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ABSTRACT

The increase of global water demand has stimulated the application of water charging to seek its rational use. However, the establishment
of the water tariff for a certain use is not an easy task, given that this tariff must have an elevated value, sufficient to encourage the rational
use, but not so elevated, in a manner that compromises or prevents the development of production activities. The present study aimed
to evaluate different water tariff values proposed and applied to the shrimp farming industry in Ceara, from 2003 to 2016, and analyze
the sensitivity of the industry to these values. The analyses considered the productive performance of the shrimp farming observed
by the producers, production costs for the activity, and incomes earned by the producers in 2008. The present study demonstrated
that the only tariff value that makes the sector financially attractive is R$1.00/1,000m’, a lowet value than the one previously proposed
by the state of Ceard (R$ 31.20/1,000m’), which was reduced in the following years. In this context, a model was developed to fix
tariffs for shrimp farming, which considers the payment capacity of the entrepreneur and the production costs to cultivate shrimp.

Keywords: Water charging; Payment capacity; Shrimp farming.

RESUMO

O aumento na demanda pela 4gua no mundo estimulou a aplicacdo da cobranca na busca pelo uso racional dos recursos hidricos.
A fixagdo da tarifa de agua para um determinado uso nao ¢é facil, dado que ela deve ter um valor elevado o bastante que incentive
o seu uso racional, porém nio elevado o suficiente que comprometa ou impeca o desenvolvimento de atividades produtoras. Este
estudo avalia diferentes valores de tarifa sugeridos e aplicados ao setor da carcinicultura no Ceara no periodo de 2003 a 2016 e analisa
a sensibilidade do setor a esses valores. Foram considerados os resultados zootécnicos da atividade, bem como os custos de producao
e receitas auferidas pelos produtores no ano de 2008. O estudo mostrou que o unico valor de tarifa que torna o setor financeiramente
atraente para este uso é o de R$ 1,00/1.000m’, valor bem abaixo do inicialmente proposto pelo Estado (R$ 31,20/1.000m’), o qual
foi reduzido em anos posteriores. Neste contexto, foi desenvolvido um modelo para fixacdo de tarifas para a carcinicultura, o qual
considera a capacidade de pagamento dos empresarios e o custo de produ¢iao dos camardes.

Palavras-chave: Cobranca pela agua; Capacidade de pagamento; Carcinicultura.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
BY

and reproduction in any medium, provided the original work is properly cited.



Calculation method for charging water on shrimp farming

INTRODUCTION

Shrimp farming underwent a strong global expansion in
the 1970s and has since continued to grow. It started in China,
Thailand, Vietnam, and Indonesia which still remain as the largest
shrimp producers, representing 85% of the global production.
Production in the western hemisphere is concentrated in the
South and Central American countries, which account for 13.3%
of global production, with Ecuador, Mexico, and Brazil being
the largest shrimp producers. Brazil is the ninth largest producer
in the world, representing 1.8% of the global production (FAO,
2013). The expansion of shrimp farming was associated with the
growing demands from the US, Japanese, and European markets,
and with the high level of return on investment.

Shrimp farming in Brazil was promoted in 1998, for having
a favorable climate, hydrography, and topography. The favorable
conditions allow for three production cycles per yeat, where each cycle
is 90 days. Production in Brazil increased from 3,600 to 65,000 tons
between 1997 and 2005. However, shrimp exports from Brazil began
to decline in 2005, for various reasons, including the appreciation
of the Brazilian Real (ABREU et al., 2011).

The northeast region of Brazil is responsible for 99.3% of
the national production and is where 92% of all of the producers
are located, most of which reside in the states of Rio Grande do
Norte and Ceara (ABCC, 2013).

The majority of commercial shrimp farms in the state of
Ceara are located near the coast, mainly in watersheds influenced by
brackish waters. Shrimp farming on the coastline of Ceara is divided
into the western coast and the eastern coast regions. The western
coast region is located in the sub-region Acarai/Camocim,
northwestern in the state of Ceara. The eastern coast is located
in the sub-region of coastal Aracati and lower Jaguaribe river
valley, of the eastern portion of the state (TAHIM; ARAUJO
JUNIOR, 2014).

In lower Jaguaribe river valley, 32 marine shrimp farms
were constructed, between 2000 and 2003, to produce the
Litopenaens vannamei (gray shrimp) (LEITAO et al., 2011).
This particular species is well adapted to hydrographic regions
of low salinity (between 0.5 to 28.5mg/L) (MIRANDA et al.,
2010) and is widely accepted in American, Asian, European and
Brazilian markets.

After the initial rapid expansion of new production areas,
development of commercial shrimp farms reached a plateau
that allowed the remaining producers to establish themselves in
the market. In 2011, 55 farms were located in the region near
the municipalities of Russas, Quixeré, Jaguaruana, and Itaicaba
(LEITAO et al., 2011). Producers encountered new challenges
in this phase, such as increasing production while maintaining
quality, searching for profitable markets, meeting the requirements
of operating permits, preparing reports on the environmental
impact, and paying for water use.

Despite commercial shrimp farming being new and
polemic in Brazil, particularly in semi-arid regions, the activity has
reached socio-economic importance over the last two decades.
In 2013, Ceara produced 33,949.8 tons of shrimp, resulting in
R$ 395.2 million of revenue, representing 3.74% of the state
GDP in 2013 (IBGE, 2013). The activity generated 2,569 jobs,
equivalent to 0.6 jobs per hectare of production.
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Despite the adequate quantity of studies on shrimp farming,
studies centered on the establishment of water tariffs for this
activity were not found in scientific journals. On the other hand,
studies related to irrigation can be found (VEETTIL et al.,, 2011;
VEETTIL; SPEELMAN; VAN HUYLENBROECK, 2013).

To set up the water tariff for a certain water use is not
trivial, once it encompasses technical, political and cultural
aspects. The tariff should be elevated, in a manner to promote
the rational use of water, but should also remain at a rate that
does not compromise the development of production activities.
Despite of the economic importance of shrimp farming to Ceara
State economy, this activity is composed mostly of micro and
small producers. They are mostly family or community based
(ROCHA, 2006), which are more susceptible to tariff values than
large commercial shrimp farms.

It was observed that, for the study period (2003-2016), the
water tariff for shrimp farming varied from R$ 31.20/1,000 m’
to R$ 1.50/1,000 m>. The huge disparity between these values
applied in Ceara, demonstrates a lack of objective parameters to
establish these water tariffs.

To address the lack of standardization, conceptual elements
were discussed and a methodology was developed to fix the tariff
on the use of water for shrimp farming. The elements and the
methodology incorporated the production costs and the ability to
pay, and provided attraction to the development of shrimp farming,

WATER CHARGING

The second half of the twentieth century was marked by
accelerated growth in the demand for water and ultimately the
search for new management strategies related to water use. In 1964,
France launched new water policies based on six fundamental
principles. In relation to the water charging, the principle mobilizes
financial resources specifically for water. The French model has
earned global recognition and has influenced actions on water
resources, later adapted by Brazil (CAMPOS; STUDART, 2003).

The new Brazil Water Act was instituted by the Federal
Law 9.433/97 (BRASIL, 1997) and was created to recognize water
as a limited resource. Water resources play an important role in
economic and social development, is expetiencing rising costs,
and it is, thus, considered an economic good of expressive value.
The Federal Law 9.433/97 elaborates that the charging water is
essential for the conservation and rational use. Furthermore, the
charging is a viable instrument to gather financial resources to
aid the water resources management.

In Brazil, some state water laws were created before the
Federal Law. Sio Paulo was the first state to approve its water law
(SAO PAULO, 1991), followed by Ceara (1992).

The establishment of the water tariff

The rapid growth of water consumption over the last
50 years was one of the main reasons for the establishment of
the water tariff, a fundamental instrument to raise awareness of its
scarcity and its economic value, as well as an important incentive
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to develop more efficient practices (SINGH, 2007; CAMPOS;
STUDART, 2000).

According to economic theory, the price increase of
good results in a consumption reduction of this good. Dinar and
Subramanian (1997) and Rivers and Groves (2013) demonstrated the
effectiveness of taxing the water for various uses. Several studies,
however, indicate that the desired gains are not always achieved,
especially on irrigation, due to the low elasticity of demand in this
sector (MAMITIMIN et al., 2014). Many studies desctibe collateral
effects such as a decrease in agricultural income and labor demand
in rural areas (FRIJA etal., 2011). This proves that although much
progress has been made in studies of water charging, there is still
no understanding of the impacts, in particular, can be expected
(PEREZ-BLANCO; DELACAMARA; GOMEZ, 2015).

A variety of methods exists to estimate the value of the
water and establish a tariff. According to Damasio et al. (2003),
the trial and error method is the most used to establish the tariff
for a certain use of the water. The authors emphasize that there
are significant differences between economic activities, and an
inadequate tariff value may lead to negative externalities on a
portion of users who can be financially impaired.

Rolim (2013) affirms that the capacity to pay is important
to consider in the establishment of the tatiff for a determined use.
The cost of water and the other factors intrinsic to the activity in
question must be considered, such as the exploited product, the
market and the agronomic, economic, social and environmental
variables. Studies on the establishment of the water tariff to
irrigation based on the ability to pay and cost recovery have been
carried out by Chifamba, Nyanga and Gukurume (2013) and
Giraldo, Cortignani and Dono (2014).

Pereira (2003) also defends the capacity to pay as a benchmark
element for the water tariff, and conditions the tax to the financial
and economic impact on the sector. From the financial point of
view, the author defends that the user should be verified for the
means to pay for the water with the income received from the
production. From the perspective of the economy, the activity
must be verified to remain attractive with the new costs. The author
also defends that the costs of the water use should not exceed
0.5% of the production cost.

Water tariffs for shrimp farming in Ceara

Ceara was the first state to effectively charge for the use
of raw water. In 1996, the State Council of Water Resources
(CONERH) delegated authority to the Water Resources Management
Company (COGERH) to carry out the tax on raw waters.

The tax model in Ceard is based on the marginal cost of
managing water resources and on the capacity to pay from each
category of users, involving a component referent to the consumption
(tariff of consumption) and other equivalent to the assumed
demand (tariff of demand). Due to a greater understanding and
acceptance from the users, the tax was implemented assuming tariffs
are only based on the water consumed (tariff of consumption)
(FINKLER et al, 2015).

Since the implementation of the water charging in the state,
the values for all of the sectors affected have been determined
by COGERH through negotiation with the government agencies
involved, with the commissions of consumers, and with the water
basin committees.

In 2003, Ceara started charging the water use for the shrimp
farming industry, using values applied to fish farming. Initially,
the tariff was R$ 26.00/1,000m?. In 2000, the tariff was raised to
R$ 31.20/1,000m’. The value was significantly reduced in 2010, to
R$1.50/1.000m? (with the discount of 50% provided in the decree
30.159/2010). In 2012, the tariff increased to R$ 2.25/1,000m’
(25% discount) and in 2014 to R$ 3.00/1.000m’ (no discount),
which is also valid in 2016 (Table 1).

MATERIALS AND METHODS

Selected data

The lower Jaguaribe river valley has 55 farms, of which
the vast majority of the shrimp farms use low salinity waters
(from 0.5 to 0.6 ppt NaCl) (LEITAO et al., 2011). A sample size
of nine farms was selected, representative of the all of the farms
in question. The average production costs were obtained from
the analysis of the sampled farms.

Estimation of the production cost

The total production cost is formed by the sum of the
fixed costs and variable costs.

- Tixed costs: Fixed costs of production were estimated
from data taken in one of the farms analyzed. As the other
farms have the same size with a total area of about 50ha
and a pond area of 30ha, the fixed cost was assumed as
representative of the sample. Fixed costs are basically a
function of the areas of the farms. The fixed costs analyzed
are from 2008, but are assumed to be representative of
the current situation.

Table 1. Evolution of tariffs charged by raw water for inland shrimp farming in Ceara.

Law Effectiveness Tariff Discount Final Tariff
(R$) (%) R$/ 1000m?)
Decree 27,271/2003 28/11/2003 to 01/03/2006 26.00 0 26.00
Decree 28,169/2006 02/03/2006 to 07/08/2008 31.20 0 31.20
Decree 29,373/2008 08/08/2008 to 02/05/2010 31.20 0 31.20
Decree 30,159/2010 03/05/2010 to 02/05/2012 3.00 50 1.50
03/05/2012 to 02/05/2014 3.00 25 2.25
03/5/2014 until now 3.00 0 3.00
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- Variable costs: The variable costs depend on the stocking
density and the average weight of the harvest. Higher
average densities and harvest weights generate higher feed
consumption. The average data of the nine farms were
considered for this analysis, combining three different
stocking densities (25 shrimp/m? 35 shrimp/m?* and
50 shrimp/m?) with three different average weights of
the harvested animals (7g, 9g and 12g).

The 12 month petiod was adopted to evaluate the financial
results, which is standard for financial analyses in shrimp farming,

To calculate the opportunity cost, a portion of the fixed
reinvestment of one-twelfth of the total operating cost was evaluated
using a compound interest rate of 0.67% per month for one year.
For the payment of the water use, a tariff of R$ 31.20/1.000m’
of water was used based on the current tariff set in 2008 and the
maximum value verified for the tariff between 2003 and 2016.

Volume of water used vs. volume of water consumed
in aquaculture

To estimate the volumes of water used and consumed
(consumptive use), the quantities of water taken from the river and
the quantities returned to the water body after use were evaluated
over a period of one year.

The volume of water effectively consumed, referring to
evaporation and infiltration was adopted to determine the water
balance. The volume used was considered as the water removed
from the irrigation line to fill the ponds and to renovate the water,
to maintain the water quality of the cultivation.

Quantity of the water used

To determine the amount of water needed for shrimp
production based on the densities and the weights of the harvest
analyzed, the following parameters were considered: the number
of production cycles per year, the number of days per cycle, the
daily renovation rate of the water, the volume to fill the ponds, the
volume evaporated daily, and the volume infiltrated daily.

The daily infiltration and evaporation values of 1.0mm and
5.0mm were considered, respectively, based on the proximity to the
values from the meteorological station of Fortaleza (Campus of Pici).

Cost of water in shrimp farming

An analysis of the feasibility of shrimp farming was carried
out using the tariff of R$ 31.20/1,000m’ applied for the first years
of the activity (Dectee No. 29.373/2008). Other tariff values
established in 2010 wete also analyzed.

Sensitivity study of the production cost in relation to
the adopted water tariff

The value of the tariff was estimated from the production
costs, including the cost of water. A sensitivity study was carried
out using three different tariffs: R$ 1.00/1,000m*, R$ 1.50/1,000m’
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and R$ 3.00 / 1,000m? (values already adopted for irrigation). Each
tariff value adopted was inserted in the variable costs and quantified
based on the percentage in relation to the total production cost.

Economic feasibility of shrimp farming for each
adopted tariff

After the evaluation of the costs and of the sensitivity
study, the economic feasibility of the activity as a function of the
tariff adopted was analyzed

RESULTS AND DISCUSSION

Estimate of the production cost

The calculation of the standard fixed cost is shown in
Table 2. The items of the fixed costs were accounted for in
Brazilian reals (R$) per hectare per day. The linear method was
used to calculate depreciation, considering the initial and residual
values of the infrastructure, vehicles, machinery and equipment,
as well as the useful life of each item.

Table 3 shows the total cost for each scenario of stocking
density vs. the weight of the harvest, selling price, profit and
profitability. The impact of the water tariff on the production
cost is also analyzed.

Initially, the only scenarios observed to generate profit
were those that showed a harvest weight of 12 grams (R$ 0.58,
R$ 0.64 and R$ 0.39/kg of shrimp). When adopting the tariff of
R$31.20/1,000 m?, even this harvest weight becomes economically
unfeasible.

Considering the tariff of R$ 31.20/1000m’ (practiced in
Ceara in 2008), the cost of water would correspond to 10.5% to
15.7% of the total production cost of the analyzed scenarios,
much higher than the costs suggested by Pereira (2003), which
recommends that the water tariff should not exceed 0.5% of the
production cost.

Water volume used vs. water volume effectively
consumed in aquaculture

Itis observed in Table 4 that the total volume of water used
increases with the increase of stock density and weight of harvest
yield, due to the increased volume of renovation of the ponds
(volume to subsequently return to the water body). The volumes
effectively consumed (evaporation and infiltration), however, are
reduced with the increase of the density and weight of the harvest.

The following was considered for the calculations of the
referred table: (1) in the number of possible cycles during the
year, the average growth and the pause time between cycles was
computed; (2) the days of cultivation/cycle and cultivation/year
are those in which the ponds remain filled, under the influence
of evaporation and infiltration; (3) the daily renovation rate that
is necessary to maintain the water quality of the ponds; (4) from
each production cycle 30 days of the total count were deducted,
corresponding to the first days of the cultivation in which there
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Table 2. Fixed cost in the production of shrimp.

Com . Unit Q Unit Value Total Value
omponen ot vy (R$/ha/day) (R$/ha/day)
Labor R$18.82
Management unit R$2.22 R$2.22
Administration unit R$0.89 R$0.89
Accountant unit R$0.84 R$0.84
Feeder unit R$0.44 R$4.44
Tractor operator unit 1 R$0.56 R$0.56
Guard unit 2 R$0.55 R$1.10
Cook unit 1 R$0.42 R$0.42
Charges and Fees % 79.7 R$8.35
Energy Consumption unit 1 R$3.89
Telephone unit 1 R$0.61
QOils and fuels unit 1 R$0.5 R$0.50
IT%CS ITR 0.5% VTT R$625.00 R$0.06
Maintenance % 1.52a R$0.36
Depreciation R$4.63
Other costs % R$0.34
Total R$/ha/dia R$ R$29.15

Table 3. Total cost production, profit and profitability of shrimp farming for the stocking density (25, 35 and 50 shtimp/m?) and
harvest weight (7, 9 and 12 g) without and with the water tariff (R$ 31.20/1,000m’).

Without water tariff

Stocking density 25 shrimp/m? 35 shrimp/m? " 50 shrimp/m?
Harvest weight (g) 7.0 (2) 90(@ 120( 70 90(@ 120@ 70(@) 90( 120 ()
Fixed Cost (R$/kg) 1.8 1.93 2.28 1.55 1.65 1.99 1.31 1.43 1.79
Variable Cost (R$/kg) 2.6 2.83 2.94 2.83 3.07 3.17 3.21 3.5 3.62
Total Cost (R$/kg) 4.4 4.76 5.22 4.38 4.72 5.16 4.52 4.93 5.41
Sell Price (R$/kg) 4.4 4.5 5.8 4 4.5 5.8 4 4.5 5.8
Profit (R$/kg) -0.4 -0.26 0.58 -0.38 -0.22 0.64 -0.52 -0.43 0.39
Profitability (%o) -10 -5.78 10 9.5 -4.89 11.03 -13 -9.56 6.72

With water tariff (R$ 31.20/1000m?)

Stocking density 25 shrimp/m? 35 shrimp/m? " 50 shrimp/m?
Harvest weight (g) 7 9 12 7 9 12 7 9 12
Fixed Cost (R$/kg) 1.79 1.93 2.28 1.55 1.66 1.99 1.31 1.37 1.79
Variable Cost (R$/kg) 3.15 3.45 3.71 3.42 375 4.07 3.81 4.17 4.63
Total Cost (R$/kg) 4.94 5.38 5.99 4.97 5.41 6.06 5.12 5.54 6.42
Sell Price (R$/kg) 4 4.5 5.8 4 4.5 5.8 4 4.5 5.8
Profit (R$/kg) -0.94 -0.88 -0.19 -0.97 -0.91 -0.26 -1.12 -1.04 -0.62
Profitability (%0) -23.54 -19.56 -3.24 -24.27 -20.21 -4.41 -27.99 -23.14 -10.75
Water cost (R$/kg shrimp) 0.52 0.62 0.77 0.59 69 0.9 0.6 0.61 1.01
Water cost (%o total cost) 10.5 11.5 12.9 11.9 12.8 14.9 11.7 11 15.7

is no renovation of water; (5) the average rate of evaporation is
5 mm/day; (6) the average rate of infiltration is 1 mm/day; (7) the
total volume refers to the sum of the filling volumes, renovation,
evaporation and infiltration, and (8) a tariff of R$ 31.20/1000m’
was considered to calculate the cost of water.

Sensitivity study of the production cost in relation to
the value of the adopted water tariff

The impact of the cost of water on the total cost of
production is observed to increase with stocking density, given
that more water is demanded (Table 5). The same occurs with
the increase of the harvest weight.

RBRH, Porto Alegre, v. 21, n. 4, p. 789-796, out./dez. 2016

The tariff of R$ 1.00/1,000m* was observed to be the
only tariff that results in a percentage close to that suggested by
Pereira (2003), or, approximately 0.5%.

Economic feasibility of water taxation in shrimp
farming

After the evaluation of the impact of the different tariffs
in the total cost of the shrimp farming activity in the State of
Ceara, it was carried out an evaluation of the profitability earned
by the producers (Table 06). Is verified, obviously, the reduction
of the profitability in all scenarios analyzed, when compared to
the null tariff.
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Table 4. Characteristics of the elements that form the costs of shrimp production, considering the different harvest weights and

stocking densities.

Stocking density 25 shrimp/m? 35 shrimp/m? 50 shrimp/m?
Harvest weight (g) 7.0 () 9.0 () 12.0 (g) 7.0 () 9.0 () 12.0 (g) 7.0 () 9.0 () 12.0 (g)
No. Cycles/yr 4.2 3.3 24 3.9 3.1 22 3.7 2.9 2
Days of cultivation/cycle 61 84 125 69 93 140 74 102 156
Days of cultivation/yr 256 277 300 269 288 308 274 296 312
Renovation Rate (%/day) 2.9 29 2.9 4.3 4.3 4.3 5.7 5.7 5.7
Filling vol. (1000m?) 1,386 1,089 792 1,287 1,023 726 1,221 957 660
Vol. of renovation (1000m?) 1,113 1,523 1,949 1,962.09  2,519.37  3,121.8 2,783 3,570 4,309.2
Vol. of evaporation (1000m?) 384 415.8 450 403.65 432.45 462 410.70 443.70 468
Vol. of infiltration (1000m?) 76.86 83.16 90 80.73 86.49 92.40 82.14 88.74 93.6
Total Volume (1000m?) 2,960.37 3,111.57  3,281.40  3,733.47 4,061.31  4,402.20 4,497.72 5,059.92  5,530.80
Cost with consumption 92.36 97.08 102.38 116.48 126.71 137.35 140.32 157.86 172.56
of water (1000 R$)

(tariff of R$31.20/1000m?)

Water used (%0) 84.4 84 83.5 87 87.2 87.4 89.0 89.5 89.8
Water consumed (%0) 15.6 16 16.5 13 12.8 12.6 11.0 10.5 10.2
Water consumed / Water used 0.18 0.19 0.2 0.15 0.15 0.14 0.12 0.12 0.11

Table 5. Representation of water costin the cost of production considering the water tariff of R$ 1.00, R$1.50 and R$ 3.00 / 1000m”’.

Water cost impact on production costs (R$/1,000 m?)

Stocking density Harvest weight (g) RS 1.00 RS 1.50 RS 3.00
25 shrimp/m? 7.0 0.38% 0.56% 1.12%
9.0 0.39% 0.59% 1.17%
12.0 0.45% 0.67% 1.33%
35 shrimp/m? 7.0 0.41% 0.62% 1.23%
9.0 0.44% 0.66% 1.32%
12.0 0.53% 0.79% 1.57%
50 shtimp/m? 7.0 0.41% 0.61% 1.21%
9.0 0.45% 0.67% 1.33%
12.0 0.57% 0.85% 1.69%

Table 6. Shrimp farming profitability with and without the collection of water, considering tariff $1.50/1,000m’ and R$1.00/1,000m”.

Tariff (R$ 1.50/1000m>)

Stocking density

25 shrimp /m? 35 shrimp/m? 50 shrimp/m?
Harvest weight (g) 7.0 (g) 90( 120 (g 7.0 (g) 90(g 120 (g 7.0 (g) 90(g 120 (g
Total cost (R$/kg) 4.43 4.80 5.26 4.41 4.76 5.21 4.55 4.87 5.46
Sell price (R$/kg) 4.00 4.50 5.80 4.00 4.50 5.80 4.00 4.50 5.80
Profit (R$/kg) -0.43 -0.30 0.54 -0.41 -0.26 0.59 -0.55 -0.37 0.34
Profitability (%o) -10.75 -6.67 9.31 -10.25 -5.78 10.17 -13.75 -8.22 5.86
] , Tariff (R$ 1.00/1000m’)
Stocking d t
ocking density 25 shrimp/m’ 35 shrimp/m’ 50 shrimp/m’
Harvest weight (g) 7.0 () 90 (@ 120 () 7.0 () 90(g 120 (g 7.0 (g) 90(g 120 (g)
Total cost (R$/kg) 4.42 4.79 5.25 4.40 4.75 5.19 4.54 4.86 5.45
Sell price (R$/kg) 4.00 4.50 5.80 4.00 4.50 5.80 4.00 4.50 5.80
Profit R$/kg) -0.42 -0.29 0.55 -0.40 -0.25 0.61 -0.54 -0.36 0.35
Profitability (%o) -10.43 -6.37 9.50 -9.97 -5.46 10.48 -13.44 -7.97 6.09

Economic feasibility, translated by the positive profit, was
observed only from the average harvest weight of 12.0 g, among
the three densities analyzed. No scenario was considered feasible
with the tariff set at R$ 31.20/1,000m?.

CONCLUSIONS

Shrimp farming is still a very recent and polemic economic
activity in Brazil, especially in regions with water shortages.
Nevertheless, the activity was established in the State of Ceara,
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and has assumed growing socio-economic importance in the last
two decades.

In this article, a methodology of simple application was
proposed to estimate the water tariff for shrimp farming in the
State of Ceara, considering the producer capacity to pay. The water
tariff suggested by Pereira (2003) remains as an objective, which
recommends that the costs of the water should not exceed 0.5%
of the production cost. Even though the methodology is applied

to Ceara, it is not restricted to this State.
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Through the chronology of the water tariffs adopted
for shrimp farming in the state, no reference value for the tariff
was observed, resulted from the immense disparity between
the practiced values. The water tariff on shrimp farming was
initiated in 2008, with a value of R$ 31.20/1,000m> After the
high index of default in the sector, the state reduced the tariff
value and established a policy of increasing tariffs, starting with
R$1.50/1,000m* (2010 to 2011), R$ 2.25/1,000m’ (2012 to 2013), and
R$ 3.00/1,000m’ (in 2014), a value even higher than recommended
by the study for the capacity to pay.

From the sample analyzed, the only tariff observed to make
the sector financially attractive is R$ 1.00/1,000m>. This value
represents only 3% of the value initially practiced in Ceard in
2008 (R$ 31.20/1.000m’).

The incoherence and the inconsistencies in the policy
for charging water on shrimp farming detected in this study are
indicators of the importance of establishing a technical based
methodology to set the values of the tariff.
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