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Earthquakes and urban growth

Sir—The disaster in Armenia is a reminder
that earthquakes are most damaging when
their stored energy is released near cities,
even when those cities are of no great size.
Earthquakes cannot be prevented and
cities cannot be relocated. Hence, the
buildings in cities that may be so afflicted
must be appropriately designed. In
developed nations, where memories of
great urban earthquakes are vivid (San
Francisco, 1906; Tokyo, 1923), collabora-
tion between seismologists and urban
planners has led to the implementation of
measures to mitigate the effects of future
earthquakes. In developing nations such
collaboration may not exist because of
uncontrolled urban development, the
lack of informed awareness about earth-
quake risk or economic circumstances that
mean earthquake risk has a low priority.
Earthquake risk is especially high in the

developing nations, because of poor
construction methods, and will be con-
siderably higher in the future. The process
of urbanization coupled with rapidly
increasing populations will generate more
than a hundred cities with populations
exceeding two million by the year 2000
(ref. 1). By a geographical coincidence
40% of these cities are to be found within
200 km of a tectonic plate boundary or
close to an earthquake that has caused
damage in the past (Figs 1 and 2). It
appears that within 12 years 290 million
‘supercity’ dwellers, 80% of them in
developing nations, will live in a region of
seismic risk (Table 1). Because the mean
growth rate of large cities in the develop-
ing nations is currently more than 2% per
year, we can expect the populations at risk
to double before 2035.

Damaging earthquakes at some active

Fig. 1 Distribution of cities with a projected population of two million people or more in
the year 2000. Bold lines represent convergent or strike-slip boundaries.
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Fig. 2 Distribution of earthquakes in the past 1,000 years in which over 9,000 people died. Most
such disasters have occurred where cities coincide with plate boundaries.
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plate boundaries may recur in less than 50
years, at others after more than 200 years.
Typically we cannot forecast earthquakes
more accurately than within a few decades’.
We make a distinction between long-term
forecasts and short-term predictions’.
Short-term predictions of earthquakes
cannot prevent the collapse of buildings; a
long-term forecast, on the other hand,
provides time to introduce appropriate
measures to mitigate its effects’.

At its most basic the earthquake cycle is
a process of the build-up of strain and its
release. Hence measurements of displace-
ment, strain and tilt provide fundamental
data for monitoring progressive deforma-
tion in the region of a future earthquake.
Space technology provides us with
powerful new techniques for monitoring
the surface deformation of the Earth in
three dimensions. Very-long-baseline
interferometry and satellite laser ranging
have confirmed the instantaneous velocities
of the world’s tectonic plates, hitherto
inferred from geological data, while
Global Positioning System (GPS) geo-

Table 1 Population growth of cities of population two
million or more by the year 2000 that are located
within 200 km of a potential magnitude 7 earthquake
or a historically damaging earthquake

Year Year Growth
City 1975 2000* rate (%)
Mexico City 11.61 25.8 2.2
Tokyo, Japan 16.37 20.2 0.5
Tehran, Iran 4.39 13.6 3.4
Jakarta, Indonesia 5.53 13.2 3.2
Delhi, India 4.63 13.2 3.5
Karachi, Pakistan 4.03 12.0 3.7
Dacca, Bangladesh 2.34 11.2 5.2
Beijing, China 891 11.2 1.8
Manila, Philippines 5.04 11.1 2.8
Los Angeles, USA 8.96 11.0 0.3
Bangkok, Thailand 4.05 10.7 3.6
Osaka, Japan 7.96 10.5 0.6
Tianjin, China 743 9.7 1.9
Lima, Peru 37 9.1 2.8
Baghdad. Iraq 272 7.4 31
Bogota, Colombia 3.02 6.5 1.7
Lahore, Pakistan 242 6.2 3.4
Medan. Indonesia 091 54 52
Shenyang, China 353 53 22
Santiago, Chile 338 53 1.3
Ankara, Turkey 1.67 52 33
Caracas. Venezuela 2.61 5.0 1.7
Algiers. Algeria 1.58 5.1 3.7
Rangoon, Burma 1.76 4.3 32
Naples, Italy 38 43 0.4
Guadalajara, Mexico 1.95 4.1 23
Chengdu, China 20 39 2.5
Taibei, China 1.84 3.7 2.6
Surabaja. Indonesia 1.81 3.7 3.0
San Francisco. USA 3.1 35 0.4
Chongging, China 2.59 33 2.0
Istanbul, Turkey 2.87 33 1.2
Kanpur, India .51 32 3.0
Athens, Greece 225 30 0.8
Xian, China 195 3.0 2.3
Singapore 226 29 0.8
St Domingo. Dominican Rep. 1.14 2.9 2.8
Kabul. Afghanistan 0.7 28 43
Kitakyushu. Japan 1.74 22 0.4
Guatemala City 0.85 2.1 3.7
Nagoya, Japan 1.94 2.0 0.0

*Populations (in millions) approximately double in
the last quarter of this century and will do so again in
developing nations in the following 35 years'.
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desy offers similar data faster and less
expensively’. The system is similar in
accuracy to the best available terrestrial
geodesy, but far surpasses it in ease of
application and production rate. Yet in
the developing nations geodesy remains
poor or non-existent. The longer precise
geodesy is delayed in such nations, the
longer will be the delay in developing
earthquake forecasts based on epicentral
strain development. One step forward was
the recent adoption by an ICSU sub-
committee of a resolution that space geo-
desy should be applied to the characteriza-
tion of seismic risk in the developing world.

Populations in some earthquake-prone
regions will more than double within less
than the time of one complete earthquake
cycle. Space geodesy offers a method for
long-term forecasting that will identify
areas that are especially at risk, and in

which stringent building regulations,
especially for high-rise constructions,
should be imposed and observed. No
‘supercity’ was affected in the Armenian
disaster yet the death toll was enormous
because of inadequate building practices.
A combination of new technology and
recognition of the centres of population
especially at risk can help reduce the scale
of such catastrophes in the future.

ROGER BiLHAM
CIRES, University of Colorado,
Boulder, Colorado 80309,
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Trial of human malaria vaccine

Sir—I wish to raise an important point in
connection with the report by Patarroyo et
al.' of the first human trial of a vaccine,
which is composed of synthetic peptides,
against the asexual blood stage of the
malaria parasite, Plasmodium falciparum.

Patarroyo et al. evaluated humoral
immune responses in their volunteers
before immunization and challenge. For
that they used both an ELISA test, taking
an optical density of above (.2 as positive,
and an IIFA test, which was taken to be
positive at titres above 1:20. By those
criteria, 7 of the 13 volunteers were positive
by one or both tests before immunization.
In what way may the antibodies detected
in these 7 volunteers have influenced the
immune response to vaccination?

More important, why were the anti-
body-positive volunteers not excluded from
the trial on the grounds that the presence
of antibodies indicates past exposure to
malaria? Malarial infection is very common
in the Colombian military forces. Many
blood donors at the Central Military
Hospital are asymptomatic malaria carriers’
who are not aware of their past infection.

Those involved in malaria vaccine de-
velopment should be very careful to design
protocols adequate for evaluation, and
take great care not to make over-optimistic
claims based on preliminary results. Even
if a vaccine becomes available, it would be
some years before it could be integrated
into the multiple approaches needed to
control this complex disease.

CarLOs A. EspINAL
Sociedad Colombiana de Parasitologia y

Medicina Tropical, AA 100084,
Unicentro Bogota, Colombia
Sir—Several points made by Patarroyo et
al'. deserve more careful discussion.

First, the immunization protocols dif-
fered for the two different proteins. Ought
the different protection results be attribu-
ted to the differences in proteins, vaccina-

tion schedules or times before challenge?
The authors do not comment on the fact
that two doses of Spf(60)30 gave better
protection than three.

Second, cross-reactivity in the humoral
response to the two very different protein
immunogens was detected in several
vaccinees. If this is explained by a reaction
against the linking peptide, as the authors
propose, it would follow that there was
almost no immune response against
important epitopes in most vaccinees.

Third, the authors mention that very
different results were obtained depending
on whether acridine orange or Giemsa
were used to determine parasitacmia.
Which were reported?

Moises WASSERMAN
National Institute of Health,
Avenida Eldorado con Carrera 50,
AA 80080, Bogota, Colombia

PATARROYO REPLIES—In response to the
question of whether some of our volun-
teers had previously had malaria, we have
now tested both by ELISA and ITFA the
sera from 109 volunteers, all from non-
endemic areas (which was one of our
selection criteria) and who had never been
in malarious areas. As with the volunteers
in our vaccine study, about 10 per cent of
the new sera had very low (less than 1:20)
antibody titres by IIFA. This is accepted
throughout the world as background level
in this type of test. Malaria infection is
common within the Colombian military
forces but not within members coming
from non-endemic areas.

What is important is our demonstration
of an increase in antibody titres upon
immunization although, as we and others
have found in the past few months, there is
no correlation between antibody titres
and protection. It is worth adding that in
all cases our original volunteers had a
negative peripheral blood mononuclear
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cell stimulation index when tested with
schizont sonicates before immunization,
further indicating that the volunteers had
never been in contact with malaria.

With regard to the question of different
vaccination schedules for the two pro-
teins, I cannot agree that it is possible to
distinguish whether two doses are better
than three from the data we present.

The cross-reactivity mentioned by
Wasserman could be accounted for by the
NANP sequence in both peptides rather
than the linker peptide; in any case, as
already mentioned, protection does not
seem to be correlated with humoral and
cellular responses.

Finally, as stated in our paper, we used
the much more sensitive acridine orange
method rather than Giemsa to test para-
sitaemia. During the challenge we em-
ployed the test every 12 hours, and every
4 hours on critical days, so that the volun-
teers would never be at excessive risk.

MANUEL ELKIN PATARROYO
Immunology Institute,
Hospital San Juan de Dios,

Bogota, Colombia
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Whale size quandary

S1r—One cannot easily accept Downhower
and Blumer’s penultimate statement' that
“if an aquatic neonate is smaller than this
lower limit, then it cannot generate
metabolic heat fast enough to compensate
for heat loss” without qualification. One
of the reasons that a large whale has such a
low basic metabolic rate is that the circula-
tion time of its blood volume is many
minutes, making the delivery rate of
nutrients to its cells a slow process™. The
smaller neonatal whale will have a much
shorter blood volume circulation time, a
higher basic metabolic rate, and a cardio-
vascular system that could be physically
capable of increasing delivery rate to a
greater extentthanis possible in the adult’.

Provided nutrient availability to the
neonate itself does not become limiting,
there seems no reason to suppose that it
could not compensate for heat loss by
increased metabolic activity. This,
however, is unlikely to be achieved with-
out affecting growth rate, which is the
other serious drain on resources in early
life. Size at birth presumably represents a
workable compromise between the
‘demands’ of the two competing processes
of heat production and growth, and the
latter cannot be ignored.

DENYS WHEATLEY

Department of Pathology,
University of Aberdeen,
Aberdeen AB927ZD, UK
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