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RESUMEN

El uso del sistema G.O.D. fue empleado en la evaluacién de la vulnerabilidad del acuifero del Valle del Yaqui, partiendo de
datos de pozos perforados y de planos de niveles fredticos. Las descargas de contaminantes fueron identificadas y cuantifica-
das y el riesgo de contaminacién fue calculado analizando la vulnerabilidad del acuifero y las descargas de contaminantes. La
zona maés vulnerable estd en el Oeste y las principales fuentes contaminantes son de origen industrial, agricola, ganaderia y
de centros de poblacién. Las 4reas de mds alto riesgo de contaminacién estdn en la Central, Oeste y Este.

PALABRAS CLAVE: vulnerabilidad de acuiferos, calidad del agua, contaminacién de aguas subterraneas, riesgo de con-

taminacién, descargas de contaminantes.

ABSTRACT

We use the G.O.D. criteria to evaluate the vulnerability of the Yaqui Valley aquifer from drill hole data and water table
maps. The pollutant loads are identified and quantified and the aquifer pollution risk was calculated from the aquifer vulnera-
bility and the pollution load. The most vulnerable zones are in the West, and the most important contributions of pollu-
tants are from industrial, agricultural, livestock and population centers. The highest aquifer pollution risk areas are Central,

West and East.

KEY WORDS: aquifer vulnerability, water quality, groundwater contamination, pollution risk, pollution load.

INTRODUCTION

The Yaqui Valley produces 1°500,000 tons/yr of crops,
mainly wheat, corn, soya bean and cotton, plus 35,600
tons/yr of pork, chicken and beef (Gonzélez and Cérdova,
1992). The population is 311,443 habitants (INEGI,
1990). The weather is arid with a rainfall of 300 mm/yr.
Up to 1,600 million m3/yr of runoff is stored in three
dams on the Yaqui River. About 340 million m3/yr of
groundwater are produced by 350 wells drilled into the al-
luvial aquifer. This water is used to 95% in irrigation of
360,000 hectares of land (Gonzilez, 1993).

The study area is located between 108°53°W to 110°
37°W and 26°53°N to 28°37°N (Figure 1). The aquifer con-
sists of alluvial deposits, in lenses and layers of a mixture
of clays and sands to gravels and boulders. The water table
level is high in almost all the valley.

AQUIFER VULNERABILITY ASSESSMENT

The aquifer vulnerability was determined using the
G.0.D. (Groundwater-Overall lithology-Depth to water
table) system for the evaluation of the vulnerability index
(Foster and Hirata, 1988). This criterion is based on the
evaluation of three input index parameters: groundwater oc-
currence (confined, unconfined and leaky), overall lithology
(consolidation potential and structure as a function of fis-
suring and permeability) and depth to the water table. Based
on the stratigraphic study, five different zones have been
identified. These zones were mainly defined by groundwater
occurrence and lithology. Thus we have the North sub-
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aquifer unit, the South subaquifer unit, and so on (Figure
1). The G.O.D. scale has been used to classify the aquifer
subunits. The vulnerability index was computed for all
subaquifer units as the arithmetic product (GxOxD) of
Groundwater occurrence (G), Cverall lithology (O), and
Depth to water table (D). See Table 1.

North subaquifer unit

This unit is unconfined covered (Foster and Hirata,
1988). The input index for this type of aquifer is 0.8, us-
ing the G.O.D. scale. The upper layers liec on thin high-
lands, while the lower parts have significant thickness.
Underneath the upper layer, a gravel-boulder conglomerate
is found with a low clay content (Figure 2). For this
lithology type, the input index is 0.5 according to the
G.0.D. scale. The water table is found from 5 to 20 m be-
low the surface, and the input index for this depth is 0.8
using the G.O.D. scale. The results are shown in Table 1.

South subaquifer unit

‘This unit is leaky, and the input index for groundwater
occurrence (“G”) is 0.6 using the G.O.D. scale. The upper
layer is found 20 m below the surface. It consists of a mix-
ture of clay-gravel to a clay-gravel-sand conglomerate. The
basement is reached at a depth of 150 m. Thel:[llnconfined
part is close to the sea with deeper layers of sand and little
clay (Figure 2). The input index is 0.5 for lithology. The
water table is found between 1.5 to 3.0 m; thus the input
index for depth is 1.0. The results are shown in 'p“able 1.
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Fig. 1. Study area.
East subaquifer unit of aquifer is 0.4 using the G.O.D. scale. In this area the

. . . . . upper layer consists of 14.0 m of clay with large sand

This unit is unconfined, and the input index fog this lenses in some areas. The lower layersyconsist ofg a con-
type of aquifer is 1.0. The upper layer consists primarily of glomerate of clay-sand and clay-gravel to a depth of 150 m.
a gravel conglomerate associated with clay lenses. The Below this depth boulders are found (Figure 2 and 3). The
deeper layers contain boulders until the basement. Across  jnput index is 0.5 for lithology according to the G.O.D.
the Cocoraque River near the right side of Canal Alto, the scale. The water table is found between 1.5 to 3.0 m of the

lithology consists of clay and sand (Figure 3). For this surface: thus the input index for depth is 0.9 (Table 1°
lithology the input index is 0.6. The water table is found ’ P pth is 0.9 (Table 1).

between 10 to 30 m but is 1.5 to 3.0 m near the Table 1

Cocoraque River; thus the input index for depth is 0.7

(Table 1). Aquifer vulnerability index for the Yaqui Valley aquifer
subunits

West subaquifer unit

This unit is also unconfined, and the input index for

this type of aquifer is 1.0 using the G.O.D. scale. The Parameters . North  South Bast West Central
layer below the surface consists mainly of a sand-gravel '

conglomerate underlain by clay-gravel in the highlands. A Groundwater 0.8 0.6 1.0 1.0 0.4
thin clay layer (less than 20 m) is found in the lower part occurrence

below conglomerate layers of sand with gravel size clasts. Overall 0.5 0.5 0.6 0.5 0.5
This bed has a thickness of 150 m, and is followed by al- lithology

ternating layers of boulders and clay (Figure 3). For lithol- Depth to 0.8 1.0 0.7 1.0 0.9

ogy the input index is 0.5. The water table is found less water table
than 2.0 m from the surface, and the input index for depth .
is 1.0 using the G.0.D. scale (Table 1). Vulnerability  0.32 0.3 0.42 0.5 0.18

index
Central subaquifer unit Vulnerability Moderate Moderate- Moderate Moderate- Low
class Low High

This unit is confined, and the input index for this type
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POLLUTION LOAD ASSESSMENT

The economic activities in the study area were com-
piled from Federal and State Government sources as well as
private sources. The components of the subsurface pollu-
tion load were estimated from these activities.

Urban and suburban pollution

The liquid and solid pollution load was estimated from
Genez and Gervois (1983) at an average of 150 l/person/day
of sewage. Genez and Gervois (1983) and Rapoport et al.
(1983) estimated 0.7 kg/person/day of solid waste. The
sewage is collected by a sewer system which discharges
into an open ditch also used for collecting the surplus irri-
gation water. Most small communities do not have sewer-
age, and the sewage flows into cesspools. Using data by
Genez and Gervois (1983), for a population of 311,443 set-
tled in the valley (INEGI, 1990), we compute 46,716
m3/day of sewage. Sewage often infiltrates the aquifers.
Using data by Genez and Gervois (1983), Rapoport et al.
(1983) and INEGI (1990), the total solid garbage computed
is 218 tons/day. The garbage of Obregén City is disposed
in a 4.0 m deep landfill. The water table in this area is

found at 6.0 m below the surface, which means that the
aquifer is highly vulnerable at this point of the valley. The
amount and geographic distribution of these pollutant
sources (human settlement and garbage disposal) are shown
in Table 2, and the pollutant load is shown in Table 3.

Industrial pollution

The data for industrial activities and for the pollution
load were compiled. 399 industries are found in this valley;
247 are small, 96 are medium and 56 are large (Cajeme,
1992). The industrial park outside Obregén City contains
large industries (Cajeme, 1992), and the smaller industries
are located within the city limits. We counted 101 indus-
tries that produce garbage and sewage, which probably .
reaches the aquifer since the sewage flows into the Gulf of -
California. Gonzdlez and Cérdova (1992) report 39,000
m3/day from industrial sewage and 300 tons/day from col-
lection of domestic and industrial garbage in Obregon City
(Cajeme, 1992). The difference between the average human
waste and the city record is 82 tons/day, corresponding to
industrial and commercial activities. The amounts and geo-
graphic distribution of these pollutant sources are shown in
Table 2, and the pollutant load is shown in Table 3.
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Livestock pollution

Among others, pork and beef are raised in this valley as
part of the farming activities. The amount of livestock and
farms was compiled by INEGI (1990). The pollution load
from this source includes manure and urine, amounting to
around 3,200 m3/day from pork, 850 m3/day from beef and
650 m3/day from poultry (Gonzélez and Cérdova, 1992).
Thus we compute 4,700 m3/day of pollutant load from this
activity. Some of this amount goes into the ground and the
rest is drained into the sewer. The amount and geographic
distribution of these sources are shown in Table 2, and the
pollutant load is shown in Table 3.

Agricultural pollution
The pollution load from fertilizers and pesticides was
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compiled. According to Gonzélez and Cérdova (1992)
about 233 m3/day of fertilizer are used. The most common
fertilizers are ammonia, urea and combined N-P-K
(Nitrogen, Phosphorus and Potassium). The use of large
amounts of pesticides is common in the area. It is esti-
mated that about 0.92 I/hectare of pesticide is applied
(Gonzilez, 1991). For 3 crops/yr at 360,000 hectares/crop,
the total amount of pesticide used is in the order of 0.3
m3/day. Pesticides in low concentrations have been found
in five wells located in the Central subaquifer, in two wells
in the East subaquifer and in one in the North subaquifer in
moderate concentrations (Gonzélez, 1993). Garcia and Meza
(1991) found pesticides in food and biologic extracts. The
Table 3 show the estimated volume dumped in this valley.

The pollution load index is computed by the product of
the potential hazard input index for each pollutant source



(Foster and Hirata, 1988), times the number of sources per
subaquifer (Table 2). The output index of pollutant load for
each subaquifer is shown in Table 4.

Table 2

Amount of point pollutant sources for Yaqui Valley

Source North South East West Central Total
Human settlement 4 1 5 17 13 40
Garbage disposal 0 0 0 0 1 1
Industry 4 1 3 4 89 101
Livestock 24 2 38 10 35 109
Total 32 4 46 31 138 251

Table 3

Pollutant load emitted by economic activities in Yaqui
Valley

Hydrogeology of Yaqui Valley

AQUIFER POLLUTION RISK

The criteria proposed by Foster and Hirata (1988) were
used to estimate the risk of contamination from the interac-
tion between components of aquifer vulnerability and the
surface pollution load. We computed the pollution risk of
the aquifer as the arithmetic product of the indexes of the
aquifer vulnerability times the pollution load. Table 5
summarizes the risk evaluation as follows.

North subaquifer unit

Medium risk as a result of cattle raising activity, and
medium vulnerability index for the aquifer.

Southern subaquifer unit

Here the risk is low because of the medium vulnerabil-
ity index and the low pollutant load.

Eastern subaquifer unit

High risk index as a result of livestock activity and
high pollutant load near the Irrigation District, just across
Cocoraque River, even though this subaquifer unit has a
moderate vulnerabilty index.

Activity Source  Partial Pollutant Pollutant Load ) .
(m3/day) Per Activity Western subaquifer unit
(m3/day)
Rates a high risk of contamination due to the pollutant
Urban Sewage 46.716 46,934 load and the high vulnerability index.
Solid waste 218
Central subaquifer unit
Industry Sewage 39,000 39,082
Solid waste 82 Has a low vulnerability index but a high pollutant
Livestock  Porcine 3,200 4,700 load. This is because most activities are concentrated in
Bovine 850 this area.
Aviculture 650
Agricultural  Fertilizers 233 233 Table S
Pesticides 0.3
Total 90.949 Pollutant hazard index for each of the subaquifer units
Subaquifer North South East West Central
Table 4
) i . Vulnerability Index 0.32 0.30 0.42 0.50 0.18
Pollution load index and potential hazard per pollutant
source and subaquifer Pollutant Load Index 12.52 1.73 17.69 16.07 52.71
Pollutant Risk Index 4.01 0.52 7.43 8.03 9.49
Source Potential North South East West Central Potential Danger Class Medium Low High High High
Hazard Index
Industry 0.38 1.52 0.38 1.1 1.52 33.82 CONCLUSIONS
Farming 0.35 8.40 0.70 13.3 3.50 12.25 ) ) )
Garbage 0.09 0 0 0 0 0.09 The Yaqui Valley aquifer is more vulnerable in the
disposal ) ’ West and less in the Central subaquifer units. The main
pollutant sources for this aquifer are livestock, industry and
i‘:‘:l‘:;em 0.23 2.60 0.65 3.2 11.05 8.45 agriculture. We find that the pollution risk is high in the
Central, West and East, and low in the South subaquifer
Total 12.52 1.73 17.7 16.07 52.71

units. This is a consequence of the concentration of eco-
nomic activities as well as of the population. A medium
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pollution risk is proposed for the North subaquifer unit.
These results suggest that priorities in terms of research
and regulation should be given to the Central, West and
East subaquifer units. -
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RESUMEN

E1 prop6sito del presente articulo es el de presentar una nueva direccién en la investigacién de terremotos por medio de
procesos electromagnéticos en la ionosfera causados por actividad sismica. Con este fin, se consideran las principales per-
turbaciones de la ionosfera causadas por terremotos, se analizan los mecanismos de conexién entre la litosfera y la ionos-
fera, y se discute la posibilidad de establecer una alarma para la ocurrencia de terremotos por medio de métodos espaciales y

terrestres.

PALABRAS CLAVE: Ionosfera, actividad sismica.

ABSTRACT

The purpose of this article is to present a new direction in the investigation of earthquakes through the research of elec-
tromagnetic processes in the ionosphere caused by seismic activity. To accomplish this objective, the main perturbations
of the ionosphere caused by earthquakes are considered, the connection mechanisms between the lithosphere and the iono-
sphere are analysed, and the possibility to establish a warning for the occurrence of earthquakes by means of space and

ground methods is discussed.

KEY WORDS: Ionosphere, seismic activity.
1. INTRODUCTION

The prediction of earthquakes and volcanic eruptions
remains largely an unsolved problem. Disastrous earth-
quakes, which occur from 100 to 200 times per year, are a
hazard for every other inhabitant of our planet. Annually,
thousands of people lose their lives under collapsed build-
ings, in fire and tsunamis caused by earthquakes.

2. PERTURBATION OF THE IONOSPHERE
CAUSED BY EARTHQUAKES

A system of monitoring the occurrences of earthquakes
from space must rely on the connection between the litho-
sphere, the ionosphere and the magnetosphere of the Earth,
This connection may be established either from ground or
from space.

There is at present factual material that shows evidence
of a response in the ionosphere from seismic activity.
Above the epicentre of a future earthquake, at altitudes
from about 400 km to about 1000 km in the ionosphere,
there appear macroscopic changes of the ionospheric pa-
rameters prior to the occurrence of the earthquake.

The presence in the ionosphere of precursors of earth-
quakes affords the possibility in principle of prediction by
remote space-ground methods. The study of the influence
of the seismic activity on the ionosphere began more than
30 years ago (see references). Some of the observations are
the following.

- An anomaly in the absorption of cosmic ray emission
after the 1960 earthquake in Chile lasted for 6 days
(Warwick, 1963).
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- Strong changes in the parameters of the ionosphere
caused by the large earthquake in Alaska in 1964 (Davies
and Barker, 1965).

- The discovery by Tarantsev and Birfeld (1973) that acous-
tic waves are.involved in the connection between seismic
activity and the ionosphere.

Since 1975, when the Soviet-French experiment
"Arkad" was active in the ionosphere and the magneto-
sphere, processes caused by seismic activity were observed.
The identification of these processes took place not at the
time of the earthquake but hours or days before. Similar
phenomena were observed on "Intercosmos 197, "Inter-
cosmos 24", "OGO-6", "Nimbus", "GEOS 1", "GEOS 2",
and other satellites. We propose five main types of iono-
spheric perturbations that accompany earthquakes.

(1). Variations of electric and magnetic fields.

The variations of electric 6E and geomagnetic 6H
fields, as well as their frequency ranges are:

SE=10""-102V /m, f =102 —10Hz,
S6H =107 -107'nT, f =102 -10Hz .

Variations of the electric field caused by earthquakes
were first proposed by Chernyavskiy (1925). Variations of
the magnetic field 6H were observed in Kazan in 1880.

(2). Perturbations of the electromagnetic waves at ex-
tremely low (ELF) and very low frequencies (VLF) as
follows.
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(ELF) f = 1072 —10® Hz, I; maximum at f = 8 Hz;
(VLF) f =10% 10 Hz, I, maximum at 10-15KHz;

where I; is the intensity of the electromagnetic perturbation.

(3). Perturbations of density and temperature of the iono-
sphere plasma in the F- and E -layers. In some cases the
density may increase and in others it may decrease.

The observed values of the concentration in F-layer are:

én/n=10"2-1071,
8T >0,6T/T=~102-10"

where dn is the density change and T is the temperature.

(4). Increases of the intensity of luminescence of the iono-
sphere at the main spectral wavelengths of atomic oxygen
2=5577 A, 6300 A.

Ionospheric luminescence before earthquakes is well
known. It occurred above Rome in 373 BC. This phe-
nomenon has also been reported above Tashkent and
Spitak, Armenia during the 1966 and 1988 earthquakes, re-

spectively.

(5). Flows of geoactive particles in the magnetosphere.

It turns out that the variations of the E, H fields, the
low-frequency oscillations and the presence of flows of
geoactive particles appear as a rule some hours before and
up to the beginning of the earthquake, whereas the varia-
tions of the density, the temperature and the optical emis-
sion may appear one or two days before and until the
occurrence of the earthquake.

Other phenomena have been observed, such as anoma-
lies in the propagation of radio waves above the epicentre
of earthquakes (Fuks and Shubova, 1994); perturbation of
the sporadic Es-layer emission in the ionosphere; geochem-
ical and biological processes in the seas, oceans, and oth-
ers.

3. MAIN MECHANISMS OF CONNECTION
BETWEEN LITHOSPHERE AND
IONOSPHERE

At present no consistent theory has been developed
about the connection between the lithosphere and the iono-
sphere. The mechanisms of interaction between these re-
gions are not fully understood. However, it is clear that the
main mechanisms of transfer of energy from the litho-
sphere to the ionosphere must be acoustic or electromag-
netic.

The mechanics of the lithosphere-ionosphere connec-
tion involve the transformation of acoustic waves into
magnetoacoustic and Alfvén waves (Figure 1). The oscilla-
tions of the Earth's surface excite acoustic and gravity
waves in the atmosphere. After they spread upwards they
are transformed into Alfvén and magnetoacoustic waves.
They appear as electromagnetic oscillations of low fre-
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quency. Consider the equations of the theory of elasticity
for the lithosphere:

332 = AV div U +pAU + F 0

where U is the acoustic displacement, p is the density, A

and p are the coefficients of elasticity, and F is the force
of electroacoustic origin which is the source of excitation
of acoustic waves. The equations of hydrodynamics for the
atmosphere are:

P( + (v-V)v)=-VP+pg, ©)
%+div (pv)=o, @
P=P(p,T), ®

where v is the velocity, P is the pressure, g is the accel-

eration of gravity and T is the temperature, and the equa-
tions of magnetohydrodynamics for the ionosphere are:

- 2 (H-VYH _
p(%+(v-V)V)=-V(P+H_)+gj_4Z£pg’ ©
rotil =427 j = 6E, ©)
1 0H
mtE_—ET M

where E, H are electromagnetic fields, and o is the con-
ductivity tensor of the ionosphere. It is necessary to intro-
duce boundary conditions, which requires computer mod-
elling.

magnetosphere

electromagnetic
waves

Alfven
waves

ionosphere

acoustic, gravity
waves

acoustic
waves

1/

Fig. 1. Connection between the lithosphere and the iono-
sphere involving the transformation of acoustic waves into
Alfvén waves, magnetoacoustic waves and others.

~atmosphere

litosphere



Another model was proposed by Schuman 1952, (Fi-
gure 2). The nonstationary electrical currents in the litho-
sphere are connected with the horizontal motion of the
ground having a relatively high conductivity. According to
Maxwell's equations, it becomes almost instantly apparent
in the ionosphere. Suppose that there is a known current
determined by geophysicists in a region of the lithosphere.
Then there should exist corresponding electromagnetic
fields in the ionosphere (Molchanov et al., 1993). If the
Earth's surface and the ionosphere constitute an electromag-
netic resonator (Schuman's resonator), this current excites
electromagnetic oscillations. Thus the maximum of low
frequency electromagnetic oscillations found through satel-
lite observations occurs approximately at a frequency
f=8Hz, which corresponds to the first characteristic fre-
quency of Schuman's resonator (Schuman, 1952):

f=5ign(n+1),

where R is the radius of the Earth (Figure 2).

n=12,3 ®

The maximum of VLF oscillations falls in the fre-
quency range of f= 10 -15 KHz, corresponding to trans-
verse oscillations of the resonator formed by the surface of
the Earth and the ionosphere:

f=E5 n=123 ©)

where L is the altitude of the D - layer of the ionosphere.
The spectrum of the oscillations is shown in Figure 2. The
observations give the same frequencies (Figure 3).

The use of a space system for monitoring seismic ac-

tivity presents some difficulties. It is necessary to take into
account:

(a) changes in solar activity capable of generating similar

The ionosphere and seismic activity

signals in the ionosphere. These are considered by
using available solar geophysical data;

(b) anthropogenic factors (artificial explosions, launching
of rockets and so on);

(c) the short time available for the treatment of satellite in-
formation.

Plasma experiments may be carried out in the iono-
sphere, above the area of seismic activity, during periods of
months or years, but the effects of seismic activity on
ionospheric parameters will be felt minutes or hours, at
best, before the earthquake.

4. WARNING FOR EARTHQUAKES

None of the satellites was designed for the investiga-
tion of processes in the ionosphere caused by seismic ac-
tivity. The results that have been obtained in this field are
fortuitous. The Ukrainian space project "Warning" whose
scientific leader until 1995 was one of us (N. Y. K.) will
be devoted to these investigations, and specifically the
electromagnetic processes in the ionosphere caused by
seismic activity (Kotsarenko et al., 1995). This project is
in charge of the Kiev National University (Department of
Astronomy and Space Physics) and Pivdenne (Yuzhnoe)
Design Bureau (Dnepropetrowsk). The participating coun-
tries are Russia, Austria, Hungary, Poland, Czech Repub-
lic, Romania, France, Germany, and Ukraine. The project
includes rocket assembly, rocket and launching facilities;
ground-based flight control with telemetry and communica-
tion links and stations; ground-based high-performance
working in close connection with the spaceborne computer
during data acquisition and processing; and a network of
seismological stations and other ground instrumentation
such a ionospheric and magnetic stations, optical facilities
for the ground-based measurements and so on.

Earth-ionosphere resonator
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Fig. 2. Schuman resonator of the Earth-ionosphere cavity.

57



S. V. Koshevaya et al.

I

f (Hz)

10 20 30

Fig. 3. The spectrum of Schuman oscillations obtained from
ground observations.

The parameters of the space platform are shown below.

orbit - circular, 600 km
declination - 74 degrees
composition - a satellite +2 sub-satellites

weight - satellite-1500 kg; sub-satel-
lite-100 kg

Satellite orientation accuracy - better than 15 Deg

angular stabilisation. velocity - less than 0,05 Deg/s

period of active operation* - more than 1 year

rocket type - Cyclone

tentative launching time - 1998

The scientific payload of the spacecraft will contain the
following equipment:

- Wave complex for measuring electric and magnetic fields;

- Instrumentation for measuring temperatures and concen-
trations of ionospheric plasma;

- Ionosonde radio-spectrometer for measuring electron con-
centration profiles below the F- layer maximum;

- System for measuring optical emissions of the iono-
sphere;

- Spectrometers of energetic particles (electrons, protons,
ions);

- Two-frequency transmitter (150/400 MHz) for tomo-
graphic sounding of the ionosphere. The scheme of the
space control system is shown in Figure 4.

The global character of the seismic problem calls for
remote sensing methods of investigation. Only remote
methods (mainly space borne) can ensure obtaining the
necessary information from large regions with sufficient
time resolution (Mc Farland et al., 1990; Alishouse et al.,
1980; 1990; Barrett et al., 1981; Gasiewski et al., 1990;
Neale et al., 1990; Petty and Kotsaros, 1990; Westwalter
et al., 1989).

It is important to use appropiate ground control such as
the mountain landmarks or the ocean coast. Radiometers,
bolometers, and magnetometers on.mountain tops will
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provide a reliable surveillance of the environment. Sensing
from space does not always provide the temporal and spatial
resolution required. Furthermore, it is rather expensive and
requires equipment calibration, which is impossible with-
out the use of ground control. The radiometers, bolometers,
and magnetomer remote-sensing systems have certain ad-
vantages when compared with other spaceborne methods:

(1). The space remote sensing does not always provide
good space-time resolution (Basharrimov et al., 1970;
Hollinder et al., 1990).

(2). The space remote sensing needs calibration by ground
observations (Hollinder et al., 1990).

(3). The spaceborne sensing does not always provide fast
control since it depends on weather conditions
(Goodbelret, 1990).
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8 33 75 225 620 970
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Fig. 4. The spectrum of Schuman oscillations obtained from
satellite observations.

A Mexican project by Instituto Nacional de Astrofisica,
Optica y Electrénica-INAOE, together with Instituto de
Geofisica-UNAM devoted to creation to a radiometer,
bolometer, and magnetomer remote-sensing system and
computer warning for earthquakes is being proposed as fol-
lows.

The radioelectronic system will be created on the basis
of integrated low-noise receivers (Koshevaya et al., 1982)
with antennas in different frequencies controlled by a per-
sonal computer. The data acquisition, the observation anal-
ysis, and the forecast of weather phenomena are based on
the computer and spatial programs. The system will be
based on an analogue system created at the Saturn Institute
in Kiev (Chmil et al., 1995). This Institute has partici-
pated in design of new receivers for radiotelescopes and
remote space communication,some of which are working



successfully on the Ratan radiotelescope and in the centre
of remote space communication in Jevpatoria, Ukraine
(Bakitko et al., 1993).

This ground-based remote-sensing system has a number
of advantages when compared with satellite sensing:

(1) The use of identical elements gives the possibility to
eliminate device errors, to increase reliability and preci-
sion of measurements and to simplify calibration.

(2) The system is not as expensive as space systems, as it
uses identical integrated elements with a small energy
consumption.

(3) The use of mountain landmarks with simultaneous me-
teorological stations and a net of radiometers, bol-
lometers, and magnetoineters enables us to increase the
number of observations and to improve control of
parameters of sensing.

(4) The proposed system is ecologically safe, indestructible
and non-polluting (Guiraud, 1979; Snider et al., 1980).

The remote-sensing system is based on measuring the
characteristics of radioheating radiation of the atmosphere
and ocean in the microwave range and low frequency mag-
netic fields. The basic parameters are the radiobrightness
temperature in the microwave range, the temperature con-
trasts and the value of magnetic field.

In the remote-sensing system, the use of new types of
integrated elements (Chmil et al., 1995; Bakitko et al.,
1993) is considered, with low-cost technology and a new
method for measuring ocean parameters and vertical pro-
files of wind velocity.

4. CONCLUSION

Measuring the radiobrightness temperature and mag-
netic fields may provide warning capabilities for earth-
quakes. Microwave radiation at all frequencies generated
under the epicentre causes the radiobrightness temperatures
of the ionosphere and atmosphere as well as the surface at
the epicentre to change very rapidly. This provides the pos-
sibility together with seismic and meteorological stations,
to monitor a region for future volcanic and seismic phe-
nomena.

We conclude that, in principle, the accumulated experi-
ence through observations on the ground and in space may
raise the possibility of creating a global space-ground
system for detection and prediction of earthquakes.
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