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Water Balance in the Root Zone 

The movement and storage of water in surface soils is important for economic and environmental 
reasons. The ability of a soil to store water in the root zone determines its ability to support plant 
growth and crop production. Water moving through the root zone has the potential of carrying 
chemicals downward to the underlying aquifers. Rainfall and irrigation water entering the soil 
tends to replenish the soil storage reservoir and extend its ability to support plant life. If 
infiltrating water exceeds the storage capacity of the soil root zone, the excess water tends to 
move downward through the soil. This deep drainage contributes to recharging the aquifer below. 
The challenge to farm managers is to provide sufficient water for producing a crop while limiting 
the amount of water and dissolved chemicals moving deeply into the soil.

This software uses the water balance concept to estimate water available for plants and water 
drainage below the root zone. The basic concept is just a statement of the principle of 
conservation of mass. It can be represented by the equation 

Infiltration - Evapotranspiration – Increase In Storage = Drainage

where Infiltration represents the amount of water entering the soil surface from rainfall or 
irrigation, Evapotranspiration represents the amount of water leaving the soil by surface 
evaporation or through plants growing in the soil, Drainage represents the amount of water 
moving below the root zone, and Storage represents the amount of water stored in the soil root 
zone.  

In this software the water balance is calculated on a daily basis. Historical daily rainfall amounts 
along with user-specified irrigation strategies are used to estimate infiltration. Potential 
evapotranspiration amounts calculated from historical weather data along with time dependent 
crop coefficients are used to estimate evapotranspiration. The soil water-holding capacity and 
known storage amount on a specific date are used to characterize the water stored in the soil. If 
the amount of water entering the soil on a particular day can be stored in the root zone, the 
drainage amount is zero for that day. If the infiltration exceeds the storage capacity of the soil the 
excess is lost as drainage. 

Although the water balance concept is useful for some management purposes, it greatly simplifies 
the flow process and is not suitable for all uses. Clearly the model is not capable of providing 
information for time steps of less than one day. Also the model ignores soil water dynamics. It 
treats the infiltration, storage, and drainage processes as essentially instantaneous processes. This 
may lead to underestimating water storage and overestimating drainage. Another simplification in 
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this model is the assumption that all rainfall enters the soil. Runoff is ignored. This too will tend 
to overestimate drainage. 

In addition to simplifications in the model, we have uncertainty because we do not know the 
future weather distributions. Thus we cannot estimate the future water balance with certainty. To 
help overcome this problem, the applet allows the user to view predictions based on a number of 
past weather records. By viewing predictions collectively for all of these years, the user can gain 
an understanding of the possible range of predictions that may occur in the future. In more 
advanced models, more weather records are used and results are presented as probability 
distributions. 

 

Model Description 

Root zone water balance during a specified period of time may be expressed as ( Hillel, 1998 ) 

where ∆S is the change in root-zone soil-moisture storage, ∆V is the amount of water 
incorporated in vegetative biomass, P is the amount of precipitation, I is the amount of irrigation 
water applied, U is the amount of water moved upward into the root zone by capillary flow, R is 
the amount of runoff per unit area, D is the amount of downward drainage out of the root zone, E 
the amount of  evaporation from the soil surface, and Tr is the amount of water transpired by 
plants. 

If the infiltration capacity of a soil system is large relative to rainfall intensities, no surface runoff 
will occur. If the depth to groundwater is large, the upward capillary flow into the root zone will 
be negligible. Neglecting surface runoff, upward movement of water from below the root zone, 
and the amount of water incorporated in vegetative biomass, the root-zone water balance in a soil 
system can be expressed as 

 

where ET = E + Tr is the evapotranspiration. Evapotranspiration is frequently calculated from a 
reference evapotranspiration (Guyot, 1998; Hess, 1996) using the equation
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where ET0 is the reference evapotranspiration from a reference canopy, such as 0.12-m-high 

grass for short crops or 0.5-m-high alfalfa for tall crops (Allen, 2000; Walter et al., 2000); Kcrop a 

dimensionless crop factor or crop coefficient reflecting the relative evapotranspiration of a crop 
of interest to that of a reference canopy, and Ksoil a dimensionless soil factor reflecting the 

fraction of water holding capacity that is readily available to the evapotranspiration process. 

In this program, root zone water balance is calculated on a daily basis. The following equation 
can be used for daily water balance computation. 

where Si and Si-1 are amounts of water stored in the root zone at the end of  day i and day i-1, 

respectively. Pi, Ii, Di, and ETi represent precipitation, irrigation, drainage, and 

evapotranspiration amounts on day i. The water storage amounts must be greater than or equal to 
zero and less than or equal to the maximum amount of water that can be stored in the root zone, 
Smax.

The ability of a soil to conduct water is reduced as the soil dries out. At some point, the soil can 
no longer provide water to the plant roots at a rate sufficient to maintain plant turgor and wilting 
occurs. Eventually this condition can lead to permanent wilting of the plants. If we let Swilt 

represent the amount of water in the root zone when permanent wilting occurs, the amount of 
water available for plant use on day i, AWi,  is given by

Combining equations 4 and 5 and treating the infiltration, storage, and drainage as essentially 
instantaneous processes, the available water on day i, AWi, can be calculated using the equation

and the drainage amount on day i, Di can be calculated from the equation

file:///C|/SoilPhysics/software/WaterBalance/document.html (3 of 5)2/28/2005 4:23:09 PM



Water Balance in Root Zone of Soils: Theory, D.L. Nofziger

where AWmax is the water holding capacity. 

Assumptions and Simplifications 

1.      The model ignores soil water dynamics. It treats the infiltration, storage, and drainage 
processes as essentially instantaneous processes. 

2.      All rainfall and irrigation water enters the soil. Runoff is ignored. 

3.      No water is carried upward into the root zone from the below. 

4.      Water intercepted by the vegetative biomass is insignificant. 

Glossary 

Crop Coefficient: Crop coefficient is a dimensionless crop factor or coefficient reflecting the 
relative evapotranspiration of a crop of interest to that of a reference canopy. 

Reference Evapotranspiration: Reference evapotranspiration represents evapotranspiration from 
a reference canopy (0.12-m-high grass for short crops or 0.5-m-high alfalfa for tall crops) under 
optimal soil-moisture conditions. 

Soil Factor: Soil factor is a dimensionless soil factor reflecting the fraction of available water 
capacity that is readily available to plants. 

Water Holding Capacity: Water holding capacity refers to the maximum amount of water in a 
root zone that is available to plant growth. 
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