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space are another factor. The foreshadowings for natural
resource use are ominous. In the eyes of many, the enormi-
ty of such growth foreshadows a great ecological catastro-
phe that will lead to the compulsory decentralization of the
megalopolis. Others see the urban concentration as the log-
ical result of industrial development and twentieth-century
technological progress and do not view the megalopolis as a
problem in itself. In their minds, technological development
will provide the solutions to the environmental and health
problems created by such unrestrained urban growth. Both
sides of the debate are examined in this article. Clearly, an
environmental crisis situation in Mexico City will almost
certainly be generated by the exhaustion of the water supply,
the degradation of the air, the silting up of the drainage Sys-
tem, and citywide flooding resulting from deforestation.

The Environmental Setting

Mexico City is located in an originally closed hydrologic
basin, which was artificially opened in the early 1600s. This
large natural unit, known as the Basin of Mexico, includes

TAB L 1 |

POPULATION AND RECENT GROWTH RATES FOR THE WORLD’S

MEGACITIES

the Federal District and parts of the states of Mexico, Hidal-
20, Tlaxcala, and Puebla. It covers an area of 7,500 square
kilometers (km?), and lies within the Central Volcanic Axis,
an upland formation of late Tertiary origin. The lowest part,
a lacustrine plain, has an average elevation of 2,240 meters
above sea level. A succession of elevated volcanic ranges
surround the basin on three sides (east, west. and south). To
the north, the basin is bounded by a series of low discontin-
uous ranges. The highest peaks, Popocatepetl and Ixtacci-
huatl, with altitudes of 5,465 and 5.230 meters respectively,
lie to the southeast.

Before the rise of the Aztec state, the lacustrine system at
the bottom of the basin covered approximately 1,500 km?. Tt
was formed by five shallow lakes that ran in a north-south
chain. Before human transformations, nine major environ-
mental zones existed in the basin: the lake system, an impor-
tant resting habitat for migratory waterfowl: the saline
lakeshore, characterized by halophyllous plants; the deep-
soil alluvium, covered by sedges and swamp cypresses: the
thin-soil alluvium, dominated by grasses and agaves; the
upland alluvium, occupied by oaks and acacias; the lower
piedmont, cloaked by low oak forests;
the middle piedmont, covered by
broadleal’ oaks: the upper piedmont,
occupying eclevations above 2,500
meters and characterized by oaks,

alders, and madrones; and the sierras,

Estimated Projected Population  Per capita
Population  Population Growth Rate GNP 1991 occupying sites above 2,700 meters
1990 200 - o (Log)] and harboring temperate plant com-
Tokyo, Japan 25.0 28.0 1.4 26,824 munities of pines, fir, and junipers.”
Sao Paulo, Brazil 18.1 226 4.1 2 920 Little of these original ecosystems
Mexico City, Mexico 16.8 20.1 2.0 2,971 now remains. The city has gradually
New York, USA 16.1 16.6 0.3 22 356 overtaken most of the former
Shanghai, China 13.4 17.4 1.4 64 lakebeds, which have been progres-
Bombay, India 12.2 18.1 4.2 330 sively drained since colonial times, as
Los Angeles, USA 11.5 13.2 19 22,356 well as part of the surrounding pied-
Buenos Aires, Argentina 11.4 12.8 1.4 3,966 monts. To the south and west of the
Seoul, Korea 11.0 12.9 29 6,277 city. the urban area now occupies the
Beijing, China 10.9 14.4 1.9 364 slopes of surrounding mountains that
Rio de Janeiro, Brazil 10.9 12.2 2.2 2,920 were once covered by conifer forests.
Calcutta, India 10.7 12.7 1.8 330
Osaka, Japan 10.5 10.6 0.5 26,824 P()pulati(m and Land Use
Jakarta, Indonesia 9.2 13.4 4.4 592
Tianjin, China 9.2 12.5 24 364 The population of Mexico City has
Manila, Philippines 8.9 126 4.1 708 long been the subject of debate (see
Cairo, Egypt 8.6 10.8 2.3 611 the box on the next page). The last
New Delhi, India 8.2 11.7 3.9 330 official census recorded the city’s
Karachi, Pakistan 7.9 11.9 4.7 283 population as 15 million in 1990. This
Lagos, Nigeria 7.7 13.5 5.8 305 statistic seems unrealistic, however,
Dhaka, Bangladesh 6.6 115 7.2 205 when the growth of the urbanized area

during the 1980s and the historic

NOTE: A megacity is defined as one with a projected population of at least 10 million in 2000, Per capita

gross national product (GNP) is provided for purposes of comparison.

SOURCE: World Resources Institute, World Resources 1994-95 (New York: Oxford University Press,

1994), 400. The data for Mexico Cily is based on the authors' projections.

trends in population growth rates are
taken into account. The present size of
the urbanized area, as estimated by
remote sensing techniques, multiplied
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CYCLES OF POPULATION GROWTH AND DECLINE IN THE BASIN OF MEXICO

atural resource depletion’s contri-

bution to the decline of indigenous
cultures in the Basin of Mexico gives
many ecologists’ pessimism about Mex-
ico City’s future historical support.

The basin has been one of the world’s
most densely populated areas for cen-
turies. Twice in its history (at the height
of the Teotihuacan culture in A.p. 650
and prior to the Spanish Conquest in

A.D. 1519). the basin’s population densi-

ties were much higher than those of any
comparable region in Europe.?

The first large settlements in the basin
appeared between 1700 and 1100 B.C.
(By 100 B.c., the region’s pepulation was
around 15.000.) Three of the largest set-
tlements that developed during this peri-
od were Texcoco to the northeast, Teoti-
huacan to the north, and Cuicuilco to the
southwest. The southwestern side of the

basin typically receives the most rain as
well as water from the rivers that descend
from the Ajusco range. As a result,

Cuicuilco flourished and, for a time, was
as important as (if not more so than) the

more arid Teotihuacan. However, the

eruption of the Xitle volcano around A.D.
100 devastated the city, burying the
region’s best agricultural $oils under an

immense lava flow. This catastrophe pro-

vided the first indication of the physical
limits to development imposed by the

region's geologic features. The eruption
triggered a demographic collapse and a

wave of migration northward.

By amn. 100, Teotihuacan had some
30.000 inhabitants. Five centuries later. in
A.D. 650, its population had reached
150,000 But then in less than a century
it collapsed to less than 10,000. Some
scholars attribute this decline to the rebel-
lion of subdued groups, others to natural
resource exhaustion. Those subscribing to
the former view, however, stress the eco-
logical significance of the war tribute
gathered by the Teotihuacans—agricul-
tural commodities that provided a vital
supplement to the Teotihuacans® own
resources. Whatever the immediate cause,
a combination of local resource exhaus-
tion and conflicts over the seizure of for-
eign commodities appear to have been the
driving forces behind Teotihuacan’s col-
lapse. Overexploitation of natural re-
sources, coupled with the lack of a suffi-
ciently developed technology to exploit
the fertile but flood-prone terrain of the
basin’s lakebeds, were decisive determi-
nants in this civilization’s collapse.*

Several different cultures made their
home around the lacustrine system
before and after settlement by the Aztec
tribes. A cluster of towns eventually sur-
rounded this system at the bottom of the
basin. The development of the chinampa
agricultural technique, based on the irri-
gation of raised fields on the floodable
lake margins and the construction of
canals and flood control systems, pre-
cipitated a great increase in population.
It is estimated that during the late 15th
century the basin’s total population
reached 1.5 million, distributed over
more than 100 towns. At that time, the
region was perhaps the largest and dens-
est urban area in the world.

The Aztec’s main city, Tenochtitlan,
was founded in A.D. 1325. Built on a
low, floodable island, it became the
political, economic, and religious center
of Mesoamerica in just a few centuries.’
Tenochtitlan’s success was not based on

the Aztecs’ sustainable use of resources,
‘however.
diverse. the basin’s potential productivi-

Although environmentally

ty was limited by several factors, includ-
ing drought, frosts. and floeds. To com-
pensate, the Aztecs turned to fishing and
hunting, but these activities required a

much higher effort per unit of yield than

traditional agriculture. Even chinampa
agriculture, which is less vulnerable
than dryland farming, demanded the

removal of quantities of soil and mud

from ditches to the farming plots.®
Eventually, overhunting of the native
population of large herbivores forced
people to eat small animals and insects.

It also forced the Aztecs to consume the

chinampa weeds as a source of protein,
a practice still common in Mexico.”
Despite these innovative approaches
to supplementing the food supply, popu-
lation growth gradually pressured the
Aztecs into wars with neighboring
groups. The Aztecs forced the con-
quered tribes to pay them tribute, and
the appropriation of these products
became more and more important as the
Azrtec ruling system evolved. At the
height of the Aztec Empire, Tenochtitlan
imported annually approximately 7.000
tons of maize, 5.000 tons of beans,
4,000 tons of chia, and 4,000 tons of

amaranth.® Large quantities of dried
chilies, cacao seeds. dried fish, cotton, -

henequen fibers, vanilla, honey, and
fruits were among the other products
routinely brought into the ¢ity.

The Spaniards used the social con-
flicts created by this system to their
advantage. Cortés and his men forged an
alliance with the Tlaxcaltecs, who were
among the hardest hit by the Aztecs’
demands for agricultural tribute.
Because of this alliance, they were able
to conquer the Aztec empire with only a
handful of Spanish soldiers. A tremen-
dous decline in the basin’s population
occurred after the conguest, mostly
because of the influx of new diseases.”
A century after the Spaniards’ arrival,
the basin’s population had fallen to
below 100,000.

1. T. M. Whitmore and B. L. Turner 11, “Popula-
tion Reconstruction of the Basin of Mexico: 1150
#.C. to Presént.” Technical Paper No. 1 in Millenial
Longwaves of Human Oc¢eupance Project (Worces-
ter, Mass.: Clark University, 1986), 53: T. M. Whit-
more, B. L. Turner I, D. L. Johnson, R. W. Kares,
and T. R. Gottschang, “Long-term Population
Change.” in B. L. Turner I et al., eds., The Earth as
Trein sﬁ:m:rd by Human Action: Global and Region-
al Changes in the Biosphere over the Past 300 Years
(Cambridge, Mass.. Cambridge University Press,
1991), 25-39; E. Ezcurra, “Basin of Mexico, ™ ibid.,
pages 577-88; and E. Escurra, “Crecimiento y

; u)E'npa.o en la Cuenca de Mémco Ciencias, no. 25
- (1992):13-27.

2. ‘Whitmore and Turner and Whitmore et al., note
1 above.

B3RS Mxllon “Teotihuacan: Completion ufaMup
of the Giant Ancient City in the Valley of Mexico,”
Science 170 (1970); 1077-82; and J. R. Parsons,
“Settlement and Population History of the Basin of
Mexico,” in E. R. Wolf, ed.. The Valley of Mexico:
Studiés in Prehispanic Ecology and Sociery (Albu-
querque, N. Mex.; University of New Mexico Press,
1976), 69100,

4. M. Cook. “The Interrelation of Population,
Food Supply, and Bmldmg in Pre-Congquest Central
Mexico.” American Anriguiry 8, no. 1 (1947):
45-52; and E. Ezeurra. second citation. motg |
above. See also W. T. Sanders. J. R. Parsens, and R.
S. Stanley, THe Basin of Mexico: Ecologicul
Processes in the Evolution of a Civilization (New
York: Academic Press. 1979).

5, E. E. Calneck, “Settlement Pattern and Chi-
nampa Agriculture at Tenochtitlan” American
Antiquity 36 (1972} 104-15,

6. P Armillas, “Gardens in’ Swamps.” Seience 174
(1971 653-61.

7. C. Niederberger, Paléapaysages er archéologie
pré-urbaine du Bassin de Mexico, 2 vols. (Mexico,
D.E: Centre d° Fudes Mexicainey et Centraméri-
caines, Coleccion Etudes Mésoaméricaines, 1987),
$55; and B. Ortiz de Montellano, “Empirical Aziee
Medicine;” Science 188 (1975): 215-20,

8. D. Lépez Rosado, El wbusto de productos ali-
mienticios en la Ciudad de México (Mexico, D.F.:
Fonde de Cultura Economica, 1988), 582

9. M. Leén-Portilla, A. M. Garibay, and A, Bel-
trin, Wision de los vencidos: Relaciones indigenas

©de la conguiste (Mexico, D.F: Universidad

Nacional Auténoma de México, 1972), 220.
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by the historic population density
(14,500 persons per km?), suggests a
total population of about 16.8 million

Figure 1. Mexico City’s population growth rates, 1910-90.

in 1990 and 18.5 million in 1995, A
projection of 1980 population values
at a conservatively low growth rate of
1.5 percent (the growth rate between
1940 and 1980 has always been well
above 2 percent) gives a total popula-
tion of 16 million for 1990 and 17.3
million for 1995. This figure accords
with the findings of one demographer
who concluded that the national cen-
sus underestimated the total popula-
tion of the country by 2 to 6 million
people.” The current total use of water
in the city (63 cubic meters per second
(m%/s)) combined with the historic per
capita use (300 liters per day) also sug-
gests a lotal population of approxi-
mately 18.1 million for 1995. Thus, ]
we may assume that the population of I
greater Mexico City in 1995 was some
18 million people.

Between 1950 and 1980, Mexico
City’s average annual growth rate was
4.8 percent. The population, however,
has grown more quickly in the indus-
trial zone of the state of Mexico, north
of the Federal District. There, the aver-

4.00-

3.00

Growth rate (percent)

2.00

1.00 -}

6.00

1910-40

1940-50 1950-60 1960-70

Period

1970-80 1980-90

SOURCE: Instituto Nacional de Estadistica, Geografia e Informatica, X! Censo general de
poblacion y vivienda (México, 1991); Instituto de Geogralfia, “Sistema urbano, crecimiento espacial
de las principales ciudades" in Atfas nacional de México, (México, D.F.: Universidad Nacional
Autonoma de México, 1989); Gerencia de aguas del Valle de México, Informe interno: Uso del
agua (México, D.F,, 1995); and the authors' projections.

age rate of increase between 1950 and
1980 was 13.6 percent, compared with 3.3 percent in the
Federal District. The continuous arrival of migrants from
economically depressed rural areas accounts for much of the
high growth rate.* Between 1950 and 1980, 5.43 million
immigrants arrived in Mexico City. This influx was respon-
sible for 38 percent of the city’s growth.” However, between
1970 and 1980 alone, 3.25 million immigrants made their
way to Mexico City.® Eliminating the effects of immigration,
the intrinsic annual growth rate of the city for that decade can
be calculated as approximately 1.8 percent, considerably
lower than the national average for the same period, which
was around 3.0 percent. Immigration, not reproduction, has
maintained Mexico City’s high rate of population increase.”
Assuming that a population of 18 million in 1995 is correct,
the growth rate for the 1980s was around 1.8 percent,
markedly lower than the rates for the previous decades.
Although the population is still growing, it is clearly experi-
encing a demographic transition and the growth rates seem
to be slowing down (see Figure 1 on this page).
Historically, Mexico City’s net population densities have
been comparatively high (see Table 2 on page 11). While
slightly denser than Tokyo or Caracas, Mexico City present-
ly duplicates the densities of New York, Sio Paulo, and
Buenos Aires. It has three times the density of Paris and four

10 ENVIRONMENT

times that of London. Only some Asian cities like Bombay,
Calcutta, and Hong Kong have higher population densities.”

From 1953 to 1980, the average growth rate of Mexico
City's urban area was 5.2 percent. In 1940, urban settle-
ments covered 90 km? (0.9 percent of the basin). In 1950,
they occupied 240 km?, in the 1960s 384 km?, in 1980 838
km?, and in 1990 1,161 km>® At present, the metropolis
covers more than 12 percent of the basin, making up 16 dele-
gaciones or boroughs in the Federal District and 26 munic-
ipalities in the state of Mexico.

The city’s growth has had four stages in this century (see
Figure 2 on page 12). During the first stage, from 1900 to
1930, the downtown area grew, increasing in both popula-
tion and commercial activity. During the second stage,
between 1930 and 1950, peripheral expansion took place
and the city swelled to encompass the delegaciones of the
Federal District that surrounded the central area. (Sometime
between 1930 and 1940, the first municipality of the state of
Mexico became part of the conurbation.) Accelerated
growth took place during the third stage. 1950 to 1980, as
the city expanded northwards into several municipalities in
the state of Mexico and the population soared with access to
cheaper land, recently installed communications, and basic
services. At the beginning of the fourth stage in 1980, Mex-

January/February 1996



ico City was formed by the aggregation of 16 delegaciones
in the Federal District and 17 municipalities in the state of
Mexico. This ongoing phase involves the merging of sever-
al metropolitan areas in the Mexican Highlands: Mexico
City. now composed of 16 delegaciones and 26 municipali-
ties: Toluca in the state of Mexico, formed by six munici-
palities; the larger Puebla metropolitan area, including the
cities of Puebla and Tlaxcala and composed of 8 municipal-
ities; and the urban complexes of Cuernavaca-Temixco-
Jiutepec and Cuautla-Yautepec, formed by the aggregation
of small metropolitan areas in the state of Morelos, south of
Mexico City.'" Mexico City developed into a megalopolis in
the mid-1980s by associating regionally with Toluca and
Cuernavaca. An example of this larger conurbation is Huix-
quilucan, between Mexico City and Toluca. Through this
municipality, both cities are now joined to form an overlap-
ping urban conglomerate."'

As Mexico City expanded, it did not replicate the old pat-
terns of urbanization. The new developments are more dense,
less planned. and generally include less open space. Many
developments are now built on hillsides, generating a
considerable amount of soil erosion and a significant
increase in runoff and flash floods after rainstorms.'? In
1950, the urban area included a large proportion of agro-pas-
toral fields, together with numerous empty lots, parks, and
public spaces. The relative frequency of these open spaces
within the city has decreased considerably with the new
industrial style of urbanization. Mexico City’s open spaces
are rapidly disappearing, but at different rates. Agro-pastoral
fields, once vital as dairy farms and domestic maize fields,
have been disappearing at an average annual rate of 7.4 per-
cent and are now practically nonexistent within the city.
Most of these areas are now occupied by industrial buildings
and housing developments. Parks, private gardens, and pub-
lic spaces have been somewhat better conserved, vanishing
at an average rate of 1.5 percent. New roads have accounted

TABLE 2

for most of the loss. Overall, the number of “green” areas has
decreased at an annual rate of 3.7 percent.

The total rate of change of green areas varies considerably
from one sector of the city to another."® The area experienc-
ing the most rapid change lies to the east of the city, where
the larger working-class settlements lie. There, between
1950 and 1980, nearly 6 percent of the open space disap-
peared each year. Open spaces are disappearing most slow-
ly in the old center of the city. Rates of green area disap-
pearance are affected by the social position of the
inhabitants and when the areas were established. In the
poorer and more recently established areas, vacant land
quickly becomes lots for new houses, leaving less green
area per person than in wealthier neighborhoods. The distri-
bution of green areas, like the distribution of wealth. is cur-
rently very uneven. Although some quarters have more than
10 square meters (m?) of park land per person, others have
much less. Azcapotzalco, an industrial quarter with a popu-
Jation of some 700,000, has at present 0.9 m* of green area
per inhabitant."

Water supply

Water management has been a fundamental factor in the
establishment and evolution of the different cultures of the
basin. In pre-Hispanic times, the Aztecs used water from arte-
sian wells located within the lacustrine zone and were com-
pletely self-sufficient in their use of water resources.”
Groundwater extraction began in 1847 and provided enough
water to supply the inhabitants of Mexico City until the mid-
1960s.'9 Since that time, additional water has been pumped
from two external watersheds, the Lerma and the Cutzamala
River basins. Currently, Mexico City depends on these exter-
nal sources for one-third of its water supply. As is the case
with other natural resources, during this century the basin has
gone from a high level of self-sufficiency in water resources
to a strong dependence on imports from other parts of Mex-

MEXICO CITY’S POPULATION, URBAN AREA GROWTH AND DENSITY, AND WATER USAGE, 1910-90

Year Total Population Urban Area Density Groundwater Imported Water Total Water Use Per capita Use
(millions) (km?) (persons per km?) (m3/s) (m%/s) (m3s) (L/day)
1910 0.70 29.65 24.28 1.70 0 1.70 210
1940 1.80 90.30 21.37 4.30 0 4.30 206
1950 3.00 ' : 11.00 0 11.00 317
1960 5.20 383.85 14.09 16.60 3.50 20.10 334
1970 8.70 » ® 28.70 12.30 41.00 407
1980 13.80 838.07 16.47 36.00 14.00 50.00 313
1990 17.00 1,160.92 14.64 43.50 19.50 63.00 320

* Not available.

SOURCES: Instituto Nacional de Estadistica, Geografia e Informatica, X/ Censo general de poblacion y vivienda (México, 1991); Instituto de Geografia, "Sis-
tema urbano, crecimiento espacial de las principales ciudades,” in Atias nacional de México, (México, D.F.: Universidad Nacional Auténoma de Mexico, 1989);
Gerencia de aguas del Valle De México, Informe interno: Uso del agua (México, D.F,, 1995); and the authors’ projections.
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ico. The best soils are now occu-
pied by houses and much of the
surface water is either contami-
nated or at risk of becoming so.
This is obvious in the satellite
town of Xochimilco, south of the
city, where the practice of chi-
nampa  agriculture  (irrigated
raised fields) is quickly disap-
pearing because of the descend-
ing water table and the contami-
nation of the canal waters.

Current water use in Mexico
City is 63 m*/s."7 Of this volume,
1.5 m'/s come from the few sur-
viving surface systems within the
basin while 42 m*/s are extracted
from aquifers. The remainder
comes from the Lerma and the
Cutzamala basins (6.0 m'/s of
groundwater from the former and
13.5 m'¥/s of surface water from
the latter).'® Thus, of the total
amount of water used in Mexico
City, 69 percent is obtained from
within the basin and 31 percent from external watersheds
(see Figure 3 on page 14). This has a considerable impact on
the Lerma and the Cutzamala basins, where water is also
very scarce. The Lerma Basin feeds Chapala Lake in Jalisco.
the largest freshwater body in the nation. Chapala’s water
levels have been dropping for the last 20 years (the accumu-
lated decrease is approximately 5 meters), and this phenom-
enon is at least partly attributable to the pumping of water in
the Basin of Mexico.

The mean annual input of rainwater into the basin is 744.2
million m® (23.6 m'/s). Approximately 50 percent of this
infiltrates the subsoil and recharges the aquifers. Some
water also makes its way into the aquifers from leaks in the
distribution system.'” Leakage may be as much as 25 per-
cent of the distributional flow in the city, on the order of 16
m*/s. Thus, the total recharge of the basin’s aquifers is some
28 m¥/s or less. Total extraction from the basin’s aquifers is
55.5 m¥/s. Of this, 42.0 m¥/s are used by the city; the rest is
used for agriculture within the basin.” Thus, while recharge
replaces roughly 50 percent of the extraction volume, there
is a deficit of more than 800 million m? per year. The aver-
age daily supply of water in Mexico City is around 300 liters
per person, more than in many European cities. Many parts
of the city suffer from chronic water shortages, however.
Industry’s use of water is very inefficient, and only 7 per-
cent of wastewater is recycled. At least 25 percent of the
water supply is lost through deficient pipe systems.

Early in this century, Mexico City started sinking because
of ground water overexploitation. In 1954, a ban on new
wells in the city area was issued and some existing wells
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Chinampa agriculture in satellite towns like Xochimilco pictured here suffers from the steady
deterioration of the Basin of Mexico’s water resources.

were relocated to the north and south of the basin. Since
then, the rate of sinking has stabilized at about 6 centimeters
per year (cm/fyear) in the central area. Nevertheless, along
the borders of the urban area, sinking velocities now reach
15 to 40 em/year. Some areas of downtown Mexico City
have sunk nine meters since the beginning of the century.”

A number of vulnerable hydrogeological areas have been
pinpointed as potential routes for the transport of ground-
water contaminants.” The transition zones between the hill-
sides and the clay bottom of the basin are highly permeable,
and contaminants released on the surface there could easily
migrate downwards toward the aquifers. The lacustrine
clays or the fractured basalt, which may be more permeable
than has been assumed, are two other potential risk areas for
groundwater contamination. In the past, the clay materials
were considered an effective barrier to the downward migra-
tion of pollutants from sources such as contaminated lakes
and lixiviates from sanitary landfills. The integrity of the
clays, however, may have been compromised by excessive
pumping of the aquifer coupled with the natural fracturing
of the now drier clays, putting the quality of the groundwa-
ter at risk.

Bacteriological, physical, and chemical monitoring of the
water in Mexico City has shown deterioration in quality that
can be attributed to overexploitation of groundwater and
extraction of water from geologic formations with high con-
centrations of certain ions (e.g.. iron or manganese). High
bacterial counts have been observed in some wells, but these
have been attributed to the lack of seals to protect against
infiltration of surface runoff along the casing.* Water may
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also become contaminated during dis-
tribution by variation in the pressure
of the supply lines, which can cause
leakage from, or infiltration into,
pipelines. Government offices con-
stantly monitor water quality, but the
information is not published and is not
readily available to the public.” Little
attention is given to organic com-
pounds in groundwater even though
industrial solvents and aromatic
hydrocarbons from petroleum prod-
ucts are widely used in industrial
areas. In Mexico City, home to almost
50 percent of the country’s industries,
these types of compounds are generat-
ed and disposed of within the city area.
No examination of the risks that these
new lypes of contaminants may pose
has been undertaken.

Wastewater Treatment Lerma and

Culzamala
basins

The contemporary wastewater sys-
19.5 m¥/s

tem of Mexico City includes several
unlined sewer canals, sewers, reser-
voirs, lagoons, pumping stations, and 0 10
a deep drainage system.”® About 75
percent of the population has access
Lo this system; the rest dispose of their
sewage through septic tanks and

absorption wells.”” The domestic 1995).

Tula Basin
47.7 mé/s

Kilometers

Figure 3. The flow of water into and out of Mexico City.

Hidalgo
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SOURCE: Gerencia de aguas del Valle de México, Informe interno: Uso del agua (México, D.F,

wastewater that is collected from the
sewer system is combined with indus-
trial wastewater and, during the rainy season, with stormwa-
ter runoff. Approximately 90 percent of liquid industrial
wastes, which add up to approximately 1.5 million tons
annually, are discharged untreated into the city’s sewer sys-
tem. Since the sewage syslem conveys considerable
amounts of domestic and industrial waste, the possibility
exists that the sewers and unlined canals may release signif-
icant amounts of contaminants into the subsurface, and the
potential for downward migration is high. Field investiga-
tions conducted to assess specific organic contaminant
migration beneath some of the canals demonstrated that
some organic compounds are indeed migrating downwards
toward the aquifer.?8

A total of 27 wastewater treatment plants treat a portion of
the wastewater generated in Mexico City. These plants gen-
erally operate at less than 50 percent efficiency and treat
approximately 4.3 m¥/s, or about 7 percent of the city’s total
wastewater.?” This wastewater flows northward into several
reservoirs, whence some is used for irrigation in an area of
about 58,000 hectares in the state of Hidalgo.’® Wastewater
is also used to generate electricity at the Zimapan Dam in
the Tula Basin, which has an installed capacity of 280
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megawatts (MW).*' Ultimately, the wastewater makes its
way to the Gulf of Mexico through the Tula-Moctezuma-
Panuco river system.

Air quality

The high levels of atmospheric pollution that have existed
in Mexico City for more than 20 years are another serious
problem associated with the city’s uncontrolled growth, and
Mexico City’s problem highlights some of those of other
megacities.*” The situation becomes particularly critical dur-
ing the cold season (December to February) when low tem-
peratures stabilize the atmosphere above the basin and air
pollutants accumulate in the stationary mass of cold air.?
Studies of lead and bromine in the air have shown quantita-
tively that most of the air contamination comes from auto-
mobile exhaust.* During the 1980s, the number of cars in
the city increased at an annual rate above 5 percent. (In 1979,
there were some two million cars; by 1994, the number had
more than doubled.) Suspended particles were the worst pol-
lutant in the early 1980s, and in some parts of the city their
concentration exceeded the Mexican and international air-
quality standards more than half of the time.*® Between 1991
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and 1994, ozone was the most significant air contaminant,
and its concentration exceeded the air-quality standards more
than 90 percent of the time (345 days above the admissible
threshold of 220 micrograms per cubic meter (ug/m*) were
reported for 1995). The problem became so alarming that in
the early 1990s the newly created National Commission on
Human Rights asked a working group to compile a detailed
report on the subject. That report remains one of the most
comprehensive analyses of the problem available.

Until 1986, lead was probably the most harmful pollutant
in the atmosphere.’’ Previously, only leaded gasoline was
sold in Mexico City and the concentration of lead in the air
increased steadily with the number of cars, reaching values
of 5 pg/m* in 1968 and around 8 pg/m* in 1986 (5 times the
Mexican standard of 1.5 pg/m?).** Among its many deleteri-
ous effects, high concentrations of lead in the blood retard
the intellectual development of children and, in general, alter
human neural development.*” The lead problem became so
severe in September 1986 that the national oil company
PEMEX substituted low lead-content fuel (in which synthet-
ic oxidizing additives partly replaced leaded compounds) for
the gasoline it was selling. Independent reports show that as
a result of this effort lead levels did decrease dramatically. It
is estimated that atmospheric emissions of lead decreased
from approximately 2,000 tons/year in 1986 to around 150
tons/year in 1994. As a result, a sus-

orzone concentrations occur around noon on sunny days.
Because the prevailing winds blow from the northeast, ozone
contamination mostly affects the residential southwestern
section of the city. The more industrialized areas to the north
and the central areas of dense vehicular traffic are not so dra-
matically affected. During 1994, ozone levels in the south-
western section exceeded the maximum allowable standard
(0.11 ppm or 220 pg/m?*) on 345 days and generated contin-
uous health complaints from the population.* On 95 days,
ozone concentrations were above 0.24 ppm (480 pg/mY), a
level that is universally considered hazardous for humans
and plants. In the early 1990s, catalytic converters became
mandatory on new cars sold in Mexico. It was hoped that the
converters would lower emissions of the reactive organic
compounds that are by-products of the combustion of
unleaded gasoline. Ozone concentrations, however, have
persistently remained high. Slow renovation of existing vehi-
cles and poor maintenance of the converters themselves may
be two factors contributing to the slow response to the new
automobile standards. A 5 percent annual growth in the num-
ber of vehicles has also played a negative role.

A study conducted by several pathologists evaluated
histopathologic changes in the nasal mucosa of the inhabi-
tants of the southwestern section of the city.* In a carefully

(continued on page 26)

tained decrease in the proportion of
schoolchildren with high levels of
lead in their blood has been observed.

Unfortunately, however, the new
gasoline had unexpected and harmful

side effects. While the atmospheric =

concentration of lead did indeed fall,

photochemical smog increased (see 500 —

Figure 4 on this page). Because of a H

reaction between ultraviolet radiation £ 200 —|

from the sun, atmospheric oxygen, and .§

combustion residues from the unleaded "

or low-lead gasolines, ozone concen- § 300 —

trations in the city quickly rose.*” At 5

present, the mean ozone concentration g 200 =

is around 0.15 parts per million (ppm), £

10 times the natural atmospheric con- r

centration and almost twice the maxi- R 100 —
. . : o

mum permitted in the United States

and Japan.*' This level is high enough .

Figure 4. Mean monthly ozone concentrations in southwestern
Mexico City, 1984-90.

to damage most urban vegetation.*
Ozone is formed through a complex
chain of reactions involving solar
radiation, reactive organic compounds
(e.g., partially combusted hydrocar-
bons), and inorganic compounds like
nitrogen oxide.* The chain reaction
occurs gradually, however, not instan-

NOTE: The vertical broken line marks the date (September 1986) when the concentration of lead
tetraethyl was lowered in regular gasaline.

SOURCE: L. Calderén-Garciduenas et al., “Histopathologic Changes of the Nasal Mucosa in
Southwest Metropolitan Mexico City Inhabitants” American Journal of Pathology 140, no. 1
(1992a): 225-32; and H. Bravo, La contaminacion del aire en México (Mexico, D.F.: Fundacion
Universo Veintiuno, 1987), 296.
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taneously. Consequently, the highest
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“
Are Megacities Viable?

(continued from page 15)

designed experiment, they compared the nasal mucosa from
three groups of health workers and navy employees. Group |
was made up of long-term residents of the port of Veracruz
(a low-ozone environment), Group 2 of people originally
from nonpolluted locations who had lived in the city for less
than 31 days, and Group 3 of people who had lived in south-
western Mexico City for more than two months. (The mean
residence time of this group was approximately 10 years.)
Ninety-eight percent of all patients from Group 3 exhibited
basal cell hyperplasias (excessive multiplication of normal
cells in an organ or tissue) compared with enly 5 percent of
Group 1. Furthermore, the hyperplasias of Group 1 patients
only formed small patches occupying less than 25 percent of
the biopsy surface. In Group 3 patients, by contrast, they
covered more than 50 percent of the sampled tissue in near-
ly half of the patients evaluated. While none of those in
Group | showed additional effects, Group 3 patients showed
varying degrees of squamous cell metaplasia (55 percent of
the patients), keratinization (23 percent), epithelial dys-
plasias (81 percent), vascular submucosal proliferation (100
percent), and submucosal chronic inflammation (98 percent).
All the patients in Group 2 showed intermediate degrees of
incidence with respect to the other groups. Although the
authors suggest that high ozone levels could be the main
cause of these histopathologic changes, they do not discard
the hypothesis “that other potential environmental carcino-
gens are most likely to be involved™ in the extremely high
incidences of respiratory tract

Atmospheric contamination also influences the quality of
rainwater. From 1983 to 1986, the acidity of rainwater in
Mexico City increased significantly because of increasing
concentrations of sulfur and nitrogen oxides in the air.*® In
the urban parts of the basin, the average pH of rainwater is
around 5.5. In a few cases, however, values as low as 3.0
have been recorded. The effects of air pollution are not
restricted to the urban areas, however. Air pollution has had
a considerable impact on the natural ecosystems surround-
ing Mexico City. Phytopathologists have discovered, for
example, that ozone produced in the city and carried by
wind to the Sierra del Ajusco southwest of the basin, has
significantly reduced the chlorophyll content and the growth
of the dominant pine species in the high mountains around
the basin.* These forests collect water for the city. At pre-
sent, there is a striking level of forest dieback in the moun-
tains surrounding the basin. Scolytid bark-beetles that attack
the conifers are the immediate cause. but many foresters
associate the new and increased aggressiveness of this pest
(which in the past never proved capable of producing wide-
spread tree mortality) on the stressful environmental condi-
tions generated by high ozone levels, coupled with the
effects of acid rain. Clearly, atmospheric pollution may have
had a considerable impact on the already disrupted water
balance, especially on the hillsides of the basin, and thus on
the long-term availability and quality of potable water.

Centralism and Ecological Subsidies

The rapid rise and enormous power of the Aztec state were
based on their political control of much of Mesoamerica and

tissuc anomalies found in
Mexico City inhabitants.

Other pollutants also impact
considerably on Mexico City’s
atmosphere, but their spatial
distribution is quite different
from that of ozone. Suspended
particles and sulfur dioxide are
found in their greatest concen-
trations in the industrial area lo
the north and northeast of the
city.* In the central part of the
city where vehicular traffic is
more intense, carbon monoxide
concentrations are much high-
er. A recent study demonstrated
that the concentration of car-
bon monoxide in central Mex-
ico City ranges between 34 and
132 pg/m®, well above official
standards and sufficiently high
to affect humans physiological-
ly in less than one hour.¥’
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As the city continues to overtake available land, the forests that once covered surrounding peaks
and hills are disappearing.
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on the subordination of hundreds of
different groups that paid tribute to the
emperor. Aztec wealth depended to a

TABLE 3 | —
LEADING CAUSES OF DEATH IN MEXICO IN 1955-57 AND 1980

great extent on the concentration of

high-quality goods (e.g., metals,  1955-57

obsidian. tropical fruits, high protein

food) and labor collected as tribute Canse af ideath Rale Earcon
from such groups. The Basin of Mex- 1. Gastroenteritis 227.5 17.5
ico. where Aztec culture first emerged, 2. Influenza and pneumonia 202.0 15.5
became a subsidized ecosystem, 3. Early childhood diseases 135.3 104
receiving inputs of natural resources 4. Heart disease 91.4 7.0
and energy from other arcas. 5. Malaria 66.4 51
This tradition, maintained under 6. Accidents 48.1 37
Spanish rule, has now reached 7. Homicides 38.0 2.9
immense proporlions. Few eCosys- 8. Malignant tumors (cancer) 37.8 29
tems in the world are so far from being 9. Bronchitis 31.7 2.4
sell-sufficient as the Basin of Mex- 10. Tuberculosis 31.2 24
ico™ With much of the forests cut, Other 390.0 30.2
most of the chinampa lands turned
into urban developments, and practi- 1980
cally all of the lakes dried up, the sup-
ply of raw materials and energy gener- Cause of death Rate Percent
ated within the basin is insufficient for
even a small fraction of its 18 million B Hea_rt diRse s 7
residents. Consequently, vast amounts Sk } L 1)
of food, energy, wood. water, building % Influe!ﬁ.za gt ;l)neum'omg S0t 8.9
materials, and many other products 4, Entf,'rms and diarrhetic diseases 55.1 8.6
are imported from other ecosystems to =, Mai_'g"am tum?rs {cancer) - L
augment the energy and material 5. Perinatal aﬂ"mmn?f — 61
flows. With 20 percent of the nation’s h. SHRiOERGRE RS 226 e
population, the basin consumes 8. Cfrrhosus and other chronic diseases 221 3.5
approximately one-third of the coun- 9 D'abet_e_s _ i Sk
try’s oil and electricity. 10. Nephritis and nephrosis 10.5 1.6
Other 231.6 35.4

In spite of the severe environmental

problems. the Mexican model of
development has given priority to
improving the quality of life in the
large cities (where social demand is
more concentrated) rather than in the

of the various causes.

NOTES: The first column shows the mortality rate per 10,000 persons, the second the percent distribution

SOURCES: C. Santos-Burgoa and L. Rojas Bracho, “Los efectos de la contaminacion atmostérica” in |
Restrepo, ed., La contaminacion del aire en México: Sus causas y efectos en la salud (Mexico, D.F.:
Comision Nacional de Derechos Humanos, 1992), 205-50.

rural areas (which have become com-

paratively poorer). From 1950 to 1980, the basin experi-
enced marked improvement in demographic and domestic
indicators of the quality of life. However, at the national
level, these same indicators have reflected slower change.
This difference in trends is more marked if the developments
in the basin are compared to those in the depressed rural
areas where most of the immigrants come from. Despite the
health problems generated by contamination, indicators such
as life expectancy at birth and infant mortality are better for
Mexico City than for the rest of the country.”' Although
mortality rates have declined significantly between 1950
and 1990, there has been a marked shift in the principal
causes of death (see Table 3 on this page). In the first half of
the century, infectious diseases were the most common
cause of death. Now diseases associated with modern indus-
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trial life and environmental contamination, such as heart
discase and cancer along with pneumonia and gastroenteri-
tis, two infectious diseases also associated with the degra-
dation of air and water, rank in the top five.

Through the system of ecological subsidies, many of the
problems generated by the growth (or the sheer size) of
Mexico City are in effect exported to neighboring areas.
Chronic water shortages, for example. are in great part
transferred to the Lerma and Cutzamala basins, from which
water is imported. Wastewater, on the other hand, is drained
into the Tula Basin in the state of Hidalgo, where it flows
until reaching the Guif of Mexico. In this way, contamina-
tion from untreated wastewater spreads into other geo-
graphical regions. In the Tula Basin, Mexico City’s waste-
water is used to irrigate a variety of crops, including
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vegetable plots. This practice has contributed to the spread
of parasitic diseases like amoebiasis and cysticercosis. It
also has polluted good agricultural soils. In one year, as
much as 2,300 kilograms of detergents or 750 kilograms of
boron find their way into the soil.” Although the use of
wastewater to irrigate vegetable crops has been legally
banned in the region, farmers have no ready alternatives and
continue to use the contaminated water.

Because of the Mexican highlands’ rugged topography,
the energy cost of supplying water to Mexico City from

Smog shrouding the Mexico City skyline has become a familiar sight, underscoring the
persistence of health problems caused by air pollution.

external sources and draining wastewater outside the basin
is enormous. Although there are no official figures, esti-
mates can be easily calculated. Elevating one cubic meter of
water to an altitude of 10 meters demands a fixed energy
input of 98 kilojoules plus the extra energy demanded by the
mechanical efficiency of the system. From this it can be cal-
culated that to move the 43.5 m/s of water obtained from
within the basin, the 19.5 m%/s drawn from external water-
sheds, and the wastewater in the deep drainage system, an
average of approximately 370 MW is needed.*® This repre-
sents a daily cost of almost $900,000 to supply water and
adds 20 cents to the cost of each cubic meter of water.
Apart from the ecological interpretation of these subsidies,
the urban concentration of Mexico City has also involved the
concentration of wealth and an implicit economic subsidy
from the rest of the nation to the capital’s residents. Public
transportation in Mexico City now costs approximately 7
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cents per trip, regardless of the distance traveled. The sub-
way, used by approximately 4 million passengers per day,
thus generates a revenue of $280,000 per day. In 1986, the
real cost of operating the system was on the order of $1.5
million per day; now it is probably more than $2 million.5
The difference is ultimately met by all taxpayers, many of
whom do not benefit directly from the service.

It costs around 30 cents per cubic meter to distribute water
in Mexico City. This price reflects the high cost of pumping
water into the city from the Lerma Basin.”® The government
spends approximately $450 million
annually to supply water to Mexico
City. The revenue obtained from the
service is on the order of $42 million,
less than 10 percent of the total cost.
Other services, such as electricity, gas,
garbage collection, and road mainte-
nance are subsidized for the whole
country—not only for the Basin of
Mexico. However, because the city
receives these services in a higher pro-
portion than the rest of the nation, it
receives a higher share of the subsidy.
This asymmetry is, again, particularly
true for rural areas that export their
produce to the city but do not benefit
from the cheap urban services.

Air pollution also has a large hid-
den cost. In a recent study, a
researcher quantified the health
effects of pollutants in Mexico City
by means of standard dose-response
curves and calculated the economic
costs of contamination by integrating
the average individual cost associated
with each pollutant (in terms of treat-
ment costs, lost wages, or premature
death) for the city’s whole population
(estimated as 17 million in 1992).%° This study estimated the
total annual cost of particulate matter contamination as $850
million, the cost of ozone as $102 million, and the cost of
atmospheric lead as $125 million. Thus, the aggregated “hid-
den™ cost of atmospheric pollution, as estimated by the
known effects of contamination on human health, amounts to
approximately $1.1 billion per year. (While the impact of lead
seems Lo have decreased since 1992, it is likely that the health
effects related to ozone have increased.)

The ultimate monetary costs of the effects of air pollution on
the basin’s forests have not been calculated but in all likeli-
hood they will be high. Trees play vital roles in controlling
erosion, conserving biological diversity, regulating the water
cycle, and recharging the aquifers. Because of the groundwa-
ter imbalance in the basin, no one has calculated in detail
either the future costs of overexploiting the aquifers or the
future value of the recharging that is being prevented by defor-
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Untreated sewage outflow pouring into one of the city’s drainage canals pollutes the
metropolitan water supply as well as croplands in outlying suburbs where wastewater s
used for irrigation.

estation. This deficit calls into question the mid-term sustain-
ability of the basin and acts to limit future development.
Even though water treatment and reuse have not been main
components of Mexico City’s water management, there have
been governmental efforts to improve wastewater discharges
since 1956, when the first wastewater treatment plant was
installed. The two most common treatment systems are stabi-
lization ponds and activated sludge. In 1993, installing a
wastewater treatment plant based on the activated sludge sys-
tem, with a capacity of 1 m%/s, cost between $20 million and
$30 million. In 1994, the cost of treating water, including the
cost of operation and recovery of the
investment, was about 20 cents per
cubic meter.”’ If the 27 wastewater .
treatment plants in Mexico City operat-
ed at 100-percent efficiency instead of
the current 50 percent, they could han-
dle approximately 8.6 m%/s of waste-
water at an annual cost of $55 mil-
lion.™ Until recently, the government
subsidized wastewater treatment. New
legislation is now being implemented
that transfers rights and obligations to
the users of national water resources
and makes the private sector responsi-
ble for discharging wastewater of
acceptable quality.™
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Mexico, and from the immense eco-
nomic and natural resource subsidies
that the whole country has to provide
to maintain this area, one can conclude
that the megalopolis of Mexico City is
highly unsustainable in its present
condition. If groundwater use, which
is double the current recharge, is pro-
jected into the future, the basin will
experience large-scale water shortages
sometime in the next 30 years. These
shortages would be worsened by
future population increases and con-
tinued urban growth. Water-use con-
flicts with neighboring watersheds are
already important issues. If more
water is drawn from external sources.
it is likely that these conflicts could
become more severe. Water quality is
already below drinking standards in
some areas, and the increasing
amounts of both wastewater and con-
tamination do not presage any short-term improvement.
Degrading water quality will be a major health concern in the
next decades. In spite of efforts to reduce exhaust emissions,
the rapid growth in the number of cars (almost 100 percent
per decade) also calls into question the capacity to improve
the basin’s atmospheric quality. Furthermore, some 48 per-
cent of all Mexican industries are located in the basin. This
fact suggests that there will be increasing demands on natu-
ral resources, air, and water as well as growing amounts of
liquid and solid waste for which there are no adequate treat-
ment and disposal systems.
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Mexico City’s problems are so important
that they have gotten increasing attention
from policymakers. In 1972, a Subsecre-
tariat of Environmental Protection was cre-
ated within the federal government’s Sec-
retariat of Health. In 1982, the Secretariat
of Urban Development and Ecology was
created to deal with matters linked to urban
environmental quality. This new secretariat
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was also assigned some responsibilities for
the protection of natural resources. In
1992, a sewer system in Guadalajara
exploded because of spillage of fuel waste
products into the pipelines. As a result,
hundreds of people died. In the aftermath,
the federal environmental administration
was divided into two new offices: a
National Institute of Ecology, authorized to
draft environmental regulations, adminis-
ter environmental protection efforts, and
coordinate natural resource management;
and an Environmental Attorney General,
created to oversee enforcement of environ-
mental legislation.

As a result of citizen protests about the
basin’s deteriorating air quality, the
Department of the Federal District, which
administers a large part of Mexico City.
created a Metropolitan Commission for
the Protection of Air Quality in 1992, The
government of the state of Mexico and
federal authorities participated in this
move. Water management in the basin is
coordinated by a complex set of state and
federal government organizations, includ-
ing the Department of the Federal District
and the Commission for Water and Sani-
tation of the state of Mexico (at the state level) and the
National Water Commission and the Secretariat of Health (at
the federal level).

In December 1994, a new secretariat was created to
encompass all federal environmental functions, including
those dealing with “brown ecology™ (environmental pollu-
tion) and “green ecology™ (natural resource management).
Functions that were previously dispersed among various fed-
eral agencies were centralized under the Secretariat of En-
vironment, Natural Resources and Fisheries. Their mandate
covered the protection and management of natural resources;
waste management and pollution control; the management of
national parks and other protected natural areas; and en-
vironmental law enforcement. Decentralized governmental
agencies like the National Institute of Ecology, the Environ-
mental Attorney General, and the National Water Commis-
sion all came under the jurisdiction of this powerful federal
secretariat. The ever increasing complexity and size of en-
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Algal blooms that spread across the surface of Lake Texcoco eloguently attest to the
widespread contamination of Mexico City's water reservoirs.

vironmental authorities highlights the growing concerns
about environmental quality and natural resource degrada-
tion in Mexico in general and in the basin in particular.

Insights for the Future

Although most of the environmental problems in the Basin
of Mexico have reached critical proportions in the late 20th
century, industrial development is not solely to blame. Urban
and political centralism have been a tradition in Mexican
society since the Aztec empire. The Basin of Mexico. for
nearly two millennia one of the most densely populated areas
of the world, has historically used its preeminent administra-
tive and political position to obtain advantages over other
areas of the nation. Modern industrialization, however, has
exaggerated this trend to dramatic proportions, and is indeed
responsible for the disproportionate urbanization and the
biased distribution of population and wealth. Although pop-
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ulation growth in the basin is clearly decelerating, natural
resource use is already highly unsustainable with the current
population density. Fossil fuel consumption, the number of
cars, deforestation, and the pumping of groundwater from a
critically depleted aquifer are all increasing at a rate that
often exceeds that of population growth.

In the past, resource exhaustion through improper land
use has produced large declines in population, showing that
there are limits to population growth in a closed basin with
a given technological level. Air pollution, water shortages,
the urban area’s unbridled growth, and the ever-increasing
economic and natural resource costs of maintaining the
megalopolis suggest that a similar process of population
limitation or even decline may occur in the future. In Mexi-
co City, the use of air, water. and soils as a commons is
clearly unsustainable, and the city’s residents may soon con-
front hard and painful decisions. In our opinion, it is clear
that in the future the subsidies will have to be eliminated and
that the cost of living and the quality of life in the city will
worsen. Government authorities have made several attempls
over the past six years to set the price of water closer to its
real cost, but popular protests have aborted these initiatives.
However, the capacily to subsidize water use is becoming
more and more constrained and will soon reach a limit.

Health problems typical of developed societies (like heart
disease and malignant tumors) coexist with problems relat-
ed to air and water pollution (such as pneumonia and enter-
itis) that are more typical of the developing world. Although
there is no data on this problem, Mexico City’s decreasing
growth rates suggest that for some sectors of the population
emigrating outside the basin into medium-sized cities is
already an advantageous alternative.

Growing conflicts over water use, air pollution, waste dis-
posal, environmentally related health problems, and natural
resource depletion are all problems shared by most Third
World megalopolises. Mexico City is thus a laboratory
where many of the processes that drive population, natural
resource, and land-use changes in the less-developed
nations are being tested. It provides both fascinating and ter-
rible insights into what the future may hold for many of the
megalopolises of Latin America and the Third World.

ACKNOWLEDGMENTS

The authors wish 1o thank Lucero Rodriguez and Jorge Ortega who helped in draw-
ing and digitizing the figures. The second author acknowledges the generous financial
support of the Direccién General de Asuntos del Personal Académico. Universidad
Nacional Auténoma de México.

T H E J 0 U R N A L

{NVIRONMIEN!
EDUCATION

LLl
an

EEE EEE EEE EEHN EEE ENE EEE SENEN WEE § The Journal of
ORDEA FORM ®  Environmental Education
m _ y o ® i a vital research journal
[J YES! [ would like to order a one-year subscription to, The Journal of for everyone teaching
Environmental Education , published quarterly. I understand payment can be made to ™ .51 the environment.
( ) Heldref Publications or charged to my VISA/MasterCard (circle one). Loy Each issue features case
2 $37.00 Individuals [ $72.00 Institutions - studies of relevant projects,
U) m cvaluation of new research,
ACCOUNT # EXPIRATION DATE g and discussion of public
SIGNATURE m policy and philosophy in
m the area of environmental
NAME/INSTITUTION W education. The Journal of
— B it
CITY/STATE/ZIP department chairpersons
COUNTRY B and directors of programs
p ADD $13.00 FOR POSTAGE OUTSIDE THE U.S. ALLOW 6 WEEKS FOR DELIVERY g NS et
OF FIRST ISSUE.
SEND ORDER FORM AND PAYMENT TO: u
HELDREF PUBLICATIONS, The Journal of Environmental Education :
1319 EIGHTEENTH ST., NW, WASHINGTON, DC 20036-1802
PHONE (202) 296-6267 FAX (202) 296-5149 u
SUBSCRIPTION ORDERS 1(800)365-9753 :

Volume 38 Number 1 ENVIRONMENT 31



NOTES

1. World Resources Institute, World Resources 1994-95 (New
York: Oxford University Press, 1994), 400.

2. W.T. Sanders, I. R. Parsons, and R. S. Stanley, The Basin of
Mexica: Ecologival Processes in the Evolution of a Civilization
(New York: Academic Press, 1979), 561; and W, T, Sanders, “The
Agricultural History of the Basin of Mexico,” in E. R. Wolf. ed.,
The Valley of Mexico: Studies in Prehispanic Ecology and Sociery
(Albuquergue, N. Mex.: University of New Mexico Press, 1976),
101-59

HOTAYL ¥8IT—S3HNLDId SONYd

3. V.R. Corona, “Confiabilidad de los resultados preliminares
del XI Censo General de Poblacion y Vivienda de 1990, Estudios
Demogrdficos y Urbanos 6, no. 1 (1991); 33-68.

4. L. Unikel, La dindmica del crecimiento de la Ciudad de
México (México, D.F.: SEP-Setentas, 1974), 237; C. Stern, “Cam-
bios en los volimenes de migrantes provenientes de distintas
zonas geoecondmicas,” in H. Muifioz, O. de Oliveira, and C. Stern,
eds., Migracion v desigualdad social on la ciudad de México
(México, D.E: Instituto de Investigaciones Sociales, UNAM-EI

Living conditions in the poorer seciions of Mexico City demonstrate the ill DF
effects of unchecked population growth and natural resource abuse.

5.

wo,”

Colegio de México, 1977), 115-28: and A. M. Goldani, *
de los inmigrantes sobre la cstructura y el crecimiento del drea
metropolitana,” in ibid., puges 129-37,

V. Partidu,
in G. Garza, ed.,
. Departamento del Distrito Federal-El Colegio de México.
1987). 134-39.

Impacto

“El proceso de migracion a la ciudad de Méx-
Atlus de la Ciudad de Méxice (México,

Mexico City: Metaphor for the World’s Urban Future

xequiel Ezcurra and Marisa Mazari-
Hiriart’s article aptly summarizes the

conditions that have made Mexico City a

metaphor for megacities throughout the
developing world. Of course, many of
Mexico City's problems are also shared by
megacities in the developed world. For
instance, land subsidence related to pump-
ing groundwater is a notable problem in
cities like Venice. and the air quality in Los
Angeles can be almost as unpleasant as in
its Third World counterparts. All the same,
because the megacities of the developing
world are at a different developmental
stage. they present a separate set of chal-

lenges to sustainability.' For this reason, I

shall first consider the question of sustain-
ability for large urban areas in general and
then illuminate the different challenges
facing the megacities of the developed as
opposed to the developing world.

As Ezcurra and Mazari-Hiriart correctly
imply, the existence of a self-sufficient
ccosystem within the city limits is too nar-
row a criterion for determining the sustain-
ability of large urban areas. For example,
Xian, China’s ancient walled capital, has
never been self-sufficient in this sense, but
it has been a sustainable urban area for at
least 3,000 years because of its relation-
ship with the surrounding countryside.
Thus, sustainability does not connote con-
stancy but rather continuity and resilience
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_in the face of change—that is, the, success-

ful management of change in  ways
amenable to human well-being, mc[udmg

- the maintenance of and reasonable access

to open spaces and the preservation of
ecosystems. To be sure, megacities as a
group now have such a substantial envi-
ronmental impact that their problems can
no longer be dealt with in isolation. The
sustainability -of the Earth, not just its
cities, is the issue. Population growth, ris-
ing real incomes, and global environmen-
tal change present ever-changing and
increasing challenges to the sustainability
of large urban areas despite the counterbal-
ancing effect of improved technologies.?
The problems of Jarge urban complexes
in the developed world. such as the
“Bosnywash  Corridor”  (Boston/New
York/Washington) in the United States,
can be alleviated through wise manage-
ment and the use of available resources.
What is required is careful resource alloca-
tion, innovation, and the application of
management skills to accommodate rising
populations and incomes to available nat-
ural resources. Pollution control is perhaps
the most formidable challenge these
megacities will have to face over the next
25 years. But, in all probability, they will
also have to meet more socially sophisti-
cated challenges. For example, in Europe.
it is increasingly difficult to go anywhere

. that is not in some sense developeduor at

least manicured. The landscape and
cityscapes of the Netherlands, for instance,
arc almost entirely human-made. As urban
areas and their hinterlands grow, the psy-
chological and social allernatives available
to people will diminish. In the interest of
social health. then, urban managers should
tackle not only the difficult issues of infra-
structure improvement, emissions control,
schools, and equity for disadvantaged seg-
ments of the population, but also the
preservation and expansion of natural
areas. As urban areas throughout the world
continue to expand, the problem of disap-
pearing green space needs to be given as.
much weight as the need for housing and
other forms of infrastructure. i

For the most pari, megacities in lhe
developing world face much more basic
problems. They need to create infrastruc-
ture where little or none exists, and they
need to ensure adequate water supply,
sewage treatment, health care, transporta-
tion, and environmental management. The
familiar pattern of population growth out-
stripping resources and leading to environ-
mental degradation has yet to be a.ltered in
this part of the world.

The magnitude of the problemis that
cities in the Third World face raises the
specter of staggering expenditures to bring
them up to currently acceptable standards
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M exico City has exerted so much pres-

sure on its regional environment that
it is arguably unsustainable. But this is
nothing new. Historically. great cities have
pushc& up against the limits of survivabili-
ty. London, for example, faced fuel crises
in the late 13th century, the Black Death in

tries have the resources to deal with their
“megacities” problems, in most developing 1,
countries this will not be the case for years
to come. People there face the prospect of
continuing misery as management struc-
tures, skills, and services develop incre-
mentally. There is hope, however, for at
least a gradual lmprovement As Ezeurra
- and Mazari-Hiriart point out, some of the -
quahty—of—hfe indicators in Mexico City
have risen.

- Successful management of megacities
must take into account issues of global

environmental change along with regional gy,

cant implicaﬁom for megacities, such as
rapid changes in ocean circulation pattams
and sea levels, are factors in the equation.?

- Even gradual environmental change will
create unfamiliar challenges. For instance,
the hydrologic processes that urban water
plannem have comfortably regarded as sta-
tionary will, in fact, change continually
‘over time. Thus, there may be a hitherto
unrecognized need for international con-
ventions regarding urban growth and man-
agement to complement existing environ-
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the 14th, the Plague and the Great Fire in
‘the 17th, cholera epidemics in the 19th,
and the disastrous smog of 1952 in the
20th.! One may argue that each of these
situations arose from pressures placed on
the environment by an extreme density of
human activity. For example, the energy
requirements and sanitary problems of

- medieval London, a city only two miles in
diameter, provoked a crisis. Although
changes in urban technology overcame
these limitations, new problems invariably
arose as the city grew.

Each crisis required a unique solution,
but these solutions were responses to dis-
asters rather than the products of conscious
efforts to lessen environmental pressure
-and disruption. Because London and many
major European cities reached the he:ght

of their growth during the 19th ¢entury,
they have escaped the keenest edge of the
problems facing growing megacities in the
late 20th century, The developing world in
particular has had to grapple with pres-
sures that have pushed cities to the edge of
a new crisis. :
Despite more ecologically scnsitive
- administration, however, contemporary
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London is not free of problems.? The virtu-
- al saturation of the transport system, both

public and private, is extending ever fur- -

ther into the suburbs. And while health and
crime are very important issues to Lon-

don’s citizens, the increasingly stark con-

_ trast between rich and poor is perhaps of

~even greater concern. On the environmen-

 tal front, air quality appears to be the most
‘important priority of the 1990s, not only in
London bat in Burope genem]ly, Nonethe-
less. other issues. such as sewage and
- waste disposal. that currently provoke less
dl\EU‘iSiOI’I are no less crucial. Construction

of incinerators, particularly in the poorer

eastern sections of London, has created

new potential for environmental degrada-

tion. Derelict and contaminated land with-

~in the city also concerns some special
interest groups, but broader attention to

and solutions for the problem have yet to

be dweloped

On the whole, however, the 19905 1s

- emerging as a decade in which there is

renewed interest in the city. The European

- Commission’s Expert Group on the Urban

Environment will publish its report Euro-
pean Sustainable Cities in 1996, An

increasing number of cities are joining the

World Health Organization’s Healthy
Cities Project,
improvement of urban living conditions.
- While it is still too early to recognize a
i {;ohéswe policy in thase mmatlves or to
know whether such thoughtful plans will
ENVIRONMENT
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be matched by political will, there is a gen-
eral sense that cities can no longer be
ignored as unhealthy anomalies on the
landscape. Furthermore. current initiatives
have begun to recognize cities more as
- ecosystems.” The United Kingdoms Nat-
ural Environmental Research Council is
developing a program called URGENT
(Urban Regen,ef:atibn and Environment)

that attempts to shift research toward the

urban environment, and the Organisation
for Economic Cooperation and Develop-
ment's Environment Group on Urban
Affairs has undertaken work on the Eco-
logical City, a project concerned mainly

with development processes and methods

of achieving sustainability.

It would be easy to dismiss these initia-
tives as window dressing and their ideas as
hollow: utopian fantasy, espec.;a]ly when

the problems of a megalopolis like Mexico
Clty are cast in sharp relief. But while

 there may be solutions that would place
less emphab;s on cities, I still maintain that
we need large urban areas. Thus, I try to
‘adopt 4 positive vision of cities as entities
that offer a diversity of services as well as

~ a wealth of opportunity while efficiently

utilizing resources. :
Cities are not, by definition, unsustain-

' able. Rather, we have %allbwed the develop-.

ment of cities l:hat are that way. All 100
nften ‘these cities have the wrong size,
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-~ location, structure, zand“pepulauon They

: conslatently fml o value or uulaze their
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zeurra and Mazari-Hiriart’s excellent

-article on Mexico City vividly illustrates
the breadth and depth of the problems fac-
ing one of the world’s largest cities. As the
authors demonstrate. the natural resource
foundations of the Mexjcan megalopolis are
at risk and this raises serious guestions
about the long—tcrm sustainability of the

current way of life there. Problems with air

pollution, water resources, and solid
waste—and their Jmpacl.s on “health and

- social and economic behavior—are serious
and have already 1@@1 to major adwshneﬁﬁ
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