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Abstract

Accurate irriga on and fer ga on of field crops are crucial for maximizing crop yield while avoiding
overuse of water and fer lizer. Weather forecasts can predict poten al evapotranspira on (ET0) but
are s ll far from perfect. We used two case study of sprinkler irrigated spring potatoes in Coastal
Israel and summer peanuts in northern Israel test cases in order to define a minimal accuracy level
of ET0 predic ons for irriga on planning. The working stages of simula on-op miza on-sensi vity
analysis are described in the workflow. By modeling crop irriga on based on varying forecasted
ET0 rela ve bias ranges as well as crop and soil parameters we were able to rank the parameters by
contribu on to crop-model output variance. Our main findings are:

ET0 predic on accuracy dominates the crop model parameters when ET0 rela ve bias (δET0)
range < 5% (case 1) and < 2.5% (case 2).
Case1 - The soil n parameter dominates model output when δET0 range < 5% for all objec ve
func ons but transpira on (RMSETa

).
Case 2 - Ks dominates most objec ve func ons and δET0 ranges.
For case 1 max. root depth is domina ng transpira on output (RMSETa

) when δET0 range <
5%, while case 2 is dominated by the soil hydraulic parameters.

This procedure of op miza on and sensi vity analysis can be extended to a wide range of case
studies and help define what is an adequate weather forecast accuracy suitable to base crop irriga-
on upon.
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Figure 1. Crop model scheme. 1D water and solute movement and root uptake.
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Optimization

The irriga on management mul -objec ve op miza on problem is formulated as:
optimize F (x) = (f1(x), f2(x), f3(x))
subject to x ∈ Ω (1)

Where Ω is the decision space. Pareto-op mal set is a solu on if it is not dominated by any other
solu on in the decision variable space. For a given mul -objec ve problem, the Pareto-op mal set,
P ⋆, is defined as:

P ⋆ = {x ∈ Ω | ¬∃ x′ ∈ Ω F (x′) ⪯ F (x)} (2)

Case 1 - Spring potatoes irrigation in loamy sand
Optimal irrigation & sensitivity analysis
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Figure 2. Objec ve space of the Max–Min–Min op miza on. The objec ve func ons are rela ve transpira on (Tr),
water drainage (Dw) and solute drainage (Ds). The economically op mal ($) objec ve vector is marked in green. Op mal
decision variables were: Irriga on rate = 14 mm h−1, δirrigation = -1.9%, irriga on interval = 48 h with first irriga on a er
3 h. Table 1. Crop model input parameters tested for sensi vity and their ranges (case 1).

par. descrip on range par. descrip on range

Ks hydraulic conduc vity (cm h−1) 5.7, 14.3 Zr, max max. root depth (cm) 40, 80
α reten on curve par. (cm−1) 0.04, 0.2 C50 osmo c stress par. (dS m−1) 10.7, 14
n reten on curve par. (-) 1.94, 2.65 δrain rain rela ve bias (%) -100, 100
h3, L water stress par., low ET0 (cm) -175, -500 δET0 predicted ET0 bias (%) changing
h3, H water stress par., high ET0 (cm) -10, -175
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Figure 3. Total log10-sensi vity indices (STi
) of principal crop model parameters. The objec ve func ons tested were the

root mean squared error (RMSE) of the soil water content (θ) at seven depths (-10 to -70 cm), the actual transpira on
(Ta), the water drainage (Dw) and solute drainage (Ds).

Sensitivity analysis

FAST is a variance-based global sensi vity test where V =
∑k

i=1 Vi +
∑k

i=1
∑k

j>i Vij + ... + V1,2,...,k
with V being the total variance of the model output, Vi is the first-order variance for each factor
xi and Vij is interac ons among k factors. The first-order sensi vity index corresponding to the
parameter xi is: Si = V [E(Y |xi)]/V (Y ) and the total-order sensi vity index of a single parameter
(index i) with the interac on of more parameters that involve index i and at least one index j ̸= i
from 1 to k is:

STi
=
∑

Si +
∑
j ̸=i

Sij + ... + S1...k (3)

Case 2 - Summer peanuts irrigation in loamy soil
Optimal irrigation & sensitivity analysis
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Figure 4. Objec ve space of the Max–Min–Min op miza on. The objec ve func ons are rela ve transpira on (Tr),
water drainage (Dw) and solute drainage (Ds). The economically op mal ($) objec ve vector is marked in green. Op mal
decision variables were: Irriga on rate = 14 mm h−1, δirrigation = +19%, irriga on interval = 120 h with first irriga on
a er 24 h. Table 2. Crop model input parameters tested for sensi vity and their ranges (case 2).

par. descrip on range par. descrip on range

Ks hydraulic conduc vity (cm h−1) 0.37, 2.57 Zr, max max. root depth (cm) 50, 100
α reten on curve par. (cm−1) 0.01, 0.05 C50 osmo c stress par. (dS m−1) 6.8, 12.7
n reten on curve par. (-) 1.23, 1.88 δrain rain rela ve bias (%) -100, 100
h3, L water stress par., low ET0 (cm) -500, -2000 δET0 predicted ET0 bias (%) changing
h3, H water stress par., high ET0 (cm) -10, -500
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Figure 5. Total log10-sensi vity indices (STi
) of principal crop model parameters. The objec ve func ons tested were the

root mean squared error (RMSE) of the soil water content (θ) at seven depths (-10 to -70 cm), the actual transpira on
(Ta), the water drainage (Dw) and solute drainage (Ds).
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