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Abstract 

The objective of this study was to identify the most appropriate actions, from an environmental, social and 
economic perspective, so the cities of La Paz, Los Cabos, Mexicali, Tecate and Tijuana of the state of Baja 
California, and Puerto Peñasco from the state of Sonora, may deal with scenarios of less water availability in 
the 2013-2018 period. The gap between water supply and demand was determined. Subsequently, we 
analyzed the overview of the working conditions of the operating bodies (OB), as well as measures to close 
gaps with the main characteristics of such methods. 

 It’s estimated that water supply for the six cities will go from 294 million cubic meters (Mm
3
) in 

2013 to 283 Mm
3
 in 2018 and 258 Mm

3
 in 2028. This represents a contraction of 36 Mm

3
, 12 percent of the 

initial volume. 

 In most cases, measures to manage the demand proved to be efficient for closing gaps and less 
expensive than the options for increasing water supply. 

 The methodology used integrates the analysis of events related to climate change (drought) and the 
economic analysis for mitigating such effects (construction of cost curves for closing gaps). The integration 
of the two approaches generates valuable information for designing public policies so that decision makers 
compare different alternatives for mitigating the effects of climate change. 

Introduction 

Water is a strategic resource for national security because of its economic, social and environmental value, 
so it is essential to preserve it for present and future generations.  

 In our country, municipalities are constitutionally obliged (art. 115) to provide drinking water, 
sewage, wastewater treatment and disposal; therefore, institutions focused on managing water, known as 
water operating bodies (OB)

1
 have been created. 

 Due to its geographic location and socio-economic conditions, Mexico shows high vulnerability to 
climate change related events. According to the most recent modeling, it’s estimated that the northern 
region will register a decrease in precipitation of up to 30 percent by the end of the XXI Century, changes 
which may occur starting since the first quarter of this Century. Decreases in precipitation are expected in 
the states of Baja California (-40 percent), Baja California Sur (-60 percent), Sonora (-20 percent), Sinaloa (-
20 percent) and Chihuahua (-10 percent). 

 In addition, population growth and economic development will cause an increase on water 
consumption per capita and, therefore, on the demand for water resources. Thus, due to climate change, 
more recurrent effects and severe droughts are expected, which, on one hand, will decrease the availability 
of water and on the other, will result on an increasing demand for the resource. This may result in a shortfall 
in its availability.  

 It is necessary to identify actions which could increase the capacity of urban water systems to 
properly manage resources, while simultaneously reducing the difference between availability and demand 
for water.  

 General objective 

                                                           
1
The operating bodies are responsible for the provision of drinkable water, sewerage and sanitation, as well as water 

resources management in the country's towns and cities. 



 

Identify the most appropriate actions, from an environmental, social and economic perspective, for the 
cities of La Paz, Los Cabos, Mexicali, Tecate, Tijuana of the state of Baja California and Puerto Peñasco from 
the state of Sonora so they may deal with scenarios of less water availability derived from more intense and 
recurrent droughts. 

Specific objectives 

 Quantify and estimate water supply and demand scenarios in urban systems mentioned above. 

 Calculate the difference between water demand and supply for the worst scenario of climate 
change in each city (calculation of gaps). 

 With the results of the gaps' calculation, identify technically feasible, economically viable and 
environmentally sustainable key actions that allow OB to provide water to the population.  

 Develop a portfolio of actions, which institutions responsible for water management, could take in 
order to face the different scenarios of drought due to climate change. 

 

Methodology 

1. Determination of gaps (availability versus demand) 

A gap is the difference between the availability of water in an urban system and the demand of the resource 
by users. This was calculated based on information provided by the OB responsible of water service 
provision in each of the study locations. 

 To estimate availability we took as basis, in addition to official statistics, data from the three levels 
of government, available climate scenarios on the website of the Mexican Institute of Water Technology 
(IMTA in Spanish), and maps of drought and return periods of rainfall and temperature analysis developed 
by the MMC. With this information we evaluated the impact of drought on the various supply sources of 
each city (groundwater and surface water).  

 Through methodology established by the Mexican Official Standard NOM-011-CNA-2000 Water 
Resource Conservation 

2
, which gives specifications and the method for determining the annual average 

availability of national waters, we developed a model to calculate the variation of the current and future 
availability of water in the study areas. 

Water demand was calculated based on the amount for each inhabitant per day, as well as the number of 
active water intakes and water consumption by user type reported by the OB. It is important to note that 
this study did not consider the demand of other users that were not served by the OB (eg agricultural, 
industrial or service sectors that have their own sources). 

 

2. Identifying impacts on the water system 

Having performance level references of other similar water systems allowed identifying areas of opportunity 
for improvement. Therefore, we carried out an analysis (benchmarking) in which studied OB´s were 
compared with their counterparts nationwide. This provided an overview of the conditions in which they are 
operating, areas of opportunity for each case were identified and elements were obtained to establish 
action proposals for closing gaps.  

 

3. Determining measures to close gaps 

From each measure proposed for closing gaps, a technical datasheet was created in which we described its 
characteristics, calculation considerations, the associated indicator, the person responsible for 
implementation, the amount of Mm3 that may be compensated within the gap, and the associated costs 
and implementation constraints; the measures are listed below: 
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 National Water Commission (CONAGUA in Spanish), NOM from the water sector, 2012. 



 

 

Demand management Supply increase 

Rate increase 

Installing furniture savers 

Micrometering 

Leakage reduction on water intakes 

Desalination 

Purification  

New surface or groundwater sources 

 

 

4. Developing a portfolio of alternatives 

With the set of alternatives, we developed a portfolio of actions in which its main characteristics, main 
features, benefits of water availability and costs associated with their implementation for each city (cost 
curves) were described. In addition, we programmed the sequence in which the actions must be carried out 
through an investment program. 

 

Results  

According to climate scenario estimates, Mexicali, Los Cabos and La Paz may exhibit a significant 
reduction in water availability from current sources due to a decrease in rainfall patterns. The most extreme 
case could be Los Cabos, where the reduction would be almost 50 percent, while in La Paz it could represent 
30 percent of current availability. Tijuana, meanwhile, would remain with virtually the same level of 
availability, although from 2028 until 2048 it might have a reduction of over 15 percent. Throughout the 
period, Tecate and Puerto Peñasco will have practically the same availability as they currently have. 

In accordance to the models used, water supply for the six cities would go from 294 Mm
3
 in 2013 to 283 

Mm
3
 in 2018 and 258 Mm

3
 in 2028. This represents a contraction of 36 Mm

3
, 12 percent of the initial 

volume. This reduction would be similar to the water volume of La Paz and Puerto Peñasco together or, 
rather, it would be the same as to leave Los Cabos without water. 

In all cities, a gap increase between water demand and supply is forecasted. According to study results, in 
2018 the entire demand could represent more than 120 percent of the available water supply (for the year 
2028, it could reach 170 percent). The two most critical cases occur in La Paz and Los Cabos. Currently, in La 
Paz a gap is observed, which could be increased to over 40 percent in 5 years, with a demand that in 10 
years could mean 2.5 times the offer. In regards to Los Cabos, in 2018 the gap would be 16 percent, while by 
2028 this would exceed 215 percent. The gaps for each of the cities are shown in Table 1.  

 

Table 1. Water gaps for the 2013-2028 period 

City Gap [Mm
3
] 

Tecate 28.8 

Puerto Peñasco 79.3 

Mexicali 476.5 

Los Cabos 232.9 

La Paz 249.2 

Tijuana 812.1 

Source: study made by the MMC, 2013. 

 



 

In Tijuana, the largest city in the study, the estimated gap for 2018 would represent nearly 20 percent and 
70 percent by 2028. In Mexicali, the other city with over one million inhabitants, the difference between 
demand and supply would be 21 percent by 2018 and could grow, by 2028, by more than 45 percent. Tecate 
and Puerto Peñasco, meanwhile, presented similar behavior to Mexicali. In 2018 demand would exceed 
supply by just over 120 percent. For the year 2028, the gap would be 44 percent in the first, and 40 percent 
in the second.  

 The OB of the cities of La Paz, Los Cabos and Puerto Peñasco have low levels of efficiency compared 
to other agencies of similar size (64, 64 and 47 percent, respectively)

3
. Puerto Peñasco has a per capita 

water supply (563 lt/inhab/daily)
4
 which represents more than three times that of Tijuana and almost two 

and a half times that of Tecate. Los Cabos, which is the second largest city with resources, uses 2.3 times 
more water than Tijuana and 1.7 times more than Tecate. In this sense, Tecate has the highest overall 
efficiency, followed by Mexicali and Tijuana. By contrast, Puerto Peñasco loses very significant levels of 
water and money because of its inefficiency. 

 Tijuana and Mexicali are the largest cities in the study. In the first case, although no availability 
reduction is forecasted until after 2028, it will be very difficult for Tijuana to reduce water demand due to its 
high level of physical efficiency and few resources. Since Mexicali has a relatively high provision, it may 
restrict supply to users to close the gap. Possible solutions for developing gaps were established with five 
types of alternatives (see Figure 1). 
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Figure 1. Alternatives for closing gaps 

 

Source: study elaborated by the MMC, 2013. 

In most cases, measures to manage demand such as installing equipment with savings features, handling 
fees and eliminating leaks in intakes, resulted less expensive than the options of increasing water supply 
(desalination, purifying water and new sources of water). The measures for managing the demand proved 
efficient for closing gaps in economic terms (see Figure 2).  

Figure 2. Costs of measures for reducing the gap  

  

Source: study elaborated by the MMC, 2013. 

 

In particular, Mexicali and Tecate have high levels of physical efficiency (84 and 89 percent, respectively),
5
 

because they have made significant efforts of reducing leaks and invoice the highest proportion of water 
possible. Mexicali has worked hard at reducing leakage; its resources per capita are relatively higher than in 
Tijuana and Tecate, and the average rate has been below that of their peers. Therefore, there´s an 
opportunity to work on demand management despite having very adverse availability reduction scenario. 
Tecate, meanwhile, has room for introducing a tariff more accordingly to the cost of water, which would 
reduce demand as well as using equipment which saves, thus contributing to close the gap without the need 
to increase its offer. 

 Tijuana has reduced water supply per capita by raising their levels of physical efficiency with a 
considerable increase in their rates, so their room to maneuver for optimizing water consumption is lower 
than in most other cities. Nevertheless, their geographical location by the sea opens the alternative to 
consider desalination as a source of supply. 
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 As a complement, we carried out a brief analysis on the feasibility of the use of renewable energy 
on the water systems of the analyzed cities. The analysis of the potential use of biogas from the wastewater 
treating plants from the OB study indicates that between 12 and 35 percent of the plants' electricity demand 
can be obtained. If the government of Baja California invested in increasing the capacity installed in the 
Parque Rumorosa I by 610 percent, considering the reference of the Ministry of Energy, Tijuana, Tecate and 
Mexicali's OB would have the opportunity to be supplied with wind energy with energy savings of up to 60 
percent.  

Conclusions and recommendations 

It is likely that due to the results of the study there will be a gap between the current water rates charged by 
the water system for their services and optimum rates from an environmental perspective. These last ones 
would be those which included, in addition to the costs of operation, maintenance and a portion of the 
investment, the water's opportunity costs. It’s worth mentioning that in the cost quantification the 
minimum performance parameters should be included so that inefficiencies of the service provider are not 
transferred to users. We consider it valuable, from a public policy point of view, to have objective 
parameters that help decision-makers in this matter. Society in general would also benefit by knowing the 
cost of the services used, which would help raise awareness on the conservation and proper use of water. 

 The reduction on water availability in the cities studied will be a constant for the next few years. 
Currently, the OB´s have no incentives to plan and take decisions with a long-term vision, which is needed 
according to the horizon that the changes in hydrologic conditions demand. Given the above, it’s necessary 
to work on the legal and institutional framework, considering the following proposals: 

 The creation of state regulatory agencies responsible for setting medium and long-term goals in the 
different OB´s.  

 Transfer the tariffs legal authority of councils and congress to the regulatory agencies which, from 
an OB proposal, could authorize rates provided they ensure including the costs of operation, 
maintenance and investment sufficient to meet its objectives in the medium and long term.  

 Advance in the OB's autonomy so they are not subject to local political terms.  

 Implement the creation of investment committees in the OB's responsible for plan analyzing and 
investment projects, their costs and benefits and make decisions regarding them.  

 Facilitate performance verification of OB's by society through periodic reporting obligations 
regarding results achieved in terms of efficiency and quality of service, in addition to investments 
and budgets exercised. 

 Seek promoting society’s organized participation by creating citizens' councils or observatories. 
 

Further analysis is required for side effects resulting from the implementation of measures to manage 
demand and expand supply. The study was performed using a static approach, ie, a snapshot was taken of 
the current situation, possible trends were projected and at the end of each analysis period photographs 
were taken again. In this sense, the model does not capture the effects derived from the application of each 
of the proposed measures.  

 Additionally, it’s necessary to evaluate the environmental costs of increasing water supply in arid 
areas, particularly desalination plants and aqueducts, as we will have to consider, among others, the 
increase in energy demand and production of water rejected with high salt content. 

 We recommend including the gap analysis model and economic evaluation of alternatives as part of 
the planning process and design of public policies for adapting to climate change effects, since the study 
offers advantages like objectively comparing the different alternatives according to their potential to 
mitigate the effects of climate change and the costs associated with each alternative. In addition, making an 
analysis of the distribution costs between the different players involved and beneficiaries would serve to 
have the elements that facilitate the negotiation in the implementation stage. It is also necessary to involve 
key players in the process of analysis and crafting of alternatives to facilitate its application in decision 
making. 



 

 This study focused on water systems in urban areas; nevertheless, the main water consumers are 
farmers, where there are low cost technological options to reduce the quantity of water demanded through 
the increase of efficiency. One could even think of generating economic benefits from exchanging first-use 
water for treated wastewater. In this regard, we propose considering implementing tariff schemes that 
incorporate environmental costs to all users, including farmers. These measures are expected to generate 
incentives to all consumers to optimize the use of water and to find recycling options; reuse and water 
interchange from usage of lower economic value to activities with a higher value. Also, this vision must be 
included for the evaluation of all projects so that not only the portion of increased supply is considered in 
the design, but the aquifer recharge potential, recovery of watersheds, water exchange and reduction in 
demand. Additionally, it’s necessary to complement management demand measures and increase in supply 
with actions of awareness and education for the population.  

 The methodology used in this study constitutes an innovative way to integrate the analysis of 
environmental problems derived from related phenomena to climate change (drought) with the economic 
analysis to mitigate such effects (construction cost curves for closing gaps). The integration of the two 
approaches generates valuable information for the design of public policies so that decision makers 
compare the different alternatives for mitigating the effects of climate change, from the costs associated 
with each of them and their contribution to the reduction of gaps.  

 


