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ABSTRACT
The demographic and economic growth in the northern region of the Mexican state of Baja 
California has led to increased water use and competition for this resource among diverse 
consumer sectors. The regional dynamism has made it increasingly difficult to meet the demand 
for water provision. The aim of this investigation was to allocate the water withdrawn from 
the Mexicali Valley and San Luis Río Colorado (SLRC) aquifers in a scenario of water scarcity 
among the various consumer sectors by municipality of the states of Baja California and Sonora, 
as well as to determine the price that would allow for a reduction in the amount of water taken 
from the aquifers. A spatial equilibrium model was formulated and validated, considering fixed 
supply and functions of demand. The 2019 results show that the total demand for water from 
municipalities in residential, commercial, industrial, agricultural and livestock sectors were 
197.2, 21.7, 16.7, 758 and 5.7 hm3, with Tijuana standing out in the first three sectors, whereas 
Mexicali and SLRC were highlighted in the farming sector. Regarding the water price, the 
Tijuana, Tecate, and Ensenada municipalities pay a high tariff for its use, whereas Mexicali and 
SLRC pay the lowest tariffs. A 10 % reduction in water availability would be achieved if the 
price in the agricultural sector in Mexicali and SLRC increased by 20 and 22 %, respectively, 
over the base price. As the price rises, the demand in this sector for both municipalities would 
decrease by 2.6 %. 
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INTRODUCTION
Worldwide, the average annual availability of water is estimated in 1386 trillion hm3, 
97.5 % of which is saltwater (1351 trillion hm3) and 2.5 % is freshwater (35 trillion hm3). 
Approximately 70 % (24.4 trillion hm3) of the freshwater is not usable for drinking by 
people, since it is found in glaciers, snow and ice; 30 % (10.5 trillion hm3) is underground 
water and 0.4 % (0.14 trillion hm3) is found in lakes, rivers and wetlands. According 
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to the National Water Commission (CONAGUA), one of the factors limiting human 
access to 0.77 % of the world’s freshwater is the distance between water sources and 
population centers. Mexico gets a yearly average of 1.4 million hm3 in the form of 
rainfall, out of which 72.1 % goes to evapotranspiration, 21.4 % runs off by rivers 
and 6.4 % reloads the aquifers by infiltration. Taking into account water imports and 
exports to nearby countries, Mexico has an annual positive surplus of 451 585 hm3 of 
renewable water. (CONAGUA, 2018). 
The overexploitation of underground water has several negative effects, including a 
significant and continuous decline of the phreatic level which directly reduces the flow 
volume, the increase in operation costs and the drilling of new wells, the emergence 
of cracks and sinkholes in the ground caused by gaps generated in upper strata, and 
increased competition and disputes between water users (Mayta and Durán, 2015). 
Water-consuming sectors (farming, industrial, commercial and residential) contribute 
to the water overexploitation problem since its expansion exerts pressure on natural 
resources (water, soil, subsoil). The depletion of drinkable water and other natural 
resources would be catastrophic for humanity, which is why it is essential to create 
plans and monitor water usage efficiency (Palacios-Vélez and Escobar-Villagrán, 2016).
The Baja California Peninsula ranks fourth out of 13 water administration regions in the 
country with the most overexploited aquifers, only behind the Lerma Santiago Pacífico, 
Cuenca Central del Norte and Río Grande regions. In 2011, 13 overexploited aquifers 
and 10 with seawater intrusion were reported. As of 2019, there were 18 overexploited 
aquifers and 11 with seawater intrusion. In this hydrological region, the municipalities 
of Mexicali (Baja California) and San Luis Río Colorado (SLRC, in Sonora) are known 
for consuming large amounts of water, particularly in the agricultural sector which 
belongs to irrigation istrict 014 (CONAGUA, 2019). In 2019, out of the 602 hm3 of the 
overexploited Valle de Mexicali aquifer, the agricultural sector at Mexicali consumed 
588 hm3 of water. From the 263.5 hm3 of the Valle de SLRC aquifer, which is close 
to overexploitation, the agricultural sector in SLRC consumed 170 hm3 (CONAGUA, 
2020).
Tijuana is notable for its demographic, commercial and industrial dynamism. In 2019, 
Baja California had an estimated population of 3.6 million people, out of which 49 % 
(1.8 million people) were concentrated in Tijuana and 30 % in Mexicali. According 
to information provided by the National Population Council (CONAPO), population 
in Tijuana is projected to grow 19.5 % between 2019 and 2030 (CONAPO, 2018). 
The National Statistics and Geography Institute (INEGI) showed the dynamism in 
the commercial and industrial sectors in Tijuana, since 97.2 % of the Economically 
Active Population (EAP) were working in the second quarter of 2019. Among them, 
59.4 % were working in the tertiary sector (which includes businesses, restaurants and 
housing services, among others), while 34.3 % were employed in the secondary sector 
(extractive, electric and manufacturing industries, among others). 6.2 % of workers 
did not specify the economic activity they were working in (INEGI, 2021a). 
The Baja California State Water Commission (CEABC) stated that Tijuana (including 
Playas de Rosarito), Tecate and a part of Ensenada are granted concessions from the 
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aquifers mentioned above in order to meet their water needs. The water is transported 
by the Río Colorado-Tijuana Aqueduct (ARCT) until it reaches the Carrizo and Las 
Auras dams (CEABC, 2018). As already indicated, the expansion of the population and 
the economy implies a higher demand of water and an increase in the overexploitation 
of aquifers. In the light of this situation, possible solutions come into view. On the one 
hand, increasing the water supply to satisfy the growing demand for water. On the 
other, administrating and decreasing demand to reduce the pressure on the regional 
water resources. 
Palacios-Vélez and Escobar-Villagrán (2016) proposed the following measures to 
prevent overexploitation of the aquifers: updating the census of pumping wells, 
estimating the water volume that is illegally extracted, implementing studies on 
the components of the hydrological balance, promoting the formation of an expert 
committee on underground water management, promoting a payment culture for 
water services in both cities and irrigation areas, a reduction in subsidies to irrigation 
water and urban water supply services, among others.
Studies have determined that the price of water (fees) can be used as a mechanism to 
reduce demand and make a more efficient use of water in different consumer sectors 
(Gómez-Ugalde et al., 2012; Torres-Sombra et al., 2013; Cota-Verdugo et al., 2013; 
Romano et al., 2016). Other studies have focused on assigning water spatially and 
inter-temporarily among consumer sectors in the light of a situation of scarcity and 
competition for the resource (Miranda-Trejo et al., 2015; Castro et al., 2017). 
Some industries may need to reduce their consumption as a result of a decrease in 
water supply, and their costs will rise. Although water is necessary for all consumer 
sectors, this reduction would be observed in sectors in which water has the lowest use 
value. In economics terms, the highest water value shall be observed in sectors with 
the most inelastic demand, such as residential sector, in which the final consumer is 
a living being and there is no possibility of reducing consumption per capita. Water 
demand in the residential sector will be more inelastic in low-income neighborhoods, 
where the use of water is minimal, ensuring that demand remains high despite a 
significant price increase. A similar situation shall be observed in livestock production, 
where the final consumer is also a moving living being.
The lowest value will be observed in sectors in which demand is less inelastic, such 
as the agricultural sector, in which it is technically possible to reduce water use with 
more efficient irrigation methods. In this sector, an increase in the price of water may 
lead the farmer to make a more efficient use of water resources. The increase in price 
may also motivate the adoption of technified irrigation systems that help save water 
for every surface unit. The productivity of irrigation agriculture may even increase. 
The cost of the water may give the producer information about the value and scarcity 
of the resource and may prompt farmers to change their farming methods. Plants 
are living beings that can effectively be conducted to efficient water use. A similar 
situation occurs in the industrial sector, where a rise in price may encourage business 
owners to implement water recycling systems, resulting in significant water savings 
and decreased consumption.
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The reallocation of water shall seek to increase the Net Social Payoff (NSP). Spatial 
optimization techniques at basin scales to evaluate the benefits and relative costs of 
water allocation are usually applied on a region. Maximizing the net social value 
obtained from the use of water in all sectors under the adequate restrictions would 
result in optimum water use levels for all sectors, along with economic benefits 
of water use and opportunity costs of water allocation throughout and within the 
productive sectors in the region (Ghosh et al., 2017). 
The aims of this study were to assign the water extracted from the Mexicali Valley 
and SLRC aquifers within a water scarcity scenario, among the different consuming 
sectors per municipality of the states of Baja California and Sonora, Mexico, as well 
as to determine the price that would make it possible to reduce the amount of water 
taken from the aquifers. The hypothesis established that within a scarcity scenario, the 
use of water would be reduced in those sectors with a lower value of use.

MATERIALS AND METHODS
The quadratic programming model maximizes the NSP, which equals to the sum of 
the areas below the demand curve minus the cost of underground water extraction, 
the value of the amount of water available in the dam for deriving and distribution 
costs.
If we assume r water-consuming regions of residential sector (r = 1... R = 5), c water-
consuming regions of the commercial sector (c = 1... C = 4), i water-consuming regions 
of the industrial sector (i = 1... I = 4), f water-consuming regions of the agricultural 
sector (f = 1... F = 2), g water-consuming regions of the livestock farming sector (g = 
1... G = 2), s underground water sources (s = 1... S = 2) and p dams (p = 1... P = 2), the 
proposed model is the following:
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Xsrs= 1
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where λr, λc, λi, λf, λg,  are the intercepts of the reverse functions of the demand in the 
regions r, c, i, f, g;  yr, yc, yi, yf, yg are the amounts of water consumed in sectors r, c, i, f, 
g;  ωr, ωc, ωi, ωf, ωg  are the slopes of the reverse functions of the demand for water in 
the regions r, c, i, f, g; yp is the total amount of water available in dam p; PAS is the cost 
of extracting underground water in the region s; PAP is the price of water at the exit of 
the dam p; Xs is the amount of water extracted in the region s; Xp is the amount of water 
available in the dam p for deriving; Dsr, Dsc, Dsi, Dsf, Dsg, Dsp are the costs of distributing 
the water from s to r, c, i, f, g, p; Dpr, Dpc, Dpi are the costs of distributing the water from 
p to r, c, p; Xsr, Xsc, Xsi, Xsf, Xsg, Xsp are the amounts of underground water sent from s to 
r, c, i, f, g, p; Xpr, Xpc, Xpi are the amounts of water sent from p to r, c, i.

The target function (Equation 1) is subjected to restrictions of water supply budget 
and water demand (Equations 2 to 9). The condition of non-negativity of the variables 
is represented in Equation 10.
The solution of the model was obtained using demand functions for each sector of water 
consumers: residential, commercial, industrial, agricultural and livestock farming. 
With the price elasticity of the demand, the fees and the amounts in demand, a total 
of 17 demand functions were estimated for the five municipalities (Tijuana, Tecate, 
Ensenada, Mexicali and SLRC) and the five consumer sectors (residential, commercial, 
industrial, agricultural and livestock farming) (Kawaguchi et al., 1997). The elasticities 
were estimated via multiple linear regression for the municipality of Tijuana, as 
representative for Baja California. Water consumption per capita was considered 
the endogenous variable; whereas the water and energy prices, income, rainfall and 
temperature were considered exogenous variables. The data of the variables used in 
the regression covered the period 2006-2019. The estimated elasticity coefficients were 
-0.23 for the residential sector, -0.04 for the commercial sector, -0.07 for the industrial 
sector and from Torres-Sombra y García-Salazar (2015) were obtained elasticities of 
-0.125 for the agricultural sector and -0.065 for the livestock farming sector.
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Water use for residential, commercial and industrial sectors for the municipality of 
Tijuana were taken from the CEABC (2021). For the municipalities of Tecate, Ensenada, 
Mexicali and SLRC, residential use was estimated as follows: number of households 
times the average consumption per capita of water; this information came from the 
CEABC (2017) and INEGI (2021b). The use of commercial and industrial water for 
Tecate, SLRC and Mexicali was obtained as a result of multiplying the number of shops 
and industries (in Tecate and SLRC), as well as the number of taps of commercial and 
industrial use (in Mexicali) times the average consumption per capita of commercial 
and industrial water, respectively; the information was taken from CEABC (2017) and 
INEGI (2021c).
Agricultural water consumption in the municipalities of Mexicali and SLRC came 
from CONAGUA (2020). In 2019, water consumption for livestock farming in the 
municipalities of Mexicali and SLRC was obtained by multiplying the number 
of livestock heads per species by the average consumption of water per capita per 
species; this information was taken from the Food and Agriculture Organization (FAO, 
2013) and from the Agrifood Information System for Consultation-Agricultural and 
Fisheries Information System (SIACON-SIAP, 2020). It is important to highlight that 
in the municipalities of Tijuana, Tecate and a part of Ensenada, water consumption for 
the farming sector was not taken into consideration because the amounts of water that 
reach these municipalities from the dams (El Carrizo and Las Auras), which in turn 
obtain water from underground sources (the aquifers Valle de Mexicali and SLRC), are 
used exclusively for residential, commercial and industrial sectors. 
For the sectors directly supplied from underground sources (Mexicali and SLRC), the 
distribution costs were calculated with a differences in prices (the fee paid by the end 
users minus the extraction costs); this difference represents all the costs involved in 
water supply. Similarly, for the sectors that are supplied with the water available in the 
dams (Tijuana, Tecate and a part of Ensenada), the difference in prices was calculated 
with the fees paid by the end consumer and the costs of water derived from the dam 
(including the costs of extracting water, electricity, maintenance and operation to be 
able to transport the water from the points of extraction to the dams); the information 
was taken from the CEABC (2018) and CONAGUA (2021).
The data on the electricity fees were obtained from INEGI (2021d), the income (general 
minimum wage) was obtained from the National Minimum Wage Commission 
(CONASAMI, 2021), the Gross Domestic Product (GDP) of the secondary activities of 
the state of Baja California was obtained from INEGI (2021e) and the national average 
rainfall and temperature were provided by the National Weather Service (SMN, 2021). 

RESULTS AND DISCUSSION
The validation of the model of both water use and price in the municipalities of Baja 
California and Sonora (SLRC), as well as for the different water-using residential, 
commercial, industrial and livestock farming sectors (R, C, I, F, G) are shown in Table 
1. The base model either overestimates or underestimates the observed values, as 



Agrociencia 2022. DOI: https://doi.org/10.47163/agrociencia.v56i7.2547
Scientific article 7

indicated by the positive and negative signs in the percentage differences. Even yet, 
the difference is minimal, which allows to preduct some scenarios.
In 2019, the total water use in the residential sector was 197.2 hm3, out of which Tijuana 
and Mexicali used 98.5 and 63.4 hm3. The total use in the commercial sector was 21.7 
hm3, out of which Tijuana and Mexicali demanded 15.4 and 4.2 hm3, respectively. 
Likewise, the total use in the industrial sector was 16.7 hm3, out of which Tijuana and 
Mexicali demanded 10 and 4.7 hm3, respectively. The agricultural sector demanded a 
total of 758 hm3 of water, of which Mexicali is by far the greatest consumer with 588 
hm3 of water, and the remainder is used by SLRC. Additionally, the total use of water 

Table 1. Water model validation for the municipalities of Baja California and Sonora, 2019.

Municipality
R† C¶ I§ FÞ G¤ R† C¶ I§ FÞ G¤

Millions of m3 MXN $ m-3

Use observed Price observed
Tijuana 98.5 15.4 10.0 19.53 80.05 83.78
Tecate 1.8 0.2 1.4 13.91 66.86 64.51    
Ensenada 9.0 14.15        
Mexicali 63.4 4.2 4.7 588.0 5.7 7.15 51.16 59.82 0.19 0.19
SLRC 24.6 2.0 0.7 170.0 0.0 8.28 6.68 9.70 0.19 0.19
Total 197.2 21.7 16.7 758.0 5.7

Base model use Base model price
Tijuana 98.5 15.4 10.0 19.53 80.05 83.78
Tecate 1.8 0.2 1.4 13.91 66.84 64.51
Ensenada 9.0 14.15
Mexicali 63.4 4.2 4.7 584.6 5.7 7.15 51.16 59.82 0.20 0.19
SLRC 24.6 2.0 0.7 170.8 0.0 8.28 6.68 9.71 0.18 0.19
Total 197.3 21.7 16.7 755.4 5.7

Difference to the observed
Tijuana 0 0 0 0 0 0
Tecate 0 0 0 0 -0.02 0
Ensenada 0 0
Mexicali 0 0 0 -3.4 0 0 0 0 0.01 0
SLRC 0 0 0 0.8 0 0 0 0.01 -0.01 0
Total 0 0 0 -2.6 0

Difference to the observed ( %)
Tijuana 0.0 0.0 0.0 0.0 0.0 0.0
Tecate 0.0 0.0 0.0 0.0 0.0 0.0
Ensenada 0.0 0.0
Mexicali 0.0 0.0 0.0 -0.6 0.0 0.0 0.0 0.0 4.6 0.1
SLRC 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.1 -3.7 -0.1
Total 0.0 0.0 0.0 -0.1 0.0

R†: residential sector; C¶: commercial sector; I§: industrial sector; FÞ: agricultural sector; G¤: 
livestock sector. MXN $: Mexican pesos. 
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in the livestock sector was slightly higher than 5.7 hm3, out of which Mexicali used the 
majority, and the remainder was used by SLRC (Table 1).
Regarding water prices, the municipalities of Tijuana, Tecate and a part of Ensenada 
were found to pay the highest prices in the residential, commercial and industrial 
sectors in the state of Baja California. For example, the prices paid by Tijuana in 
these sectors were 19.5, 80.0 and 83.8 MXN $ m-3, respectively, whereas Mexicali and 
SLRC paid the lowest prices for water; Mexicali pays 7.2, 51.2 and 59.8 MXN $ m-3 for 
residential, commercial and industrial use, while SLRC pays 8.3, 6.7, 9.7 MXN $ m-3 
for the same sectors. It is evident that SLRC, belonging to the state of Sonora, pays the 
least for the use of water (Table 1). 
Low costs for water consumption encourage waste and imply greater water use from 
overexploited aquifers, which increases the danger of a short-, middle-, and long-term 
water crises. To avoid this situation, it is important to pay a price for water, since this 
would allow for a more efficient water use, and exert less pressure on overexploited 
aquifers. The high prices found specifically in the municipalities of Baja California are 
widely related with two issues. The first is the distance between water sources and 
consumption areas, where the price of water is more expensive due to transportation 
and infrastructure maintenance costs. The second is a high reliance on external water 
sources to supply internal demand as local water supplies are scarce.
The effects on the use and water price when reducing water availability by 10 % in 
the aquifers Valle de Mexicali and SLRC were calculated (Cuadro 2). The use by all 
the sectors of all municipalities, including the water available in the dams is equal 
to the water extracted from both aquifers (losses by piping or evaporation were not 
considered); thus, the base model estimated an extraction rate of 996.8 hm3. As water 
supply contracts as indicated, it would become 897.2 hm3. This measure would result 
in a decrease in the demand for water and an increase in the price of water.
In this scenario, the use of water in residential, commercial and industrial sectors of all 
municipalities did not undergo significant changes. On the contrary, regarding the use 
in the agricultural sector notorious changes did occur. In Mexicali, water use fell from 
584.6 to 569.2 hm3 (2.6 % compared to the base model), and in SLRC it dropped from 
170.8 to 166.3 hm3 (2.6 % in regard to the base model). The livestock farming sector of 
Mexicali and SLRC experienced a reduction in the use, considering the base model of 
1.4 %, respectivaely (Table 2).
The effects obtained are a consequence of the magnitude of price elasticity of demand 
observed in every consumer sector. Although demand is inelastic across all sectors, 
there are variations in the size of their coefficient of elasticity.
The findings of this study supported those of Ghosh et al. (2017), who claimed that in 
face of a reduction in water supply, the farming sector would be the most impacted, 
in contrast to the other water consumer sectors such as residential, commercial or 
industrial, since farming has the lowest value in water use. Guzmán-Soria et al. (2009) 
reported price elasticity coefficients for the urban, livestock, irrigation agriculture 
and industrial in Guanajuato. The coefficients were -0.0150, -0.0038, -0.052 and -0.126, 
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respectively. These showed that the agricultural sector would reduce their demand 
for water in greater magnitude in response to a price increase. The same takes place in 
the Comarca Lagunera (Mexico’s most noticeable milk production region), according 
to the price elasticities of demand found by Guzmán-Soria et al. (2006). The elasticities 
were -0.108 for pump irrigation agriculture, -0.023 for gravity irrigation, -0.003 for 
urban zone, -0.002 for livestock farming and -0.178 for the industry. These indicate that 
irrigation agriculture has one of the highest elasticities, which means that should prices 
increase, the amount of water needed for agriculture would be reduced in a greater 

Table 2. Water allocation among users and the increase in the price within a water scarcity 
scenario. 

Municipality
R† C¶ I§ FÞ G¤ R† C¶ I§ FÞ G¤

Millions of m3 MXN $ m-3

Base model use Base model price
Tijuana 98.5 15.4 10.0 19.53 80.05 83.78
Tecate 1.8 0.2 1.4 13.91 66.84 64.51
Ensenada 9.0 14.15
Mexicali 63.4 4.2 4.7 584.6 5.7 7.15 51.16 59.82 0.20 0.19
SLRC 24.6 2.0 0.7 170.8 0.0 8.28 6.68 9.71 0.18 0.19
Total 197.3 21.7 16.7 755.4 5.7

Availability reduced by 10 %
Tijuana 98.5 15.4 10.0 19.57 80.09 83.82
Tecate 1.8 0.2 1.4 13.95 66.94 64.55
Ensenada 9.0 14.19
Mexicali 63.3 4.2 4.7 569.2 5.6 7.19 51.20 59.86 0.24 0.23
SLRC 24.5 2.0 0.7 166.3 0.0 8.32 6.72 9.75 0.22 0.23
Total 197.1 21.7 16.7 735.5 5.6

Difference to the base scenario
Tijuana 0 0 0 0.04 0.04 0.04
Tecate 0 0 0 0.04 0.10 0.04
Ensenada 0 0.04
Mexicali -0.1 0 0 -15.4 -0.1 0.04 0.04 0.04 0.04 0.04
SLRC 0 0 0 -4.5 0 0.04 0.04 0.04 0.04 0.04
Total -0.2 0 0 -19.9 -0.1

Difference to the base scenario ( %)
Tijuana 0.0 0.0 0.0 0.2 0.0 0.0
Tecate -0.1 0.0 0.0 0.3 0.1 0.1
Ensenada -0.1 0.3
Mexicali -0.1 0.0 0.0 -2.6 -1.4 0.6 0.1 0.1 20.0 21.0
SLRC -0.1 0.0 0.0 -2.6 -1.4 0.5 0.6 0.4 22.0 21.1
Total -0.1 0.0 0.0 -2.6 -1.4

R†: residential sector; C¶: commercial sector; I§: industrial sector; FÞ: agricultural sector; G¤: 
livestock sector. MXN $: Mexican pesos.
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percentage than in the majority of the other sectors examined. It is worth mentioning 
that the effects reported by other authors were different in magnitude compared to 
those found in this research, which is probably due to spatial and temporal conditions 
in each study.
The decline in water consumption by consumer sector and by municipality basically 
responds to an increase in the price of water. For example, for the residential sector it 
fluctuated between 0.2 and 0.6 %; within the commercial sector, from 0 to 0.6 %; and 
in the industrial sector, from 0 to 0.4 %. This is why, despite a 10 % decrease in water 
supply, water use in those industries remained essentially constant. Meanwhile, in 
the agricultural sector of the municipality of Mexicali, the price increased from 0.20 
to 0.24 MXN $ m-3 (20 % compared to the base model) and in SLRC, the rise was from 
0.18 to 0.22 MXN $ m-3 (22 % in regard to the base model). Similarly, for the livestock 
farming sector in Mexicali and SLRC, the price increased from 0.19 to 0.23 MXN $ 
m-3, a 21 % increase in regard to the base model (Table 2). The findings showed that 
the agricultural and livestock farming sectors would be most impacted by a decrease 
in water supply, both in terms of use and price, since water use declines in a greater 
proportion than in the other sectors evaluated due to an increase in water price.
The GDP of the state of Baja California in 2019 was 575.8 billion MXN $, a value 
relatively constant since 2013, out of which the primary, secondary and tertiary 
activities contributed 15.5, 221.2 and 339.1 billion MXN $, respectively (INEGI, 2021d). 
Regarding water use, the primary sector is the one which uses the greatest amount of 
water, yet it contributes the least to the GDP of the state. The other non-agricultural 
sectors use less water but their contribution to the GDP is higher; consequently, facing 
water scarcity or reduction in the amount of water in the aquifers, the extracted water 
would be allocated to the sectors with the highest water use value (Ghosh et al., 2017). 
In the case of the municipalities of Baja California, it would be possible to transfer 
water from the municipality of Mexicali with agricultural purposes to Tijuana due to 
the dynamism of activities in the residential, commercial and industrial sectors. This 
is consistent with the statement made by Scott et al. (2012), that a lack of additional 
water sources in areas with a growing demand for water can lead to a reallocation 
from agriculture towards other consumer sectors. The reallocation of water between 
sectors can benefit some and harm others (Elbakidze et al., 2018). In the municipalities 
analyzed, Tijuana could be benefitted while Mexicali and SLRC could be harmed. 
To avoid this situation, it would be adviced to take regulations and restrictions into 
account when transfering water from one sector to another, as well as carrying out 
research to determine the optimal water consumption in Mexicali’s agricultural sector 
to define the transfer limits towards residential, commercial and industrial sectors of 
Tijuana. It is then evident that more research on the subject is required.
The reduction of the overexploitation of aquifers and underground water is desirable, 
in order to avoid problems like those aforementioned and to prevent jeopardizing 
the expansion of the economic sectors that support a state or a country. Based on 
the model, the reduction in the sectors with the highest demand for water such as 
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agriculture and livestock farming in the municipalities of Mexicali and SLRC is 
a feasible path, since they use the greatest amount of water and less contribute to 
the GDP. Additionally, both industries pay very little for water, thus it makes sense 
to raise prices by 20 and 22%, respectively, even if the increase is greater than this 
percentage. For example, if the price increased by 100 %, the demand for water in the 
agricultural sector would be reduced more than 10 %, which is desirble considering 
the overexploitation of aquifers.
The results of this study are similar to those found by other authors in Mexico. García-
Salazar et al. (2006) indicated that a 98.6 % increase in the price of water is required in the 
agricultural sector in order to reduce 10 % water extractions in the Comarca Lagunera. 
They stated that such a rise in the price could be achieved by eliminating or reducing 
the subsidies in this sector, for example, increasing the price of electricity, which is 
the primary input for water pumping. The increase in price would encourage farmers 
to save water by introducing technology into their crops and irrigation systems, such 
subsuperficial drip irrigation. Therefore it is possible to increase the price in order to 
reduce the demand for water in the agricultural sector in the studied region.
Ramírez et al. (2019) indicated that in many of the irrigation districts of Mexico, water 
is not charged by volume, but by hectare. They stated that farmers pay a fee that 
does not reflect the real price of water; consequently, an inefficient use of water is 
made. They concluded that to encourage effective water use, a higher tariff must be 
established than the one already in place. García-Salazar et al. (2006), Ramírez et al. 
(2019) and the findings of this study all agreed that the price of water should be raised 
in the agricultural sector to significantly reduce water extractions from aquifers.
Such a recommendation must consider the inelasticity that characterizes the water 
demand in response to price changes. The demand for water in all sectors is inelastic, 
since there are no substitute goods, and the value of the price elasticity of the demand 
in the different sectors depends on reducing water use when the price changes. 
Results in this study indicate that if water availability was to decrease, water use 
should also decrease in agriculture, the sector in which water price is the lowest. 
As indicated before, it is technically possible to reduce the demand for water in this 
sector. A reduction in water demand shall have positive effects on the region. The 
lower water use shall reduce the pressure on water resources of the region, it shall not 
be an obstacle for its economic development. 
On the contrary, keeping water prices low in the agricultural sector of the municipalities 
of Mexicali and SLRC encourages an irrational and inefficient use of water; it may 
hinder the development of other sectors such as water for residential, commercial and 
industrial uses in the other municipalities of the state of Baja California. Particularly 
the municipality of Tijuana, where those sectors are relevant. Price becomes an 
important instrument in regions with water scarcity, like some cities in the north 
of Baja California that lack local sources for water supply. Low water prices can be 
related to a high level of consumption which exert pressure on the water resources, 
and they usually create critical events regarding water supply in times of scarcity. 
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In addition to rely on water prices as a measure to use water efficiently, other additional 
measures can be applied in some sectors. For example, in the farming sector in Mexicali 
and SLRC, along with the introduction of new technologies in crop irrigation, treated 
water from other municipalities could be used. The commercial and industrial sectors 
would reuse volumes by implementing water treatment. In the residential sector 
water use may be reduced with water-saving technology in showers, toilets and sinks, 
as well as changing water use habits such as quick showers or reusing water from 
washing machines, among others.

CONCLUSIONS
The analysis of a reduction in the supply of water indicated that if the consumption 
and the price increases by consumer sectors, the agricultural and livestock farming 
sectors of the municipalities of Mexicali and San Luis Río Colorado can be the most 
affected, due to farming sector which has the lowest price value in the use of water. 
Based on overexploitation of the aquifers in the region and the low prices paid by 
different water users in Mexicali and San Luis Río Colorado, the recommendation 
would be to use water price as a mechanism to reduce the demand for water use, in 
order to reduce water extracted. 
If water reallocation and water use value are considered within the consumer sectors, a 
reduction in water supply would benefit residential, commercial and industrial sectors 
of Tijuana; although it may harm the farming sector of both Mexicali and San Luis 
Río Colorado. Therefore, it is recommendable for water-related decision-makers to 
consider regulations or restrictions, mainly to avoid harms on the agricultural sector.
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Annex I

Based on the economic theory (Atuch and Gualdoni, 2018) and on empirical evidence 
(Gómez-Ugalde et al., 2012; Torres-Sombra et al., 2013; Romano et al., 2016), the 
following multiple linear regression models were formulated to estimate the price 
elasticities of the demand in residential, commercial and industrial sectors in the 
municipality of Tijuana:

For residential:

CPARt = f (PARt, PEERt, INGRt, CPARt-1, TEMt, PPt)	 (11)

where CPARt is the consumption per capita of water for residential; PARt is the real 
price of water for residential; PEERt is the real price of eletricity for residential; INGRt  
is the real income (the general minimum wage was used as an approximate variable to 
the income); CPARt-1 is the consumption per capita of water for residential with a delay 
period; TEMt is the average temperature; PPt is the average rainfall.

For the commercial sector:

CPACt = f (PACt, CPARt-1)	 (12)

where CPACt is the consumption per capita of water for commercial use; PACt is the 
real price of water for commercial use; CPACt-1 is the consumption per capita of water 
for commercial use with a delay period.

For the industrial sector:

CPAIt = f (PAIt, PEEIt, PIBASt)	 (13)

where CPAIt is the consumption per capita of water for industrial use; PAIt is the 
real price of water of industrial use; PEEIt is the real fee of electricity of industrial 
use; PIBASt is the gross domestic product of secondary activities of the state of Baja 
California.

These regressions considered explanatory variables that turned out to be more (p ≤ 
0.05) significant. The price elasticity of the water demand for residential, commercial 
and industrial sectors in the municipality of Tijuana were taken from the estimated 
parameters and the mean price value of water per type of use. The demand functions 
used in the programming model at a municipality level were obtained using the 
price elasticities of the demand, along with demand prices and amounts. Based on 
Kawaguchi et al. (1997), the slope and the intercept were obtained as follows:
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Yij = aij + bij Pij	 (14)

Equation 14 is the function of demand by water consumer sector (i) and municipality 
(j).

ij =  ijpd Pij

Yij 	 (15)

Equation 15 was used to estimate the slope of the function of the demand, where bij   
is the slope of the demand by consumer sector i (residential, commercial, industrial, 
agricultural and livestock) and municipality j (Tijuana, Tecate, Ensenada, Mexicali and 
SLRC);  ijpd  is the price elasticity per consumer sector and per municipality; Yij is the 
amount of water consumed by consumer sector and by municipality; Pij  is the price or 
fee of water per consumer sector and per municipality.

aij = Yij - bij Pij	 (16)

Equation 16 was used to estimate the intercept of the function of the demand, and it 
was obtained through the values of the slope, the amount of demand and the price for 
the consumer.

Pij = ij

- ij +
ij

1 Yij =  ij + wij yij 	 (17)

Equation 17 represents the reverse function of the demand function, and it was 
obtained by solving the price in Equation 14.

AUDC =  ij yij + 2
1 wij y ij

2
		 (18)

Equation 18 was used to estimate the area under the demand curve (AUDC), which 
appears in the target function of the model; it was obtained by the integral of Equation 
14.


