personalized guidance at the point
of decision making. It will not be judged on
algorithmic complexity but on better planting
decisions, efficient irrigation, timely pest
surveillance, less weather damage and more
stable farm income. These results depend on
good observations, transparent models, reliable
communication, strong extension and
responsible data governance. Once these are in
place, Al is not simply a forecasting tool; it is
a practical link between atmospheric science
and resilient, resource-efficient and farmer-
centred agriculture.
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