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Abstract7

 e aquifer system of the Basin of Mexico is the main source of water supply to the Mexico8

City Metropolitan Zone.  e management of the Basin’s water resources requires improved9

undertanding of regional groundwater 
ow patterns, for which large amounts of data are re-10

quired. e current study analyses the regional dynamics of the potentiometric groundwater11

level in the entire Basin using data collected in a new regional database called the Basin of12

Mexico Hydrogeological Database (BMHDB). In order to foster the development of a re-13

gional view of the Basin’s aquifer system the BMHDB has been developed collecting data14

on climatological, borehole and runo� variables from di�erent sources.  e structure and15

development of the BMHDB are brie
y explained and then the database is used to analyze16

the consequences of groundwater extraction on the aquifer’s con�nment conditions using17

lithology data. e regional analysis shows that the largest drawdown rates are located north18

of Mexico City, in Ecatepec, a region that has not yet received attention in hydrogeological19

studies, due to two lines of wells that were drilled as a temporarily solution to Mexico City’s20

water supply problem. is work also shows how the aquifer has changed from a con�ned to21

an uncon�ned condition in some areas, a factor that is responsible for the large subsidence22

rates (40 cm/year) in some regions.23
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1 Introduction1

Groundwater represents themainwater source inmany regions, including the Basin2

of Mexico, on which theMexico City Metropolitan Zone (MCMZ) and its nearly 203

million inhabitants are located. eBasin’s aquifer system provides nearly 70%of the4

Basin’s total water supply, while most of the remainder is provided by water taken5

fromother regions such as theCutzamala and Lerma basins. Despite the importance6

that the aquifer system plays in the Basin’s water supply, to date no regional studies7

have been developed. A regional approach is needed in the Basin in order to start8

managing the Basin’s aquifer system. As a �rst step to foster a regional approach, a9

new database called the Basin of Mexico Hydrogeological Database (BMHDB) has10

been developed by gathering data which were previously available in di�erent loca-11

tions and formats. In addition, the BMHDB has been developed with Open Source12

So�ware in order to make data accessible to people who can not acquire proprietary13

so�ware due to its cost. Using this approach, the BMHDB has already been used to14

analyze daily climatological data (rainfall and both minimum and maximum tem-15

perature) in the Basin by Carrera-Hernández and Gaskin (2007).16

 eimportant role that the aquifer systemplays as themainwater source in theBasin17

has caused a regional drawdown of the groundwater potentiometric level, which in18

turn has caused land subsidence due to the compressible nature of the lacustrine19

sediments that overlie most of the regional aquifer system. To this date, most stud-20

ies have focused on the area on which the MCMZ is located, ignoring other areas21

which exhibit drawdown rates of near 3m/year andwhichmay have similar or larger22

subsidence rates than those of Chalco and Texcoco, the focus of previous studies.23

In order to change the existing piece-wise aquifer approach, this work analyzes the24

spatial evolution of the regional groundwater potentiometric level in the Basin from25

1975 to 2000 in six time steps using data on the spatial distribution of extraction26

rates and lithology data which are part of the BMHDB.  is approach shows how27

the aquitard’s thickness changes within the Basin and how in some areas the aquifer28

is no longer con�ned.29

platz 1, A-2361, Laxenburg, Austria.
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Fig. 1. Location, topography and selectedmonitoring wells in the Basin of Mexico. e Basin

is shown in UTM-14 coordinates.  e monitoring wells are used for the long term analysis

of drawdown in six di�erent areas.

2  e Basin of Mexico1

 e Basin of Mexico (referred to as the Basin in the remainder of the paper) with2

an approximate area of 9,600 km2 encloses one of the largest cities in the world:3

Mexico City and its Metropolitan zone (MCMZ).  e Basin is located in the central4

part of Mexico between the meridians 99X 30’W,98X10’W and the parallels 19X10’N,5

20X 10’N; it has amean altitude of 2240meters above sea level (masl) and is enclosed6

by mountains as high as 5500 masl (Fig. 1).7

 e Basin’s aquifer system is the most important part of the water supply system8

for its inhabitants and its exploitation started in 1847, when the �rst well was drilled9

(Ortega and Farvolden, 1989). By 1899 a total of 1070wells were used to extract water10

from the aquifers (Marroquin-Rivera, 1914), a number that increased throughout11

the last century. Water extraction from the aquifer in 1950 was 13.7 m3/s while water12

imported from the Lerma basin accounted for 6.0 m3/s (Mazari and Alberro, 1990).13
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By 1990 a total of 3537 o�cially registered wells were located in the MCMZ (NRC,1

1995). Exploitation of the aquifer system in the Basin has caused land subsidence2

problems; from the beginning of the XXth century until 1938 the land subsidence3

rate was 4.6 cm/year which increased in the following decade to 16 cm/year (NRC,4

1995). By this time, authorities realized that water pumping was the main cause of5

land subsidence in the city and closed thewells located in the center of the City.With6

this policy, land subsidence rate went down to 7.5 cm/year and by the end of the 80s7

its mean value was 4.5 cm/year (Mazari and Alberro, 1990). Net subsidence over the8

last century has lowered the central part of the urban area more than 7.5 m (NRC,9

1995; Figueroa-Vega, 1984) while in Azcapotzalco its value is up to 30m (Birkle et al.,10

1998).11

Compounding this problem, the Basin comprises �ve di�erent political entities: the12

Federal District, State of Mexico, Hidalgo, Puebla and Tlaxcala (Fig. 1); accordingly,13

di�erent governmental agencies are in charge of water supply, the most important14

being the Comisión Nacional del Agua (CNA) and the Dirección General de Con-15

strucción y Operación Hidráulica (DGCOH).  e CNA has under its charge the16

Gerencia Regional deAguas del Valle deMéxico (GRAVAMEX)which in conjunction17

with theDGCOHoperates thewater supply infrastructure for theMCMZ.However,18

water management at the basin level is not ful�lled as these agencies operate on their19

own, making it di�cult to share information between them.20

2.1 Hydrogeological setting21

 e Basin of Mexico has a large aquifer system as the intense volcanism in this area22

hinders the existence of isolated aquifers (Mooser and Molina, 1993).  e surface23

geology of the Basin (Fig. 2) shows the di�erent geological units in the area, which24

exhibit di�erent hydraulic properties.  e main hydrogeological unit is the Quater-25

nary alluvial unit (Qal) on which the extraction wells are located and which accord-26

ing toHerrera et al. (1989) is exploited to amaximumdepth of 300meters andwhich27

reaches amaximum thickness of nearly 800m in the southern area of the Basin. is28

main unit is partially covered by Quaternary lacustrine deposits (Qla) which in pre-29

pumping times con�ned part of the aquifer system.  e Qla unit is thicker in its30

central areas, reaching a maximum of 300 m in the Chalco sub-basin, located at the31

SE region of the Basin, while its minimum value (30 m) is found towards the north32
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and on the plain’s limits (Vázquez-Sánchez and Jaimes-Palomera, 1989).Within this1

unit a sand unit is located and generally referred to as capas duras which has large2

hydraulic conductivity values and a thickness of nearly 3 meters.  e Qal unit is in-3

terlayered with the Quaternary basalts (Qb) of the Sierra Chichinautzin and other4

volcanoes in the southern region of the Basin.  e Quaternary basalts have large5

permeability values due to its large number of fractures thus providing an adequate6

route for aquifer recharge.  e high mountains that limit the Basin to the east are7

formed by andesitic basalts (Qn) which lie above the Tarango formation (T) also8

found at the bottom of the Sierra de las Cruces and are comprised of tu�, pummice9

and lahar (Mooser and Molina, 1993).  ese units are limited by the Pliocene lacus-10

trine deposits (Pl) which consist of highly consolidated clays (Mooser and Molina,11

1993).12

 e need for accessible and up-to-date data at the Basin level is shown from recent13

studies undertaken within or near the Basin of Mexico as they have considered only14

subareas of the Basin or relied on short term records. Studies that have used limited15

rainfall data to compute the mean rainfall value of the Basin include Birkle et al.16

(1998) who developed a “long-term” water balance for the study area using rainfall17

data for the 1980-1985 period. Downs et al. (2000) relied on previous studies such as18

the one by Ramirez-Sama (1990) who used data from 1930-1970. Studies focusing on19

particular sub-regions of the Basin include Huizar-Álvarez et al. (2003) who studied20

the Pachuca-Zumpango sub-basin and Huizar-Álvarez et al. (2001) who analyzed21

the Tecocomulco region located in the north-eastern part of the Basin with an area22

of 585 km2.23

3  e Basin of Mexico Hydrogeological Database24

Data required for any type of surface or groundwater study in the Basin is currently25

spread throughout di�erent agencies in charge of water supply and within these26

agencies data are found in di�erent reports. Furthermore, the existing databases are27

limited to particular data such as climatological data or run-o� data. In order to28

improve water management in the Basin and to foster an Integrated Water Man-29

agement approach in the study area, the Basin of Mexico Hydrogeological Database30

(BMHDB) has been developed using both a Relational Database Management Sys-31

tem (RDBMS) and aGeographic Information System (GIS). eBMHDB comprises32
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Fig. 2. Surface Geology for the Basin of Mexico and extraction wells, which are color-coded

according to the agency fromwhich data were compiled. Coordinates are in km, UTM zone

14. Geology adapted from Mooser et al. (1996), shaded relief derived from Shuttle Radar

Topography Mission data.

monitoring wells from both CNA and DGCOH, and extraction wells registered at1

the Registro Público de Derechos de Agua (REPDA), DGCOH and other wells such2

as the Pozos de Acción Inmediata (PAI) as shown in Fig. 2. In addition, lithology3

records, pumping tests and chemical data are available for some extraction bore-4

holes. Climatological data such as rainfall depths, temperature and pan evaporation5

are available. In order to build this database, the authors gathered this information6
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which is currently distributed in the water supply agencies (DGCOH, CNA), in pre-1

vious studies realized in sub-areas of the Basin and existing databases.  e infor-2

mation gathered to date was obtained in di�erent formats, such as spreadsheet �les,3

vector �les, hard-copy maps (e.g. soils and land-use), hand written tables and re-4

ports.  is information was processed and georefenced in order to provide readily5

accessible data for hydrogeological modeling.6

3.1 Database structure7

 e BMHDB contains both spatial and point data. Spatial data such as soil units,8

surface geology and topography are stored in the GRASS GIS as raster maps, while9

point data such as those recorded at wells and both climatological and gauging sta-10

tions are stored in relational tables.  e point data stored in the BMHDB comprises11

18 di�erent tables which are grouped in three sub-databases: climatological records,12

well and run-o� data. In order to ease the maintenance of well data, the well iden-13

ti�ers (id) are preceded by a pre�x (e.g. CNA, DGOCH) which re
ects the agency14

from where data were gathered and which also avoids duplication.  e BMHDB is15

a relational database, which means that di�erent tables are related to each other by16

a unique identi�er which in the case of well data, is the well’s id.  e well database17

comprises nine di�erent tables: One is the main table which has general data such18

as the well’s id, coordinates, name, elevation, total depth and diameter; the infor-19

mation stored by this main table can be expanded depending on the general data20

available. e remaining eight well-related data tables, which are related to themain21

table by the well’s id are lithology,metals, pumping test data, chemical data, ground-22

water table elevation, extraction rates and screen depths; unfortunately these data23

tables are not available for all wells but the structure of the database allows for easy24

updating and addition of more data as they become available.  e database is ac-25

cessed through Standard Query Language (SQL) commands and statistical analysis26

can be undertaken through the R statistical package (R Development Core Team,27

2005) and its libraries such as GSTAT (Pebesma, 2004) for spatial interpolation.  e28

database was designed in a way that facilitates adding new records as they become29

available and can be easily implemented in other regions, where depending on the30

available data the tables can have more or less information.31
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4 Evolution of the potentiometric level in the Basin1

 e BMHDB was used to analyze the evolution of the potentiometric level in the2

Basin in order to analyze the e�ect that groundwater extractionhas caused on aquifer3

conditions. It should be stressed that this analysis would have been limited both geo-4

graphically and temporally if the BMHDB had not been developed, as the DGCOH5

started the development of a monitoring piezometric network in the southern part6

of the Basin in 1984 (DGCOH and Lesser, 1991) which complements the long-term7

data from the CNA’s monitoring wells, as some of the CNA wells have data from8

1969. In this way, the monitoring network is enriched by the density of the DGOCH9

wells in the southern area of the Basin and the long term data from the CNA wells,10

which are distributed throughout the Basin.11

 e drawdown rate varies across the Basin, as illustrated in Fig. 3 which shows the12

potentiometric groundwater level for 1969–2002 recorded at 40 monitoring wells13

located in eight di�erent regions in the Basin (Fig. 1). In general, all wells show that14

the potentiometric ground water level in the Basin is decreasing, except in Apan15

located in the eastern part of the Basin (Fig. 1).  e level recorded in the four wells16

located in this area is almost constant, except for well CNA-6432 (Fig. 3(b)), found in17

the city of Apan.  e largest drawdown rates in the Basin are found in the Ecatepec18

area, just north of Federal District (Fig. 1) as the level recorded in Ecatepec at well19

CNA-80-B (Fig. 3(h)) shows a total drawdown of nearly 70 m for the period 1975–20

2002. It is interesting to note the evolution of the potentiometric level in southern21

Mexico City (�g. 3(e)). A continuous drawdown occurs from 1969 to 1992, then the22

potentiometric level starts to rise in three of the wells located in this area, which23

may have been caused by a reduction in the extraction rates. A similar behavior is24

observed in Tláhuac (Fig 3(f)) in those wells located at a similar elevation to those25

of the previous region at approximately 2300 masl (Fig. 1).26

 e spatial analysis of the evolution of the potentiometric elevation between 1975–27

2000 was undertaken for six time steps: 1975, 1980, 1985, 1990, 1994 and 2000 as28

illustrated in Fig. 4, which was developed by using GSTAT (Pebesma, 2004) within29

R (R Development Core Team, 2005) and written as di�erent GRASS raster �les by30

using R’s library spgrass (Bivand, 2000).  e contour lines shown on Fig. 4 are lim-31

ited to the areal extension of the Alluvial sediments (Qal, Fig. 2), in which the white32

color line represents the potentiometric level of 2200 masl. In 1975 the 2200 con-33
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Fig. 3. Evolution of groundwater table elevation for 40 wells distributed in di�erent areas in

the Basin as shown in Fig. 1: (a) Pachuca, (b) Apan, (c) Central Mexico City, (d) Texcoco, (e)

Southern Mexico City, (f) Tláhuac, (g) Chalco and (h) Ecatepec

tour line enclosed a small area in the northern area of the Federal District, near the1

Sierra de Guadalupewhile for year 2000 the area enclosed by this contour increases2

to nearly the entire region in the central part of the Basin. For this last year, Fig. 4(f)3

shows that the areas with a potentiometric level below 2180 masl have increased on4
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both Ecatepec and Teoloyucan, while the contour line of 2200 masl has appeared on1

Chalco.2

 emain consequence of the large extraction rates in the Basin is land subsidence,3

which is not a newproblem, as itwas discovered byRobertoGayol in 1925 (Figueroa-Vega,4

1984). According to Ortega-Guerrero et al. (1999) the Chalco Basin is the area with5

the largest subsidence rate, with approximately 0.4 m/year. However this rate is6

also noticed in other areas of the Basin such as in the Texcoco area as shown by7

Strozzi et al. (2003) who used Synthetic Aperture Radar data to determine land sub-8

sidence in the southern part of the Basin. Unfortunately this study only analyzed9

land subsidence south of the Sierra de Guadalupe and did not include the areas in10

which a large depression of the potentiometric level is observed: Teoloyuca, Xalto-11

can (Reyes-Ferrocarril) and Ecatepec (Fig. 4).  ese depression areas are found in12

those regions where the Plan de Acción Inmediata (PAI) wells (�g. 2) were drilled in13

the 70s as a temporary solution to Mexico City’s water supply problem. Although a14

decline in the potentiometric level in this area can be observed in the early 70s, an15

abrupt change is noticeable in 1974 (Fig. 3(h)), when these wells started to operate.16

 e e�ect of the PAI wells in the Teoloyucan-Chiconutla area are easily noticed by17

1980 (Fig. 4(b)) when the 2200 potentiometric contour appears in Teoloyucan and18

the potentiometric levels lower in the Xaltocan-Ecatepec areas. In general the draw-19

down rate in the Basin is approximately 1 m/year.  e largest drawdown rates in20

the Basin are observed in well CNA-80-B which is located in the Los Reyes-Ecatepec21

well system and very close to the Los Reyes-Ferrocarriles system, with an approxi-22

mate drawdown rate of 2.5 m/year; while the drawdown rates observed on the other23

wells in this region are nearly 1.8 m/year.  ese rates can be explained by the large24

pumping rates in this area, as in 2003, the Teoloyucan system provided 1.6 m3/s, Los25

Reyes-Ferrocarril 1.69 m3/s and Los reyes-Ecatepec 1.27 m3/s (CNA, 2004).  is con-26

trasts with the extraction rates of the PAI system in the southern area of the Basin:27

0.69 m3/s in Tláhuac, and 0.60 m3/s both in Mixquic and Texcoco (CNA, 2004).28

Following this line of thought, the next section will focus on the analysis of the po-29

tentiometric level and the location of pumping rates using the data in the BMHDB30

on extraction rates for 1993–1998 for someDGCOH wells, allowed extractions from31

REPDA wells and extraction rates for 2001–2002 from the PAI wells.32
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Fig. 4. Elevation in meters above sea level (masl) of groundwater table for years 1975–2000.

Black dots represent the monitoring wells used to undertake the spatial interpolation while

black lines represent elevation at every 10 meters.  e white contour line represents 2200

masl. Coordinates are in km, UTM reference system, zone 14
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4.1 Spatial distribution of pumping rates1

 e importance of a regional database in the Basin of Mexico is illustrated in Fig. 52

which shows the spatial distribution of pumping rates in the Basin, which are color3

coded according to the agency from which data were gathered, also showing the4

groundwater table elevation for 2000 at intervals of 5 meters. Before any analysis is5

made using this �gure, it should be pointed out that the pumping rates shown for6

the REPDA wells represent abstraction permits and not actual extraction rates as7

these data are not available.8

 espatial distributionof pumping rates (Fig. 5) shows that large amounts of ground-9

water are extracted from the aquifer in the southern region of the Basin, where the10

MCMZ is located and that the REPDA is incomplete, as it is supposed to include11

all water extraction permits, either ground or surface water (i.e. it should contain12

data on the DGCOH wells); from Fig. 2 and Fig. 5 it can be concluded that this not13

the case. None of the wells located at the base of Sierra Chichinautzin are part of14

the REPDA, nor are many located in the Federal District and near Cerro Barrien-15

tos as shown by the numerous wells indicated by the red dots in Fig. 2. In addition,16

the extraction rates of the DGCOH are in general larger than the allowed extrac-17

tion volumes from most of the REPDA wells (Fig. 5).  e PAI wells also have large18

extraction rates, and these wells have caused an impressive drawdown area north19

of Mexico City in Teoloyucan and Los Reyes due to two PAI well lines located in20

this area (�g. 2): Los Reyes–Ecatepec and Los Reyes–Ferrocarril. Although Fig. 5 does21

not show all the wells of the Tizayuca–Pachuca well line but only the southern most22

ones, a large drawdown is expected to develop in that region, as was the case in 1994,23

when the potentiometric level was as low as 2180masl (Fig. 4(e)) andwhich probably24

increased due to a change in pumping rates in this area.25

4.2 Analysis of con�nment conditions26

 e Basin’s aquifer system was con�ned by the lacustrine deposits before pumping27

started, as piezometric levels were approximately 2.7 m above the land surface in the28

mid XIXth century in the Central part of Mexico City and 3–7 m above land surface29

in Texcoco in 1954 (Durazo and Farvolden, 1983). In this section, the spatial distribu-30

tion of the groundwater table elevation for 1971, 1980, 1990 and 2000 (Fig. 6) is used31

12



Fig. 5. Spatial distribution of pumping rates in the Basin of Mexico overlying a LANDSAT

false color composite showing urban areas in light purple. Red colored circles representwell–

data obtained from theDGCOH, blue colored from theREPDA and green colored fromPAI

wells. Groundwater level contours are for 2000. Coordinates are in km, UTM reference sys-

tem, zone 14
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Table 1

Lithology material and associated ids and symbols

Material ID Symbol Material ID Symbol

andesite 1 lapilli 37

basalt 3 sand 49

basalt with tezontle 5 sand with clay 51

breccia 8 sand with gravel 55

clay 9 sand with silt 61

clay with sand 15 silt 67

conglomerate 26 tarango 75

gravel 25 tu� 81

together with the lithology data stored in the BMHDB in order to verify the change1

that the aquifer system has had from con�ned to uncon�ned conditions. In order to2

do so, seven di�erent geological cross sections located in di�erent parts of the Basin3

are used, as illustrated in Fig. 6. In addition, to the wells that have lithology infor-4

mation, Fig. 6 also shows the monitoring wells used to illustrate the evolution of the5

potentiometric groundwater level from 1969–2002 in the previous section (Fig. 3).6

A total of 90 di�erent materials ids were used to describe the lithology data available7

in the Basin, but only 16 are used in the present work, as described in Table 1 which8

shows both the ids and symbols used for each lithology material.  e colors used in9

these symbols were chosen in order to match those of the surface geology map (Fig.10

2) as �ne sediments are shown in orange color in order to match the Qla deposits11

while coarse sediments are represented in yellow color to match the Qal deposits.12

 e seven geological cross sections (Fig. 7) were located in di�erent areas in order13

to analyze the aquifer’s con�ning condition from 1971–2000. e �rst of these cross14

sections is located inChalcowhere according to Ortega-Guerrero et al. (1993) the la-15

custrine deposits reach their maximum thickness of nearly 300 m. As shown in this16

cross section (Fig. 7(a)) artesian conditions were present in 1971 towards the south-17

ern and northern limits of the lacustrine deposits inChalco, which changed near the18

Sierra Sta. Catarina by 1980 and at both limits of the deposits by 1990.  e second19

cross section (b-b’, not shown), located south of the Sierra de Guadalupe shows that20

the potentiometric level has remained constant at this section’s northern limit, while21

a drawdown of nearly 50 meters is observed at its southern limit.  is is explained22

14



Fig. 6. Wells with lithology data in the Basin of Mexico.  e inset �gure shows the evolution

of the 2200 masl potentiometric level from 1971–2000 for the same area on a LANDSAT

false color composite on which urban areas are shown in light purple.

15



by the location of the wells in this area (Fig. 5) as they are located towards the limit1

of the lacustrine deposits; it is important to notice that the available data show that2

the aquifer was uncon�ned even in 1971 in this region.3

 ethird cross section (c-c’, not shown),which starts at the base of the SierraChichin-4

autzin shows how the potentiometric level is lower towards the Cerro de la Estrella5

both at its southern andnorthern contactswith the granular aquifer, which is also ex-6

plained by the large extraction rates in this area (Fig. 5). e geological cross section7

d-d’ extends from the base of the Sierra de las Cruces to the north of Sierra de Santa8

Catarina and shows clearly how the thickness of the lacustrine deposits increases9

towards the Valley’s center; it also shows that north of Cerro de la Estrella basalt10

rocks are found below the lacustrine deposits.  is cross section illustrates how the11

aquifer changes from an uncon�ned to a con�ned condition towards the center of12

the plain and that the potentiometric level increases towards its eastern end. Mov-13

ing northwards, to where the largest drawdown values are found (Fig. 3), section e-e’14

(Fig. 7(e)) extends across the Reyes-Ferrocarril well line and it is interesting to note15

the drastic change in the potentiometric level from 1971 to 1980, which was caused16

by the fact that these PAI wells started to operate in 1974. As shown in this cross17

section, the potentiometric level has maintained a constant decrease which accord-18

ing to Fig. 5 is caused by the PAI wells, as the remainder wells in this area have low19

extraction rates.  e same pattern is observed in section f-f ’ (not shown) on which20

the lacustrine sediments are intercalated with coarse deposits and tu� towards the21

section’s northern limit. From these two sections, it appears that the aquifer is still22

con�ned in this region.23
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5 Discussion1

 eBasin ofMexico encloses not onlyMexicoCity and itsMetropolitanZone (MCMZ),2

but other urban areas as well. Evidently, the size and importance of the MCMZ has3

triggered the development of studies in the area covered by it, but this has led to4

a misleading approach, as the aquifer from which water is extracted in the MCMZ5

is part of a regional aquifer system, a fact that has not been taken into considera-6

tion.  e �rst step towards a regional aquifer view, is the development of a regional7

hydrogeological database, which motivated the development of the Basin of Mex-8

ico Hydrogeological Database (BMHDB).  e BMHDB provides readily accessible9

data, as its data can be used “as-is” to develop groundwater 
owmodels through the10

use of the r.gmtg module (Carrera-Hernández and Gaskin, 2006) in the GRASS11

GIS which directly uses GRASS’ data �les in MODFLOW, avoiding the process of12

importing and exporting data from a GIS to a Graphic User Interface (GUI) of a13

groundwater 
ow modelling so�ware. It should be mentioned that data stored in14

the BMHDB comprises o�cially registered wells; however, non registered wells ex-15

ist throughout the Basin. is adds another uncertainty factor to be consideredwhen16

groundwater 
ow modeling is undertaken. Some information such as the wells’ co-17

ordinates was veri�ed with existing maps when available or by locating them in a18

map and checking if their location corresponded to that stored in the database.19

 e geological cross sections used in this work show that artesian conditions were20

only found in Chalco in the early 1970s (Fig. 7(a–a’)), a condition that is not present21

anymore. eBasin’s valleywas a groundwater discharge zone (Durazo and Farvolden,22

1983); accordingly, the aquifer was con�ned by the lacustrine deposits, a situation23

that is currently present in two areas: in the Chalco region in which these deposits24

reach a maximum thickness of 300 m and north of Cerro de la Estrella. In certain25

parts of the Basin such as Central Mexico city and Ecatepec an abrupt decrease of26

the potentiometric level is found from 1971 to 1980, the latter being the area in which27

this change is more acute and caused by the PAI line wells, which started to extract28

water in 1974 as a “temporary” solution to Mexico City’s water supply problem, but29

which to this date, continue to operate.30

 e spatial distribution of the potentiometric groundwater level in the Basin shows31

that more studies are needed in the northern areas of the Basin and not only on the32

regionwhere theMCMZ is located or in theChalco area as has been previously done:33

19



Rivera and Ledoux (1991) used a �nite di�erence method to study land subsidence1

caused by aquifer pumping in the central part of the Basin; Huizar-Álvarez (1993)2

developed a �nite di�erence model of groundwater 
ow for the Chalco-Amecameca3

area, located in the southeastern part of the Basin. eDGCOH (1994) used another4

numerical model for an area enclosing part of the Federal District and the State5

of Mexico.  is same government agency (DGCOH, 2001) used another model in6

order to re�ne a previous numerical model (DGCOH, 1999) which was used for the7

Federal District area.  e only study north of the sierra de Guadalupe is the one8

by Huizar-Álvarez et al. (2003) who developed a �nite di�erence model to simulate9

groundwater 
ow in the Pachuca-Zumpango sub-basin; none of these studies have10

considered a regional aquifer system.11

 edrawdown rate in the Basin is in general around 1 m/year, but some areas which12

have not yet been incorporated in previous studies have drawdown rates as large as13

2.5 m/year. In addition, the use of constant head boundaries in previous studies may14

lead to wrong results as the potentiometric level in the Basin is in constant evolution15

(Fig. 4 and Fig. 6) and new studies should consider an aquifer system instead of an16

isolated set of aquifers as previously done; a task that is facilitated by the use of the17

BMHDB shown in this work.18

Future studies in the Basin of Mexico need to consider the presence of a regional19

aquifer system; in addition an IntegratedWaterManagementApproach is also needed,20

in order to consider the e�ect that urban growth has had and will have on aquifer21

recharge in this area. Although the main recharge areas of the aquifer system are22

the mountains that surround the Basin, precipitation can also recharge the aquifer23

by in�ltrating through the Qal deposits (Fig. 2), a phenomenon that can not longer24

occur once the urban area covers the areas in which this happens.  is is an issue25

that needs to be considered in any water management plan in the Basin.26

6 Conclusions27

 eBasin of Mexico encloses Mexico City and its Metropolitan Zone (MCMZ), one28

of the largest cities in the world which extends over two di�erent political units.29

 is has led to the development of hydrogeological studies which have focused on30

the southern part of the Basin, where the MCMZ is located.  e approach taken so31

20



far has considered the existence of an isolated set of aquifers instead of a regional1

aquifer and the use of erroneous boundary conditions, as the aquifer’s head is in2

constant evolution. In order to overcome this problem, the Basin of Mexico Hy-3

drogeological Database (BMHDB) has been developed in order to foster a regional4

hydrogeological approach in the study area and this is the �rst e�ort in trying to5

assemble a comprehensive database for hydrogeological studies in this area. e de-6

velopment of the BMHDB made it possible to highlight that the PAI well lines are7

causing large subsidence rates in the Basin.8

 edrawdown rate in the Basin is in general 1 m/year; however inApan, in the east-9

ern zone of the Basin, the drawdown rate is almost negligible except for one well10

located in the city of Apan.  is drawdown rate contrasts with the nearly 3 m/year11

rate recorded in Ecatepec. By considering a regional system, this work shows that12

the largest drawdown rates are actually north of the MCMZ, where two well lines,13

theReyes-Ecatepec andReyes-Ferrocarriles started to extract groundwater in 1974 as a14

temporary water supply source andwhich to this date, continue to operate. e large15

extraction rates in this area have had secondary e�ects such as land subsidence, with16

rates which might be equal to those of Chalco and Texcoco; unfortunately all hydro-17

geological studies have focused on the southern region of the Basin. In addition this18

work has shown that although the aquifer is still con�ned in some parts, it is not the19

case towards the limits of the lacustrine deposits. In the early 70s artesian conditions20

were even present in Chalco in the southeastern part of the Basin, a condition that is21

not present any more. e approach taken so far, in which an isolated set of aquifers22

has been considered needs to be changed to a regional approach, in which an aquifer23

system in the Basin has to be considered.24
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editor, Guidebook to studies of land subsidence due to groundwater withdrawal.30

Herrera, I., Mart́ı nez, R., and Hernández, G. (1989). Contribución para la admin-31
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