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Summary 
 
The chapter briefly focuses on the extraterrestrial and terrestrial incidences of both natural 
and artificial origins that take place in the biosphere. 
 
The biosphere outstands the natural and artificial changes occurring in it. The major natural 
hazards of extraterrestrial origins include stellar outbursts, asteroids, meteoroids, solar 
radiation storms, radio blackouts, and geomagnetic storms. The ones of terrestrial origins 
are volcanic eruptions, earthquakes, landslides, avalanches, tsunamis, floods, droughts, El 
Niños, La Ninas, tornadoes and tropical storms, lightning, blizzards, and epidemics.  
 
The artificial changes are brought about by human activities with feedback effects. The 
paradigm of land-use and land-cover changes covers this phase. The ones of anthropogenic 
origins include biomass burning, greenhouse gas production, incineration of chemical 
stockpiles, constructions of dams and reservoirs and water diversion, oil exploration, 
mining, fires, nuclear detonation, production of nuclear warheads, and wars. Indoor 
pollution affects health. Above all, there are always some incidences somewhere on the 
biosphere where politics is leaving its impact. 
 
1. Introduction 
 
The layered structure of our planet starts from the center and extends all the way up to the 
atmosphere. The central solid core has a radius of about 1230 km. The outer core, which is 
believed to be liquid, has a thickness of 2240 km. Above the outer core, there is the mantle 
which is about 2900 km thick. We live upon the crust, which is thin and rocky. Its depth is 
about 5 to 8 km underneath the ocean basins. Under the continents, it is about 25 to 40 km 
deep. The earth’s thin and hard outer shell is called lithosphere. Lithosphere is the outer 
zone of the roughly 2900 km thick mantle that extends from the outer zone to the crust. 
Lithosphere is divided into large and small fragments called plates. Its thickness is about 70 
km. Faults and earthquakes are mostly occurring in this rigid and brittle layer. Underneath 
lies the semi-molten asthenosphere which churns in slow motion. Aesthenosphere extends 
to approximately 700 km below the surface of the earth. Lithospheric plates can have three 
motions – pushing against one another which is convergent, moving away from one another 
which is divergent, and sliding past each other which is subduction. The lands and oceans 
form the biosphere.  
 
The floating biosphere in space is open to hazards coming from both terrestrial and 
extraterrestrial space. There are also natural hazards from within the biosphere itself. 
Additionally, anthropogenic activities change the background of the biosphere. The virgin 
state of the biosphere has been undergoing natural and anthropogenic changes. Some 
regions of the biosphere are more prone to specific natural hazards than the rest. Similarly, 
some regions have been subjected to artificial hazards to a worse degree than others. 
Nevertheless, the biosphere still behaves like a sink for all these disturbances. 
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2. Natural Hazards 
 
Natural hazards have been reigning in the biosphere since the time immemorial. Among 
these disturbances are stellar outbursts, asteroid and meteoroid hits, solar conditions, 
geomagnetic storms, volcanic eruptions, earthquakes, landslides, avalanches, tsunamis, 
floods, droughts, El Niño, La Ninas, tornadoes and tropical storms, lightning, blizzards, and 
epidemics are worthy of mentioning. These background phenomena have both 
extraterrestrial and terrestrial origins. 
 
2.1 Extraterrestrial Origin 
 
Biosphere is bombarded by extraterrestrial huge objects, particles, and radiations from 
prehistoric time until now. Still it carries some probability (however small that be) of 
getting hit by large objects. Stellar outbursts, asteroids, meteorites, solar radiation, 
geomagnetic storms - all are counted of extraterrestrial origin. 
 
2.1.1 Stellar Outbursts 
 
Stellar explosions are felt like cosmic ones. Stellar outbursts can send radiations that can 
reach the biosphere. It can stall momentarily the monitoring instruments placed in space 
and on the ground. A powerful surge of stellar radiation stripped atoms in the ionosphere 
(55 to 80 km altitude range) on August 27, 1998. The resulting electric condition of the 
high night sky severely limited the range of radio transmission. It affected the delicate 
instruments on seven spacecrafts causing their shutdowns (Wilford, 1999). The wave of 
gamma ray, x-ray, and high particle radiation burst out from a cataclysmic magnetic flare 
on a neutron star, called a magnetar, about 20,000 light years away from us. Neutron stars 
are stellar remnants after supernova explosions. Their mass is like that of the sun but only 
about 19 km across. The star is located in the constellation Aquilla, designated SGR1900 + 
14. 
 
2.1.2 Asteroids 
 
Asteroids are small rocky objects that revolve around the sun. The largest known asteroid, 
Ceres, is about 1/10,000 times as massive as the planet earth. It measures about 940 km 
across. In 1968, the asteroid Icarus missed our planet by 6 million km. In cosmic standards, 
it was a close interaction. In 1989, an unknown asteroid called 1989 FC, came within 
800,000 km from the earth. In 1991, asteroid 1991BA missed the earth by only 170,000 
km. Dinosaurs lived this planet almost 1000 million years ago. 
 
 It is thought that a huge extraterrestrial object hit this planet about 65 million years ago. It 
could be a 10- to 15-km diameter asteroid or comet that released about as much energy as 
10 million or more of the largest hydrogen bomb that human being has ever constructed. It 
blew a huge amount of dust and debris in the atmosphere. The dust obscured the sun for 
many years. Plants could not survive. The food chain disrupted. Dinosaurs died out. 
Whatever was the reason for their death, it is thought that a dramatic environmental change 
was responsible. 
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The frequency of impact of extraterrestrial origin ranges from once in a month to once in 
every 20 million years for objects heavy enough to cause release of 0.01 to 100x106 million 
megatons TNT equivalent energy. The probability of global catastrophe threshold ranges 
from about once in every 100 thousand years to once in 2.5 million years that would release 
an amount of energy of 50,000 to 10,000 megatons of TNT equivalent energy. 
 
2.1.3 Meteoroids 
 
A small body approaching the earth in space is called a meteoroid. It is called a meteor in 
the phase when it begins to vaporize in the atmosphere. If it survives to reach the earth’s 
surface, it is called a meteorite. 
 
A asteroid of mass of about 900 kg and a meter across can reach the surface of the earth to 
produce craters. Their kinetic energy will be converted to mechanical energy of damage, 
thermal energy of heat production, and sound energy of vibration. The dust raised in the 
atmosphere can obscure the sun. It can affect crop production, plant growth, and climate. 
Statistical calculations predict that a meteoroid should damage a building on this globe 
once in every 16 months. Meteoroids of all sizes add about 36,000,000 kg of mass per year. 
Every day the earth is bombarded by about two meteoroids large enough to make visible 
impacts. Most meteoroids are small particles in the range of a few centimeters to 
microscopic dusts. 
 
Meteoroids can explode in space instead of reaching the surface. On June 30, 1908, a 
meteoroid of about 30 m across exploded several km above the Siberian sky leaving a 
shallow depression on the ground and no fragments in Tunguska. The explosion had energy 
equal to that of a 10-megaton nuclear detonation. The explosion was heard hundreds of km 
away and the dust raised in the atmosphere increased atmospheric aerosol all over the 
Northern Hemisphere. If the earth had advanced about 71 degrees in rotation, Leningrad 
which was then called St. Petersburg, would be hit. 
 
The earth is marked by about 100 craters larger than one-tenth of a km across. The 
Barringer Meteorite Crater near Flagstaff, Arizona is about a km across. It is estimated that 
the mass of the meteoroid was 45,000,000 kg. It was created about 50,000 years ago by the 
impact of an iron meteoroid as large as the size of a building (80-100 m).  
 
US Skylab space station discovered the ancient impact basin that forms Quebec’s 
Manicouagan Reservoir. A long time ago, a large meteoroid must have landed there. The 
oldest meteoroid craters are about 2 billion years old (Seeds, 1997; Chaisson, 1995) 
 
2.1.4 Solar Radiation Storms 
 
The sun undergoes through a maximum condition with a periodicity of 11 years. A violent 
solar condition is characterized by emission of hazardous radiation. NOAA office calls it 
solar radiation storms. Solar storms have both biological and telecommunication-disrupting 
effects. NOAA office classifies the storms according to their scale.  
 
The scaling runs from S 5 to S1. S 5 is an extreme event, S 4 a severe one, S 3 a strong one, 
S 2 a moderate one, and S 1 is a minor one. A 5-minute average of the emitted particle flux 
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of energy 10 MeV expressed in s-1.ster-1.m-2 are  109, 108, 107, 106, and 104 for extreme, 
severe, strong, moderate, and minor solar storms, respectively. The average frequency of 
occurrence of these storms are less than 1, 3, 4 , 10, 25 , and 50 per 11-year solar cycle, 
respectively. 
 
An S 5 storm is the cause of high radiation hazard to astronauts on extra-vehicular 
activities. Passengers and crew members in commercial jets at high latitudes encounter a 
high radiation dose level (about the level of 10 chest x-rays). An S 5 storm hampers 
satellite operations. Some satellites can be lost. Satellite control is affected by loss of 
memory. Image data can accompany serious noise. Star-trackers fail to locate sources. 
Solar panels are permanently damaged. High frequency communication in the polar region 
is rendered impossible. Navigation becomes extremely difficult due to position errors. An S 
4 or severe storm causes the same biological, satellite operational, and telecommunication 
problems as an S 5 storm. 
 
Astronauts are recommended to avoid radiation hazard on extra-vehicular activities from an 
S 3 storm. Jet flyers receive about 1 chest x-ray dose level of radiation. In satellite 
operation, single-event upsets are likely to occur, imaging system picks up noise, exposed 
components or detectors are permanently damaged, and current in solar panels drop. 
Further, telecommunication is degraded. 
 
A moderate storm does not cause any biological impact. The only problem in satellite 
operation is infrequent single-event upsets. In telecommunication, small effects are 
observed on HF communication in the polar region where navigation is impacted. In case 
of an S 1 storm, no biological or satellite operational problems are faced. Only HF radio 
communication in the polar region receives minor impacts (www.sec.noaa.gov). 
2.1.5 Radio Blackouts 
 
Radio blackouts are measured by the level of x-radiation received by the GOES satellite. 
NOAA space weather scale divides the blackout events as R 5 which is extreme, R4 which 
is severe, R3 which is strong, R2 which is moderate, and R1 which is minor. These scales 
put GOES X-ray peak brightness by class X20 for the extreme case, X10 for the severe 
case, X1 for the strong case, M5 for the moderate case, and M1 for the minor case. 
 
These events have X-ray fluxes of 2x10-3 W. m-2, 1x10-3 W. m-2, 1x10-4 W. m-2, 5x10-5 W. 
m-2, and 1x10-5 W. m-2, respectively, in the wavelength range 0.1 to 0.8 nm The extreme 
class event occur less than 1 per cycle, the severe class 8 per cycle, the strong class 175 per 
cycle, the moderate class 350 per cycle, and the minor class 2000 per cycle. In terms of the 
number of storm days, the severe class have 8 days per cycle, the strong class 140 days per 
cycle, the moderate class 300 days per cycle, and the minor class 950 days per cycle. 
 
In case of the extreme class event, a complete cut-off of HF radio communication prevails 
for few hours on the sun-ward side of the earth. No contact is possible with mariners or en 
route navigators. Further, the sun-ward side suffers from hours-long outages of low 
frequency signals used by maritime and general aviation systems which results in the loss 
of positioning. Also, hours-long increased satellite positioning errors occur in satellite 
navigation on the sun-ward side of the planet with the possibility of spreading into the night 
side. 
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In the case of the severe class of blackouts, the major sun-ward side of the planet 
experiences one to two hours-long cut-off of HF radio communication. Mariners and en 
route aviators experience the same difficulty as in the case of the extreme class. For one or 
two hours, mariners and general aviators experience outages of low frequency navigation 
signals. This results in the increase of positioning error. Satellite navigation may experience 
light disruptions on the sun-ward side of the planet. 
 
An R 3 category of radio blackout is accompanied with a cut-off of HF radio 
communication signal over a wide area and about an hour-long out-of-radio contact for 
mariners and en route aviators on the sun-ward side of the planet. Further, it causes errors 
in maritime and general aviation positioning due to about an hour-long degraded effect in 
low frequency navigation signals. 
 
An R 2 category of blackout can cause a limited cut-off of HF radio communication signals 
on the sun-ward side of our planet and a loss of radio contact spanning over tens of minutes 
for mariners and en route aviators. It further degrades the low frequency navigation signal 
for tens of minutes introducing errors in maritime and general aviation positioning. 
 
An R 1 category of radio blackout can weaken HF radio communication signals on the sun-
ward of the planet, and mariners and en route aviators can lose radio contact occasionally. 
Further, maritime and general aviation positioning is affected for degraded low-frequency 
navigation signals spanned over short intervals (www.sec.noaa.gov). 
 
2.1.6 Geomagnetic Storms 
 
The earth behaves like a huge magnet. Fluctuations in its magnetic fields are termed 
geomagnetic storms.  
 
According to NOAA space weather scale, geomagnetic storms are categorized as G 5 for 
the extreme case, G 4 for the severe case, G 3 for the strong case, G 2 for the moderate 
case, and G 1 for the minor case. Kp, an index is used to measure the strength of 
geomagnetic storms. Every three-hour average values of Kp are 9, 8 (including a 9-), 7, 6, 
and 5, respectively, for these category of geomagnetic storms. The number of G5, G4, G3, 
G2, and G1 storms per an 11-year solar cycle are 4, 100, 200, 600, and 1700, respectively, 
for these categories. The number of storm days are 4 , 60 , 130, 360, and 900 days per 
cycle, respectively. 
 
Geomagnetic storms affect power lines, spacecraft operations, and telecommunications. An 
extreme storm can cause collapse of grid systems and damage to transformers. Spacecrafts 
experience extensive surface charging and orientation problems. Also, uplink/downlink and 
satellite tracking problems are experienced. Further effects are generation of hundreds of 
amperes of induced pipeline currents, cut-off of HF radio communication in many areas for 
a day or two, poor satellite navigation for days, blackout of low-frequency radio navigation 
for hours, and spreading of aurora up to the equator. 
 
A severe storm can cause voltage instability, collapse of portions of grids, and tripping in 
protective devices. Also, spacecrafts experience surface charging, tracking difficulty, and 
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orientation problems. Further, it generates induced pipeline currents affecting preventive 
measures, occasional HF radio propagation, hours-long degradation in satellite navigation, 
disruption of low-frequency navigation, and spreading of aurora up to the tropics. 
 
A strong geomagnetic storm can cause erroneous voltage reading, triggering of false alarms 
in protection devices, and likely high readings in Agas-in-oil transformers. In satellite 
operations, a strong storm can cause surface charging on spacecraft component parts, 
enhanced drag on spacecrafts, and orientation problems needing corrections. Further, in 
telecommunication, the storm can cause intermittent satellite navigation and low-frequency 
radio navigation problems, intermittent HF radio communication problems, and a spread of 
aurora up to mid-latitudes. 
 
A moderate geomagnetic storms can affect power lines at high latitudes only. In satellite 
operations, corrective measures are required by ground control, and problems are faced in 
orbit predictions due to changes in drag. In telecommunication, HF radio propagation does 
not work at high latitudes. Also, aurora extends up to 50 latitudes. 
 
A minor geomagnetic storm can cause fluctuations in weak power grids, impact lightly on 
satellite operations. In other effects, aurora is seen up to 60 degrees latitudes and migratory 
animals’ movements are affected (www.sec.noaa.gov). 
 
Canada and New York were affected by the geomagnetic storms of the late eighties. 
 
2.2 Terrestrial Origin 
 
Terrestrial origins can be both natural and artificial. Accordingly, we can divide terrestrial 
origins into geologic, climatic, and anthropogenic classes. 
 
2.2.1 Geologic Origin 
 
Geologic factors are volcanic eruptions, earthquakes, landslides, and tsunamis. Data on 
natural hazards of geologic origin can be obtained from these websites – 
http://www.saa.noaa.gov, http://www.ngdc.noaa.gov/seg/hazard/, and 
http://www.ngdc.noaa.gov/dmsp/ 
 
2.2.1.1 Volcanoes 
 
Active volcanoes have eruptions in historic time, dormant volcanoes do not have eruptions 
in historic time, and extinct ones do not have eruption record in geologic time scale. 
Recently active volcanoes group in linear chains the most wonderful one of which is the 
circum-Pacific zone around most of the pacific coast. A rough estimate shows that the of a 
volcanic eruption can be 1019 J. The May 18, 1980 eruption of the Mount St. Helen, 2900 
meter summit above the sea level was lowered by more than 400 meters.  
 
The event devastated timberland on the north side. Trees within a 400 km2 area lay 
flattened, intertwined, and branchless by the blast. The mud flow carried ash, trees, rock 
debris 29 km down the Toutle River. Some 59 people were killed from heat suffocation, 
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cloud of ash and gases, blast, and mud flows. About a cubic km of ash and rock debris 
came out of the eruption.  
 
The blast was strong enough to move some ash by 1.8 km to stratosphere. 
 
Magma compositions are of three types - mafic (basaltic) magma, intermediate (andestic) 
magma, and felsic (granitic) magma. The first type has at least 50% silica, is the least 
viscous, contains 1- 2% gas, possesses the least tendency to form pyroclastic materials 
(rock fragments, lava Abombs fine ash, and dust, and can form shield volcanos, basalt 
plateaus, and cinder cones landforms. The second type is medium viscous, contains about 
60% of silica and 3 - 4% gas, has intermediate tendency to form pyroclastics, and forms 
composite cones landform.  
 
The third type contains about 70% silica, is the most viscous, contains 4-6% gas, possesses 
the greatest tendency to form pyroclastics, and produces land forms of the type of volcanic 
domes and pyroclastic flows. (Turback and Lutgens, 1999). Signs of volcanic eruptions 
include swarms of earthquakes up to several thousands a week, bulging of land surface as 
magma rises in a vent underneath a volcano, amount and emission rates of gases like steam, 
carbon dioxide, and sulfur dioxide, and increase in temperature. The nearer to eruption is a 
volcano, the better prediction can be made as to the eruption. 
 
The Hawaiian Islands are mostly (99%) of lava. Magma eruption on the earth’s surface are 
responsible for volcanic landforms. Magma introduced below the surface can affect the 
surface topography. In 1959, eruption at Kilauea Iki had lava fountain rise 575 m. Swanson 
et al. (1979) reports of 185 million cubic meter of lava during the 1969-71 eruptions along 
the South Rift zone of Kilauea near Mauna Ulu. Tilling et al. (1987) reported of 162 
million cubic meter of during the 1972-74 eruptions. On August 24, 79 AD, the cities of 
Pompeii in southern Italy lost 15,000 people by the eruption of the Vesuvius.  
 
All but 30 people escaped from the nearby city of Herculaneum. Enough molten rock got 
out to build 1,100 great pyramids. Pompeii city fell beneath so much ash that heavy rain 
solidified it to 6-7 m cement-like substance. A northwest wind blew the ash over Pompeii. 
The ash cloud was so dense that at 100 km away places accumulated 10 cm of ash. They 
did not know its last eruption time. A new eruption of Vesuvius could kill as many as 500 
times more people as the eruption in 79 AD. Stream and friction between the particles of 
airborne dust charged the air around the eruption with static electricity. Spectacular lighting 
bolts appeared (Benson, R, and R. Platt, 1997). 
 
Nevada Del Ruiz killed 23,000 lives in Columbia in 1985. In 1991, early evacuation saved 
200,000 lives from the eruption of Pinatubo in the Philippines. There are about 434 
volcanoes worldwide. Old craters of volcano can form lakes. Vatican City State has one 
such lake. Mount Jao area in Japan also has one lake. Volcanos spread sea floor, change 
landforms, and are natural sources of air pollution. Volcanic gases may have 70% water 
vapor, 15% carbon dioxide, 5% nitrogen, 5% hydrogen sulfide, and some trace amounts of 
chlorine, hydrogen, and argon, Sulfur dioxide is the cause of acid rain. Scattering of solar 
radiation by aerosol particles, produces a local unbalance of radiation. Spectacular sunrises 
and sunsets are observed. Twilight tinge changes. The color of the moon and the sun 
change. Polarization of skylight happens. 
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