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Water poductivity = 

Actual yield

Actual water use

max (WP) = 
Ymax

opt BWU + min (NBWU)

=
P + CR + ΔSW + Irrig

Ya
WP

=
ETa + LF + Perc + RO + ETnon-crop

Ya
WP
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Economic WP = 

Actual yield value

Actual water use

=
P + Irrig + CR + ΔSW

Value (Ya)
EWP

=
Costs (Irrig) + Costs (water conservation)

Value (Ya)
EWPR

max (EIPR) = max 
(Yield value)

(Production costs)
= max (Revenue)

Economic Irrigation Production Ratio:



CEER

Adjusting Kcb to water stress

Compute  ETo

Weather data

ETo data 

available?

Yes

No

ETo

M
et

eo
ro

lo
g

ic
a

l D
a

ta

Ir
ri

g
a

ti
o

n
 m

o
d

es

A
g

ro
n

o
m

ic
 D

a
ta

SOIL WATER BALANCE 

(root zone)

Computing 

Irrigation 

Requirements

Irrigation 

Scheduling

Evaluation 

of a given 

Irrigation 

Schedule

E
x

te
n

ti
o

n
s

Runoff

Capillary 

rise

Deep           

percolation

Active 

ground cover

Mulches

RHmin

u2

Prec

Crop data

Kcb, Zr, p

h, fc, ML

Soil data

θFC, θWP, 

layer depth, 

TEW, REW

Irrigation       

options

Water      

restrictions

Field representation

Kcb ini, Kcb mid, Kcb end

Ke daily calculation

Irrigation       

system 

Calibration/validation

(soil water dynamics, crop 

transpiration, soil evaporation, 

crop evapotranspiration)

Water balance in evaporation layer

Kcb daily calculation

Water balance terms

(actual ET, runoff, 

percolation, capillary rise, 

soil water content)

Kcb adjustments to:
climate and density 

Model SIMDualKc



CEER

Input data

Soil

Climate

Crop characteristics

Irrigation

Mulches

Active ground cover

Runoff

Capillary rise

Deep percolation

Non-mandatory

Mandatory

Dep j-1, Dei j-1, Dr j-1

Tabled Kcb

Kcmax , h, Zr

fc, fw, fewp, fewi
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Ep, E, P - RO, I,Tep, Tei, DPep, DPei, Dep, Dei

Kc,ETc , Pi - ROi, Ii, CRi, DPi, Dri

Ks, Kc adj

ETc adj, Pi - ROi, Ii, CRi, DPi, Dr act i

End

Kei, Kep

Adjustment  to climate

RHmin, u2, h

Adjustment to plant density
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Model SIMDualKc
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(d) 

 1 

Kcb values adjusted for 

crop density (Kcb adj)

Kcb values corrected for 

water stress (Ks Kcb adj)

Ke averaged over the 

midseason period

Actual evapotranspiration (ETa) 

summed over the midseason

Sensitivity of the fraction of ground cover (fc) in a peach orchard



CEER

0.0

0.2

0.4

0.6

0.8

1.0

1.2

08/06 25/06 12/07 29/07 15/08 01/09 18/09

K
e
, 

K
c

b
, 

K
c

b
 a

d
j

0

10

20

30

40

50

60

70

80

90

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
c
 (

m
m

 d
-1

)

 
0.0

0.2

0.4

0.6

0.8

1.0

1.2

08/06 25/06 12/07 29/07 15/08 01/09 18/09

 K
e
,K

c
b

, 
K

c
b

 a
d

j

0

10

20

30

40

50

60

70

80

90

Ir
ri

g
a
ti

o
n

, 
P

re
c
ip

it
a
ti

o
n

, 
G

W
c
 (

m
m

 d
-1

)

 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

08-06 25-06 12-07 29-07 15-08 01-09 18-09

K
e
, 

K
c
b

, 
K

c
b

 a
d

j

0

20

40

60

80

100

120

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
 (

m
m

 d
-1

)

Kcb Ke Adjusted Kcb Prec. (mm) G flow (mm) Irrig (mm) Ke,

0.00

0.20

0.40

0.60

0.80

1.00

1.20

08-06 25-06 12-07 29-07 15-08 01-09 18-09
K

e
, 

K
c
b

, 
K

c
b

 a
d

j
0

20

40

60

80

100

120

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
 (

m
m

 d
-1

)

Kcb Ke Adjusted Kcb Prec. (mm) G flow (mm) Irrig (mm)Kcb,

0.00

0.20

0.40

0.60

0.80

1.00

1.20

08-06 25-06 12-07 29-07 15-08 01-09 18-09

K
e
, 

K
c
b

, 
K

c
b

 a
d

j

0

20

40

60

80

100

120

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
 (

m
m

 d
-1

)

Kcb Ke Adjusted Kcb Prec. (mm) G flow (mm) Irrig (mm)Kcb adj,

0.00

0.20

0.40

0.60

0.80

1.00

1.20

08-06 25-06 12-07 29-07 15-08 01-09 18-09

K
e
, 

K
c
b

, 
K

c
b

 a
d

j

0

20

40

60

80

100

120

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
 (

m
m

 d
-1

)

Kcb Ke Adjusted Kcb Prec. (mm) G flow (mm) Irrig (mm) Precipitation, 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

08-06 25-06 12-07 29-07 15-08 01-09 18-09

K
e
, 

K
c
b

, 
K

c
b

 a
d

j

0

20

40

60

80

100

120

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
 (

m
m

 d
-1

)

Kcb Ke Adjusted Kcb Prec. (mm) G flow (mm) Irrig (mm)Irrigation,

0.00

0.20

0.40

0.60

0.80

1.00

1.20

08-06 25-06 12-07 29-07 15-08 01-09 18-09

K
e
, 

K
c
b

, 
K

c
b

 a
d

j
0

20

40

60

80

100

120

P
re

c
ip

it
a
ti

o
n

, 
Ir

ri
g

a
ti

o
n

, 
G

W
 (

m
m

 d
-1

)

Kcb Ke Adjusted Kcb Prec. (mm) G flow (mm) Irrig (mm) GWc 

0

1

2

3

4

5

6

7

08/06 25/06 12/07 29/07 15/08 01/09 18/09

E
v
a
p

o
ra

ti
o

n
, 

T
ra

n
s
p

ir
a
ti

o
n

 (
m

m
 d

-1
)

 
0

1

2

3

4

5

6

7

08/06 25/06 12/07 29/07 15/08 01/09 18/09

E
v

a
p

o
ra

ti
o

n
, 

T
ra

n
s

p
ir

a
ti

o
n

 (
m

m
 d

-1
)

 
0

1

2

3

4

5

6

7

08/06 25/06 12/07 29/07 15/08 01/09 18/09

E
v
a
p

o
ra

ti
o

n
, 
T

ra
n

s
p

ir
a
ti

o
n

 (
m

m
 d

-1
)

E T  

Irrigation + rainfall (mm) 221 287 

GWc (mm) 93 63 

ΔSW (mm) -101 -91 

E (mm) 52 80 

T (mm) 363 361 

 

Level-basin irrigation Center-pivot irrigation

Maize, Coruche, Portugal
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Irrigation + rainfall (mm) 666 665 

GWc (mm) 54 35 
ΔSW (mm) -112 -47 

Percolation (mm) 185 0 

E (mm) 55 134 

T (mm) 593 615 

 

Cotton, Fergana, Uzbekistan

Furrow irrigation Drip irrigation
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Irrigation + rainfall (mm) 423 421 

ΔSW (mm) 22 26 

E (mm) 109 65 

T (mm) 293 330 

 

Supplemental sprinkler irrigation Supplemental sprinkler irrigation, mulch

Wheat, ICARDA, Syria
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0.00-0.20 0.36 0.10 

0.20-0.40 0.35 0.09 
0.40-0.60 0.36 0.10 
0.60-0.80 0.35 0.10 

0.80-1.00 0.34 0.10 

 

Layers
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Maize net irrigation requirements 

in various locations in Portugal
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Maize water productivity at farm under sprinkler irrigation at various 

locations, high climate demand (severe drought) for full and deficit 

irrigation as influenced by the potential application efficiency

Full irrigation          Light deficit          Moderate deficit irrigation

WP is higher for locations where demand is lower, and PELQ is higher. 

WP is relatively insensitive to the deficit of irrigation



CEER

Full irrigation          Light deficit          Moderate deficit irrigation

Maize water productivity at farm under sprinkler irrigation at various 

locations, very high climate demand (extremely severe drought) for full 

and deficit irrigation as influenced by the potential application efficiency

WP is higher for locations where demand is lower, and PELQ is higher. 

WP is relatively insensitive to the deficit of irrigation
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Full irrigation          Light deficit          Moderate deficit irrigation

Maize irrigation water productivity at farm under sprinkler irrigation at 

various locations, high climate demand (severe drought) for full and 

deficit irrigation as influenced by the potential application efficiency

Irrigation WP is higher for locations where demand is lower, 

irrigation deficit is larger (less water use), and when PELQ is higher 



CEER

Full irrigation          Light deficit          Moderate deficit irrigation

Maize economic water productivity EWP at farm under sprinkler 

irrigation at various locations, high climate demand (severe drought) for 

full and deficit irrigation as influenced by PELQ

EWP follows WP trends (higher where demand is lower, relatively 

insensitive to the deficit of irrigation and highly influenced by PELQ
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Full irrigation          Light deficit          Moderate deficit irrigation

EWP follows WP trends (higher where demand is lower, relatively 

insensitive to the deficit of irrigation and highly influenced by PELQ

Maize economic water productivity EWP at farm under sprinkler 

irrigation at various locations, very high climate demand (extremely 

severe drought), full and deficit irrigation as influenced by PELQ
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APROVEITAMENTO 

HIDROAGRÍCOLA DA VIGIA

APROVEITAMENTO 

HIDROAGRÍCOLA DA VIGIA

Searching issues for 

deficit irrigation of maize, 

water productivity and 

economic results
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Water productivity of maize under full     and deficit irrigation  

for average (Av), very high (VH) and extreme (Ext) demand;

Application to 2 sprinkler irrigated farms in Southern Portugal 
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Economic Water Productivity Ratio (EWPR) for deficit 

irrigated maize (maize prices of 2010)

  



EWPR
Value(Ya)

Cost(TWU)



Economic irrigation production ratio EIPR, for 3 climatic 

demand conditions, 3 irrigation performance and 3 water 

prices (price of maize of 2010)

Full irrigation

(no water stress)

Deficit irrigation 

(< 10% yield decrease)

)irrigation (includingCost  Production

(Ya) Value
EIPR =
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1. WP generally is higher when deficit irrigation is  

adopted

2. The economic results as analysed by the EWPR show 

to be highly dependent of the water prices (rlated to the 

EU Water Directive) and the performance of the 

irrigation system

3. Results of EIPR using full economic analysis data 

show that deficit irrigation may not feasible for maize 

and other crops having similar behaviour 

4. Full irrigation of maize is feasible when yield prices 

are not low and irrigation systems have a good 

performance
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Decision Support System SADREG for surface irrigation design

Land parcel under design

Main field characteristics

WORKSPACE (field data)

Soil water retention

Soil infiltration

Field length & width

Slopes

Land surface uneveness

Database

First level of

irrigation options

Second level of

irrigation options

GROUP OF 

ALTERNATIVES

Distribution system

Tail water management

DESIGN ALTERNATIVE

Inflow rate per unit

width or per furrow

Number of sub-units

Modelling

tools

Design simulation generating

indicators that characterize

each alternative

Performance 

attributes

Multicriteria analysis:

Ranking of alternatives inside Groups

and/or among Groups of alternatives

PROJECT

irrigation method

land levelling

crop

water supply conditions

Number of units & outlets

Costs

Land parcel under design

Main field characteristics

WORKSPACE (field data)

Soil water retention

Soil infiltration

Field length & width

Slopes

Land surface uneveness

Database

First level of

irrigation options

Second level of

irrigation options

GROUP OF 

ALTERNATIVES

Distribution system

Tail water management

DESIGN ALTERNATIVE

Inflow rate per unit

width or per furrow

Number of sub-units

Modelling

tools

Design simulation generating

indicators that characterize

each alternative

Performance 

attributes

Multicriteria analysis:

Ranking of alternatives inside Groups

and/or among Groups of alternatives

PROJECT

irrigation method

land levelling

crop

water supply conditions

Number of units & outlets

Costs
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Criteria Attributes Weights (%) for several attributes in conditions of 

 

 

Balance among 

economics, water saving, 

and environment  

Priority to water 

saving and 

environment 

Priority to 

economic 

results 

Economic 

results 

Economic land productivity 

Fixed costs 

12 

14 

3 

3 

40 

25 

 Variable costs 14 4 25 

 Total 40 10 90 

Water use 20 30 2 

Irrigation water productivity 15 20 2 

Runoff 10 15 2 

Deep percolation 10 15 2 

Erosion index 5 10 2 

Water 

saving and 

environment  

Total 60 90 10 

 1 

Criteria,  Attributes, and Weights (%) relative 

to the Priorities to rank the alternatives
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Utilities of Groups’ best design alternatives for different prioritization schemes 

adopting 2010 prices of cotton, of labour and of water

Economic Water saving

Balance economic-water saving

Balance between economics and water saving
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Ratio Yield value / Total Irrigation cost for all design alternatives  
as influenced by water, labour and yield prices
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Utilities of Groups’ best design alternatives for different prioritization schemes 

adopting 2010 prices of cotton, of labour and of water

Economic Water saving

Balance economic-water saving

Balance between economics and water saving

Water price increased 30%

The value of utilities change but relative position of alternatives remains unchanged
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Utilities of Groups’ best design alternatives for different prioritization schemes 

adopting 2010 prices of cotton, of labour and of water

Economic Water saving

Balance economic-water saving

Balance between economics and water saving
Cotton price increased 30%

The value of utilities becomes closer but relative position of alternatives is unchanged
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Utilities of Groups’ best design alternatives for different prioritization schemes 

adopting increased prices of cotton, labour and water

Economic Water saving

Balance economic-water saving

Balance between economics and water saving
Cotton, labour and water prices increased 30%

The value of utilities becomes closer but relative position of alternatives is unchanged
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The model shows to be enough robust and ranking 

does not change for the balanced priority scheme for 

the  five first alternatives. 

Priorities Rank Present Water price + 30%  Water & Labour +30% Cotton price + 30% All + 30% 

1 91 91 91 91 91 

2 99 99 99 99 99 

3 95 95 95 95 95 

4 61 61 61 61 61 

5 69 69 69 69 69 

6 65 65 65 65 65 

7 37 37 37 37 37 

8 40 40 40 40 40 

9 92 92 92 92 92 

Water 

saving  

10 100 100 100 100 100 

1 6 6 6 6 6 

2 5 5 5 5 5 

3 3 3 3 3 3 

4 2 2 2 2 2 

5 11 11 11 11 11 

6 12 12 12 12 12 

7 43 43 43 43 43 

8 55 55 55 55 55 

9 44 44 44 44 44 

Economic 

10 56 56 56 56 56 

1 91 91 91 91 91 

2 99 99 99 99 99 

3 61 61 61 61 61 

4 69 69 69 69 69 

5 6 6 6 6 6 

6 95 95 95 5 5 

7 65 65 19 95 19 

8 19 19 65 65 95 

9 5 5 74 19 65 

Balance  

10 74 74 5 74 74 

 

Ranking of alternatives depending on changes  in water, labour & cotton prices
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Adopting multicriteria analysis in irrigation modelling 

may be an issue to find coherent  compromises 

between farmers economic criteria and managers water 

daving and environmental criteria

Our current knowledge is presently sufficient to build 

up such systems but it is difficult to accede to good 

quality economic data

When models take the form of a DSS farmers may 

participate not only in decision making but in building 

the alternatives with other irrigation professionals 


