
Climate-Based Farm Analytics for Adaptive Crop Planning and Resource 
Management

Ruby Sheffield*

Department of Agricultural Data Science, University of Agricultural Sciences, Melbourne, Australia

DESCRIPTION
Climate-based farm analytics is an emerging approach that uses 
weather observations, historical climate records, crop 
information, soil measurements, remote sensing data, and farm 
records to support agricultural planning and management. Crop 
production is strongly influenced by temperature, rainfall, 
humidity, solar radiation, wind, and seasonal changes. Variations 
in these conditions can affect seed germination, plant growth, 
flowering, disease development, irrigation requirements, nutrient 
uptake, and harvest timing. By analysing climate information 
together with farm-level data, producers can make better-
informed decisions about field operations and resource 
allocation.

Agricultural systems are exposed to considerable environmental 
variation. A growing season may begin with adequate rainfall and 
later experience extended dry conditions. Similarly, unusually 
high temperatures during flowering can reduce reproductive 
success in certain crops, while excessive humidity may increase 
disease pressure. Farmers have traditionally relied on personal 
observations and previous seasonal experience to respond to such 
changes. Climate-based farm analytics adds quantitative 
information to this knowledge by processing historical and 
current environmental data and presenting patterns that can 
assist with farm planning.

Weather stations are an important source of information for 
climate-based farm analytics. Sensors can record air temperature, 
rainfall, relative humidity, wind speed, solar radiation, and other 
atmospheric variables at regular intervals. Data collected over 
several years can be used to establish local climate patterns and 
identify changes between seasons. When these observations are 
connected to specific fields, farmers can examine how local 
environmental conditions relate to crop performance and farm 
operations.

Temperature data can provide useful information throughout the 
crop production cycle. Each crop has specific temperature 
requirements for germination, vegetative growth, flowering, fruit

development, and maturity. When temperatures move outside 
suitable ranges, crop development may slow or become irregular. 
Farm analytics platforms can compare observed temperatures 
with crop requirements and identify periods that may require 
additional management attention. This information can assist 
with decisions concerning planting dates, irrigation, shade 
management, and harvesting schedules.

Rainfall analysis is equally important. Total seasonal rainfall 
alone does not provide a complete picture of water availability 
because the timing and distribution of precipitation also 
influence crop development. A field may receive sufficient 
rainfall during one month but experience water stress during a 
later growth stage. Climate-based analytics can examine rainfall 
distribution together with soil moisture, crop stage, and 
irrigation records. This helps producers determine when 
supplemental irrigation may be necessary and how much water 
should be applied.

Soil information adds another dimension to climate analysis. 
Soil texture, organic matter, depth, and water-holding capacity 
influence how crops respond to weather conditions. Sandy soils 
may lose available water more quickly, while clay-rich soils can 
retain moisture for longer periods. When soil data are combined 
with rainfall and temperature information, farm management 
systems can estimate differences in water requirements between 
field locations. This can support more efficient irrigation 
scheduling and reduce unnecessary water use.

Humidity and temperature data can also assist with crop disease 
monitoring. Many fungal and bacterial diseases develop more 
rapidly under particular combinations of temperature and 
moisture. Climate-based models can analyze these conditions 
and provide alerts when environmental conditions become 
favorable for disease development. Farmers can then inspect 
affected fields and decide whether additional crop protection 
measures are necessary. This approach can reduce unnecessary 
applications by encouraging treatment decisions based on 
observed conditions rather than fixed schedules.
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CONCLUSION
Climate-based farm analytics provides an effective method for
connecting environmental information with agricultural
decision-making. By integrating weather observations, climate
records, soil characteristics, crop information, remote sensing,
and farm management data, these systems can support improved
irrigation scheduling, planting decisions, fertilizer management,

disease monitoring, crop selection, and harvest planning.
Continued improvements in sensors, communication networks,
satellite observations, and data analysis will increase the amount
of information available to agricultural producers. When
applied appropriately, climate-based analytics can help farms
respond more effectively to environmental variation while
improving resource efficiency and supporting stable crop
production.
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