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Context



The modeling process

Define 
problem

Develop 
conceptual 
model

Develop 
mathematical 
model

Calibration
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of problem 
using model

Apply 
results
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of the problem 
and objectives 
based on 
simulation 
results

Project 
completion
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After Reilly (2001) TWRI 3,B8

Where we are



Outflows
(Urban, 2004)

Inflows
(Urban, 2004)

Importance

Recharge from 

precipitation and 

applied irrigation are 

significant portion of 

total inflows

Pumping is a large 

outflow



Importance

Recharge from 

precipitation and 

applied irrigation are 

significant portion of 

total inflows

Pumping is a large 

outflow

Groundwater budget, mean 1967-1997 conditions

Schmidt and others (2008) and Sukow (2012)
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What we need
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Groundwater 
fluxes due to 

irrigation

Deep 

percolation of 

applied irrigation 

water

(modified from Faunt, 2009)
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Groundwater 
fluxes due to 

irrigation

Groundwater 

pumping

(modified from Faunt, 2009)
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Related 
groundwater 

fluxes

Canal leakage

(modified from Faunt, 2009)
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How we get there
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Ideal: direct 
measurements 

of fluxes
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Water budget 
approach

Calculate 

component(s) of 

interest as 

remainder of a 

water balance 

formula
In ïOut = 

±ȹStorage

From GW ïTo GW =

Other Outs ïOther Ins 

±ȹStorage
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Water budget 
approach

Calculate 

component(s) of 

interest as 

remainder of a 

water balance 

formula

In ï Out =    ±ȹStorage

Agricultural Soil

precipitation

surface water deliveries

groundwater deliveries

groundwater uptake

evaporation (irrigation and bare soil)

transpiration

runoff

deep percolation to groundwater

ȹ soil moisture

(modified from Faunt, 2009)



14

Known and 
unknown 
quantities

Unknown ~Known

Unmeasured well rates (most) Municipal well rates (some)

Canal leakage volumes Evapotranspiration

Deep percolation of irrigation water 

(incidental recharge)

Precipitation

Surface water diversions & destinations

Land use

Well locations, classification, and screen 

depths (many)

Throughflow of canal water (tail water)

Soil moisture storage characteristics
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Spatial scale



16

Distributed, 
district, or point

Distributed District Point

evapotranspiration

precipitation

surface water deliveries well locations

well rates
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Calculations Input Data

Calculate

budgets

Apply in

model

aggregate

to district

level

distribute to

model cells
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Estimating component 
volumes
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Surface water 
system budget

(modified from Faunt, 2009)
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Surface water 
system budget In ïOut = ±ȹStorage

In = Out
Å Diversions (div)
Å Precipitation (ppt)

Å Evapotranspiration (et)
Å Leakage (leak)
Å Through flow (tail)
Å Deliveries (deliv)

div + ppt = et + leak + tail + deliv

+ Ag runoff
Net
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Surface water 
system budget:

Inflows

div + ppt = et + leak + tail + deliv

Diversions



div + ppt = et + leak + tail + deliv
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Surface water 
system budget:

Inflows

Precipitation



div + ppt = et + leak + tail + deliv
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Surface water 
system budget:

Outflows

Evapotranspiration



div + ppt = et + leak + tail + deliv
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Surface water 
system budget:

Outflows

Canal leakage



div + ppt = et + leak + tail + deliv
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Surface water 
system budget:

Outflows

Through flow / tail 

water



div + ppt = et + leak + tail + deliv
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Surface water 
system budget:

Outflows

Deliveries



27

Soil water 
budget

(modified from Faunt, 2009)


