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ABSTRACT

Water consumption has increased in urban areas, so it is important to calculate its
tariff. In Iran, Increasing Block Tariffs (IBT) is used to calculate the water tariff. The
first disadvantage of this approach is that many hidden subsidies are given to wealthy
and high-income people, which consequently leads to an unequal distribution of
income. The next drawback is that consumers at the beginning of a higher block should
pay their total water prices according to the price of that block. This paper proposes a
fuzzy inference system (FIS) to tackle these problems. The results showed that when
the FIS was used, the hidden subsidies for low-income and low-consumption
households were increased when compared to the IBT method. This increase in
subsidies is due to lower water tariffs for low-energy subscribers and tariff increases for
high-consumption customers. The monthly water tariff was calculated for 5 m3 of
consumption as to be 7,095 and 1,715 IRR (Iranian Rials) using the IBT and FIS,
respectively. These values were calculated to be 370040 and 254960 IRR by these
methods for a consumption of 40 m3/month, respectively. As it can be seen, the
application of FIS indirectly shifts the hidden subsidies to low-cost subscribers. Another
important finding is that FIS simplifies computational complexity of calculating water
tariffs as compared to IBF and, at the same time, it does not cause a sharp increase in
tariffs in a higher-consumption block; besides, the price is calculated more equitably.
The results showed that the water tariff accounting system in Iran is more likely to result
in the waste of resources and unequal distribution of water subsidies. It is suggested to
make reforms in water pricing policies and to raise public awareness of water
consumption reforms.

1. Introduction
Dealing with water scarcity is one of the main challenges
of the United Nations Development Program’s (UNDP)
Sustainable Development Goal (SDG) in the 21st century
[12]. The World Bank anticipates severe social conflicts in
regions like the Middle East due to water scarcity and water
stress. Also, economically, water scarcity can put GDP at
risk by 2050. The World Bank predicts that due to climate
change and agricultural and industrial production, water
resources will decline by two thirds by 2050 (24).
In the last 50 years, the exploitation of water resources has
tripled. Meanwhile, the world population grows by 80
million each year. In recent years, changes in lifestyle and
food habits have led to an increase in per capita
consumption of water (25).
Due to the rapid growth of the population and the supply
of food they demand, global demand for water has increased
________
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rapidly (42). It is anticipated that by 2025, 1.8 billion people
in the world will live with water shortages and water stress
(44). Therefore, water is a fundamental issue for developing
countries, so that the lack of it can pose economic and social
problems (45).
According to a report published by the United Nations
Food and Agriculture Organization (FAO), 90 percent of
Iran's climate is arid and semi-arid and it is desirable in
terms of long-term water resources (9). Iran is subject to
frequent droughts and water scarcity. The total water
resources of the country account for 130 billion m3. The
average annual rainfall is about 250 to 300 mm, which is
less than one-third of the world's average rainfall. The
cumulative annual rainfall in Iran is 415 billion m3 (46), and
70% evaporation of atmospheric precipitation is one of the
most important factors responsible for the shortage of
renewable resources (13). Uncontrolled exploitation has
reduced the volume of renewable resources in Iran (20).
In recent decades, there has been an increase in the pricing
policy for controlling and managing water consumption in
many countries, including Iran. The main goal of the pricing
policy is to modify the pattern of consumption, partially
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reimbursing the cost of consumption and increasing
efficiency (47). The pricing of water is particularly related
to political, socio-economic, and cultural influences. Water
pricing policy can pursue several goals, one of the most
important ones being to increase economic efficiency (22).
In European countries, water pricing policies provided by
the states allow for full cost recovery of drinking water and
water services, water treatment, and environmental and
resource costs (16). Proper water pricing can enhance social
welfare, and the claim that water should be priced low is
false so that rising water prices can help maintain the
sustainability of water resources (29). There are many ways
to improve efficiency and sustainability in the water sector,
but pricing is the most appropriate method (28).

In Iran, increasing block tariffs (IBT) and a two-tariff
pricing method are used to price urban water consumption.
So, two prices are set, one for the right to use water (under
the right of the split) and the other for water consumption
(named as the water rate). Given the limited water
resources, an application of water pricing is to encourage
consumers to note the importance of water limitations and
consume less water. Water prices are lower for lower blocks
and higher for higher blocks (44).
Table 1: Blocks of

water Consumption in Iran

0˂X≤5
5 ˂ X ≤ 10
10 ˂ X ≤ 15
15 ˂ X ≤ 20
20 ˂ X ≤ 25
25 ˂ X ≤ 30
30 ˂ X ≤ 35
35 ˂ X ≤ 40
40 ˂ X ≤ 50
X ˃ 50
Source: Water and Wastewater Company of Tehran
Province, Iran

Empirical evidence suggests that the level and the
structure of water prices rarely correspond to welfare
optimality (11). To determine water tariffs, there are factors
that should be taken into consideration by policymakers
including the ability to pay, willingness to pay, and expense
(48). In fact, water tariffs should be set in such a way that
low-income consumers can pay the fees on a monthly basis.
In water pricing policies, cost efficiencies should be a
priority because the tariff should suffice to cover costs (14).
Tariff structure is a set of rules used to determine the terms
of service and monthly charges for water users in different
categories or classes. The monthly bill for water users may
include two distinct components – one part is based on the
volume of water consumption and the other part includes
factors other than water intake (22).

Table (1) shows water consumption blocks in Iran. It
contains 10 blocks of consumption. Water tariffs are based
on these blocks. Consumers are placed within a block in
terms of their volume of water consumption, and the water
tariff is calculated based on the consumption block.

Figure 1. Increasing Block Tariffs
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Source: Water and Wastewater Company of Tehran Province, Iran
In the block pricing system applied in Iran, the price of
water is calculated for consumers in terms of the block that
they are in so that the price is the same for a whole block.
For example, consumers at the beginning of a higher block
should pay for their water use according to the price of that
block. This is a disadvantage of IBT. One of the main goals
of the present research is to deal with this problem.

ten blocks, each with a different price. In the design of IBT,
serious attention is given to the size and price of the first
block (3).
IBTs, by which higher-income consumers cross-subsidize
poorer consumers, prevail (10). This is another
disadvantage of the IBT systems so that they grant more
indirect subsidies to the rich and over-rich people than to
the low-income people, creating a disproportionate income
and unequal income distribution.

Like other block-type tariffs, IBT provides two or more
prices for water use, so that each price is defined for
consumer use in a block. In this case, prices rise along the
successive blocks. Some tariff structures have as many as

Considering what was mentioned, the first objective of this
research is to provide a pricing method aimed at shifting

34

M. Hekmatnia et al / Journal of Hydrosciences and Environment 2(4): 2018: 33-43

indirect subsidies on water pricing from high- and lowincome households to households with lower water
consumption in the community. The second objective is to
provide a method to eliminate the sudden rise in water
prices for households when water consumption is increased.

proposed a census method and, in order to maximize social
welfare, they suggested that the price of water in summers
and springs be higher than the final cost and it be lower in
autumns and winters than the final cost.
Nauges and Whittington (2017) showed that the use of
incremental step-by-step balances did not take social justice
into account and failed to lead to targeted subsidies
spending.

Considering the importance of water and water pricing, a
lot of research has focused on these subject matters, each
pursuing a method for the optimal pricing of water by
economic means. But the novelty of the present work is that
no research has used the fuzzy logic approach for water
pricing. Also, other studies have spent a lot of time on
exploring the details of water pricing, ignoring these pricing
contribute to fair distribution of subsidies. But, the present
research is seeking to transfer indirect and direct subsidies
from the wealthy households to poor families.

Tahami pour et al. (2017) determined an optimal water
price for home use using a coded model. Their results
showed that the final cost per m3 of water was 6,719 IRR
and the optimal price for each m3 of water was 2,209 IRR
for the first floor consumption and 25,373 IRR for the last
category consumption.
Sjödin et al. (2016) investigated water pricing instruments
for sustainable water management in Australia and South
Africa. Their results showed that the performance of water
pricing instruments was generally imperfect in terms of
ensuring economic efficiency, re-allocating water between
users and recovering supply costs. Also, the use of water
pricing instruments was inevitably and strongly influenced
by the political and economic interests in the society, as well
as the prevailing water management situation.

2. Literature review
Many studies have been conducted on urban water pricing
in the context of IBTs, e.g. Chen and Yang (2009), Ruijsa
and Zimmermann (2008), and Binet et al. (2012). Urban
water pricing has been examined by applying a decreasing
block tariff (DBT) and an increasing block tariff (IBT).
Fotros et al. (2013) concluded that the incremental block
pricing policy did not work effectively. It will control
drinking water consumption in Iran.

Razumova et al. (2016) addressed the role of water tariffs
in saving water in hotels. The results showed that tariffs
designed according to the cost reimbursement policy did not
contribute to any water saving in hotels. Water could be
saved in hotels by very stringent water tariffs.

Lopez et al. (2018) designed equitable water tariff for
Valencia, Spain, Firstly, they calculated the marginal value
of water, derived a function for domestic water demand, and
evaluated the cost of water services. Finally, they proposed
a dynamic tariff policy that, based on the results, could
reduce the cost of water scarcity by 34% and reduce water
consumption by 18%.

García-Rubio et al. (2015) reviewed urban water tariffs in
Spain, a country subject to high water stress. They
concluded that the amount of reimbursement for urban
water services was not enough. In addition, the wholesale
water supply was heavily subsidized. This will undermine
the true cost of urban water services and will lead to a
decline in water resource productivity, in terms of
efficiency and stability. Extreme water stress is expected in
most parts of Spain and water resources are expected to
decline due to climate change.

Klassert et al. (2018) estimated residential water demand
function and examined the factors affecting water intake.
The results of this study showed that the size and
composition of households is one of the most important
factors affecting water demand. Also under the estimated
price elasticity, just a few IBT designs achieved a full
recovery of the financial costs of water provision.

Suárez-Varela et al. (2015) identified determinants of
price escalation of water tariffs in Spain with a view to
identify the environmental, political and social factors, or
water scarcity, that had the greatest impact on the price
escalation of water tariffs. The results showed that
environmental factors have had the greatest impact on the
price escalation of water tariffs and that strategic decisions
by decision makers were in the second rank.

Deyà-Tortella et al. (2017) analyzed water tariff reform on
water consumption in different housing typologies in
Calvià, Mallorca. They indicated that total water
consumption decreased only in the year when the reform
was implemented, but it was increased in the following year.
The increase in the amount of water consumed by the
houses of higher standards of living was greater than the
decrease in water consumption by families with medium
and low-middle income. Therefore, water tariff reform has
had a very negative effect on water consumption, and most
households, despite higher prices, increased their
consumption.

Steven Renzetti et al. (2015) addressed distributional
impacts of water pricing reforms in British Columbia,
Canada. They estimated the household water demand
functions using the model of Stone-Geary and double-log.
According to their results, the Stone-Geary model indicates
a worsening of the inequality of water expenditures and the
double-log model shows no change in the distribution of
water expenditures.

Sajjadifar et al. (2017) measured drinking water prices in
Arak City. Their results showed that domestic water sales
cost only 33% of the final cost and it had economies of
scale. In order to calculate the optimal bid price, they
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Rahimi et al. (2013) examined the water tariff system in
European countries to manage water demand. Their
research showed that waterless income management and the
use of appropriate tariffs had a positive impact on demand
management and that Belgium, Germany and the
Netherlands had replaced the system of tariff-based
economic accounting system.

urban consumption. The pricing range was se so as to
transfer the hidden subsidies of water prices from highincome and high-consumption households to low-income
and low-consumption households.
3. Methodology
Fuzzy Inference System

Giulia Romano et al. (2015) examined the new water tariff
setting in Italy for 2014-2015. Their results showed that in
the new tariff-setting method, the cost of water services and
revenues were increased by 3.8%.

Also known as fuzzy rule-based systems, fuzzy model,
fuzzy expert system, and fuzzy associative memory, the
fuzzy inference systems (FISs) formulate the suitable rules,
and the decision is made based on the formulated rules. This
is mainly based on the concepts of the fuzzy set theory,
fuzzy IF-THEN rules, and fuzzy reasoning. FIS uses IfThen statements, and the connectors present in the rule
statement are “OR” or “AND” to make the necessary
decision rules. The basic FIS can take either fuzzy inputs or
crisp inputs but the outputs always produce fuzzy sets.
Fuzzy logic system is commonly mentioned in the literature
(26).

Yazdani et al. (2015) investigated the effect of various
pricing scenarios with the aim of determining the
appropriate water rate in urban consumption in Golestan
Province. They reported that the production cost per m3 of
water was 3,458 IRR while the average water tariff was
calculated to be 1,472 IRR. Also, urban water users in
Golestan Province were willing to pay 7,518 IRR/m3 for
purified water.
David Zetland et al. (2012) examined the relationships
between tariffs and sustainability, and efficiency and equity,
using a unique dataset for 308 cities in 102 countries. Their
results showed that aggregating to the national level, higher
tariffs were correlated with higher GDP and better
governance. A different country-level analysis showed that
a higher percentage of the population with water service was
correlated with better governance, higher GDP and a greater
risk of water shortage. The relationship between water
prices and service coverage was statistically inconsistent.

The steps of fuzzy reasoning (inference operations upon
fuzzy IF–THEN rules) performed by the FISs are as below:
Fuzzification converts the crisp input to a linguistic
variable using the membership functions stored in the fuzzy
knowledge base. In this step, for each input variable, we
consider membership functions to determine definite entries
to be fuzzy and to be in the FIS.
Fuzzy inference uses If-Then type fuzzy rules to convert
the fuzzy input to the fuzzy output.

Most studies have examined the effects of water tariffs on
Defuzzification converts the fuzzy output of the inference
economic and econometric approaches, panel data, and
system
to crisp values using membership functions
financial and accounting methods. But this study uses a
analogous
to the ones used in the fuzzification step (10).
fuzzy inference system (FIS) to estimate water tariffs for
Figure 2. Structure of a Fuzzy Inference System
Fuzzy rule bases
Defuzzification
Input

Output

Fuzzification
Fuzzy inference
system

A set is a collection of elements with similar properties.
The elements that belong to the crisp set are considered as
1; otherwise, they are considered as 0. There is no
indistinctness or vagueness in the crisp dataset. Some of the
related elements may moderately belong to the same set and
therefore, vagueness appears in the decision whether the
element belongs to the set or not. Zadeh (1968) used the
crisp set membership degree which had a value between 0
and 1. An element with membership value 1 means that the
element completely belongs to the set.

The elements which do not belong to the set have the
membership value of 0. The elements which have an inbetween membership value describe that the elements
partially belong to the set. For example, “lower” is a
membership degree in which the object belongs to the set
less than the others. Linguistic words are expressed in the
fuzzy set. In practice, many linguistic words are used such
as good, standard, medium, high, low, dry, wet and small.
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In this research, the input variables become triangular
fuzzy numbers.

0,

Definition 1: A fuzzy set can be defined as Ã = (X, μÃ(x))
where X is the space on which the fuzzy set is defined, and
μÃ(x) → [0, 1], x ∈ X, and the membership function of the
set.

Definition 3: The triangular fuzzy number Ã = (a, b, c) is
positive if and only if 0 ≤ α.
Definition 4: The two triangular fuzzy numbers Ã = (a, b,
c) and B = (e, f, g) are equal if and only if c = g, b = f, and
a = e.

Definition 2: As shown in Fig 2, a triangular fuzzy number
Ã can be depicted with a triplet (a1, a2, a3) whose
membership function is denoted as follows:

x− a1
a2− a1
x− a3

µA (x) =

a2− a3

Using the triangular fuzzy number is due to its simplicity
compared to trapezoid or sigmoid fuzzy numbers and
intuitively easy for decision-makers to utilize. Furthermore,
modeling according to triangular fuzzy numbers is a
competent approach for organizing the decision-making
problems [2].

, a1 ≤ x a2,

, a2 ≤ x a3,

1

µ (x)

0
X

a1

a2

a3

x
X

Figure 3. A triangular fuzzy number Ã
In this research, the required data were collected from the
Water and Wastewater Company of Tehran province,
Iran. The research period was confined to 2017, and data
analysis was done using the Fuzzy Toolbox MATLAB
software package.

and very expensive have been determined. In the next step,
the membership functions for the iput and output variables
were determined (Tables 2 and 4). In this paper, triangular
membership functions have been used as explained above.
For the input variable, the volume of consumption of five
membership functions is considered, which is based on the
average consumption of subscribers in the following
intervals:

The FIS used in this research has the following steps:
Step 1: Selecting the input and output variables
Given that the purpose of this research is to use fuzzy logic
to calculate residential water tariff, the input and output
variables are, in fact, the same variables that are taken into
account in calculating the water bill. Therefore, the input
variable in this study, the amount of water consumption
volume blocks, and the output variable are also the intended
cost for each consumption blocks.

Table 2. Water consumption
linguistic variable
Min
Top
Life line
-12.5
0
Low
0
12.5
Medium
12.5
25
High
25
37.5
Very high
37.5
50
Source: our calculations

Step 2: Fuzzification
To fuzzification, after the input and output variables are
determined, fuzzy sets are specified for the above variables.
For the input variable, linguistics variable is life line, low,
medium, high and very high and for the output variable,
linguistics variable is life line, cheap, medium, expensive

Max
12.5
25
37.5
50
62.5

Table 2 shows the fuzzy set and membership functions for
the input variable. The type of entropy in the input
membership functions is based on the choice of pricing
policies that we consider to be linear or triangular in this
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analysis. In this way, the membership functions of input
variable consumption are set to what is shown in Fig. 4.
Figure 4. Membership functions of input variable of consumption
Life line

0

Low

Source: our calculations

Medium

5
0
consumption, there are 10 blocks for water pricing. Table 3
shows the water pricing blocks in Iran.
Table 4. Membership functions of output variable of price
linguistic variable
Life line
Cheap
Medium
Expensive
Very expensive
Source: our calculations

Table 3. Blocks of water tariff in Iran
Block
water tariff
1
1419 x
2
2123 x- 3520
3
2827 x- 10560
4
3703 x- 23700
5
5400 x- 57640
6
8496 x- 135040
7
11580 x- 227560
8
15444 x- 362800
9
33462 x- 1083520
10
66924 x- 2756620
Source: Water and Wastewater Company of Tehran
Province, Iran

Table 4 shows the fuzzy set and membership functions for
the output variable. In Iran, consumption blocks are used to
calculate water tariffs of 10 blocks. The pricing range in this
article is based on water pricing in Iran. In Iran, based on

Very High

2
5

In Table 3, X is the amount of water used. If the consumer
is placed in the first consumption block, the water tariff is
calculated according to the formula 1419x, and if the
consumer is in the second block, then it is calculated based
on the formula 2123 x- 3520, and the consumption block 10
is the same. Based on Table 3, we proposed fuzzy pricing
with fuzzy logic.

The policy of choosing the type of tariff should be so as to
reduce the sudden rise in price at the beginning of the higher
consumption steps, and in the second stage to be fairly
calculated based on the volume of consumption, and in the
third stage, the water tariff should be determined so as to
discourage water consumption. In this way, we consider
five membership functions for the output variable, and we
select the intervals for consumers who are in high
consumption per m3 of water than those consuming less
water. Table 4 shows the selected intervals.

High

Min
-1176
1419
4014
6610
9205

Top
1419
4014
6610
9205
11800

Max
4014
6610
9205
11800
14400

We use the triangular model in choosing the type of
membership functions as our linear changes. Of course, this
is precisely related to the type of tariff policy. The
membership functions of output variable tariffs are set to
what is shown in Fig. 5.
Step 3: Fuzzy rules
After the fuzzy membership functions for linguistic
variables have been determined, a set of logical rules is
created using the knowledge and experience of specialized
people. The set of these rules, which are expressed in the
form of if-then, are called fuzzy rules. The number of fuzzy
rules is obtained from the equation n^t where n is linguistic
variable and t is independent variable (42). Based on this,
the number of fuzzy rules in this research is 5. The rules
actually represent the type of communication between the
membership functions of the input variables in determining
the membership function of the output variable. Fuzzy rules
are provided below:
1. IF water consumption is Life line, THEN price is life line.
2. IF water consumption is low, THEN price is cheap.
3. IF water consumption is medium, THEN price is medium.
4. IF water consumption is high, THEN price is expensive.
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5. IF water consumption is Very high, THEN price is very
expensive.

Figure 5. Membership functions of tariffs
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Figure 6. Rule viewer of the Mamdani model
Source: Investigator calculations
Step 3: Fuzzy rules
After the fuzzy membership functions for linguistic
variables have been determined, a set of logical rules is
created using the knowledge and experience of specialized
people. The set of these rules, which are expressed in the
form of if-then, are called fuzzy rules. The number of fuzzy
rules is obtained from the equation 𝑛𝑡 where n is linguistic
variable and t is independent variable (42). Based on this,
the number of fuzzy rules in this research is 5. The rules
actually represent the type of communication between the
membership functions of the input variables in determining
the membership function of the output variable. Fuzzy rules
are provided below:

1. IF water consumption is Life line, THEN price is life line.
2. IF water consumption is low, THEN price is cheap.
3. IF water consumption is medium, THEN price is medium.
4. IF water consumption is high, THEN price is expensive.
5. IF water consumption is Very high, THEN price is very
expensive.
Step 4: Fuzzy Inference
After the fuzzy rules were created, FIS uses If-Then type
fuzzy rules to convert the fuzzy input to the fuzzy output.
FIS is developed for the Mamdani model. The rule viewer
of the Mamdani model is shown in Figure 6.
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Step 5: Defuzzification:

system is designed to reduce the cost of water for lowconsumption households, which are often low-income
households in the community, so that they can afford to pay
and the indirect subsidies is transferred to low-income
households. Also, in the system for high-consuming
households, which are often among the rich people of the
community, the price range is designed and implemented
with the help of a pricing tool that can be used to control
consumption and modify the pattern of consumption as well
as subsidies to low-income households.

Defuzzification is the process of converting a fuzzified
output into a single crisp value with respect to a fuzzy set
(21).

4. Result
In this research, the fuzzy logic was used to calculate the
water tariff in the household sector. Water consumption was
considered as input, and water prices per m3 of consumption
as output variables. Then, fuzzy sets and fuzzy membership
functions were created for variables. Eventually, the
Mamdani model gave the output after fuzzification, fuzzy
inference, and defuzzification. Figure 6 clearly shows that
using the FIS, the problem of sudden tariff changes in the
IBT method is well resolved when the consumer is placed
at the beginning of the higher consumption block and has to
pay the full cost of that block. In Figure 6, when the
consumer consumes 20 m3 of water, intelligent fuzzy logic
shows the amount of consumer presence in second and third
section. So, the fuzzy logic determines the tariff on the basis
of it intelligently.

Table 4. Fuzzy based tariffs and IBT tariffs
FIS C m3
FIS P Rial
IBT C m3
IBT P Rial
5

1715

5

7095

10

39500

10

17710

15

69750

15

31845

20

110000

20

50360

25

165500

25

77360

30

231000

30

119840

35

301000

35

177740

40

370040

40

254960

Source: our calculations

Table 4 shows the tariff calculated by the fuzzy system and
the tariff calculated by the method of IBT. The fuzzy

Figure 7. Simulation result of fuzzy based tariff

Source: Investigator calculations
The results shown in Figure 7 clearly show that fuzzy logic
has partially resolved the problems encountered in ITB. As
the result of the simulation of fuzzy based tariffs is clear,
the problem of sudden and steady changes in the tariff rate
has been resolved. There are some advantages in using
fuzzy logic in comparison with IBT to calculate water
tariffs:

this is not easy in mathematical computational methods
and incremental tariff methodology.
 The lack of steady and sudden changes in tariffs:
According to the results the simulation results and the
results of Figures 5 and 6, it was shown that fuzzy logic
solves the problem of sudden price change but in the
computational method of IBT, this problem still persists.

 Ability to calculate multiple factors: In fuzzy logic, by
changing the number of input and output variables, one
can change the computational factors, the only point of
which is the increase in the number of fuzzy rules. But

 Lack of computational complexity: The advantages of
fuzzy logic are the lack of computational complexity
compared to computational mathematical methods, as
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well as the high flexibility in the number of computing
factors.

6.

 Understanding the general way of calculating the
agreement among the general public: In fuzzy logic,
consumers can easily calculate their water tariffs
manually according to their consumption.
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