Irrigation Scheduling Using the Oklahoma Mesonet
Michael A. Kizer, Albert L. Sutherland and J. D. Carlson”

Evapotranspiration estimates are one of the value-added weather products available on the
Oklahoma Mesonet agricultural website (http://agweather.mesonet.org/). Daily reference
evapotranspiration estimates from the Penman-Monteith equation are posted for irrigation
managers who use water balance scheduling methods. Daily evapotranspiration estimates
calculated using crop coefficients based on user-supplied planting dates and maturity periods for
the major crops of Oklahoma are posted to pages dedicated specifically to that crop. Daily and
cumulative water use for major crops are reported in a tabular output which allow agricultural
producers and homeowners to estimate water use by crops and turf grass for periods from one
day to several days. The Oklahoma Mesonet is a network of 117 automated weather stations that
cover all 77 counties in Oklahoma with an average station spacing of 30 km. Data are beamed
by radio to a central processing site every 5 minutes, error-checked and posted on the Mesonet
website.

Introduction

The Oklahoma Mesonet is a statewide network of 117 automated weather stations that has been
operational since 1994 (Brock et. al., 1995). The network is a cooperative effort between the
University of Oklahoma and Oklahoma State University. The stations have an average spacing
of 30 km and are distributed throughout all 77 counties of Oklahoma. (Figure 1.)

Figure 1. Distribution of Mesonet weather stations in 2003.
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The Mesonet stations collect a wide array of weather data for meteorological, environmental and
agricultural research, as well as for public safety purposes (Elliott, et. al., 1994). The data are
collected every 15 seconds for a 5-minute period. The 5-minute averages are then sent by radio
to the nearest Oklahoma Law Enforcement Telecommunication Service (OLETS) station and
then relayed to the Mesonet central computer in Norman, OK. (Figure 2)

Figure 2. Mesonet station configuration and measured parameters.
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The raw data are analyzed for quality assurance and processed into a variety of end products.
The raw data and end products are posted to a number of Mesonet websites within 10 minutes of
collection in most cases. Some of the data are available on websites which require a user’s fee,
while others are free to the general public.

Agweather Page

The Agweather webpage (http://agweather.mesonet.org) is a public webpage which houses a
wide variety of agriculture-related weather information available through Mesonet. The weather
data and products on the Agweather webpage are organized in seven general categories:
Weather, Soils, Livestock, Rangeland, Crops, Horticulture, Forestry. Users can find an array of
weather related information and products related to each category on the appropriate sub-page.
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On the Weather page raw data, summaries and end products for the current measurement period
can be viewed. One of the end products available is Standardized Reference Evapotranspiration
(ETs).

Reference Evapotranspiration

The Standardized Reference Evapotranspiration (ETs,) calculation used on Mesonet webpages
follows the recommendation of the Standardization of Reference Evapotranspiration Task
Committee of the Environmental and Water Resources Institute of the American Society of Civil
Engineers (ASCE) in their final report of July 9, 2002. A complete explanation of the
computation process is viewable on-line by clicking on the information button (&) in the upper
right-hand corner of the appropriate webpages. Both short (ET,s) and tall (ET,s) crop reference
values are available for use in computer-based irrigation scheduling programs. These reference
ET values, plus many of the weather-dependent intermediate variables used to compute them, are
available on the reference ET webpage (Figure 3).

Figure 3. Reference ET page for a single Mesonet station.
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The authors have developed a PC-based checkbook irrigation scheduling program that interfaces
with the Mesonet webpage and automatically downloads daily reference ET. That information is
combined with a basal crop coefficient(K), a soil water availability coefficient (K,), and a soil
surface wetness coefficient (K), which are all stored in a field-specific file that keeps the most
recent soil water conditions of the crop root zone, to provide a crop ET estimate corrected for
specific soil water conditions.

Many horticultural producers in the state have traditionally used scheduling programs based on

pan evaporation. To assist these producers, estimates pan evaporation for the Mesonet site
developed from reference ET and pan coefficients are also available on this webpage.
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Crop Evapotranspiration

Under the Crops sub-page an array of weather-related information for each of the major
agronomic crops produced in Oklahoma is available, including disease and insect development
models, degree-day calculators and crop evapotranspiration (ET.) models. The ET, calculation
uses the short crop reference (ET,s) and an appropriate crop coefficient (K.). In some cases the
K. values are calculated from relationships that have been locally calibrated, while for some
crops the K.’s are determined from general relationships recommended by the United Nations
Food and Agriculture Organization (Allen, et. al., 1998).

The specific K, relationship is determined when the user chooses a crop from the Crops menu.
The actual daily value of the K, is determined based on the date of the computation, the planting
date and maturity/season length information provided by the user. No adjustments are made for
reduced soil water availability or wet soil surface conditions. Daily and cumulative ET, during
the season are presented in a table with the most recent day at the top (Figure 4). This crop water
use information, combined with the allowable soil water deficit (as determined by the available
water holding capacity of the root zone soil, the crop rooting depth and maximum fraction of
water that can be depleted) or the expected effective depth of irrigation allows the irrigation
manager to determine when to initiate irrigation.

Figure 4. Crop ET example page from the Mesonet website.

frsmwmanmema
GOOD | 2005-07-11 11 0.35 0.35 0.0a 0.00 -0.35
GOOD | 2005-07-10 | 2 0.45 0.80 0.00 0.00 -0.80
GOOD | 2005-07-08 |3 0.41 1.21 0.oo 0.0o -1.21
GOOD 1 2005-07-08 14 0.3g 1.8 ono o.on -1.59
GOOD | 2005-07-07 | 5 0.43 2.02 0.00 0.00 -2.02
GOOD | 2005-07-06 | 6 0.35 237 0.00 0.00 -2.37
GOOD | 2005-07-058 |7 0.28 268 0.7a 0.74a -1.87
GOOD | 2005-07-04 | 8 0.31 297 0.00 079 -2.18
GooD | 2005-07-03 18 051 348 oon 07a 258
GOOD | 2005-07-02 (10 0.43 382 043 1.32 -2.60
GOOD | 2005-07-01 | 11 0.35 427 0.o7 1.39 -2.88
GOOD | 2005-06-30 |12 G.48 4.73 G.00 1.35 334
GOOD | 2005-06-28 113 0.60 533 0.0a 1.38 -3.84
GOOD | 2005-06-28 | 14 0.60 5.93 0.00 1.39 -4.54
GOOD | 2005-06-27 |15 0453 B.47 ooa 1.38 -5.08
GOOD | 2005-06-26 |16 0.46 B.92 0.00 1.38 -5.53
GOOD | 2005-06-25 |17 0.44 7.36 0.00 1.39 -5.97
GOOD | 2005-06-24 |18 0.50 7.87 0.00 1.38 -6.48
GOOD | 2005-06-23 (149 0.41 g.38 0.00 1.38 -6.99
GOOD | 2005-06-22 | 20 0.46 8.84 0.00 1.39 -7.45
GooD | 2005-06-21 1 038 922 oon 1.38 -7.83
GOOD | 2005-06-20 | 22 0.38 9.61 0.00 1.38 -8.22
GOOD | 2005-06-19 | 23 0.44 10.05 0.00 1.39 -8.66
GOOD | 2005-06-18 | 24 0.38 10.42 0.00 1.38 -9.03
GOOD | 2005-06-17 | 258 0.36 10,78 0.00 1.39 -9.39
GOOD | 2005-06-16 | 26 0.38 MAT 0.00 1.39 -9.78
-
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For the example shown in Figure 4, if the corn crop had a fully developed root depth of 48 inches
in a sandy loam soil with an available water capacity of 0.125 inches of available water per inch
of soil and a maximum of 40% of the soil water in the root zone can be depleted before water
stress affects crop performance, the allowable water deficit is 2.4 inches. Looking down the
water use table, the manager can see that cumulative water use of the crop is 2.37 inches since
July 6. If the crop was last irrigated on July 6, it is time to irrigate again. If the last irrigation
occurred on July 7, the manager can see that based on the most recent ET, values he has one
more day until irrigation must be initiated. Similarly, if the irrigation manager likes to apply no
more than 1.25 inches of net water depth with his center pivot system, he can see that after 3
days it is time to irrigate and apply 1.21 inches of water.

The crop ET table also includes daily and cumulative rainfall amounts measured at the Mesonet
weather station site, allowing the calculation of a water balance for the site. Users are advised
that no adjustment has been made for effective rainfall is made in this calculation. They are also
advised that the high spatial variability in rainfall, especially the rainfall from single-cell
thunderstorms in the Southern Plains region, makes this information of limited value. They are
instead advised to maintain a rain gauge at the site of each field they are irrigating.

The authors acknowledge that there are certain limitations inherent in this approach to predicting
actual crop ET. because adjustments for soil water availability and soil surface wetness are
ignored. However, no bookkeeping is required by the user and no files need to be stored on the
user’s computer to use this method. It is our belief that a simple irrigation scheduling system of
reasonable accuracy that requires minimal feedback from the user is more likely to be used
consistently by irrigators who have not previously used a weather-based scheduling method than
a more accurate, but more complicated system.

Future Improvements

The evapotranspiration products currently available on the Mesonet website include reference
ET for short and tall reference crops, and the primary crops of economic importance in
Oklahoma. At this time there are ET estimates for eight agronomic crops (alfalfa, corn, cotton,
grass hay, peanuts, sorghum, soybeans and wheat), three fruit and nut crops (grapes, peaches,
and pecans), three vegetable crops (general small vegetables, tomatoes and watermelons), and
two turf crops (cool season grasses and warm season grasses). As time and resources permit ET
products for additional crops will be added.

Discussions have been initiated with Mesonet managers about making system resources
available for field specific scheduling data. This would set aside storage space that would allow
irrigation managers to keep water budget files for individual irrigation systems on-line.

Summary

The Oklahoma Mesonet has implemented a simplified, on-line evapotranspiration modeling
system that allows irrigators to use near-real-time weather data to estimate crop water use. The
system provides daily reference ET estimates, as well as estimates of actual crop ET for potential
conditions for all of the major crops of economic importance in Oklahoma. The listing of
cumulative crop ET that the user can adjust for planting date and crop maturity group permits
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reasonably accurate timing of irrigation events with minimal effort required of the irrigation
manager.
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