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Introduction
Weather plays a fundamental role in farming, influencing 

key decisions related to almost every farming operation, 
such as planting, irrigating, cultivating, spraying, 
harvesting, and more. Field-specific use of accurate 
weather data can significantly enhance growers' decision-
making for optimizing resource use, improving crop yields, 
and avoiding economic loss. During field visits to Arizona 
farms, it was observed that improper installation was an 
issue on a few farms. It is recommended to deploy weather 
stations at a distance of about 10 times the height of such 
obstacles (Helms, 2005). Weather stations are sometimes 
implemented in places surrounded by obstructions (e.g., 
too close to buildings or under trees, etc.), or the weather 
sensors are installed at nonstandard heights above 
ground, or stations are out of the recommended distance 
from the crop, thus, report weather data that can lead to 
poor management decisions. Proper installation and setup 
are critical to ensure the accuracy and reliability of the 
collected data. 

A weather station provides essential information related 
to atmospheric conditions, including temperature, relative 
humidity, precipitation, wind speed, solar radiation, 
and other important parameters needed for effective 
field farming (Bayer et al., 2023). For instance, accurate 
temperature readings aid in frost prevention, heat stress 
control, and cropping optimization. During wet seasons, 
precipitation data helps growers avoid overirrigating 
and reduce water waste by minimizing runoff, whereas 
during dry seasons, irrigation can be adjusted accordingly. 
Wind speed and direction are critical for determining the 
best times for sprinkler irrigation and chemical spraying 
to ensure high application efficiency and minimize wind 

drift losses. Compared to other weather parameters, wind 
speed and direction are more unpredictable and vary with 
local conditions (Brown, 2000).

Weather stations provide the key climate data that can be 
used to guide efficient irrigation scheduling and effective 
crop water management. Crop irrigation management 
is a critical concern for farmers in Arizona, where water 
resources are limited, and rainfall is often insufficient 
to meet crop water demands. Practical, weather-based 
irrigation scheduling methods have been developed, 
such as the widely adopted FAO56 method (Allen et al., 
1998), which calculates the daily crop water requirements. 
However, such methods rely on having accurate weather 
data that is representative of the local field conditions. 
Weather data also provides information that can be used 
to predict optimal management strategies to maximize 
productivity. For example, weather-based assessment of 
crop heat stress provides a means for properly adjusting 
irrigation rate and timing during critical crop growth 
stages. Growers often use cumulative growing degree days 
(GDD), which are calculated from temperature data, to 
track crop development and make decisions on irrigation 
amount, timing, or termination. A GDD model can also 
help in predicting pest and disease outbreaks, determining 
the right time for harvest, and managing the different 
stages of crop development (Brown, 2013; Prentice et al., 
1992).

The Arizona Meteorological Network, part of the 
University of Arizona Cooperative Extension, currently 
has 32 well-maintained weather stations providing 
high-quality data and related products (https://azmet.
arizona.edu/). Stations are located mainly in agricultural 

https://azmet.arizona.edu/
https://azmet.arizona.edu/
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areas with higher numbers in the southern and western 
regions of the state (Figure 1). Although AZMet stations 
are not available on every farm, network measurements 
and maintenance, and operation standards serve as a 
benchmark for those collecting field-specific data at other 
locations for improving farm management decisions. 
Additional stations are planned to further expand the 
network.

Use of weather data from a distant station far from the 
local field site may be ineffective for guiding efficient 
irrigation scheduling or for other crop management 
applications. Thus, many Arizona growers would 
greatly benefit from having a local farm weather station 
that provides a more representative source of weather 
data for guiding important decisions, such as irrigation 
scheduling. Weather stations come in a wide range of 
types, costs, and levels of precision, from simple analog 
instruments that require manual readings to advanced 
systems with wireless technology, smart algorithms, 
and IoT connectivity. IoT refers to a network of devices 
connected through the internet to facilitate the automatic 
collection of data and sending it to the grower’s cell phone 
and other smart devices, allowing them to see real-time 
data remotely. These modern systems allow real-time data 
collection and processing through physical devices or 
cloud-based platforms like iCloud. Many also offer remote 
access, enabling growers to monitor weather conditions 
using smartphone apps or other digital tools. While high-
end models provide greater accuracy and more advanced 
features, affordable options can still be highly effective 
when properly installed and maintained. Therefore, it is 
the goal of this publication to provide a summarized guide 
to assist growers with the selection, installation, operation, 
and maintenance of a variety of commercially available 
weather stations, including sensor components, logging 
devices, and system costs. The guide is designed to help 
growers choose the right weather station system for their 
specific needs and outlines best practices for installation 
to achieve accurate and reliable data. Understanding the 
key features, costs, and precision levels of the different 
commercial weather stations provided as examples should 
help growers make informed decisions based on their own 
needs.

Maximum distance over which weather 
stations provide accurate data

Data is most reliable within a 60-mile radius for large-
scale weather patterns and within 6 miles for local 
applications, such as precision farming, where farmers use 
weather data to improve irrigation (World Meteorological 
Organization, 2008). Relative humidity (RH, %) data were 
recorded directly in a grower’s field located in Gila Bend, 
Arizona, using a Li710 device. The data were compared 
to values obtained from the nearest AZMet weather 
stations, Paloma at 15 miles, Buckeye at 27 miles, and 
Harquahala at 41 miles from the field site. Figure 2 shows 

how the humidity changed during the day and night over 
one week, February 12-19, 2025. This comparison helps 
highlight differences that can happen between actual 
field conditions and weather station data. This example 
highlights how the distance between a field and a weather 
station can influence how representative weather data 
from another location may or may not be for a local field. 
Since relative humidity is one of several parameters used 
to estimate reference evapotranspiration (ETo), differences 
caused by measurement distance, or other factors such as 
whether the other locations are in production or have been 
recently irrigated, may impact local irrigation decisions. 
While additional data over a longer period is needed to 
validate these observations, the preliminary findings 
suggest that having on-farm weather stations could 
improve the representativeness of ETo calculations for 
site-specific management.

Choosing the right weather station 
for irrigation and field operations 
efficiency

There are many types of weather instruments and 
sensors available for weather stations, but the primary 
consideration for growers is to determine which 
environmental conditions are most important to monitor 
for their specific crops or farming needs, and the quality of 
the data. Based on our own experience and typical company 
descriptions, we have defined three categories of weather 
stations, although the division of categories is debatable: 
Basic, Advanced Research Grade, and Smart. Both the 
Basic and Advanced Research Grade weather stations can 
be Smart, where Smart refers to connectivity to the cloud, 
processing of data in the cloud, and real-time evaluation 
of such parameters as reference evapotranspiration. Basic 
weather stations typically have fewer and less expensive 
sensors than Advanced Research Grade weather stations. 
They typically include wind speed meters (anemometers), 
air temperature sensors (thermistors), humidity sensors 
(hygrometers), air pressure gauges (barometers), rain 
gauges, and sunlight sensors (pyranometers). Advanced 
Research Grade crop monitoring systems include higher 
quality weather sensors as well as a range of sensors 
that focus on crop growth, soil moisture, and irrigation 
status. In addition to weather stations, satellite-based and 
model systems such as OpenET (https://etdata.org/) 
and Meteoblue (https://www.meteoblue.com/) provide 
useful data for crop and irrigation management (Attalah 
et al., 2024). Evaluation and prioritization of data types 
and required data quality guides the selection of weather 
station platforms, satellite systems, and other sensors.

Table 1 illustrates the levels of weather stations, Basic, 
Advanced Research-grade, and Smart, highlighting their 
typical features, advantages, and potential drawbacks. 
Basic Weather Stations (BWS) monitor basic parameters 
such as air temperature, atmospheric pressure, 
humidity, wind speed and direction, solar radiation, and 
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Figure 1. Currently active stations in the Arizona Meteorological (AZMet) Network. More information about station locations and other metadata is 
available at https://azmet.arizona.edu/. 

Figure 2. Comparison of relative humidity (RH, %) recorded by the Li-710 device in Gila Bend, Arizona, and AZMet weather stations in Paloma (15 
miles away), Buckeye (27 miles away), and Harquahala (41 miles away).
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precipitation. They are cost-effective and user-friendly, 
but the accuracy of their sensors may be lower. Advanced 
Research Grade Weather Stations (ARWS) include 
higher quality and additional sensors, and calculate crop 
parameters, such as reference ET. The ARWS generally 
incorporate high-precision sensors for superior data 
accuracy and detailed analysis. But they have higher 
capital, installation, maintenance, and annual calibration 
costs. These stations are optimal for scientific research 
but are expensive, complex, and generate vast amounts 
of data that may exceed the needs of typical agricultural 
operations. Nevertheless, they provide superior data, 
which may be preferable for some growers.

Smart Weather Stations (SWS) connect to the cloud and 
provide real-time data accessibility on the phone or other 
smart devices and provide data processing and estimates 
of parameters such as reference evapotranspiration. 
Companies generally charge an additional fee for this 
service. The extra charge for the SWS may pay off overtime 
through reduced maintenance needs, less manual 
interference and better long-term reliability.

Installation and other relevant 
considerations for weather stations

The accuracy and reliability of weather data are essential 
for making informed farming decisions. Therefore, 
knowing how and where to install a weather station is a 
vital key to achieving this goal. The following are some 
important steps to consider:
●	 Location: A weather station should be located in an 

open space away from obstacles such as buildings, 
fences, or trees, and where it can be easily accessible. A 
distance greater than 10 times the height of the nearby 
obstacle is usually recommended (Onset, 2010). Since 
they are intended to support farming, a long-term 
reserved space should be considered. 

●	 Ground: Leveled ground is required for some 
instruments, such as rain gauges, and pyranometers 
(Photosynthetic Active Radiation sensors). Distance 
above ground is also important. For example, a 
height range of 1.3 to 2.0 m (4.1 to 6.6 ft) is suitable for 
thermometers and hygrometers, while rain gauges 
are typically installed at a standard height of 1.0 m 
(3.3 ft) above the ground. Anemometers are generally 
positioned between 2.0 m and 3.0 m (6.6 to 9.8 ft) above 
the ground (https://www.weather.gov).

●	 Weatherproof enclosure: Weather instruments such as 
thermometers and hygrometers should be protected 
from direct sunlight while mounted in a place with free 
airflow.

●	 Security: Weather stations should be easily accessible 
for data collection, inspection, and regular maintenance. 
Unattended stations require a secure area to avoid the 
risk of natural damage or vandalism.

●	 Maintenance: ARWS are recalibrated, with AZMet 
doing so four times per year (https://azmet.arizona.
edu/about/general-operations).

Weather station packages and pricing 
options

As described previously, weather stations come in 
different shapes and sizes which make their cost spread 
over a wide range. Moreover, the cost of the same weather 
station or sensors may vary from one company to another, 
depending on the technology and service plan they offer. 
The National Weather Service (NWS) has published 
an extensive list of weather companies (https://www.
weather.gov/enterprise/meteorological-instruments-6a), 
referring to their websites, the weather aspect addressed, 
and the services they provide. The present publication is 
an attempt to highlight the main criteria a prospective user 
would consider in purchasing relevant weather sensors, 
a complete set of sensors, or an entire weather station 
based on technology, connectivity, and cost information 
currently published. The specificities of each product are 
normally detailed in the companies’ websites in brochures, 
manuals, and catalogs. The published products are mostly 
categorized as remote monitoring systems, data loggers, 
sensors, and service plans. Overall, an informed decision 
when purchasing a weather station or weather sensors 
should consider relevant and effective equipment while 
maintaining an affordable cost range. For illustration with 
relevance to farming management, we included the cost 
range of some weather equipment that can be integrated 
in WS, along with a short description and types of weather 
variables that each instrument can measure, as currently 
published by different companies (Tables 2-5).

The examples presented in Tables 2-5 show how wide the 
current cost range is from one company to another, even 
for the same type of instruments or services. The displayed 
prices ranged from $188 to $20,800 for weather stations 
(monitoring systems), $69 to $2,290 for data loggers, $47 
to $1,800 for sensors, and $25 to $449 for service plans. 
Although the cost of some items might seem high, it should 
not be the only selection parameter to consider in choosing 
a WS or customizing an existing system. In some cases, the 
trade-off between usage convenience and cost affordability 
might be inevitable. For instance, cabled sensors are usually 
cheaper but cumbersome, whereas the wireless ones are 
convenient but require a reliable transmitting system, which 
makes them expensive. Moreover, the same parameter, 
such as temperature (T) or humidity (H), can be measured 
either with an inexpensive instrument ($31, Table 4) or an 
expensive sensor ($784, Table 4), both of which are offered 
with different packages. The type of weather station can 
also influence the cost, with research-grade stations costing 
more compared to basic stations. While price variability 
should be considered, data accuracy, acquisition time, 
and relevance should be the decisive criteria to fulfill the 
requirements of an effective weather station, especially in 
the farming sector.
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Meteorological instruments Function Basic Advanced/Research 
Grade Smart

Thermometer (air temperature) Tair X X X

Barometer (atmospheric pressure) Patmo X X X

Hygrometer/Psychrometer (air humidity) RH X X X

Anemometer WS X X X

Pyranometer Srad X X X

Rain gauge Pr X X X

Soil moisture sensors SWC X X

Soil temperature sensor Tsoil X X

Leaf wetness sensor Lw X X

Heat index monitor Feels like (Tair + RH) X X

Data logger Records data X X

A system with high capability for data processing Data processing X X

Alerts with high capability Sending alerts X X

Power source (battery, hybrid [battery + solar]) Electricity Battery Hybrid Hybrid

IoT devices and apps Remote Monitoring X

Digital system Supports data 
exchange X

Transmitters Sends data/signals X

Repeaters Extends signal range X

Receivers Receives signals/
data X

Controllers Controls device 
settings X

Advantage/disadvantage

Simplicity X

Cost Low Moderate-High High

Essential monitoring X

Requiring time and labor X

Automatic data collection X

Remote data access X X

Complexity of maintenance High Low-High Low

Accuracy Low Moderate-High Varies

Real-time data X X

Data complexity (post processing) Low High Varies

Compact in size and versatile X

Remote/Easy data access X

Initial cost Low High High

Table 1. Instruments and their functions for the different types of weather stations.

Notes: Tair: Air temperature, Patmo: Atmospheric pressure, RH: Relative humidity, WS: Wind speed, Srad: Solar radiation, Pr: Precipitation, SWC: 
Soil water content, Tsoil: Soil temperature, and Lw: Leaf wetness.
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Conclusions 
Successful agricultural operations rely on accurate 

and timely weather data that is representative of local 
field conditions to optimize planning and management 
while minimizing risks. AZMet weather stations have 
been installed throughout Arizona to support farm 
management. However, for the many farms in Arizona 
located far away from an AZMet station, data from the 
nearest AZMet station may not be representative. In these 
situations, on-site weather station data could ensure a more 
reliable data source based on the actual weather conditions 
on the farm. Local weather data are particularly important 
for assessing the irrigation application amounts needed to 
replace actual crop evapotranspiration using reference ETo 
methods. Spatial variations of ETo and precipitation are 
especially wide during the monsoon and winter seasons, 
which makes having local data even more important. Thus, 
a weather station for an Arizona grower should include, 
at a minimum, sensors needed to calculate ETo, including 
an air temperature sensor, a relative humidity sensor, a 
solar radiation sensor [pyranometer], and a wind speed 
sensor [anemometer]. To help manage field operations, 
other sensors would be required too, such as rain gauge, 
leaf wetness, soil moisture, and soil temperature sensors. 
These support decisions on irrigation, pest control, disease 
prevention, and overall crop health.

A wide range of weather stations is available on 
the market, but an effective system should include 
all the essential instruments necessary to support the 
grower’s goals. Choosing the right weather station is 
a critical decision that involves selecting appropriate 
sensors, ensuring proper installation, maintenance, and 
calibration, and considering long-term durability. A fully 
equipped weather station can assist in necessary farming 
activities such as irrigation scheduling, pest and disease 
management, and climate deviation strategies.

While the cost of individual instruments may seem 
high, assessing the value of a complete system rather than 
isolated components is essential. Cost is an important factor 
in decision-making, but it should not be the sole criterion, 
as the accuracy, reliability, and overall functionality of 
the system are equally crucial for achieving optimal 
agricultural outcomes.

Disclaimer 
This publication is intended to provide an objective 

overview of the use of weather stations in farming and 
does not promote or endorse any specific brand, product, 
or trademark. References to product names, trademarks, or 
companies are included solely for informational purposes.
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