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ABSTRACT 
 
Annual groundwater recharge in Mexico is 92757 million cubic meters (Mm3). A volume of 
18045 Mm3 is used for agricultural purposes, legally provided by CONAGUA to irrigation 
users granting 127526 temporary Concession Titles distributed in 653 aquifers across the 
country. Nowadays, there is a record of 106 overexploited aquifers. Only 80 aquifers 
have an overexploitation of 5392 Mm3/year, considering as exploitation or intensive 
exploitation, when the extraction is greater than 10% of the annual recharge. The Federal 
Government of Mexico through the Federal Electricity Commission (CFE) support farmers 
by granting a special rate for the electricity used in pumping systems. However, lack of 
supervision has provoked a rapid overexploitation of groundwater. This challenge must 
be overcome in the short and medium term to avoid a water catastrophe for future 
generations. Groundwater provides a third of the food produced by irrigated agriculture, 
however, balance rests on a decision to use only biddable water of each aquifer and in 
each well, to measure directly or indirectly the water extracted by pumping systems and 
to only support with an electric rate those who comply that established in the National 
Water Law (NWL). Electric energy is the basis of pumping systems, which means that 
both CONAGUA and CFE should reconsider their policy of monitoring and charging for 
the use of such energy; this charge should be made directly to users that exceed the 
Concession Title though and extra charge and restricting them and ultimately, removing 
the service to those who violate the law. Currently, the Secretariat of Agriculture, 
Livestock, Rural Development, Fisheries and food (SAGARPA), under the Federal 
Government, pays CFE the subsidies of electricity used in the system of agricultural 
pumping (including the legitimate and the overexploited volume)’ However, this causes a 
huge waste of public funds. This has contributed indirectly to the overexploitation of many 
aquifers and breaks the balance between paying energy for sustainable purposes of 
exploitation of groundwater and meets the needs of food production. This requires the 
development of a new policy of water resources development and use such that abuse of 
high-cost electric power is halted and overexploitation of aquifers in Mexico is reversed. 
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1. INTRODUCTION 
 

The rapid growth of the world population at a rate of 74 million per year and the need to 
produce food for them, are putting severe restrictions to the future of water availability in 
the different regions of the world.  
 
Under this scenario, where the population has now reached the 7397 million and it is 
estimated to reach 9,000 million by 2050, it will be necessary to produce more food, with 
less water availability for agriculture. This is corroborated by the UNESCO Report (2015), 
which concluded that by 2050 agriculture must produce globally 60% more food and 
100% more for developed countries. Worldwide, the WWAP reports that groundwater 
supplies drinking water for at least 50% of the world's population and accounts for 43% of 
all water used for irrigation, estimating that 20% of the world's aquifers are being 
overexploited (WWAP 2015). 
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2. BACKGROUND 
 

On the occasion of the 7th World Water Forum held in Daegu, South Korea in 2014, 
(FAO, 2015) organizations such as FAO, USESCO and the World Bank requested the 
global community to act urgently to stop the  increasingly rapid depletion and degradation 
of groundwater resources. Vision 2030 and Global Framework for Action represent a 
strong call for a collective and responsible action of the governments to ensure 
sustainable use of groundwater. The intensity of groundwater extraction is higher in large 
parts of China, India, Pakistan, the United States and Mexico (FAO, 2015). 
 
The 653 aquifers in Mexico and their location were published in the Official Gazette in 
December 2001. Currently, the annual groundwater extraction is 92757 million cubic 
meters (Mm3), with an annual overexploitation of 6653 Mm3 (7.2%) in 106 aquifers 
(16.2%) of all the aquifers in the territory (CONAGUA, 2013; Gonzales et at 2014).  
 
Groundwater meets the domestic demand of 75 million users in cities and industry and 
supplies 30374 Mm3 (32.9%) needed for irrigating crops. The measures taken by the 
Federal Government through the National Water Commission (CONAGUA) are based on 
establishing closed areas in these overexploited aquifers and not to grant new 
concessions for the extraction of groundwater. However, it is necessary to establish new 
public policies to achieve sustainable use of water available in refills aquifers. 
 
Irrigated agriculture in Mexico reaches 6.684 million hectares (Mha), of which one third is 
irrigated with groundwater (CONAGUA, 2015), allowing to feed a current population of 
127.9 million distributed in cities.  
 
2.1 Groundwater problems 
 
The aquifers in the country can be divided into three strips by their geographical location 
(CONAGUA 2013), climate and prevailing economic regions in the states located in the 
South-Southeast, Central and Northern Region of Mexico, as shown in the Figure1. 
 
 

 
 

Figure 1. Distribution of areas with different availability of groundwater 
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South-Southeast Mexico. This region has 9 states, 18 irrigation districts, water 
availability of 56431 Mm3, and a population density (67/km2). It is noted that the water 
overexploitation is minimal, which shows the feasibility to have additional irrigated land; 
such as areas surrounding the Usumacinta river, where it is intended in the short term to 
start the derivation of its waters for power generation and utilization for agriculture 
irrigation in an area with 220000 ha. (Blue painted). 
 
Central Mexico. This region has 14 states (Figure 1), with the highest population density 
(145 /km2); concentration of industries, as well as a center of agricultural development 
with 33 irrigation districts. The available groundwater is estimated at 19609 Mm3, 
groundwater extractions exceed 3493 Mm3 in 6 states, mainly Guanajuato to supply 
water for agriculture, Mexico City and Zacatecas to supply water for populations and 
industries, (Orange painted). 
 
Northern Mexico. A total of 11 states are located in this area, with an average population 
density of 26 /km2 and where the greatest potential for agricultural production is located 
with 35 irrigation districts, where water pumping is largely used for irrigation. There are 
four states that have overexploited aquifers with a volume exceeding 2748 Mm3. Baja 
California and Chihuahua show the greatest imbalance, followed by the Coahuila and 
Zacatecas (Light yellow painted). 
 
The reports analyzed on the situation of the 106 overexploited aquifers in Mexico, 
indicate that the availability of groundwater resources presents a bleak picture due to 
high pumping rates, which far exceed the natural recharge estimated for each aquifer, 
known as annual average recharge, (Table 1). 
 
The allocation of pumping volume for each of the wells, located in a predefined aquifer, is 
granted through a Concession Title provided by CONAGUA to users on request, legally 
based according to the availability of that aquifer (CONAGUA, 2015). The data available 
and provided by CONAGUA (CONAGUA 1999) shows that a total of 262249 Concession 
Titles has been granted for urban, industrial and agricultural uses, which cover an annual 
volume of 33,068 Mm3 of groundwater from the 653 aquifers.  
 
Although the National Water Law (NWL) of Mexico and its Regulations indicate that only 
the quantity indicated in the concession title should be extracted and that it is necessary 
to install a flow and volume meter, many users do not comply and extract more water 
than that indicated in the concession title, with a result of excessive groundwater 
extractions and overexploitation of aquifers and the lowering of the static level of the 
water table and consequently an increase in costs for groundwater pumping systems. 
 
To determine that an aquifer is classified as overexploited, the National Water Law (NWL) 
of Mexico considers overexploitation, an extraction greater than 10% of the volume 
allowed (CONAGUA 1999), which allows classifying the existence of the 106 aquifers 
throughout the country impacted by this effect. The problem with overexploited aquifers, 
besides increasing pumping costs, is that they cause an imbalance in the flora and fauna 
in the underlying delineation of the aquifer area, causing the disappearance of flora which 
gets water from high water levels, provoking their gradual extinction from the affected 
area. 
 
Another indicator of pressure or stress on groundwater resources is the Water 
Exploitation Index (WEI), which is calculated annually as the ratio of total water extraction 
versus the total volume of renewable resource. A value of WEI above 20% means that 
water resources of the aquifer under study is under tension; values above 40% indicate 
severe water stress and the use of water resources use is clearly unsustainable in the 
long-term (Raskin 1995). 
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Table 1. Current balance volume of aquifers per state and region 

 

In the coastal areas of the country, where wells have been drilled, for example in the 
irrigation districts 051 Valle de Hermosillo, DR 041 Valle del Yaqui, Guaymasand DR 038 
inNavojoain the State of Sonora, and the DR 010 Valle del Fuerte in Sinaloa, the 
excessive groundwater pumping for irrigation has caused sea water intrusion and 
deterioration of the quality of groundwater for irrigation. In many cases, the soil has been 
salinized, as is the case of the agricultural Valley of San Quintin in Baja California, 
Guaymas in Sonora, among others. 
 
Most overexploitation of aquifers comes from 18 aquifers where excessive extraction 
(60.5%) occurs with respect to natural recharge. This data is truly a concern, since the 
volume allowed for groundwater extraction its beyond sustainable use, decreasing 
available groundwater potential for future generations and destabilizing the sustainability 
required and demanded by international institutions and by the government of Mexico. 
(Table 2). 
 
The surveillance efforts of the Mexican government through CONAGUA’s personnel 
follows the NMW rules, which establishes a) the installation of volumetric meters, b) to 
keep a logbook of volumes extracted quarterly c) to submit annually a report to the 
CONAGUA notifying the volumes used in each pumping system, among other 

Technical volume Concession Volume

Volume available (+)   

Volumen exceeding (-)         

(Mm3)

Volume available (+)  

Volume exceeding(-)       

(Mm3)

Campeche 1 0 2,099.40 1,784.10 2.59 0.50 314.80 312.71

Chiapas 15 0 13,461.00 10,009.80 476.01 347.30 3,103.90 2,975.19

Guerrero 35 0 1,672.70 562.00 308.15 259.20 851.50 804.10

Oaxaca 21 0 1,346.90 534.90 392.04 310.50 501.50 419.96

Puebla 6 1 1,298.60 248.30 903.83 1,142.30 161.60 195.92

Quintana Roo 2 0 1,402.90 1,015.30 23.91 133.80 253.80 363.69

Tabasco 8 0 9,256.70 1,402.20 187.93 195.70 7,658.80 7,666.57

Veracruz 18 0 4,079.90 2,084.50 1,081.42 570.70 1,424.70 925.98

Yucatán 1 0 21,813.40 14,542.20 3,882.34 1,209.20 6,062.00 3,388.86

Subtotal 107 1 56,431.50 32,183.30 7,258.23 4,169.20 20,332.60 17,052.97

Aguascalientes 5 5 311.80 15.90 444.11 544.00 -248.10 -148.21

Colima 11 0 513.50 93.50 377.34 274.50 145.50 47.03

Distrito Federal 1 1 512.80 0.00 1,103.98 623.80 -111.00 -591.18

Guanajuato 18 14 2,189.00 185.60 2,929.02 3,943.90 -1,942.70 -934.21

Hidalgo 21 0 2,122.40 1,481.40 342.67 408.50 277.70 314.73

Jalisco 59 3 3,339.00 1,002.80 2,499.46 1,485.20 959.10 -343.74

Edo. De México 9 5 1,647.10 658.50 1,315.29 1,751.10 -767.40 -334.26

Michoacán 22 2 2,905.60 1,374.80 1,303.70 1,065.90 512.90 384.72

Morelos 4 0 825.50 407.60 372.13 400.50 17.40 45.77

Nayarit 12 0 1,205.00 801.20 254.06 223.00 184.10 149.74

Querétaro 11 5 568.60 33.30 683.59 620.10 -177.30 -237.30

San Luis Potosí 19 7 2,033.20 1,154.70 815.69 781.70 303.50 301.73

Tlaxcala 4 0 409.50 108.40 199.95 230.80 70.30 101.15

Zacatecas 34 12 1,026.00 120.30 1,205.35 941.20 -246.60 -435.03

Subtotal 230 54 19,609.00 7,438.00 13,846.35 13,294.20 2,470.50 1,344.86

Subtotal -3,493.10 -3,023.95

Baja California 48 9 927.50 39.00 1,448.26 945.80 -145.70 -623.88

Baja California Sur 39 3 493.80 120.40 380.58 370.60 23.50 -28.19

Coahuila 28 5 1,921.70 526.80 1,347.35 1,664.90 -476.30 -182.23

Chihuahua 61 15 3,700.50 762.40 3,400.33 3,307.40 -1,126.80 -1,197.67

Durango 29 6 939.40 141.10 583.13 618.40 313.20 321.91

Nuevo León 23 2 967.40 266.50 876.55 576.20 197.20 -317.69

Sinaloa 14 0 2,508.00 1,053.30 1,044.58 990.60 464.10 425.54

Sonora 60 11 3,279.50 348.80 2,964.68 2,656.10 794.80 -399.06

Tamaulipas 14 0 1,009.30 244.30 445.03 303.80 461.20 353.03

Subtotal 316 51 15,747.10 3,502.60 12,490.50 11,433.80 2,254.00 1,100.48

Subtotal -1,748.80 -2,748.72

Total 653 106 91,787.60 43,123.90 33,595.08 28,897.20

State
No. 

Acuífero

Over -                           

exploited 

aquifers

States of the Central region of Mexico

States of the northern region of Mexico

Mm3.- million cubic meters

States of the south-southeast region of Mexico

Extraction 

volumen 

technical 

studies 

(Mm3)

Concession 

volume  (Mm3)

Committed 

natura recharge  

(Mm3)

Recharge 

(Mm3)
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obligations. However, these measures have not produced the expected effects because 
users are not interested in enforcing the rules and authorities do not have enough people 
to supervise and monitor all this. 
 
Moreover, the support that the Mexican government granted to electricity used in 
pumping systems for agricultural production and to boost food generation, was the 
electricity tariff called Preferential Tariff 09 with an estimated minimum cost by 10% of its 
real value, this tariff caused an excessive and substantially increase of pumping systems, 
since many users taking advantage of this measure, have increased their authorized 
volumes causing the overexploitation of aquifers, taking advantage of the low supervision 
provided by the CONAGUA with its limited staff available to accomplish the task of 
monitoring these regulations. 
 
The situation is aggravated due to climate change, which is already a fact proven in 
Mexico. It is feared to cause intense extreme weather such as the frost in the north-west, 
drought in the north and center, and floods in the south due to excessive rains and 
overflowing rivers. All these will have a devastating impact on food production and safety 
of the populations established on the river banks and the coastal areas. 
 
Table 2.  Overexploitation of the 18 aquifers in Mexico with greater extraction of water 

resources. (Surexploitationdans 18 aquifers au Mexique) 
 

No. 
Name and nomenclature of the overexploited 

aquifer  

Deficit obtained 

from the technical 
study (Mm3)* 

Deficit due 

exceeding the 
concession (Mm3) 

1 1120 Pénjamo-Abasolo, Guanajuato 496 125 

2 0523 Principal-Región Lagunera, Coahuila 412 123 

3 1508 Cuautitlán-Pachuca, Estado de México 394 58 

4 1115 Valle De Celaya, Guanajuato 306 136 

5 1108 Cuenca Alta Del Río Laja, Guanajuato 272 59 

6 0847 Los Juncos, Chihuahua 270 103 

7 1104 Laguna Seca, Guanajuato 269 25 

8 0101 Valle De Aguascalientes, Aguascalientes 205 114 

9 1119 Irapuato-Valle, Guanajuato 193 163 

10 2101 Valle De Tecamachalco, Puebla 185 49 

11 2619 Costa De Hermosillo, Sonora 180 97 

12 1501 Valle De Toluca, Estado de México 139 136 

13 0832 Jiménez-Camargo, Chihuahua 135 142 

14 1110 Silao-Romita, Guanajuato 120 120 

15 0831 Meoqui-Delicias, Chihuahua 118 172 

16 0901 Zona Metropolitana de la Cd. de México 111 591 

17 2605 Caborca, Sonora 108 89 

18 1502 Ixtlahuaca-Atlacomulco, Estado de México 107 5 

 * Mm3.- Million cubic meters 4025 2315 

 
2.2 Alternative solutions 
 
The CONAGUA, based on the NWL, has prompted the creation of Basin Councils, which 
are interdisciplinary groups that will plan, implement and manage the actions for water 
resources per Basin or Hydrologic Region. According to the NWL, these are instances for 



2ndWorld Irrigation Forum  
6-8 November 2016, Chiang Mai, Thailand 

W.1.2.07 

 

 
6 

support, coordination, consultation and advice between CONAGUA and the different 
water users at a national level. These Basin Councils manage and coordinate actions on 
the 32 Hydrological Regions (13 Hydrological-Administrative regions). 
 
When there are major problems of overexploitation of aquifers, we have to take strong 
control and recovery measures through schemes founded on subsidized electricity tariff 
reduction and the progressive decline in concession volumes. The problem of 
overexploitation of groundwater should be faced with a public policy in the 
subsidy of electricity tariffs, which must be gradually eliminated according to the 
damage caused to each overexploited aquifer. 
The proposals are: 

Proposal 1. - To decrease the volume allowed based on percentage terms, regarding a 
progressive decrease depending on the amount of Total Volume allowed (18 aquifers) 
and the magnitude of overexploited volume (Figure 2.) 

 
 

Figure 2.  Penalties for greater volumetric overexploitation 

The curves with different colors represent different scenarios of overexploitation, the 
reduction (x axis) must be applied according to how drastic the aquifer is overexploited, 
i.e. to greater overexploited volume, the percentage reduction in its concession volume is 
doubled in its penalty. The percentages of reduction will be selected by areas with higher 
or lower availability of groundwater resources in the country. 
 
For the rest of the 106 overexploited aquifers, and regarding extractions exceeding 10% 
of its volume allowed, reductions with different severity will be applied according to the 
area with greater or lower availability of water resources, i.e., the curve a, b, orc indicated 
in the respective figures. 
 
Proposal 2.-Overexploitationgreater than 10%of the annual volume allowed where the 
grant is reduced in percentage terms, however its total volume allowedremains in force 
the following year for the rest of the authorized period (Figure 3.) 
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Figure 3. Volume reduction when exceeding 10% of the volume allowed 

Proposal 2 covers all penalties for aquifers that are classified as overexploited (SE) and 
the curve is subject to greater or lower intensity in overexploitation, determining three 
levels that depend on the amplitude in the percentage of variation between 10% and the 
maximum degree in percentage reached in the aquifer with greater overexploitation. 
 
Proposal 3.-Overexploitationgreater than 10% of the volume allowed for two consecutive 
annual cycles, the concession is reduced in percentage terms, but still force the rest of 
the authorized period (Figure 4) 
 

 
 

Figure 4. Penalty in the case of overexploitation (SE) of aquifers in two consecutive 
years 

The methodological framework of the implementation of the Rigorous Public Policy 
(RPP) in controlling overexploitation of groundwater must follow a legal procedure, 
supported by the new General Water Law that is in process by the Mexican government 
through the CONAGUA and the collaboration of different institutions and different water 
users, such as agricultural, urban and industrial users. 
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The mechanism of supervision and monitoring volumes of groundwater extraction should 
be established, regarding the new computing platforms that are available (Gonzalez-
Casillas 2015) in order to manage and operate large amounts of information on each of 
the wells of an aquifer, and continuous monitoring based on monthly readings, direct from 
the volumetric meters that must have each pumping system, or indirectly through the 
monthly consumption of electrical energy consumed by each pumping system, using the 
energy Index “Hidrowatt” (HW) expressed in kWh/m3, factor used to determine the  
volume extracted monthly in each well and relates to the volume allowed in the 
Concession Title. 
 
Proposal 4.-Payment of 100% of the cost of the regular electricity rate for the volumes 
extracted above that allowed (Figure 5) 

 
Figure 5. The user must pay the regular rate according to the overexploited volume 

Proposal 5.-When overexploitation is 10% greater than the volume allowed for three 
consecutive annual cycles, the concession is canceled. 
 

3. CONCLUSIONS 
 
The serious deterioration of aquifers in Mexico requires rigorous measures in order to 
prevent further overexploitation. To make a drastic change and counteract the damage 
caused to the stability of the 106 aquifers in the country, it is necessary to establish a 
State policy based on austerity, a policy that should be driven by the Government of 
Mexico, in the new General Water Law, which has to incorporate, among other 
measures, the following aspects: 
 

1. Zero tolerance with respect to overexploitation of aquifers 

2. Reinforcement of the Law must be accurate and transparent. 

3. No electricity subsidy for those who overexploit the groundwater. 

4. Government financial support to electricity should gradually be decreased in all 
volumes allocated on overexploited aquifers. 
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5. Direct or indirect measurement of volumes allowed, should be the crucial scheme 
control in order to regulate groundwater extractions, using computer systems and 
platforms to detect groundwater overexploitation and take preventive and 
corrective measures. 

6. Any user who does not have a Concession Title and an authorized volume to 
extract, should be penalized according to the Law. 

7. Establishment of a rigorous Public Policy in order to control and supervise 
groundwater extraction. 
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