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High Plains Aquifer (Ogallala Aquifer)

● 32% of groundwater used for irrigation in the U.S. is pumped 
from the High Plains Aquifer

● 10% of U.S. crop sales come from land irrigated with this water

● Recharge is negligible in most areas of Kansas and Texas (< 25 
mm year-1)

Recharge Rate



High Plains Aquifer (Ogallala Aquifer)

 Texas and Kansas have lost about half of the saturated thickness 
because of unsustainable pumping for irrigation

 Where the saturated thickness is shallow, (principally in TX and KS) 
well yields (flow rates) are marginal – average of 3 wells required to 
irrigate 50 ha

Declines in 
Saturated Thickness

 Irrigation demands are large – Texas High 
Plains seasonal water requirements for 
maize ranges from 670 to 970 mm

 Growers frequently unable to meet peak 
water demands of maize and other crops –
crop failure or decrease in yield and 
profitability



Irrigation Management Constraints - Texas High Plains

 Irrigation is usually managed within a pivot area or 
several pivots

 Irrigation capacities (pumped flow rates per unit area 
under a pivot) averages 7 mm day-1 (148 m3 hour-1 for 
a 50 ha pivot area)

 Well yields (flow rates) normally decline during the 
growing season

 Growing season precipitation is an important supplement for irrigation of 
summer crops (mean = 264 mm)

 Growers do not “store” water in reservoirs for use during periods of peak 
irrigation demand – they are constrained by well yields (flow rates) not volume.



 More land than water → Growers often 
irrigate maize with an inadequate irrigation 
capacity (4 - 7 mm/day)

 3 - 8 days to irrigate 50 ha, 24 hours a day - In 
many years, the pivots are never turned off

Allocation of limited water to maize in the Texas High Plains

 As well yields declined, some growers have reduced 
irrigated area – resulting in a fraction of the pivot 
area planted to maize

 Large uncertainties of how to allocate water

◦ Precipitation
◦ ET demand
◦ Maize response to water deficit

Dalhart, TX



Allocation of limited water to maize in the Texas High Plains

 Determination of optimal area to irrigate is well-suited to 
simulations with models like MOPECO (Ortega et al., 2004)

◦ FAO-56 type crop coefficient model 
◦ Yield approximation (FAO-33)

 Modifications and adaptations of MOPECO were necessary to 
obtain realistic simulations (Schwartz et al., 2020; Domínguez 
et al., 2022)

 Objective: Discuss some adaptations of MOPECO to evaluate 
water allocation strategies under limited irrigation in the Texas 
High Plains (Domínguez et al., 2022)



 Simulate maize yields and net returns under a center pivot (51 ha) over a 
range of irrigation capacities

 Options:

◦ Plant entire 51 ha maize
◦ Plant a fraction to maize, remaining area in fallow or unirrigated cotton

Simulation Objectives – Water Allocation under Pivot Irrigation

 Concentrating irrigation on a fraction of field

◦ Increase maize yield in planted fraction but forfeit yield 
in remaining area

◦ Maximizes maize yield averaged over 51 ha when well 
flow rates ≤ 150 m3 h-1

◦ Reduces seed and fertilizer cost

 MOPECO: At a given well yield, what is the acreage 

planted to corn that maximizes net return in an “average 

year” – Typical Meteorological Year (TMY)?

Maize yields on 51 ha as a function of
planted ha at a flow rate of 127 m3 hour
and for a season with average rainfall



Model Adaptations Related to Climate
Texas High Plains

 Growing season variability (May – August)

◦ Precipitation: 29 – 436 mm 
◦ ETo: 761 – 1285 mm
◦ Precipitation inversely correlated to ETo in dry years

 Three Typical Meteorological Year (TMY) 
scenarios were developed based on growing 
season precipitation:

◦ TMY1 – average
◦ TMY2 - above average
◦ TMY3 - below average

Irrigation Capacity
7 mm day-1 50.9 ha-1

148 m3 hour-1



Model Adaptations Related to Climate
Texas High Plains

● In this climate – precipitation departure 
forecasts are unreliable – making it difficult for 
growers to plan for growing season

● Using ALL climate records in simulations (rather 
than a TMY) to generate mean response and 
probability intervals of yield and net returns

◦ This type of information is more meaningful 
to growers

Irrigation Capacity
7 mm day-1 50.9 ha-1

148 m3 hour-1



Model Adaptations – Deep Soil Profiles
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 Cropland soils in Texas High Plains:

◦ Deep (>1 m) 
◦ Dense subsoil 
◦ Sparse root system of maize > 0.6 m

 MOPECO assumes all water in root zone equally accessible

◦ Plant available water is overestimated 
◦ Crop water stress is underestimated

Pullman 
clay loam

 Adaptation: use nonuniform root 
distribution that effectively limits 
(slows) water extraction deep in 
profile (Schwartz et al., 2020)

◦ Requires algorithm to redistribute 
soil profile water

◦ Improves ETc and yield prediction 
◦ Simulations more amenable for 

use with soil water sensors



Model Adaptations – Center Pivot Irrigation

 Past pivot allocation simulations did not consider logistics of irrigation

◦ Irrigation is not instantaneous!

 Field was divided into 10 sectors – soil water balance and crop yield 
were simulated in each sector

 MOPECO was adapted (Dominguez et al., 2021) so that scheduled 
irrigation in each sector considered:

◦ Well yields (flow rate) including decline during the growing season
◦ Maximum speed of center pivot drive
◦ Time to move pivot through unirrigated and irrigated areas
◦ Crop water requirements and water holding capacity for irrigation applications

 Without adaptations

◦ Seasonal irrigation overestimated as much as 150 mm
◦ At 6 mm day-1 irrigation capacity, crop yields overestimated by 30%



Summary

● Adaptation of MOPECO for the climate, edaphology, 
and irrigation infrastructure in the Texas High Plains 
resulted in more realistic simulations

● Under the average irrigation capacity in the region 
(7 mm d-1), net returns were optimized when only 
75% was planted to maize in a “typical” year

● Management implications compared with irrigation 
of full circle

◦ Increased net returns
◦ Reduced fertilizer use
◦ Increase in water productivity

 Currently working with technical service providers 
to include this type of analysis in planning seasonal 
irrigation



Thank you!


