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Table 1. Burt’s definition of the flexibility rating (Burt et al. 2000)

Point Condition

(a) Flow Rate

Same flow rate must always be delivered
Several flow rates are allowed during the season
Different flow rate is available for each irrigation, up to two changes per irrigation allowed
Flow rate can be changed any time, provided advance notice is given to the district
Flow rates can be different and changed by the farmer without giving advance notice to the district

a b~ w N -

(b) Frequency

Always a fixed rotation
Fixed rotation with trading, or limited frequency, or fixed rotation during peak season only
24 hr. or more advance notice required before delivery is made
<24 hr. advance notice required before delivery
Farmer does not need to notify district before delivery

g~ W N

(c) Duration

District assigns a fixed duration of irrigation
District assigns a fixed duration, but allows some flexibility
Farmers must select a duration with a 24-hr. segment
Farmers can choose any duration but must give notice before changing

a b~ W N -

Farmers can have any duration, with no advance notice required before changing
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Table 2. Information of studied networks and districts

Networks & Districts Delivery methods  Area (ha.) Flow rate Frequency Duration Advance notice
Dez 150000 Fixed* Fixed Fixed Fixed
Karkhe Shavoor Rotational 235000 Fixed Fixed Fixed Fixed
Sefidrood & Foumanat 235000 Fixed Fixed Fixed Fixed
Variable Variable Without Advance
D 3 112 Fi
orudzan 000 ed (Limited)? (Limited) notice
Variable Variable Without Advance
G N 22000 Fixed i _ .
armsar e (Limited) (Limited) notice
Variable Variable
Karun® 65000 i i Variable* <24hr.
anun (Limited) (Limited) anavle '
Arranged i
Marun® 100000 Fixed V?n?ble Variable <24 hr.
(Limited)
Variable Variable
Mogh 90000 Variabl 48 hr.
oghan (Limited) et (Limited) '
Variable Variable Variable
i 4 72 hr.
Qazvin 80000 (Limited) (Limited) (Limited) 8to7zhr

1. Fixed, Delivery parametrs are fixed and pre-determined by irrigation network manager during irrigation season
2. Variable (Limited), Little Variation for delivery parameters in short periods and specific situations is allowed

3. In Droodzan and Garmsar Irrigation networks at the beginning and end of the irrigation season and in specific
situations little variation of irrigation duration, and irrigation frequency is allowed. Farmers could receive water
without prior announcement in this situation. Marginal flexibility improvement is provided.

4. Variable, Delivery parameters are variable, and higher flexibility is provided.

5. Each irrigation district consists of several irrigation networks with similar delivery methods and rules. For instance,
Karun and Maroon irrigation districts consist of 7 and 5 networks respectively.
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Figure 1. Flowchart of the MONA-Flexibility model
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Figure 2. Relation of the delivery factors and the flexibility rating
Table 3. Standard normal cumulative distribution function
Advance notice d(Day) 0 (Instant delivery) 1 2 3 4 5 6 7
P, (%) 99 92 85 78 71 64 57 50
Upq 2.324 1.41 1.04 0.775 0.555 0.357 0.175 0
95
g 90
= 85
L
> 80
=75
o]
s 70
[=]
g 65
2 60
8 55
>
€ 50 !
>
O 0 1 2 3 4 6 7

Advance Notice (d) (Day)

Figure 3. Relation between advance notice and cumulative probability of simultaneous operation of turnouts
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Table 4. Weight of delivery factors in Iran's irrigation networks and districts

o . . Weight of irrigation time Weight of

Networks & Districts Weight of flow rate (%) Weight of frequency (%) g (%)g Advance g:\otice %)
Dez 40 20 40 0
Karkhe Shavoor 40 30 20 10
Sefidrood & Foumanat 15 25 30 30
Dorudzan 50 25 25 0
Garmsar 50 25 25 0
Karun 40 30 20 10
Marun 30 25 30 15
Moghan 20 20 20 40
Qazvin 20 20 20 20
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Table 5. Real values of delivery factors in irrigation networks

Flow rate variation
Networks & Districts -, Frequency (da Irrigation time (hr. Advance notice (da
coefficient (ez,%) quency (day) g (hr.) (day)

Dez - - - -

Karkhe Shavoor - - - -

Sefidrood & Foumanat - - - -

Dorudzan - 15 24 1
Garmsar - 15 24 1
Karun 0.43 10 6-24 1
Marun - 15 6-24 1
Moghan 0.67 7-10 24 0-2
Qazvin 0.5 10 24 3
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Table 6. Flexibility rating and quantitative flexibility index in Iran's irrigation networks

A Flow rate Frequency fi Irrigation time Advance notice Total flexibility F(%
Networks & Districts f(a)(%) a (%)y ® gf(t)(%) (d) (%) y F(%)
Dez 0 0 0 0 0
Karkhe Shavoor 0 0 0 0 0
Sefidrood & Foumanat 0 0 0 0 0
Dorudzan 0 0 0 70 0
Garmsar 0 0 0 75 0
Karun 67 0 75 75 453
Marun 0 0 75 75 33.75
Moghan 67 57 0 100 61.8
Qazvin 50 0 0 25 334
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Figure 4. The output of MONA-Flexibility model
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Abstract

Improving water productivity in irrigation networks requires increasing the authority of irrigation management and
flexibility in water delivery. Increasing flexibility requires determining the existing flexibility. According to the capacity of
the canals and water distribution management facilities, it is possible to determine the achievable flexibility and the amount
of its increase. In this research, considering four water delivery factors, including flow rate, irrigation frequency, irrigation
duration, and advance notice (pre-request time), and their weighting factors a quantitative flexibility index determination
method is presented. The flexibility that can be achieved is determined by changing the range of water delivery factors and
respecting the irrigation canal capacity. This research was conducted for 9 networks in different regions of Iran. The average
flexibility in the surveyed networks was estimated at 19%, which is very low and should be improved. To determine the
achievable flexibility, a model was prepared and implemented for the Eastern Aghili canal as an example. The design capacity
of this canal is far from the current operating capacity, so there is significant scope for increasing its flexibility. The current
flexibility of this canal is estimated at 45% and its maximum attainable flexibility at 86%. Flow delivery factors in accordance
with the maximum flexibility are the maximum utilization capacity of 41.4 cubic meters per second, the irrigation frequency
of 1 day, the minimum irrigation duration of 5 hours, and the minimum pre-request time of 1 day. By using the presented
method and the provided model, it is possible to choose any suitable combination of delivery factors that improves flexibility
according to the management policies, water delivery methods, existing facilities, and farmers' viewpoints.

Key Words: Delivery Factors, Flexibility Index, Operational Capacity, Pre-request time.
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