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Today’s agriculture in many parts of the developing world suf-
fers from utter shortages in irrigated and rain-fed agriculture
(Falkenmark and Rockström 2006). Such conditions call for a
shift from current planning and management of water resources
as exemplified in various studies that include reservoir operation
(Ahmadi et al. 2014; Bolouri-Yazdeli et al. 2014), groundwater
resources (Bozorg-Haddad et al. 2013; Fallah-Mehdipour et al.
2013b), conjunctive use operation (Fallah-Mehdipour et al. 2013a),
water project management (Orouji et al. 2014), qualitative manage-
ment of water resources systems (Orouji et al. 2013; Shokri et al.
2014), and water distribution systems (Seifollahi-Aghmiuni et al.
2013; Soltanjalili et al. 2013; Beygi et al. 2014). Applying eco-
nomic measures such as marginal-cost water pricing and other
water-management tools in water resources has shown promising
results (Rogers et al. 2002; Ward and Pulido-Velazquez 2008). Yet,
as the authors of the original paper wrote, most efforts aimed at
water supply management have neglected the potential advantages
of water demand management.

The original paper proposed water pricing policies along with
incentive strategies through subsidies to farmers with the aim of
improving water-use efficiency. A genetic algorithm–based optimi-
zation model was implemented to obtain the potential maximum
net benefit by choosing the optimal crop pattern and water alloca-
tion scheme. The economic value of water was calculated using a
combination of mathematical programming and residual methods
within an optimization framework. The authors assumed in their
model that water prices increase at the same time that subsidies
are given to farmers to encourage them to use efficient irrigation
technologies, causing an improvement in water-use efficiency. The
results of their study illustrated a significant reduction in water
consumption because of the enforced new water pricing policies.

Although the authors of the original paper succeeded in cap-
turing the essence of water pricing policies and portrayed the ben-
efits of such procedures, the discussers were compelled to highlight
several pertinent issues and make suggestions to expand on the
findings of the original paper. This discussion covers modeling
and optimization topics of the original paper. The modeling topics
pertain to the mathematical functions [objective function (OF) and
constraints], economic issues, and general assumptions made in the
original paper. The optimization topics are focused on the genetic
algorithm (GA) optimization tool and its parameter selection.

Modeling Topics

1. Eq. (1) is used to express the Benefit in the original paper’s
model

Benefit ¼
Xy
t¼1

Xl

p¼1

ðpyt;p × yt;p × apÞ ð1Þ

where l = number of agricultural crops; y = number of planning
years; pyt;p = price of crop p in year t (US$=kg); yt;p = actual
crop yield of crop p in year t (kg=ha); and ap = cultivated area of
crop p (ha).

The authors of the original paper assumed that the price of
each crop is only influenced by time. However, the law of sup-
ply and demand states that all else being equal, the larger the
production of an agricultural commodity, the lower its price.
For this reason, as the area under cultivation for each crop ex-
pands, one can expect lower prices for the crop unless there is a
concomitant rise in demand for the crops. This dynamic inter-
action of supply and demand partially explains the high price for
crops with limited cultivation such as walnuts and low prices for
major crops such as wheat in the original paper’s study area.

2. Eq. (2) was used in the original paper to calculate the total crop
production

yt;p ¼ Ymt;p ×
Ym
k¼1

�
1 − kyt;p ×

�
1 − wst;k þGt;k

Demandt;k

��
ð2Þ

where wst;k = surface water allocation in month k of year t (m3);
Gt;k = groundwater withdrawal in month k of year t (m3);
Demandt;k = water demand in month k of year t; kyp;k =
sensitivity coefficient for crop p in month k; Ymt;p = maximum
crop yield of crop p in year t (kg=ha); and m = number of
months. Some of the crops (if not all) mentioned in the original
paper’s case study have limited life spans, during which the
crops require watering for nourishment (Demandt;k). However,
the value of Demandt;k is equal to zero for the remaining
months of the year. When Demandt;k equals zero, the division
on the right-hand side of Eq. (2) becomes undefined (division
by zero). Logic dictates that in such cases, the value for
wst;k þ Gt;k=Demandt;k must equal 1.

3. The value of the pumping efficiency (η) was assumed as a
constant through the entire operation horizon in the original
paper. Yet, the efficiency value for each pump will decline
through time.

4. Eq. (3), which was used in the original paper as a constraint,
prescribes that the total water allocation must be less than the
available water (aw)

Xy
t¼1

Xm
k¼1

ðwst;k þ Gt;kÞ ≤ aw ð3Þ

However, using such a constraint could lead to infeasible results.
To understand this point, consider the values shown in Table 1, in
which Ri−1 = recharge value of the previous period (m3). For sim-
plicity only 1 year was considered in composing Table 1, where it is
seen that the values considered for surface and groundwater with-
drawals satisfy Eq. (3). Yet, they are infeasible, because if no water
is available, no withdrawal can be made. Using Eq. (3) can cause
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infeasible withdrawal values when the amount of required
water exceeds aw. To avoid such errors, Eq. (4) should replace
Eq. (3) of the discussion paper [Eq. (10) of the original paper]

wst;k þ Gt;k ≤ awt;k ∀ t; k ð4Þ
where awt;k = available water in month k of year t (m3).

Optimization Topics

Many engineering optimization problems contain coupled
simulation-optimization models. The optimization model searches
for a set of decision variables within the decision space, which are
input into the simulation model. The GA has proven to be an
acceptable algorithm owing to its effectiveness in solving various
complex water resources problems (Nicklow et al. 2010).

The authors of the original paper utilized a GA optimiza-
tion model to search the decision space for the optimal values of
decision variables. Basically, the GA generates random sets (called
generations or populations) of decision variables (called chromo-
somes), some of which might be infeasible. Through a set of
iterations, the GA transforms the initial generation into a new one.
These iterations continue until they reach a stopping criterion,
when, hopefully, the surviving decision variables are either optimal
or near optimal.

Usually, there are four criteria to establish the convergence of
the GA: (1) differences between the best chromosomes of the
new and the previous generations, (2) time, (3) the number of gen-
erations, and (4) functional evaluations. Using functional evalua-
tions, which are equal to the population size × number of iterations,
as the convergence criterion has several merits (Fallah-Mehdipour
et al. 2014). The authors of the original paper were mute on their
choice of stopping criteria. Yet, as this discussion has implied, the
stopping criteria could affect the optimization results.
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Table 1. Sample of Possible Outcomes of Surface and Groundwater Withdrawal for 1 Year of Optimization

Variables
(m3)

Months

SummationJanuary February March April May June July August September October November December

aw 20 12 4 0 0 0 0 0 0 0 0 40 76
Ri−1 20 0 0 0 0 0 0 0 0 0 0 40 60
wst;k 2 3 4 3 2 2 2 1 1 1 1 1 23
Gt;k 6 5 1 1 1 1 1 1 1 1 1 1 21
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