
Disaster Management (Open Elective) - B.Tech III year – II Semester 

Page 1 

 

 

 

UNIT – 3 

ENDOGENOUS HAZARDS 

 

VOLCANIC HAZARDS/DISASTERS 
 

Volcanoes are openings in the earth's crust created when molten material under the 

crust is propelled upward though the surface. The magma chamber collects the magma that is 

expelled to the surface in an eruption. A volcanic event could be: 

 
 Destructive, with voluminous lava flows or explosive activity. This usually 

occurs when magma is sticky and contains a lot of gas. Hot debris particles called 

pyroclastic are expelled during violent explosions. Heavier pieces land near the 

crater and lighter pieces can be carried by the wind for hundreds of miles. 

 Non-destructive, with little release of solids or magmatic liquid. These 

eruptions occur when the magma is more fluid and contains less gas. The solids 

or magma rocks and lava cools on its slope. 

Cross Section of a Volcano: The material expelled during violent and quite eruptions build a 

coneshaped mountain around the central vent. Usually there is a bulge shaped crater at the top 

of the central vent. 

 
 Types of volcanic eruption

 

Volcanoes can be divided according to the explosiveness of their eruptions. The least 

severe are known as Hawaiian eruptions – these generally produce shield volcanoes. The most 

severe are called Plinian eruptions – these often involve the collapse of the volcano’s cone and 

the formation of a caldera. Plinian eruptions were named after the Roman Scholar Pliny the 

Elder, who lost his life, when Mount Vesuvius erupted in AD 79. His nephew, Pliny the younger 

wrote to Tacitus describing the eruption as it began. 

 Hawaiian: The least violent type of eruption. Large amounts of runny lava erupt and 

produce largevolcanoes with gentle slopes 

 Strombolian: Mild but fairly regular eruptions. Small sticky lava bombs, ash, gas and 

glowingcinders erupt 

 Vulcanian: Violent eruptions shoot out very thick lava and large lava bombs. 

 Peleean: A violent type of eruption. Thick, sticky lava is accompanied by a burning 

cloud of ash, gasand pumice (a nueeardente, which is French for ‘fiery cloud’). 
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 Plinian: The most violent type of eruption. Cinders, gas and ash are flung explosively 

high into theair. The volcano cone often collapses to form a caldera. 

 
 Causes and distribution of Volcanoes:

 

Volcanoes are generally found where tectonic plates are diverging or converging. A mid-oceanic 

ridge, for example the Mid-Atlantic Ridge, has examples of volcanoes caused by divergent tectonic plates 

pulling apart; the Pacific Ring of Fire has examples of volcanoes caused by convergent tectonic plates 

coming together. By contrast, volcanoes are usually not created where two tectonic plates slide past one 

another. Volcanoes can also form where there is stretching and thinning of the Earth's crust in the 

interiors of plates, e.g., in the East African Rift, the Wells Gray-Clearwater volcanic field and the Rio 

Grande Rift in North America. This type of volcanism falls under the umbrella of "Plate hypothesis" 

volcanism. Volcanism away from plate boundaries has also been explained as mantle plumes. These so- 

called "hotspots", for example Hawaii, are postulated to arise from upwelling diapirs with magma from 

the core–mantle boundary, 3,000 km deep in the Earth. 

 
 Environmental Impacts of Volcanic eruptions:

 

Volcanic eruptions can be extremely damaging to the environment, particularly because 

of a number of toxic gases possibly present in pyroclastic material. It typically consists mainly 

of water vapor, but it also contains carbon dioxide and sulphur dioxide gas. Other gases 

typically found in volcanic ashes are hydrogen sulphide, hydrogen chloride, hydrogen fluoride, 

carbon monoxide, and volatile metal chlorides. 

Carbon dioxide emitted from volcanoes adds to the natural greenhouse effect. Sulphur- 

dioxides cause environmental problems, because they are converted to sulphuric acid in the 

stratosphere; the main cause of acid rain. Furthermore, sulphate aerosols are formed, which 

reflect solar radiation and absorb heat, thereby cooling the earth. Sulphate aerosols also take 

part in chemical reactions, forming ozone destructive material. 

 Social and Economical Impact of Volcanoes:
 

Erupting volcanoes can pose many hazards, not only in the immediate vicinity of the 

eruption. Volcanic ash can be a threat to aircraft, in particular those with jet engines where 

ashparticles can be melted by the high operating temperature; the melted particles then adhere 

tothe turbine blades and alter their shape, disrupting the operation of the turbine. 

The social and economical impact that volcanoes posses are indeed a serious one. 

Throughout history volcanoes have shed their destruction on humankind, and their legacy will 
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continue. One of the most destructive eruptions arePeléan eruptions which are named after the 

eruption of Mt. Pelee on May 8, 1902 that destroyed the town of St. Pierre 

Of 30,000 inhabitants in 1902, only two survived the avalanches of incandescent ash 

that leveled the city in only two minutes. Victims recounted a burning sensation on all over 

their bodies and throat. Instantaneous death is usually the result of inhaling the highly heated 

gases or from burns. All the houses were unroofed or demolished. The trees were stripped of 

leaves and branches, down to the bare trunks 

The eruption of Vesuvius on August, AD 79 was even yet more terrifying. It produced 

major pumice-and-ash falls, followed by pyroclastic flows(nuees). Pompeii, a nearby city, was 

blanketed by thick pumice-fall deposits, which were in turn covered by pyroclastic flows, 4 to 5 

meters thick. Herculaneum, another nearby city, was upwind from the early falling debris but 

was inundated by multiple pyroclastic flows, which total 10 to 20 meters in thickness. 

Among the causes of death are fractured skulls, overwhelmed by ashes or noxious gases, or 

overcome by pyroclastic-flows. Excavation revealed 2,000 body-shaped cavities in Pompeii alone. 

 Mitigation by evacuation:
 

The instruments that monitor the rift zones 24 hours a day should be placed. Before an 

eruption, the ground inflates rapidly and seismographs record volcanic tremor (underground 

magma flowing up towards the surface). Although there is usually an increase in seismic 

activity and ground deformation for several hours prior to an eruptive outbreak, residents 

living in remote areas may have little warning and less time to evacuate themselves and their 

possessions prior to a fast-moving lava flow. 

The steeper the ground, the faster lava travels. When Kalapana was overrun by lava 

flows in the early 1990s, residents had days and sometimes weeks to plan for evacuation, 

because the ground was flat and the lava moved slowly. But on the west side of Mauna Loa, the 

slopes are steeper, and lava moves faster. The 1950 lava flow at Ho‘okenamauka reached the 

ocean in less than six hours. 

Besides destroying homes, lava flows can cut off roads--and evacuation routes. Thus, 

you may be asked to evacuate early and quickly to provide adequate time to reach safety. You 

can always replace your possessions, but not your life, so get your family and pets out of danger 

as quickly as possible. 

Because a sudden eruption may damage transportation and communication networks, you 

should make advance plans with your family on where they should go and with whom they should 

communicate in the event an eruption occurs when the members of the family are not together. 
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If you live on a steep slope, you may not be able to see lava flows headed your way, as 

they may be obscured by trees or mist. Follow the orders of Civil Defense, who are informed by 

scientists of the location of flows. 

Keep a list of items to take with you in the event of evacuation: irreplaceable 

documents, financial records, medications, easily transported valuables, and sufficient supplies 

to sustain you for several days. And remember - the only truly irreplaceable thing is your life 

and that of your loved ones. When in doubt, get out. 

Also recognize that your pets and farm animals cannot be accommodated at shelters. If 

you live in a high lava flow hazard zone it would be wise to make arrangements ahead of time 

with a friend or family member living outside of the high risk zone to shelter your animals if 

evacuation is necessary. 

EARTHQUAKE HAZARDS / DISASTERS 
 

Earthquake Definition: 

An earthquake is a phenomenon of shaking on the surface of the earth, due to the 

movement along geological faults present in the earth’s lithosphere. It is usually what happens 

when two blocks of the earth suddenly slip past one another, or break apart from each other as 

a result of tension caused by prolonged energy build up. This sudden release of energy from the 

fault plane will generate seismic waves to travel in all directions. The seismic waves that reach 

the earth’s surface cause an earthquake. 

Earthquakes come in many forms. 

• Felt as a shock under your feet, or 

• Powerful and destructive enough to flatten an entire city 

• Can happen anywhere, land or sea. 

 

Faults (or Fault Plane or Fault Lines): 

These are weak lines that can develop in the plates, usually on the surface of the earth. 

There are different types of faults and the major types include: 

• Dip-slip normal 

• Dip-slip reverse 

• Strike-slip 

• Oblique-slip 
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 Causes of Earthquakes

Earthquakes develop in the crust of the earth (earth’s surface, submarine levels, down to 

the ocean floors). 

The inner part of the earth contains massive energy. Some of which escapes through 

cracks and other volcanic activity. The energy stored causes the tectonic plates to slide, glide, 

knock and move around other tectonic plate. After a period of time, the built up energy and 

movement causes huge tension in the plates and there is a massive pressure on the fault lines. 

The pressure resulting from built up energy causes the fault line give way, and plates move over, 

against or apart from each other. 

 
 

 Distribution of earthquakes

Distribution of earthquakes at plate boundaries (inter-plate) and within a region (intra-plate) 

 
 Hazardous effect of earthquakes:

 
Ground shaking itself is not dangerous. However, the resulting damage to buildings and 

other structures and the risk of casualties from falling debris can make it extremely hazardous. 

The real dangers to people are being crushed in a collapsing building, drowning in a flood 

caused by a broken dam or levee, getting buried under a landslide, or being burned in a fire. 

 
Some of the earthquake effects that can be harmful to people are: 

 
1. The Effect of Ground Shaking: 

The first main earthquake hazard (danger) is theeffect of ground shaking. 

Buildings can be damaged by the shaking itself or by the ground beneath them 

settling to a different level than it was before the earthquake (subsidence). 

 
a. Liquefaction: If a saturated soil is subjected to ground vibrations, it tends to 

compact anddecrease in volume. If drainage is unable to occur, the tendency 

to decrease in volume results in an increase in pore water pressure. If the 

pore water pressure builds up to the point at which it is equal to the 

overburden pressure, the effective stress becomes zero, and the soil loses its 

shear strength completely and soil flows like a liquid. This phenomenon is 

called liquefaction. 

Building and other structures sink into the ground or overturn and 

buried tanks and other cavities rise to the surface. This is known as 
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liquefaction. The ground firms up again after the earthquake has past and the 

water has settled back down to its usual place deeper in the ground. 

2. Ground Displacement: The second main earthquake hazard is ground 

displacement (ground movement) along a fault. If a structure (a building, road, etc.) 

is built across a fault, the ground displacement during an earthquake could seriously 

damage or rip apart that structure. 

3. Flooding: The third main hazard is flooding. An earthquake can rupture (break) 

dams orlevees along a river. The water from the river or the reservoir would then 

flood the area, damaging buildings and maybe sweeping away or drowning people. 

4. Tsunamis and Seiches: A temporary disturbance or oscillation in the water level of 

a lake, esp.one caused by changes in atmospheric pressure can also cause a great 

deal of damage. 

a. A tsunami is what most people call a tidal wave, but it has nothing to do with 

the tides on the ocean. It is a huge wave caused by an earthquake under the 

ocean. Tsunamis can be tens of feet high when they hit the shore and can do 

enormous damage to the coastline. 

b. Seiches are like small tsunamis. They occur on lakes that are shaken by the 

earthquake and are usually only a few feet high, but they can still flood or 

knock down houses, and tip over trees. 

5. Fire: The fifth main earthquake hazard is fire. These fires can be started by broken 

gaslines and power lines, or tipped over wood or coal stoves. They can be a serious 

problem, especially if the water lines that feed the fire hydrants are broken, too. For 

example, after the Great San Francisco Earthquake in 1906, the city burned for three 

days. Most of the city was destroyed and 250,000 people were left homeless. 

 
 Severity of earthquake: 

The severity of an earthquake is described by both magnitude and intensity. 

These two frequently confused terms refer to different, but related, observations. 

Magnitude is usually expressed in the size of an earthquake by measuring indirectly the 

energyreleased. By contrast, intensity indicates the local effects and potential for damage 

produced by an earthquake on the Earth's surface as it affects humans, animals, 

structures, and natural objects such as bodies of water. Intensities usually represent the 

severity of the shaking resulting from an earthquake. Ideally, any given earthquake can 

be described by only one magnitude, but many intensities since the earthquake effects 

vary with circumstances such as distance from the epicenterand local soil conditions. 
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Table 3.1: Magnitude and Severity of earthquake 

 

Magnitude Description 
Mercalli 
Intensity 

Average earthquake effects 
Average frequency of 

occurrence (estimated) 

Less than 2 Micro I 
Micro earthquakes, not felt, or felt rarely by sensitive people. 
Recorded by seismographs. 

Continual/several 
million per year 

2.0–2.9 
 
 

Minor 

I to II Felt slightly by some people. No damage to buildings. 
Over one million per 
year 

 
3.0–3.9 

 
II to IV 

Often felt by people, but very rarely causes damage. Shaking of 
indoor objects can be noticeable. 

 
Over 100,000 per year 

 

4.0–4.9 

 

Light 

 

IV to VI 

Noticeable shaking of indoor objects and rattling noises. Felt by most 
people in the affected area. Slightly felt outside. Generally causes 
none to minimal damage. Moderate to significant damage very 
unlikely. Some objects may fall off shelves or be knocked over. 

 
10,000 to 15,000 per 
year 

 
5.0–5.9 

 
Moderate 

 
VI to VIII 

Can cause damage of varying severity to poorly constructed 
buildings. At most, none to slight damage to all other buildings. Felt 
by everyone. Casualties range from none to a few. 

 
1,000 to 1,500 per year 

 

 
6.0–6.9 

 

 
Strong 

 

 
VII to X 

Damage to many buildings in populated areas. Earthquake-resistant 
structures survive with slight to moderate damage. Poorly-designed 
structures receive moderate to severe damage. Felt in wider areas; 
up to hundreds of miles/kilometers from the epicenter. Damage can 
be caused far from the epicenter. Strong to violent shaking in 
epicentral area. Death toll ranges from none to 25,000. 

 

 
100 to 150 per year 

 

7.0–7.9 

 

Major severe 

 
VIII or 

Damage 

Causes damage to most buildings, some to partially or completely 
collapse or receive. Well-designed structures are likely to receive 
damage. Felt in enormous greater areas. Death toll ranges from none 
to 250,000. 

 

10 to 20 per year 

 

8.0–8.9 

 
 

 
Great 

 
 
 

Major 
Damage 

Major damage to buildings, structures likely to be destroyed. Will 
cause moderate to heavy damage to sturdy or earthquake-resistant 
buildings. Damaging in large areas, some totally destroyed. Felt in 
extremely large regions. Death toll ranges from 1,000 to 1 million. 

 

One per year 

 
9.0 and 
greater 

Near or at total destruction - severe damage or collapse to all 
buildings. Damage and shaking extends to distant locations. 
Permanent changes in ground topography. Death toll usually over 
1,000. 

 
One per 10 to 50 years 
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 Earthquake Hazards in India 

 
Earthquake hazard zoning of India: The major reason for the high frequency and intensity of 

theearthquakes is that the Indian plate is driving into Asia at a rate of approximately 47 mm/year. 

Geographical statistics of India show that almost 54% of the land is vulnerable to earthquakes. A World 

Bank & United Nations report shows estimates that around 200 million city dwellers in India will be 

exposed to storms and earthquakes by 2050. The latest version of seismic zoning map of India given in 

the earthquake resistant design code of India [IS 1893 (Part 1) 2002] assigns four levels of seismicity for 

India in terms of zone factors. In other words, the earthquake zoning map of India divides India into 4 

seismic zones (Zone 2, 3, 4 and 5) unlike its previous version which consisted of five or six zones for the 

country. According to the present zoning map, Zone 5 expects the highest level of seismicity whereas 

Zone 2 is associated with the lowest level of seismicity. The latest seismic zoning map can be accessed 

from The India Meteorological Department website. 

 
Each zone indicates the effects of an earthquake at a particular place based on the 

observations of the affected areas and can also be described using a descriptive scale like 

Modified Mercalli intensity scale… 

 
Zone 5: Covers the areas with the highest risks zone that suffers earthquakes of intensity IX 

orgreater. The IS code assigns zone factor of 0.36 for Zone 5. Structural designers use this factor 

for earthquake resistant design of structures in Zone 5. It is referred to as the Very High 

Damage Risk Zone. The state of Kashmir, the western and central Himalayas, the North-East 

Indian region and the Rann of Kutch falls in this zone. Generally, the areas having trap or 

basaltic rock are prone to earthquakes. 

 
Zone 4: This zone is called the High Damage Risk Zone and covers areas liable to intensity VIII 

orhigher. The IS code assigns zone factor of 0.24 for Zone 4. The Indo-Gangetic basin and the 

capital of the country (Delhi), Jammu and Kashmir fall in Zone 4. In Maharashtra, Patanarea 

(Koyananager) also comes under zone 4. 

 
Zone 3: The Andaman and Nicobar Islands, parts of Kashmir, Western Himalayas fall under 

thiszone. This zone is classified as Moderate Damage Risk Zone which is liable to intensity VII. 

The IS code assigns zone factor of 0.16 for Zone 3. 

Zone 2: This region is liable to intensity VI or less and is classified as the Low Damage Risk 

Zone.The IS code assigns zone factor of 0.10 (maximum horizontal acceleration that can be 

experienced by a structure in this zone is 10% of gravitational acceleration) for Zone 2. 
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Fig 3.1: Seismic Zonation Map of India 

 
Indian-Subcontinent, particularly the north-eastern and north-western regions are the 

most earthquakes-prone regions of the world. 1988 Bihar earthquake, 1991 Uttarkashi 

earthquake, 1993 Killari earthquake, 1997 Jabalpur earthquake, 1999 Chamoli 

earthquake,2001 Bhuj earthquake, 2002 Andaman earthquake, 2004 Sumatra earthquake, 

2005 Kashmir earthquake, 2011 Sikkim earthquake are some of the worst hit earthquakes, 

which cumulatively have caused over 1 lakh death toll. 

Seismic zonation map clearly shows that 58% land mass of India is highly vulnerable to 

earthquake hazard. During last 100 years, India has witnessed more than 650 earthquakes of 

magnitude= 5.0 [Kamalesh Kumar, 2008].In addition to very active northern and north-eastern 

range, the recent events of1993 Killari (Maharashtra) and Jabalpur(Madhya Pradesh) in the 

Peninsular India have started raising doubts as the disasters caused by these earthquakes are 

alarmingly increasing. Earthquake events reporting from the Himalayan mountain range, 

 
 

Andaman and Nicobar Islands, Indo-Gangetic plain as well as from peninsular region of India 

belongs to subduction category and a few events had also been under intra-plate category. 
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Fig 3.2: Seismic Zonation Map of India along with 1040 active faults (Geological 

Survey of India) and National Importance Dams 

 
 

Himalayan Frontal Arc (HFA) ranging about 2,500 km long extending from Kashmir in the west 

to Assam in the east undergoes subduction process, making it one of the most seismically active 

regions in the world. The present day seismicity in this region is due to the continuous collision 

between Indian and Eurasian plates. Some of the most important earthquakes that have occurred 

during the past century in Himalayan Frontal Arc are tabulated below 

 
Table 3.2: Important earthquakes in Himalayan Frontal Arc 

(Kamalesh Kumar (2008), http://gbpihed.nic.in) 

 
Place Year Magnitude Casualty 

Kangra Valley April 4, 1905 8.6 >20,000 

Bihar-Nepal border January 1, 1934 8.4 >10,653 

Quetta May 30, 1935 7.6 about 30,000 

North Bihar 1988 6.5 1000 approximately 

Uttarkashi October 20, 1991 6.6 >2,000 

Chamoli March 29, 1999 6.8 >150 

Hindukush November 11, 1999 6.2 no death reported 

Sikkim September 18, 2011 6.9 about 111 
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The Peninsular India which was once considered as a stable region has started to 

experience the earthquakes in increased number because of intra-plate mechanism. Even 

though the magnitudes of these are less and recurrence intervals are larger than those of the 

HFA, it started to create panic among the inhabitants in this region. Some of the most 

important earthquakes that have occurred in Peninsular India in the past are tabulated below 

 
Table 3.3: Important earthquakes in Peninsular India 

(Kamalesh Kumar (2008), http://gbpihed.nic.in) 

 
Place Year Magnitude Casualty 

Kachchh June 16, 1819 8.5 No record 

Jabalpur June 2, 1927 6.5 — 

Indore March 14, 1938 6.3 — 

Bhadrachalam April 14, 1969 6.0 — 

Koyna December 10, 1967 6.7 >200 

Killari (Latur) September 30, 1993 6.3 >10,000 

Jabalpur May 22, 1997 6.0 >55 

Bhuj January 26, 2001 7.6 >20,000 

 
 

North-eastern region of India which is one of the six most seismically active regions of 

the world lies at the junction of the Himalayan arc to the north and the Burmese arc to the 

east. Eighteen large earthquakes with magnitude ≥ 7.0 occurred in this region during the last 

hundred years (Kayal, 1998). High seismicity in the north-eastern region may be attributed to 

the collision tectonics in the north (Himalayan arc) and subduction tectonics in the east 

(Burmese arc). Some of the most important earthquakes that have occurred in this region of 

India in the past are tabulated below 
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Table 3.4: Important earthquakes in Northeastern region of India 
(Kamalesh Kumar (2008), http://gbpihed.nic.in) 

 

 
Place 

 
Year 

 
Magnitude 

 
Remark 

 
Cachar 

 
March 21, 

1869 

 
7.8 

Numerous earth 
fissures and sand 

craters 

Shillong 
Plateau 

June 12, 
1897 

 
8.7 

About 1542 people 
died 

Sibsagar 31-Aug-06 7 Property damage 

Myanmar 12-Dec-08 7.5 Property damage 

 
Srimangal 

 
8-Jul-18 

 
7.6 

4500 sq km area 
suffered damage 

S-W 
Assam 

9-Sep-23 7.1 Property damage 

 
Dhubri 

 
2-Jul-30 

 
7.1 

Railway lines, 
culverts and bridges 

cracked 

Assam 27-Jan-31 7.6 
Destruction of 

Property 

N-E 
Assam 

 
23-Oct-43 

 
7.2 

Destruction of 
Property 

Upper 
Assam 

29-Jul-49 7.6 
Severe damage About 

1520 people died. 

Upper 
Assam 

 
15-Aug-50 

 
8.7 

One of the largest 
known earthquake in 

the history 

Indo- 
Myanmar 

border 

 
6-Aug-88 

 
7.5 

 
No casualty reported. 

 
Seismologists seem not to believe that the frequency in the occurrence of earthquakes 

has increased. Unfortunately, earthquakes of higher magnitudes which use to occur in 

uninhabited areas or virtually uninhabited areas have hit some thickly populated areas. 

Consequently, they have killed thousands of people. Increase in the loss of life and property 

damage is due to increasing vulnerability of human civilization to these hazards. This can be 

understood by the fact that Kangra event of 1905 (MW=8.6) and Bihar-Nepal of 1934 

http://gbpihed.nic.in/
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(MW=8.4) killed about 20,000 and 10,653 people respectively. On the other hand 1897 

Shillong Plateau and 1950 Upper Assam events of the northeast (MW=8.7 each) caused death 

to about 1542 and 1520 people. This is because Kangra and Bihar-Nepal events struck in 

densely populated areas of Indo-Gangetic plain. On the other hand, the north-eastern region 

was thinly populated in 1897 and 1950 [Kamalesh Kumar, 2008]. The concentration of 

population has become denser since the time when such major earthquake occurred in these 

regions, creating more alarming situation and the devastation it would become if such event 

occurs now. There are several examples, where high number of casualties and deaths 

occurred when the event occurred during early morning hours and quite opposite when they 

occurred during the day time even when the epicenter is too near to the inhabited areas. 

These examples clearly tell that the time of occurrence of the event and the epicenter also 

matters, to quantify loss of life and damage to property. 

 
 

 

Fig 3.3: Major earthquakes in India 
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 Mitigation of earthquake: 

• National, State & Dist. Disaster Management Authorities should be established. 

• Large number of strong ground motion recorders should be installed 

• Identification and quantification of where the hazard exists should be made. 

• Seismic zonation (macro and micro) should be done. 

• Numerical simulations should be done if there is no previous data. 

• Review of building bye-laws (codes of practice) should be done, with every 

advancement in research 

• Considering probable input forces, buildings should be analyzed, designed and 

constructed with utmost care. 

• Implementation gap should be reduced between poor and rich. 

• Critical information should reach the emergency response team in time, to prevent 

further losses. 

• Capacity building of engineers and architects 

• Training masons 

• Earthquake engineering in undergraduate engineering/architecture curricula 

• Hospital preparedness and emergency health management in medical education 

• Retrofitting of life-line structures (old/vulnerable) 

• Urban earthquake vulnerability reduction programme 

• Mainstreaming mitigation in rural areas 

 

 National guidelines on earthquake risk management 

National Disaster Management Authority has released a national guidelines in  May 

2007 in which it is mentioned that all new constructions in the earthquake prone area must 

adopt earthquake resistant measures. The critical factors responsible for the high seismic risk 

in India have prioritized six sets of critical interventions; they are to: 

a) Ensure the incorporation of earthquake-resistant design features for the construction of new 

structures. 

b) Facilitate selective strengthening and seismic retrofitting of existing priority and lifeline 

structures in earthquake-prone areas. 

c) Improve the compliance regime through appropriate regulation and enforcement. 

d) Improve the awareness and preparedness of all stakeholders. 

e) Introduce appropriate capacity development interventions for effective earthquake 

management (including education training, R&D, and documentation). 

f) Strengthen the emergency response capability in earthquake-prone areas. 

 
 Mitigating at your capacity: 
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 Securing bookshelves

 Emergency survival kits

 Securing water heater

 Protecting your home

 Family preparedness

 
 

Home Emergency Survival Kit Checklist 
 

 Light source (Flashlight, Candles & Matches)

 First-aid kit, including Medications

 Five-day non-perishable food supply

 Containers of water (2 quarts per person per day)

 Sleeping bags or blankets

 Clothing

 Cooking stove

 Fuel for stoves, hibachis, or lanterns

 

 
 Landslides: 

A landslide or landslip is a geological phenomenon which includes a wide range of ground 

movements, such as rockfalls, deep failure of slopes and shallow debris flows, which can occur 

in offshore, coastal and onshore environments. Although the action of gravity is the primary 

driving force for a landslide to occur, there are other contributing factors affecting the original 

slope stability. Typically, pre-conditional factors build up specific sub-surface conditions that 

make the area/slope prone to failure, whereas the actual landslide often requires a trigger 

before being released. 

Causes: 

Landslides occur when the stability of the slope changes from a stable to an unstable condition. A change 

in the stability of a slope can be caused by a number of factors, acting together or alone. 

Natural causes of landslides include: 

 
   ground water (pore water) pressure acting to destabilize the slope 

   Loss or absence of vertical vegetative structure, soil nutrients, and soil structure (e.g. 

after a wildfire (e.g. fire in forests etc. lasting for 3-4 days) 

   erosion of the toe of a slope by rivers or ocean waves 

   weakening of a slope through saturation by snow melt, glaciers melting, or heavy 
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   rains earthquakes adding loads to barely stable slope 

   earthquake-caused liquefaction destabilizing 

   slopes volcanic erosion 

   Landslides are aggravated by human activities, 
 

Human causes include: 

   deforestation, cultivation and construction, which destabilize the already fragile slopes 
 vibrations from machinery or traffic 

   blasting 

   earthwork which alters the shape of a slope, or which imposes new loads on an existing 

slope 

   in shallow soils, the removal of deep-rooted vegetation that binds colluviums (loose, 

unconsolidated sediments) to bedrock 

   Construction, agricultural or forestry activities (logging) which change the amount of 

water which infiltrates the soil. 

The formation as well as the destruction of landforms in every natural process falls within a domain. 

However, combinations of forces are at work here. A landslide is associated with hill-slopes, but rain 

could be another contributing factor. But neither all hill-slopes nor all rain-affected areas are susceptible 

to landslides. In many places in Uttarakhand, major landslides occur because of blasting carried out for 

road cuttings. Landslides can be grouped into three categories: 

(i) Those which are predictable, which cause heavy loss of life and extensive damage, 

for example, Karmi landslide in 1983 and very recent landslide of Berinag 1996. 

(ii) Those whose threat is known 

(iii) The third category of landslides is that which occurs because of development 

projects such as dams, reservoirs, housing schemes, or new roads. 

The physical control of landslide is an engineering problem whose solution lies in the correct 

identification of the causes of terrain instability. Factors that can cause instability of terrain are: 

undercutting by water, weathering of weaker strata at the toe of the slope, washing out of 

granular material by seepage erosion, man-made cuts and excavations, natural accumulation of 

water, man-made pressure, and build-up of pore-water pressure. 

 Landslides in India 

 
Extending for about 3,000 km from west to east and lying on 27-2800 N. lat, the extra 

peninsular region of India, commonly referred as Himalaya, represents the largest mountain 

chain of the country. The Himalayan region is the most complex, most popular, most fragile and 

tallest of the world’s mountain regions.0 
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Himalayas can be divided into three mountain ranges between the NamcheBarwa Peak 

(7755 m) in the east and Nanga Parvat (8125 m) in the west, and from north to south. These 

are (i) The Greater Himalaya, (ii) The Lesser Himalaya and (iii) The Shivaliks 

The Greater Himalaya extends in the north of the Himalayan region. Geographically, it extends 

across the Indian states of Jammu and Kashmir, Himachal Pradesh, Uttarakhand, and Nepal. The 

Himalayan belt is subjected to extreme weather conditions, accelerated process of erosion caused by 

high magnitude of surface gradient and frequent landslides owing to geo-dynamic instability. 

The Lesser Himalayan mountain ranges, which are also called the middle Himalaya, 

extend parallel to the south of the Great Himalaya. The southern slopes of these ranges have 

considerably steep gradients, whereas the northern slopes are marked by comparatively lower 

surface gradients and are covered with conical forests. Therefore, the southern slopes are 

frequently subject to erosion, landslides and other land degradations. This part of the Himalaya 

has considerable high population density and is the zone of concentration of settlements, 

agriculture and various other human activities. 

The Shivaliks are the outer hills and valley zones consisting of the outermost forest belt 

of the lower ranges. In between Shivalik ranges and the Lesser Himalaya, there are a number of 

large and longitudinal villages which are geographically known as ‘Doons’. Dehradun in 

Uttaranchal is situated in such a valley called the Doon Valley. Doons are very fertile and 

agriculturally prosperous places. 

Majority of landslides of India occur mostly in the above mentioned regions. The table 

below gives the incidences of landslides in India 

 

Incidences (occurrences) of Landslides in India 
 
 

Region Incidences of Landslides 

Himalayas High to very high 

North-eastern Hills High 

Western Ghats and the Nilgiris Modern to high 

Cattle lost Low 

Vindhayachal Low 
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Landslides Zonation Mapping is a modern method to identify landslides prone areas and has 

been in use in India since 1980’s. The major parameters that call for evaluation are as follows: 

 
1. Slope-Magnitude, length and direction 

2. Soil thickness 

3. Land use 

4. Drainage- pattern and density 

5. Landslide affected population 

 
 Landslide Hazard Assessment: 

 
Landslide hazard assessment is concerned with providing answers to some crucial 

questions in all stages o construction activities from planning to maintenance. 

The questions could be as follows: 

Where will the landslide occur? 

How much of the slope will be involved? 

When will the landslide occur? 

How hazardous is the anticipated landslide? 

How fast will the landslide travel? 

And how far will the landslide retrogress (go back to the earlier state)? 

 
 Preventive measures: 

 
A significant reduction in landslide hazards can be achieved by preventing or minimizing 

the exposure of population and facilities to landslides and by physically controlling landslides 

that occur. The problem of management of landslides through effective control measures 

would require enormous financial resources, which will never be available. Hence, the 

wisdom lies in full exploitation of human resources and in making best use of local skills and 

materials. 
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Some critical measures that should be undertaken to prevent further landslides are 

drainage measures which would include surface draining, and sub-surface drainage, erosion 

control measures which would consist of bamboo check dams, terracing, jute and coir netting, 

rock fall control measures which would comprise grass plantation, vegetated dry masonry 

wall, retaining wall, and afforestation. 

The control works that are actually carried out in the landslide areas are primarily for 

the purpose of saving life. Secondly, for the preservation of public structures and buildings 

and thirdly, o prevent the disruption of road traffic and to prevent flooding in the event of a 

landslide damming (build a dam across) a river. 
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Unit – 4 

EXOGENOUS HAZARDS 

 

Definition: 

The term ‘exogenous’ refers to something having an external cause or origin. Hence, 

exogenous hazards refer to the hazards that arise from external threats, causes or factors. The 

exogenous hazards arise from atmospheric phenomenon or changes in it. Examples of such 

hazards are storms, thundering or lightning, cloud bursts, flash floods,etc. 

Exogenous hazards are classified as follows: 

 
1. Climatic Hazards: This category includes phenomenon of El-Nino, sea-level rise, glacier 

melting, etc. 

2. Chronic Hazards: These hazards occur as a result of long term conditions or problems 

such as drought, pollution, resource degradation, global warming, etc. 

3. Hydrologic Hazard: This includes cyclones, hail storms, ice, snow, floods, drought, 

tsunami, rapid glacier advance, wave action, etc. 

4. Meteorological Hazards: This type includes storms, heat waves, and cold waves 

5. Infrequent Events: Examples includes cyclones, lightning, and hail storms 
 
 

 

CYCLONES 
 

The Asia-Pacific region faces 60% of all major disasters recorded in the world, while 

India is a major disaster-prone country in the region. India has been ranked 4th amongst the 

most disaster prone countries in the world. The most important natural disasters, according to 

the frequency of their occurrence countrywide in the last 25 years are floods, cyclones, 

droughts and earthquakes. 

 

Cyclones are considered to be the most destructive among the natural disasters, when 

viewed in terms of their severity and extent of destruction. Cyclones in India originate mostly 

in the Bay of Bengal. The states of Andhra Pradesh, Orissa, Tamil Nadu, and west Bengal are 

more prone to severe cyclones. The past experience indicates that Andhra Pradesh has suffered 

the maximum amount on account of disasters. 
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Fig 4.1: Tropical Cyclones 
 

Fig 4.2: Cyclone Prone area – India 
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Damages from cyclones in Andhra Pradesh: 

The state of AP has a vast coast line of 1030 km abutting the Bay of Bengal.The 

population vulnerable to cyclones in 9 districts of AP is 28.73 million.Of this over 3.3 million 

lives in the shore areas in about 620 villages with in a belt of 5 km from the shore line.Out of 

620 villages in shore areas, 40% of the population is located within a distance of 1 km from 

the sea. Since 1900, Coastal districts have faced about 60 devastating cyclones.4 of them; in 

fact, have caused considerable damage to life and property. A summary of damages sustained 

during 1977, 1979, 1990 and 1996 cyclones are presented in the table below: 

 
Table 4.1: Effects of cyclone in AP 

 

 1977 cyclone 1979 cyclone 1990 cyclone 1996 cyclone 

Human lives lost 9059 638 967 1062 

Houses Destroyed 1,45,000 2,60,000 6,59,520 3,34,500 

Houses Damaged 8,78,275 20,00,000 7,80,140 3,13,300 

Cattle Lost 66,970 78,536 23,728 19,595 

 
Although it is acknowledged that one can’t control cyclones, the effects of cyclones can 

be mitigated through effective and efficient mitigation policies and strategies. Since the 1977 

cyclone, there has been a considerable improvement in disaster mitigation measures in 

Andhra Pradesh / India as evidenced during subsequent cyclones. 

 

Cyclone Mitigation measures taken in AP/India: 

Disaster mitigation is the term used to refer to all actions to reduce the impact of a 

disaster that can be taken prior to its occurrence, including preparedness and long-term risk 

reduction measures. It includes both the planning and implementation of measures to reduce 

the risks associated with disasters.Mitigation efforts generally offer the best and most cost- 

effective long-term methods of dealing with disasters. 

With proper planning, most mitigation measures can be integrated into normal 

development activities at a relatively modest cost. Presently, most of the disaster-prone 

countries are spending huge amounts of money on post-disaster relief and rehabilitation 

measures. Instead of spending after the occurrence of disaster, it is better to invest on 

mitigation measures which will reduce the impact of disasters to a large extent. 
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As part of mitigation measures to counter cyclone disasters in the state/country, the 

following steps have been taken. 

1. Early Warning System 

2. Communication Infrastructure 

3. Coastal Shelter Belts 

4. The Community Cyclone Shelters 

5. Construction of Permanent Houses 

6. Training and Education 

 
 

1. Early Warning System: 
 

The first and most important way to reduce risks from cyclones is the installation of an 

effective early warning system. Since 1977, forecasting techniques and warning systems for 

cyclones have greatly improved and were applied successfully during subsequent cyclones.The 

entire coastline of the country is fitted with 10 power radars with a range of 400km, of which 3 

are operated on the Andhra coast. 

 

Any cyclonic movement within 400 km from the coastline can’t go undetected.All 

villagePanchayats within the 10km belt on the coastline in AP/India are provided with a 

satellite-based automatic warning system.Besides, the state and district control rooms are  

linked with the IndianMeteorological Department’s Regional observatory at Chennai.The INSAT 

satellites provide weather pictures twice a day. It is now, therefore, possible to alert people 3-5 

days in advance about a possible cyclone and cyclone led rains.The cyclone warnings are 

provided in two stages. In the first stage, a ‘Cyclone Alert’ is issued 48 hrs before the 

commencement of adverse weather along the coast.In the second stage, a ‘Cyclone Warning’ is 

issued 24 hrs before the anticipated rainfall.The ports and fisheries warnings start much 

earlier.The warning systems have proved to be a highly reliable form of communication system 

for cyclonic warnings, especially during the 1990 and 1996 cyclones. 

 
2. Communication Infrastructure: 

 
Communication plays a vital role in cyclone disaster mitigation. Ironically, when a cyclone 

strikes, the mainline communication networks become its first victims.Having lost both the 

transportation and communication networks, the people of affected areas suffer in total isolation.This is 

exactly the kind of situation where a second line unconventional communicationssystem can provide a 

valuable service.Radio was not originally intended to be such a system, but of late, it has 

emerged as one of the most important tools of disaster mitigation techniques.The Government 
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of AP/India has indeed taken a lot of initiative, and as a consequence Radio is today being used 

very effectively as a second line of communication system in cyclone disaster mitigation. The 

National Institute of Amateur Radio (NIAM) has established HAM radio networks along the 

coastal belt of Andhra Pradesh. Today over 150 HAM stations are operating in the cyclone- 

prone areas of Andhra Pradesh/India. 

 
3. Coastal Shelter Belts: 

 

The Mitra Committee (1970) as well as the Saha Committee (1983) on disaster 

mitigation recommended Shelter Belts as the only substantial solution of breaking the intensity 

of cyclones and reducing damages.During the 1977 cyclone, because of the presence of forest, 

Yedurumondi Island and the adjoining Repalle did not get affected much by the tidal wave. So 

Shelter belts have been recognized as effective wind and tide breakers. The benefits of shelter 

belt are manifold. Apart from acting as effective wind-breakers and protecting crops from being 

damaged, they prevent soil erosion. Shelter belts are also source of various products, especially 

firewood, pulp and timber. AP has started raising Shelter belts after disturbing experience of 

1977 cyclone. AP has the 3rd longest coastline of the country, contributing to 16% of the total. 

Since 1978, an area of 25,803 hectares along the coast has been brought under shelter belts. 

 

4. The Community Cyclone Shelters: 
 

The idea of constructing cyclone shelters, which are capable of withstanding cyclonic 

effects and tidal waves, was conceived soon after the 1977 cyclone. The Government of AP 

accepted the recommendations of the Cyclone Disaster Mitigation Committee (CDMC) (1971) 

and has taken up the construction of cyclone shelters in all 9 coastal districts, giving priority to 

those villages which are nearer to the coast. The collectors of the coastal districts had 

undertaken a detailed survey and estimated that a total of 166 cyclone shelters were required 

within 20 km from the shore all along the sea coast. By 1990, 828 cyclone shelters were in place 

at strategic locations, each with a capacity of 200 persons. During the 1990 cyclone, not a single 

casualty was reported from any one of the cyclone shelters. All the shelters irrespective of their 

design withstood the tidal waves and rainstorms. Though the capacity of each shelter is around 

200 persons, during the 1990 cyclone, almost double the number of people was accommodated 

in them. 

 

After 1990, the remaining 848 shelters were recommended to be constructed – 424 

circular type with a capacity of 200 each and 424 rectangular type with a capacity of 500 each. 

The cyclone shelters have proved to be possibly the most successful part of the cyclone 
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mitigation policies. In normal course of time, most of the shelters are used as public utility 

buildings, generally for running primary and upper primary schools, some rural livestock units, 

and veterinary hospitals. Shelters with the capacity of 500 or more are being used for social 

functions. As on today, only 25% of the coastal population can be accommodated in the existing 

cyclone shelters. Clearly, this analysis stresses the need for the construction of additional 

shelters in vulnerable areas. 

 

5. Construction of Permanent Houses: 
 

Following the cyclone of 1977, there was a tremendous call for building improved houses 

which could withstand high winds and tidal waves. The State Government and Voluntary 

Organizations have constructed around 4 lakh concrete houses following the standards laid 

down by the Roads and Buildings Departments. Due to the cost of materials and construction, 

the plinth area was uncomfortably constructed smaller (18 sq.m) than the traditional house (24 

sq.m). Many of the structures are not now in good condition mainly because of cracks, 

structural failure in walls and erosion at ground level. When a survey has been conducted, it 

was found that the concrete houses were not built according to the technical criteria. 

 
6. Training and education: 

 

If mitigation is confined to measures taken by public officials, it is likely to fail. Public 

awareness programs are also essential to mitigate the impact of cyclones. The NGO’s in the 

coastal areas had gone on a major campaign of educating the population. These above 

mentioned disaster mitigation measures for a cyclone holds good not only for Coastal Andhra 

Pradesh, but also for all those areas which are prone to cyclones in the country, as cyclones do 

not differentiate between areas. 

 

 Human Perception to Cyclone hazard: 

 
Before attempting to look into the processes of choice employed by both public and 

private sectors, it is necessary to examine people’s perception of cyclone hazard. The choices 

stem necessarily from a perception as well as knowledge of available means to reduce the 

hazard. 

 

 Respondent’s perception of Cyclone Hazard: 

 
Respondents interviewed revealed an extremely high awareness of past experience. As 

a matter of fact, all of the adults in the area had experienced major storms in the past. Despite 
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the fact that most of the respondents experienced storms more than once, some still don’t 

believe that they would get struck with a severe storm again in future. As the mitigation 

measures are improving, people are getting a better feeling that they would survive in case of 

any future events. It is interesting to note here that although maximum percentage of 

respondents expects cyclonic storms in future, much of them were uncertain with regard to 

possibilities of future storms and damages. 

Of these nearly all attribute control of natural phenomena to ‘God’s will’. Even though 

few acknowledge a repetitive pattern of cyclones and their increasing or decreasing frequency 

or intensity, a large number of respondents view cyclones as ‘God’s will’. 

These interpretations do not answer the question as to why people continue to live in 

areas subject to natural hazards. Over 85% of the respondents have no plans to leave the areas 

despite their past experience with hazards. In fact they are using their past experiences and 

learned to live with hazards, mitigating the effects that it could cause onto them. Not only was 

the area of birth place of most respondents, but owing to scarcity of land and inadequate 

employment opportunities elsewhere have they had any freedom of movement from the area. 

 
 Human Adjustments to Coastal Hazards: 

In the course of long habitation in the coastal regions, many adjustments to the hazards 

of coastal hazards have evolved. The way of its life and adjustment to the coastal hazard is 

influenced by tradition, orthodox ideas, beliefs and attitudes. The fact that nearly 3/4th of the 

respondents did not show willingness to go somewhere else for subsistence is enough to 

explain their indifference to hazard despite their recognition of it. Even when a violent storm 

seems to be approaching the area, many follow ‘wait and see’ policy. This is the major reason 

for suggesting a set of adjustments which are primitive and rudimentary in nature. 

 

The idea that man has nothing to do with nature reveals the attitude of the majority of 

the people with regard to decision making. Besides, optimism is another factor which plays a 

great role in decision making. The entire range of adjustments against coastal hazards should 

be viewed with this general background in mind. 

The adjustments could be divided in general into two broad categories, namely 

(1) Adjustments requiring prior preparation, and 
 

(2) Emergency adjustments without prior preparation. 



Disaster Management (Open Elective) - B.Tech III year – II Semester 

Page 8 

 

 

(1) Adjustments requiring prior preparation: 
 

This comprises measures taken by the people, which are somewhat permanent in 

nature and sometimes are incorporated into original construction or in the course of 

replacement of damaged structures. Somewhat permanent nature of these adjustments, which 

involve minor construction, also demands that they should be done prior to the occurrence of 

the hazards. However, many respondents undertook one or more of the following adjustments. 

 
a) Planting trees around the homestead: This adjustment helps reducing both heavy 

winds and high tides/storm surges/floods. Whenever a person in the coastal region 

is questioned, they say that they practice this type of adjustment. The planting is 

done so densely that in most cases they completely conceal the houses. From outside 

they look like scattered growth of vegetation and it can hardly be assumed that there 

are houses inside the thickets. These trees also contribute regularly to the increase of 

the family income as well. 

During the cyclones these trees afford very good protection except, of course, 

when in rare cases trees are knocked down by storm, causing damage to the houses. 

Even then the first on slaught of the storm is faced by these trees, thereby protecting 

the houses are preventing their damage to the great extent. However, in some areas, 

the recurring intrusion of saline water during the growing period of trees makes this 

form of adjustment difficult. If the trees survive at all, they take a considerable 

amount of time to grow completely strong. Houses, therefore, lay bare and exposed to 

the hazard. 

 
b) Supporting the house with bamboo poles: This is one of the common types of 

adjustments adopted particularly after a cyclone warning is given. Bamboo poles 

which are usually kept ready by some individuals in the house are placed on the 

ground diagonally with the upper end touching sidewalls of the house. Such poles are 

generally placed all around the house or on the side opposite to the direction from 

which the cyclone is expected. This measure is adopted with the hope that the 

supporting poles would prevent the house from being blown away or washed out by 

storm surges. 

 
c) Tying the house with ropes: This is a practice for preventing the house being blown 

away or washed away by storm surges. When warning is received about the 

occurrence of the cyclone or they themselves can realize that a cyclone may strike 
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soon, may people, as an emergency measure, tie their houses, particularly the roofs, 

to some nearby trees or poles with strong ropes which are previously kept ready for 

this purpose. In many cases the practice of tying the sidewalls along the roof with 

strong ropes acts as a kind of land anchor. 

 
d) Construction of raised platforms: This type of construction is the most common 

type of adjustments found to be prevalent in the area. These are of bamboo or 

bamboo matted raised platforms of various sizes constructed in the house and 

supported by four to six bamboo poles. The platform lies generally 3-4 feet above the 

floor and is erected roughly parallel to the ground. Although bamboo is the chief 

material for its building, sometimes pieces of wood are also used. These serve a dual 

purpose, affording a shelter to persons and domestic animals, and protecting the 

property from destruction. Not many people can afford to have these in their houses 

because of the construction cost involved and the lack of materials available locally. 

However, these appear to be somewhat useful during the abnormal tidal 

inundation although they generally cannot withstand storm surges. They serve to 

store the useful household belongings when the water level raises high enough to 

inundate the room. On the other hand during the time of exceptional flooding the 

people themselves, children in particular, are forced to take shelter on them. Poultry 

birds and other domestic animals are given shelter on these structures occasionally 

when flooding affects the area. 

 
e) Hay-loft or attic: Besides the construction of raised platforms, sometimes overhead 

platforms similar to hayloft or attic are also erected. Such structures that lie just 

below the roof and hang overhead like ceilings are also made of bamboo. They serve 

more or less the same purpose as the raised platforms but are also useful for storing 

various types of articles including specially prepared bamboo poles to be used for 

providing a necessary support to the house and roof during the cyclones. 

 
f) Structural Change: One of the most important permanent adjustments to flood 

hazard isthe design and construction of the structure to minimize damage or the 

elevation of the site above the tide water elevation. Many of the respondents adopt 

this kind of adjustment. These fall mainly into the following categories. 

i) Construction of special type of roofs: The construction of a special type 

of roof for thehouse is also a way of providing protection against storms. In 

order that the wind cannot have severe effect on the house, many people 
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build the roofs in a particular way. The roofs, usually made of thatch and 

sometimes of time (C.I. Sheets – Corrugated galvanized Iron), are very low 

and remain only about 3-4 feet above the ground on the side from which 

the wind is most likely to hit the house. The thatched roof is generally 

consideredto be economic and is preferable to tin (C.I. sheets). Not many 

people can afford to have tin roofs. At any rate, thatch being not very costly, 

the cost of rebuilding the roof can be kept within economic means. 

ii) Anchorage devices: Anchorage devices, the support of the very deep 

wooden frame from the ground to the roof, usually provide a strong 

foundation to the house. Invariably, the wooden frames go much deeper in 

the ground, a practice which is common in this area. 

 
iii) Elevation of the plinth of the courtyard: The striking feature of the 

household unit is itselevation a few feet above the normal tide level or at 

least build over a high plinth which is higher than the surrounding area. 

Elevation of houses has necessitated digging up earth from nearby places 

adjacent to the houses and these in turn have been covered into ponds or 

tanks, mostly rainfed, which are used for a variety of purposes. The height 

of platforms is usually decided by the person’s past experience and his 

means. The raising of the house as an adjustment to common tidal flooding 

is, thus, very widespread. 

 
g) Keeping readymade materials at hand:Other peculiar measures which the 

coastal dwellers adopt in times of emergency consist of simple life buoys of banana 

trees or bamboo and banana and rope which are kept ready within their tree- 

surrounded compounds. The purpose behind this is that if the storm surge takes 

menacing proportions and washes away the house, the people at least will be in a 

position to save their lives with the help of the raft either made of bamboo or banana. 

This kind of emergency action requires cutting nearby banana trees even at the 

eleventh hour. 

Some people also keep big pitchers in their house and when the water level rises 

they take the important utensils and other valuable materials inside the pitcher and 

try to remain afloat. Normally with an earthen pot one can remain afloat for a long 

time. Although some prior preparation is required for them, both of these are in fact 

emergency measures and adopted only when other adjustments fail. 
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h) Construction of raised platform, in an open area: This kind of raised structure are 

builtfor providing shelter to the domestic animals, particularly cattle, goats, sheep 

and buffaloes during tidal inundation. This involves the raising of land in an area 

varying from 500-800 sq.ft. or more to a considerable height of 10 to 15 feet from the 

ground (usually a few feet above the high tide level) and then over it, the erection of a 

bamboo shed with thatched roofing. 

There could also be a bamboo fence around the sides of the structure and an 

entrance which allows the animals to come up. Just before the normal high tides 

when the grazing lands go for water, animals are brought inside this structure, where 

they are keptconfined until tidal water subsides. With the receding of the tidal water, 

animals are brought down and allowed to graze freely once again. As these structures 

are for animals, one or two attendants usually live in these structures temporarily. 

These structures have also been found to be used by people during the storms, but 

for human adjustment against storm surges they are not ideal as they remain in the 

hazard zone on one hand and away from the village on the other. 

 

(2) Emergency adjustments without prior preparation: 
 

Adjustments of this type consist of measures which are adopted only during the time of 

emergency when the wind or surge of water becomes unusually threatening. These do not 

involve any new construction and thereby any expenditure as such and they are restored to 

only when the first set of adjustments fails, or when no other alternative remains. Most 

emergency actions that may have been taken in response to a great danger involve little or no 

prior preparation. These include the removal of life and property from the path of the water or 

taking protective action to minimize damages from actual inundation. It was not surprising to 

find that some of the common actions cited by the respondents consisted of getting out from 

the path of the danger and doing nothing with regard to damage reduction measures. This is 

due to lack of both time and helping hands, and transport in addition to a communication 

system to plan for the evacuation, elevation or removal of their furnishings. Thus emergency 

measures undertaken then are rudimentary, improvised and primitive – at times. 

 
a) Safety of household materials: When it is felt that it is no longer safe to remain 

inside thehouse, hectic activity follows with regard to taking care of the household 

materials: 

(i) Household articles considered to be useful are wither placed upon the 

elevated platforms just below the roof or are bound together and thrown 
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in to the shallow pond with the hope of retrieving them later if they 

survive at all. 

(ii) More valuable goods including jewellery are wrapped either with a paper 

or pieces of cloth and put inside the earthen kitchen oven 

(iii) A great majority of the respondents put valuable materials under the 

floor of the house or other places at a depth of 3 or 4 ft. and hope that 

they would be safe from inundation and also would be easy to get back. 

 
b) Personal safety: When the water rises to an unusually high level people climb on 

top of theirthatched roof and at other times cut its binding, thereby converting it 

into a raft on which they can remain afloat. In the past many were actually saved 

from drowning when they were washed away but saved by surrounding trees of 

the homestead. Another measure is to climb a high treeand stay clinging to the 

branches until the menace is over. In such cases they have to bind themselves to 

the tree with a rope or cloth lest they are washed away by the onrush of water. The 

date palm tree is preferred since it is strong and affords a good support. 

For safety of the women and children a peculiar measure is adopted which 

includes tying up of available wooden cots and other floating materials to a nearby 

tree with a strong rope and placing women and children on the raft-like structure. 

This measure is considered safe because they expect that with the rise of water 

level, the raft also will continue to rise. 

Other uncommon measures which deserve attention are keeping windows 

and doors open to permit the water to pass through. The most common concern 

which has been reported by the respondents is with the safe preservation of match 

boxes. Many would wrap them with paper or put them inside a container which is 

then wrapped in many layers of cloth. At times people have been found carrying 

them on top of their heads. 

 

c) Safety of Animals: At such times when it appears impossible to provide safe 

shelters for the cattle and other animals, many people set their cattle free so 

that they may flee the calamity and find their own shelter. In most cases the 

cattle die, but if fortunately they do survive, their owners try to find them and 

bring them back. 
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FLOODS 
 

 Causes of floods 

A. Natural Causes: 

1. Heavy Rainfall: 

Heavy rainfall raises the water level. When the water level is higher than 

the river bank or the dams, the water comes out from the river, and there will be 

flooding. 

 
2. Snowmelt: 

Because of global warming, the temperature of current years is higher 

than the temperature of years ago. The ice caps melt in summer, and the water 

goes into the sea. The water raises the sea level, and makes the river level rise. 

When river level rises, flooding may occur. 

 
3. Relief (release): 

Flooding often occurs in lowlands. This is because rivers flow more 

slowly in low-lying areas. If the water volume increases suddenly, floods occur. 

 
4. Coastal flooding: 

Flooding also occurs in coastal areas. High tides or storms cause the 

water level to rise. If the water level is higher than the level of the coastal 

lowland, flooding will occur. 

 
B. Human Causes 

1. Deforestation 

Large areas of forests near/besides the rivers have been cleared. The 

lands are used to make room for settlement, roads and farmland. Less vegetation 

protects the soil; the soil is quickly lost to rivers and the sea. This raises the river 

bed, so the river overflows its banks easily. 

2. Poor farming 

Some farming practices can damage the vegetation cover, which might 

also become a reason for flooding. 

 
3. Poor water management 

When the dams are poorly constructed or maintained, they can easily 

collapse and this result in flooding. Compared to concrete dams, several earthen 

dams might fail. 
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4. Population pressure 

Because of large population, everything needs more, like wood, land and 

food. These results in storing more water, when it can’t be maintained properly, 

overflow of reservoirs might take place causing floods in the downstream. 

 
 Flood hazard in India 

India, being a peninsular country and surrounded by the Arabian Sea, Indian 

Ocean and the Bay of Bengal, is quite prone to flood. As per the Geological Survey of India 

(GSI), the major flood prone areas of India cover almost 12.5% area of the country. Every 

year, flood, the most common disaster in India causes immense loss to the country's 

property and lives. 

 
 Flood Prone Areas in India 

 
The states falling within the periphery of "India Flood Prone Areas" are West Bengal, 

Orissa, Andhra Pradesh, Kerala, Assam, Bihar, Gujarat, Uttar Pradesh, Haryana and Punjab. The 

intense monsoon rains from southwest causes rivers like Brahmaputra, Ganga, Yamuna etc. to 

swell their banks, which in turn floods the adjacent areas. 

 

Over the past few decades, central India has become familiar with precipitation events 

like torrential rains and flash floods. The major flood prone areas in India are the river banks 

and deltas of Ravi, Yamuna-Sahibi, Gandak, Sutlej, Ganga, Ghaggar, Kosi, Teesta, Brahmaputra, 

Mahanadi, Mahananda, Damodar, Godavari, Mayurakshi, Sabarmati and their tributaries. 

 

 Highest flood prone areas in India 

Though the north-Indian plains are prone to flood more, the "India flood prone 

areas" can be broadly categorized in three divisions: 

- Ganga Basin: The Ganga Basin gets flooded mostly in the northern part by its 

northern tributaries. The badly affected states of the Ganga basin are West Bengal, 

Bihar and Uttar Pradesh. 

Besides the Ganga, rivers like Sarada, Rapti, Gandak and Ghagra causes flood in 

eastern part of Uttar Pradesh. The Yamuna is famous for flooding Haryana and 

Delhi. Bihar experiences massive dangerous flood every year. River Burhi, Bagmati, 

Gandak, Kamla along with many small rivers contribute to that. In West Bengal, 
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rivers like Mahananda, Bhagirathi, Damodar, Ajay etc. causes floods because of tidal 

effects and insufficient river channels. 

 
- Brahmaputra and Barak Basin: The River banks of Brahmaputra and Barak gets 

flooded due to the surplus water found in the Brahmaputra basin and the Barak 

basin. These rivers along with their tributaries flood the north eastern states like 

West Bengal, Assam and Sikkim. Jaldakha, Teesta and Torsa in northern West 

Bengal and rivers in Manipur often overflow their banks. 

 
- Central India and Deccan Rivers Basin: In Orissa, spilling over of river banks by 

Mahanadi, Baitarni and Brahmani causes havoc. The deltaic area formed by these 

three rivers is thickly populated. Even some small rivers of Kerala and mud stream 

from the nearby hills add on to the destruction. Southern and central India 

observes floods caused by Narmada, Godavari, Tapi, Krishna and Mahanadi due to 

heavy rainfall. Cyclonic storms in the deltaic regions of Godavari, Mahanadi and 

Krishna even floods the coastal regions of Andhra Pradesh, Orissa and Tamil Nadu 

occasionally. 

The table given below gives an idea about the damage caused in the flood prone areas in India: 

Table 4.2: Average Annual Flood Damage (1953 – 1999) 

 
 
 
 
 
 
 
 
 
 

 Human Perception towards floods: 

Human perception towards any hazard relies on several factors, like the 

individualcharacteristics, such as gender, age, socio-economic condition, cultural and religious 

values, and several others, but it also depends on the familiarity with the risk source, on the 

knowledge about the hazard impacts and on trust on the entities and measures designed to risk 

management. In hazard situations each social environment develops its own reactions and 

behaviours that derive from its social, cultural, economic and political characteristics. 

Damage/Loss Area liable to Floods (million Ha.) 

Total Damage Rs.13,400 million 

Area Affected 8.11 million hectare 

Crop Area Affected 3.57 million hectare 

Human Lives Lost 1579 Nos. 

Cattle Lost 95,000 Nos. 
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Generally there is a kind of foolishness in the behaviour of floodplain inhabitantssince 

they continue to occupy those areas. Sometimes, this can be explained by the cost-benefit 

perceptionof the inhabitants, which is in some cases positive, considering the socio-economic 

advantageson living on those areas. Other than the people who lost their near and dear ones, 

many people who got affected to floods, say that they have suffered some damage, exclusively 

material damage like damage to furniture, electric appliances, buildings or loss of livestock. Even 

then, these affected people won’t migrate until and unless they feel that they can’t continue to 

take any further blows from floods. 

 
Most of the people who got affected to floods tend to connect occurrence and 

aggravation of floods with more global climatic change phenomenon. Some believe increased 

precipitation is caused by global climatic change, global warming and the destruction of the 

ozone layer (mainly due to pollution, deforestation and forest fires). These are the few most 

frequently stated reasons connecting between climate change and flood risk aggravation. Some 

believe the reason for floods is heavy precipitation. However, many believe the increased floods 

are due to human interventions, such as failure to clear streams and adjacent land, the inability 

of rivers to drain, construction work on flood plains and changes in land use. 

 
From all those who survived flood hazard, high percent believe that improving existing 

houses and renovating it with good construction materials is seen as the best solution in their 

struggle to avoid hazards posed by flood. 

 

 Mitigation of Floods 

 
According to Plate (2002) and Silva (2003), participation of the population and 

integration of its risk perception, when dealing with cases of flooding, are essential aspects of 

risk mitigation and management measures 
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DROUGHT 

Droughts may be defined as a condition that arises from too little precipitation (rain or 

snow) for an extended period of time for normal farming practices to be conducted. It may be 

caused due to: 

 When the balance between water supply and demand is disturbed. It means when the 

demand for usable water increases even during periods of average or above average 

rainfall. 

 Change in water quantity. 

 Contamination of the usable water. 

 
Droughts can be categorized into the following types: 

 
1. Meteorological Drought: 

It occurs when the average rainfall and snowfall is below average for an 

extended period of time, thereby causing a natural shortage of available water. 

2. Agricultural Drought: 

It occurs when the soil moisture is not sufficient to support the production of 

crops. 

3. Hydrological Drought: 

This type of drought occurs when the water levels in aquifers, lakes and 

reservoirs, fall below the average levels. This can occur even during average or 

above average precipitation, when water consumption by humans is more, thus 

lowering the water reserves. 

 
 IMPACTS OF DROUGHT: 

i. Economic Impacts: 

 
It includes the monetary effects of drought to people. Following are some of the 

examples: 

a) Droughts destroy the growth of crops, with lower yields and crops are of 

poor quality. In order to provide sufficient water to crops, farmers have to 

spend more money to irrigate their fields. 

b) The livestock of ranches may be lost. More money may have to be spent to 

feed and water the livestock. 

c) Fishes and other aquatic organisms are lost due to drought. 

d) The recreation and tourism industry incurs loss. 
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e) The income from timber production may be lost owing to reduced timber 

production due to wild fires, impaired productivity of forest land and loss 

of young trees. 

f) Businesses that process various food stuffs may lose business due to loss of 

crops by drought. 

g) Since the hydropower will be in short supply, the power generating 

companies will have to spend more to provide alternative sources of power 

to their customers 

h) Water companies will have to spend more for new or supplemental water 

resource development. 

i) The transportation industries suffer loss due to impaired navigability of 

barrages, and ships in streams, rivers and canals owing to decreased water 

levels. 

j) Shortage in food production and disrupted food supply causes increase in 

the import of food at higher costs. So, there is inflation in food prices. 

 
ii. Environmental Impact of Drought 

 
It includes loss to the environment by way of forest fires, erosion of soil, damage to all 

living forms and their habitat, decline in the water and the air quality. Some of the 

examples are as under: 

a) Due to lack of food and drinking water, due to loss of wet lands and 

vegetation there is greater mortality of fish and wildlife habitat. 

b) Shortage of food and water leads to diseases in animals. 

c) The wildlife may leave the drought stricken areas and migrate to other 

places. 

d) The endangered species are at an increased stress. 

e) The water levels in the reservoirs, ponds and lakes decrease. The wetland 

also decreases. 

f) Drought causes the soil to dry up and become prone to erosion by wind, 

resulting in reduced soil quality. This leads to loss of biological productivity 

of the landscape. 

g) Loss of biodiversity and extinction of species. 
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iii. Social impacts of drought 

 
It involves public safety and health, disputes arising due to water shortage and lifestyle 

changes. Some of the examples in this category are: 

a) The revenue loss caused by drought may cause mental and physical stress 

on people. 

b) The heat stress, mental stress and physical stress may contribute to loss of 

human life and suicidal tendencies. 

c) Reduction in recreational activities. 

d) People migrate to other places. 

e) The reduction in nutrition due to inflation, causes malnutrition and famine. 

f) A general increase in poverty leads to changes in lifestyle and quality of life. 

 
 

 Case study of drought: 

 
The scarcity of rainfall in most parts of Western India has led to dreadful drought-like 

situation in the year 2013. The volume of water in the reservoirs had reached low levels and had 

almost dried up. Thousands of water tankers were used to transport drinking water to distant 

places. Some companies were forced to shut down leading to most of the people losing their 

jobs. 

Such water crisis had affected the livestock and crops, which led to massive shortage of 

food grains, inflation in the price of commodities and hardship of people due to thirst and 

hunger. 

Such catastrophes are eminently preventable by adopting suitable control measures, 

such as rain water harvesting, crop rotation methods, developing drought resistant crops, cloud 

seeding, desalination of sea water, channelizing the rivers by building canals in the drought 

prone areas, and risk mitigation efforts by the government. 

 Drought Control Measures: 

 
A drought-like situation can be avoided by the following ways. 

 
1. Rain water harvesting: 

This is one of the most important and economical tool of water conservation, 

used for collecting and storing the rain water from roof tops and land surface to 

provide water for agriculture, industries and domestic use. 
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2. Crop Rotation: 

Rotation of perennial crops and leguminous plants alternating with cash crops 

controls soil erosion and helps the formation of better quality soil. 

 
3. Channelizing the rivers: 

By building canals in drought prone areas is an efficient way to combat the 

effects of drought. 

 
4. Cloud seeding: 

It is an artificial technique to stimulate the precipitation process and form rain. 

The method involves sprinkling silver iodide aerosols into the upper part of 

clouds. The water droplets in the clouds attach to silver iodide and freeze. The ice 

crystals stick together and fall as snow. 

 
5. Desalination of sea water: 

Desalination plants are set up to covert sea water and contaminated water to 

drinking water. Desalinated water is used mostly in the Middle East, North Africa, 

California and parts of Florida in the US. 

 
6. Risk mitigation efforts by the Government: 

These include Drought Prone Area Program (DPAP), Desert Development 

Program (DDP), National Watershed Development Project for Rain-fed areas 

(NWDPRA), Watershed Development Program for Shifting Cultivation (WDPSC), 

Integrated Water Development Project (IWDP), Integrated Afforestation and 

Economic Development Project Scheme (IAEPS). 
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HEAT WAVES 
 

A heat wave is a period of unusually and excessively hot weather. The worst heat wave in 

recent history was the European Heat Wave of 2003. 

A summer heat wave in Victoria, Australia, created conditions  which fuelled  the  

massive bushfires in 2009. Melbourne experienced three days in a row of temperature 

exceeding 40°C (104°F) with some regional areas sweltering through much higher 

temperatures. The bushfires, collectively known as "Black Saturday", were partly the act of 

arsonists. 

The 2010 Northern Hemisphere summer resulted in severe heat waves, which killed 

over 2,000 people. It resulted in hundreds of wildfires which caused widespread air pollution, 

and burned thousands of square miles of forest. 

Heat waves can occur in the ocean as well as on land with significant effects (often on a 

large scale) e.g. coral bleaching. 

A heat wave is a prolonged period of excessively hot weather, which may be 

accompanied by high humidity, especially in oceanic climate countries. While definitions vary, a 

heat wave is measured relative to the usual weather in the area and relative to normal 

temperature for the season. Temperatures that people from a hotter climate consider normal 

can be termed a heat wave in a cooler area if they are outside the normal climate pattern for that 

area. 

The term is applied both to routine weather variations and to extraordinary spells of 

heat which may occur only once a century. Severe heat waves have caused catastrophic crop 

failures, thousands of deaths from hyperthermia, and widespread power outages due to 

increased use of air conditioning. A heat wave is considered extreme weather, and a danger 

because heat and sunlight may overheat the human body. 

 

 
How Heat waves occur? 

Heat waves form when high pressure aloft (from 10,000–25,000 feet (3,000–7,600 

metres)) strengthens and remains over a region for several days up to several weeks. This is 

common in summer (in both Northern and Southern Hemispheres) as the jet stream 'follows the 

sun'. On the equator side of the jet stream, in the middle layers of the atmosphere, is the high 

pressure area. 
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Fig 4.3: High pressure aloft traps heat near the ground, forming a heat wave 
 

Summertime weather patterns are generally slower to change than in winter. As a result, 

this mid-level high pressure also moves slowly. Under high pressure, the air subsides (sinks) 

toward the surface. This sinking air acts as a dome capping the atmosphere. 

This cap helps to trap heat instead of allowing it to lift. Without the lift there is little or no 

convection and therefore little or no convective clouds (cumulus clouds) with minimal chances 

for rain. The end result is a continual build-up of heat at the surface that we experience as a heat 

wave. 

In the Eastern United States a heat wave can occur when a high pressure system 

originating in the Gulf of Mexico becomes stationary just off the Atlantic Seaboard (typically 

known as a Bermuda High). Hot humid air masses form over the Gulf of Mexico and the 

Caribbean Sea while hot dry air masses form over the desert Southwest and northern Mexico. 

The SW winds on the back side of the High continue to pump hot, humid Gulf air north eastward 

resulting in a spell of hot and humid weather for much of the Eastern States. 

In the Western Cape Province of South Africa, a heat wave can occur when a low 

pressure offshore and high pressure inland combine to form a Bergwind. The air warms as it 

descends from the Karoo interior, and the temperature will rise about 10 °C from the interior to 

the coast. Humidities are usually very low, and the temperatures can be over 40 °C in summer. 

The highest official temperature recorded in South Africa (51.5 °C) was recorded one summer 

during a bergwind occurring along the Eastern Cape coastline. 

Global warming boosts the probability of extreme weather events, like heat waves, far 

more than it boosts more moderate events. 
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Heat Islands: 

The term ‘heat island’ refers to the increase in the temperature of urban regions, when 

compared to rural areas. Some cities and sub-urban areas have air and surface temperatures 

that are about 1oC to 6 OC warmer than the surrounding natural region. 

Some of the factors that contribute to the heat island effect are: 

 
i. During the day time in rural areas, the solar energy is absorbed by the 

surface causing evaporation of water from the soil and vegetation. This 

results in cooling of the rural region. The urban areas have less vegetables 

and buildings and the streets absorb maximum solar energy. The cities have 

less water and adding to it the run-off is greater, as the streets and 

pavements are non-porous. The phenomenon of evaporative cooling is less, 

thus contributing to higher temperature in cities. 

ii. Other contributors of heat to the cities are buildings, cars, trains and other 

automobiles. 

iii. The building material used for construction like tar, asphalt, brick and 

concrete act as better conductors of heat. 

iv. Tall buildings trap the solar energy by multiple reflections from other 

buildings. 

 
 

 Impacts of Heat Islands: 
 

Heat islands intensify the extreme hot conditions. Such conditions can lead to heat 

related illness like stroke, physiological disruption, damage to the organs which may prove 

to be fatal, especially in vulnerable population such as infants and the elderly. Extreme hot 

conditions increase energy demand for air conditioning and thus raise expenditure. The 

power plants have to generate more power to meet the demands. Increase in temperature 

causes further increase in chemical reactions that produce harmful pollutants, ground level 

ozone and smog, which is a major cause for concern to public health and environment. 
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COLD WAVES 
 

Cold waves (also called cold snaps and deep freeze), refers to the unusually low 

atmospheric temperatures of below -4oC. 

The cyclonic storms originating from the Mediterranean Sea (also referred to as 

Western Disturbances) flow over the Middle East countries, towards India in the winter 

season. When these large masses of cold air then travel from the Himalayan region and the 

desert regions of Rajasthan collect at particular geological location, the cold wave is said to 

set in the extremely low temperature accompanied by dry chilly winds. 

The cold waves generally affect the hilly regions of northern part of India, and the 

adjoining plains, such as J&K, HP, Punjab, Haryana, Rajasthan, UP, Bihar, Jharkhand, and MP. 

 Impact of Cold Waves: 

Some of the major impacts of cold waves are: 
 

1. Damage to infrastructure. It includes the breakdown of power plants and 

power supply, disruption of telecommunication system and drinking water 

supply. 

2. Cold waves damage the crops, especially the winter crops, fruit crops, 

vineyards due to frost injury. This can lead to famine. 

3. The dense fog formed during the cold wave affects all means of 

transportation. The motor vehicles fail to function properly due to gelling of 

the motor oil. 

4. Increase in the incidence of diseases of the respiratory system, frost 

bite/hypothermia, resulting in the increase in the number of casualties 

from cold wave. 

5. Cold waves have significant impact on the economic activity, due to damage 

of traffic and energy systems. 

6. The loss of natural resources due to cold has an impact on the economic 

situation of the nation. 
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LIGHTNING 
 

Lightning is a large electric spark caused by electrons in the cumulonimbus clouds 

that shoot through the air at very high speed. It is a natural phenomenon that occurs during 

some parts of the year. 

Lightning are of the following types: 
 

1. Lightning within the cloud 

2. Cloud-to-cloud lightning 

3. Cloud-to-ground lightning. 
 

The different forms of lightning are: 
 

1. Streak lightning 

2. Forked lightning 

3. Ribbon lightning 

4. Bead lightning 

5. Sheet lightning 

6. Heat lightning 

7. Ball lightning 

 

 Impacts of lightning: 

1. The main advantage of lightning is the production of nitrogenous fertilizer by 

the process of nitrogen fixation. 

2. The main cause of mortality following lightning is cardio-pulmonary arrest. 

3. Vaporization of manufactured structures and trees along the path of lightning 

stroke. 

4. Lightning causes devastating fires in the forest. 

5. The sudden power surge due to lightning can damage electrical and 

electronic equipment 

6. Electrocution on humans 

 

HAILSTORMS 

Hailstorms are falls of rain drops that arrive as ice, rather than melting before they hit 

the ground. A particularly damaging hailstorm hit Munich, Germany, on July 12, 1984, causing 

about 2 billion dollars in insurance claims. 
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EXTRAPLANETARY HAZARDS 

Extra-planetary or extra-terrestrial hazards are also called super-hazards. These 

types of hazards are caused by collision of celestial bodies and the resultant falling of debris 

on the earth’s surface. The examples of extra-planetary hazards are magnetic storms, 

catastrophic earth changes, meteorite impacts and impacts from near earth objects. 

1. NEAR-EARTH OBJECTS: 
 

Asteroids and comets are the Near-Earth Objects (NEOs) which orbit close to the 

earth and may strike our planet someday. Astronomers across the globe are surveying the 

sky with high resolution electronic cameras to locate the NEOs. The LINEAR (Lincoln Near 

Earth Asteroid Research) team of the MIT Lincoln Lab surveys the sky using wide field, 

ground based electro-optical, deep space surveillance telescope, funded by US Air Force and 

NASA. Other research teams involved in surveys are: 

1. NEAT (Near Earth Asteroid Tracking) team in Hawaii funded by NASA Jet 

Propulsion Lab and the US Air Force. 

2. Spacewatch Survey at the University of Arizona with NASA support. 

3. LONEOS (Lowell Observatory Near Earth Object Search) Survey at Lowell 

Observatory. 

4. Catalina Sky Survey in Tucson, funded by NASA. 
 

Astronomers are of the view that there are more than 1000 Near Earth Asteroids 

(NEAs) greater than 1km diameter and more than a million NEAs which have diameter 

larger than 40m. If any of these objects hit the earth, then it would result in a global 

ecological catastrophe. 

At present, none of the NEOs are a threat. But if an impact on earth is predicted, then 

the astronomers must find ways to divert these objects away from the earth or otherwise 

minimize destruction on the ground, both of which are beyond the comprehension of the 

astronomers. 

2. METEORITE IMPACT: 
 

Meteorites are naturally occurring objects in space which are generally remnants of 

asteroids and comets. 



Page 27 

Disaster Management (Open Elective) - B.Tech III year – II Semester 
 

 

  

They have been categorized into three types. 
 

1. Stone meteors 

2. Iron meteors 

3. Stony-iron meteors 
 

When such extra-terrestrial objects strike the earth’s surface, then it forms a bowl 

shaped depression with a raised rim, called an impact crater. The size of the impact crater 

depends on the following factors, size of the impacting object, velocity of the impacting 

object and angle at which the object strikes the earth’s surface. 

Numerous micro-meteorites strike the earth frequently and settle down slowly on 

the surface. When meteorites of the size 1mm diameter enter the earth’s atmosphere, the 

heat generated as a result of friction during passage through the atmosphere causes them to 

melt or vaporize resulting in the formation of shooting stars. When meteorites of large sizes 

strike the earth, then it would produce effects that would be catastrophic. 

The effects of an impact of large extra-terrestrial objects on the earth’s surface are: 
 

1. Massive earthquake 

2. Widespread wildfires 

3. Blocking of solar radiation due to large quantities of dust in the 

atmosphere. 

4. Continuous darkness 

5. Decrease in temperature all over the world, generating global winter-like 

situation. 

6. Decrease in the rate of photosynthesis in plants 

7. Acidification of water and acid rains. 

8. If the impact occurred in the oceans, then the sudden evaporation of water 

would produce a steam cloud. The water vapour and CO2 would cause 

global warming effect after initial global cooling. A tsunami is also likely to 

be formed. 

 
 

3. MAGNETIC STORMS: 
 

Magnetic storms are also referred to as geo-magnetic storms. It is the magnetic 

disturbance caused by solar flares from the sun or the Coronal Mass Ejections(CME). 
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Magnetic storms have the following impacts: 
 

1. Disruption in communication and navigation systems due to ionospheric 

disturbances. Disturbance in signal transmission affects the GPS and LORAN 

systems. 

2. The charged particles carried by the solar wind from the sun to the earth, interact 

with the magnetosphere. Such an interaction sends electrons to the earth’s 

atmosphere. These electrons make oxygen and nitrogen atoms to glow in 

different colours near the poles, producing the so called auroras. 

3. Damage to communication satellites disturbs the non-terrestrial telephone, 

television, radio and internet links. 

4. Power outrages due to geo-magnetically induced currents. 

5. Corrosion in pipelines due to geo-magnetically induced currents 

6. Radiation poisoning to humans. 

7. Damage to microchips in satellite-borne computers. 
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SOIL EROSION 
 

The loose superficial layer of earth’s crust is the soil. The various components of the soil 

are mineral matter, soil water, soil organic matter, soil organisms, and soil air. Soil degradation 

refers to the undesirable depletion of the physical components of the soil, thereby rendering it 

unhealthy for cultivation. This may also be referred to as soil retrogression/regression. 

Causes of soil erosion are as follows: 

 
1. Soil erosion by water: This may further be categorized as Sheet erosion, Rill 

erosion, Inter-rill erosion and gully erosion, Riparian erosion and erosion due 

to rains. 

2. Soil erosion by wind 

3. Deforestation 

4. Natural factors like heavy rainfall, drought, steep slopes, floods, severe  

storms and tornadoes, etc. 

5. Human induced factors like intensive farming, unmanaged construction of 

buildings and roadways. 

6. Due to gravity, the land and water are pushed downhill. 

7. Compaction of soil by cattle. 

8. Desertification 

9. Salinization of soils. 

10. Organic and nutrient depletion 

11. Chemical contamination 

12. Landslides 

13. Acidification of soil. 

 
Soil erosion can be controlled in the following manner: 

 
1. Strip cropping 

2. Planting leguminous plants in soil to restore soil fertility. 

3. Soil erosion by wind can be checked by retaining the stubble of the crops in the 

soil, crop rotation, proper grazing of the cattle. 

4. Developing good vegetation and constructing physical structures stabilizes the 

slipping away of soil. 

5. Humic acid can be added to soil to prevent excess salination. 

6. Soil pH balance has to be restored. 

7. Growth of macroscopic and microscopic soil organisms should be promoted. 
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8. Use of anthropogenic chemicals in farming should be discouraged. 

9. Soils may be rejuvenated by the process of active mineralization. 

10. Crop rotation must be encouraged. 

11. Grazing should be carried on in a controlled fashion. 

12. Afforestation 

13. Terracing 

14. Building of dams across streams, and deep ditches or gullies, control soil 

erosion by water. 
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CHEMICAL HAZARDS 
 

1. PESTICIDES: 
 

Pests are the disease causing organisms that infect the crops. They directly or indirectly 

cause damage to crops, humans and others. The examples are insects, mice and other animals, 

unwanted plants (weeds), fungi, micro-organisms such as bacteria and viruses. 

The term pesticide refers to a substance or a mixture of substances that is meant to 

prevent, destroy, repel or mitigate any pest. It includes the herbicides, fungicides, insecticides 

and other substances that are used to control pests. The examples include cockroach sprays, 

insect repellents, rodent poisons, disinfectants and sanitizers, swimming pool chemicals, fleas 

and tick sprays, and powders. 

Classification of Pest: 

 
i. Based on type of pest 

a. Broad Spectrum pesticides- they are capable of killing a few kind of pests, 

eg., DDT. 

b. Narrow spectrum pesticides- they are capable of killing narrowly defined 

group of pests. 

ii. Based on target pests: pesticides are classified according to the pests they control. 

 
 

Table 4.3: Classification of Pesticides 

 
Pesticide Target pest 

Algicide Algae 

Avicide Birds 

Bactericide Bacteria 

Fungicide Fungi 

Herbicide Herbs 

Insecticide Insects 

Miticide Mites 

Molluscicide Snails, Slugs 

Nematicide Nematodes 

Piscicide Fish 

Rodenticide Rodents 
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iii. Based on chemical structures: they are organic and inorganic types: 

Based on mode of action: contact pesticides, systemic/translocated pesticides, 

foliar, soil applied, fumigants, pre-plantherbicides, pre-emergent herbicides, post- 

emergentherbicides, translocated pesticides, eradicant fungicides, protectant 

fungicides, selective and non selective herbicides, residual and non residual 

pesticides. 

 

 
Advantages: 

 
1. Controlling the pest population. 

2. Eliminate disease vector 

3. Leads to agricultural augmentation. 

 
 
 

Disadvantages: 
 

1. Certain species of pests may develop immunity to certain pesticides upon 

exposure for longer periods. 

2. Secondary pest resurgence. 

3. Toxic effects on the living world. 

4. Effects of pesticides on humans include headaches, nausea, fever, food 

poisoning, etc. 

Ex: In 1997, Karachi, 40 buffaloes & cattle died due to organochlorine 

pesticide poisoning. 

5. Some beneficial insects and plants may also get killed. 

 

 
Precautions to be taken: 

 
1. Always read the label on the pesticide container before use. 

2. Should be kept out of reach of children. 

3. Smoking should be avoided while using pesticides. 

4. Body should not be exposed to pesticides. 

5. Hands should be thoroughly used after pesticide use. 
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2. CHEMICALS: 
 

Chemical hazards refers to chemicals used in industries, agriculture and household activities 

that have a potential to cause irreparable harm to life, property and environment, including a 

large number of fatalities. 

Hazardous chemicals are of the following types: 
 

1. Inflammable 

2. Reactive 

3. Toxic 
 
 

Effects:  

1. Pollution of atmosphere. 

2. Water and soil pollution 

3. Effects on humans includes 

a. Disorder in proper functioning of human systems 

b. Birth of mentally & physically handicapped children 

c. Neurological impairment 
 

Control measures of chemical hazards: 

 
1. Inventory management in industries 

2. Modification in the production process 

3. Recovery & reuse of chemical waste 

4. Detoxification of chemical waste 

5. Designing sustainable products 

6. Eliminate the use of hazardous chemicals 

7. Reducing exposure to chemicals 

8. Proper exhaust ventilation to drive the hazardous chemicals 

9. Proper labelling of the containers. 



Page 34 

Disaster Management (Open Elective) - B.Tech III year – II Semester 
 

 

  

3. NUCLEAR HAZARDS: 
 

Nuclear hazards occur as a result of release of massive amounts of radiation and 

radioactive material into the environment. They have the greatest damage potential, over a wide 

geographic area, often leading to mass destruction of human civilization. Nuclear hazards and 

accidents usually occur in nuclear reactors that are used to generate electric power. 

Some of the major causes are: 

1. Release of huge amount of radiation & radioactive material into the 

environment. 

2. Improper transportation of nuclear waste has potential risk of pollution & 

environmental contamination. 

3. Improper storage of spent radioactive fuel at nuclear power plants. 

4. Non-standard management and operations of nuclear reactors. 

5. Poor instrumentation 

6. Lack of well trained staff 

7. Error in operating procedures 

8. Flaws in reactor design 

9. Spills & leaks from nuclear industry, medical radiology, &defence activities. 

 
Effects of radiation pollution 

 
Radioactive substances are highly unstable, produce ionizing radiation which can 

damage the genetic blueprint of the living cell. 

1. It may pass through the cell without affecting it. 

2. It may cause cell death 

3. The radioactive particle may damage the cell which gets repaired before it 

produces new cells. 

4. The cells may get damaged in such a way that the damage is passed. 
 

Exposure to such hazards also causes death, nausea, vomiting, internal bleeding, skin 

burns, dry & moist desquamation, damage of the central nervous system, etc. Its effects are long 

lasting. Some of the effects that are displayed in course of time are tumour formation, premature 

aging, cancer etc. 
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SEDIMENTATION: 

Sedimentation is a natural physical process occurring in the aquatic areas and land based 

areas. Sediments that clog the aquatic areas and land-based areas originate from many sources 

such as stream banks, building lots, construction sites, lawns, streets, agricultural fields, etc. 

The sedimentation process comprises the following aspects: 

 
1. Erosion- The term erosion refers to the process of weathering, corrosion or abrasion of a 

material to form smaller particles. The smaller units thus formed are relocated by water, 

wind, ice, animals or humans. The top soil, organic material and other valuable natural 

resources are removed by the process of erosion. 

2. Entrainment- The term entrainment refers to the picking up & movement of sediment 

particles on a slope or from the bed and banks of stream. In order to accomplish the 

process of entrainment, the movement of water must exert a force on the sediment 

particle & this force must be larger than the force of resistance exerted by the sediment 

particle. 

3. Transportation- The sediment particles move under the action of the force of gravity 

 
Sedimentation problem 

 Damage to agricultural land 

 Sediments deposited hamper surface drainage 

 Lowers flood carrying capacity 

 Hamper water quality 

 Loss of aquatic habitat 

 Decrease in fishery resources 

 Loss of recreation attribute like boating, swimming, 

 Threaten national economy 

 
Control of soil erosion and sediment 

 Mulching- organic material is added to soil 

 Silt fences are constructed at construction sites 

 Berms across roads are to be made 

 Geotextiles rolls allow water to move, while retaining soil 

 Soil binding polymers can be used 

 Layers of soil containing grass and plant roots are places as thick mat over an 

area of exposed soil to control erosion 

 Rock check dams across drainage way reduces erosion 
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 Storm inlet trap traps the sediments 

 To prevent sediment run off from a disturbed area, an embankment is 

constructed across a drainage way to collect the sediment which settle out before 

run off is discharged 

 A-jacks has the ability to resist erosive forces of running water, and so are used 

 

 
POPULATION EXPLOSION 

Population explosion refers to sudden and rapid rise in the size of population, especially 

human population. 

Population explosion is not only a problem in India, but it has gained world-wide 

concern. The rapid increase in population has negatively affected the growth of our country. 

It is caused as a result of 

 Increase in birth rate 

 Decrease in mortality rate 

 Improved life expectancy 

 Increase in immigration 

 Scarcity of available space to accommodate the population. 

 
Effects of Population explosion: 

 
 Over-population 

 Unemployment 

 Poverty 

 Illiteracy 

 Poor health 

 Demand for consumption has increased drastically 

 Increased pollution and environmental stress 

Methods to Control Population explosion: 

 Proper Education and awareness 

 Family planning 
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UNIT – V 

Emerging approaches in Disaster Management – Three Stages 

1. Pre – disaster stage (preparedness) 

2. Emergency Stage 

3. Post Disaster stage – Rehabilitation 

Classification of disasters 
 

Disasters can be classified by nature, timing, predictability, response time and type of impact. 
 

Disasters according to timing and predictability 
 

 
SLOW 

QUICK 

Predictable Unpredictable/Sudden 

Drought Cyclone Earthquake 

Famine Flood Landslide 
Food shortage Typhoon Avalanche 

 
 

Disasters according to response time 

 

Long response time Short response time No response time 

Drought Famine Cyclone Floods Earthquake Landslide 

Disasters according to impact 

 

Affect all aspects of Loss of life and damage to Affect livelihood and cause Threaten only 

Life physical infrastructure environmental degradation lives  

Cyclone/Tornado  

Earthquake 

 

Drought/Forest Fire 

 

Famine/Epidemic Flood 

Landslide 

 

 
Risk = Hazard x Vulnerability 

 

Hazard (physical, chemical, mechanical or biological event/phenomena) 
 

Vulnerability (chance of getting affected. It is a gap/loophole/flaw with which hazard may affect) 
 

Risk (causing damage… simply R = H x V) 
 

Until now, the approach towards coping with the effects of natural disasters has been 

post-disaster management involving many problems like law and order, evacuation and 
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warnings, communications, search and rescue, fire-fighting, medical and psychiatric assistance, 

provision of relief and shelter, etc. After the initial trauma of the occurrence of the natural 

disaster is over within the first few days or weeks, the phase of reconstruction and 

rehabilitation-economic, social and psychological – is taken up by the people themselves and by 

the government authorities. Thereafter, the occurrence of the disaster is relegated to historic 

memory till the next one occurs either in the same area or in some other part of the country. 

This is the general practice/approach of public since long time. However, as technology is 

advancing, some new methods are emerging in disaster management. Where, the whole 

disaster management is considered as a cyclic activity, with 3 major phases 

1) Pre-disaster (preparedness) 

2) Emergency response stage 

3) Post-disaster stage (relief, recovery and rehabilitation) 

Aims of disaster management are to: 

   Reduce (avoid, if possible) the potential losses from hazards; 

   Assure prompt and appropriate assistance to victims when necessary; 

   Achieve rapid and durable recovery. 

 
 Pre-disaster stage 

Work done in advance of possible emergencies and disasters is an essential aspect of 

disaster management. It enables a reduction in the number and severity of disasters, through 

prevention and mitigation, as well as improved emergency response, through preparation and 

planning. A number of models have been developed to promote a programmed approach to 

predisaster activities, based on a systematic assessment of vulnerability, followed by 
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vulnerability reduction through prevention and preparedness activities that are planned, 

managed, monitored and evaluated. 

 Risk identification 

 Hazard assessment 

 Vulnerability assessment 

 Prevention and mitigation (reducing community’s vulnerability) 

 Preparedness and planning 

 Institutional learning and memory (learn from previous disasters and 

incorporate that learning into practice) 

 Waning indicators 

 
 

 
 Risk identification 

o Hazard assessment 

Why to consider effects of hazards before a disaster happens? 

To prevent some damage from hazards if you anticipate where and how these natural 

phenomena occur 

The average frequency of occurrence and location of most extreme events can be 

determined with some degree of accuracy. While global maps of hazards, such as potential 

desertification, severe storms, and earthquake and volcanic activity, do exist, a more detailed 

approach is of more use to disaster planners. Historical records, physical data and computer 

simulations allow the production of detailed city, subnational or national maps overlaid with 

zones of probable physical damage from such extreme events as landslides, floods, 

earthquakes, volcanic eruptions, storm surges and tsunamis. However, in the country 

currently macro-zonation to different kinds of hazards has been done, but not regional wise. 

This brings an importance to generate micro-zonation maps for different regions, which will 

become more useful than macro-zonation maps. 

Hazard assessment for flood, cyclone, drought and earthquake in terms of 
 

 Frequency, 

 Magnitude, 
 

 Location and time of occurrence 
 

Vulnerability assessment: 
 

The purpose of vulnerability and capacity assessment (VCA)—also 

commonly called as a part of risk analysis or threat assessment—is to identify 
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hazards and their possible effects on communities, activities or organizations, 

and their capacity to prevent and respond to disasters. This is a vital early stage 

in the disaster-management process. Vulnerability assessment will allow 

generating strategies for reducing emergency situations. 

Vulnerability assessment based on type of hazard, potential impact they 

could cause and the vulnerable areas 
 

Type of 
hazard 

 
Potential Impact 

 
Vulnerable Areas 

 
Cyclone Loss of crop, infrastructure, humanand bovine life, Mandals, GPs,Villages, 

livelihoods, houses, Pvt& Public property etc Habitations 

 
Flood Loss of crop, infrastructure, humanand bovine life, Mandals, GPs,Villages, 

livelihoods, houses, Pvt& Public property etc Habitations 

 
Drought Loss of crop, livelihoods, scarcity of food,fodder,water, etc Mandals, 

 

GPs,Villges,Habitations 

 
Earthquake infrastructure, humanlife, livelihoods, houses, Pvt& Public Mandals, GPs,Villages, 

property etc  Habitations 

 
Principal community characteristics determined in Vulnerability analysis: 

 

Demography Economy Infrastructure Environment 

Population and age Agriculture/livestock Communication Geology 

Distribution 
Industries 

Networks 
Waterways 

Mobility 
Trade and investments 

Transportation 
Climate 

 

Networks 
Useful skills  

Flora and fauna 

Hazard awareness 
 Essential services 

Vulnerable groups 
 Community assets  

Gender distribution 
 Govt. structures  

    

 

Vulnerability analysis of water-supply systems: 

One set of management goals suggested for water-supply systems facing hazard risks 

are as follows: 

— to provide water for fire fighting; 

— to prevent unnecessary loss of stored treated water; 
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— to develop and maintain adequate amounts of potable water; 

— to restore the entire system as soon as possible. 

To decide whether a water-supply system will be able to achieve these goals in an 

emergency, vulnerability analysis must also take into account the effect of a disaster on sources 

such as surface water (in the case of wildfires) and groundwater (in the case of industrial 

spills). The vulnerability analysis should be carried out systematically from the source, through 

the collection works, the transmission and treatment facilities, and finally the distribution 

system. The analysis should include possible damage to reservoirs and water mains. The effects 

of power failures, personnel shortages due to lack of transport or injury, and communications 

difficulties need to be considered. 

The pre-condition for systematic vulnerability reduction is policy development, which ensures 

that disaster management activities are developed within a favourable policy framework. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vulnerability reduction (source: World Health Organization 1999) 

 
 

Policy development is needed at national, provincial/district and local levels to ensure 

that common goals are set and common approaches are used. Without a shared disaster 

management policy that applies to all relevant sectors and all levels, prevention, preparedness 

and response are likely to be fragmented, badly coordinated and ineffective (World Health 

Organization, 1999a). Developing and monitoring policies for disaster management requires an 

active process of analysis, consultation and negotiation. This process should involve 

consultation among a wide variety of institutions, groups and individuals. These will include 
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nongovernmental organizations, such as the national societies, and several governmental 

bodies, such as the ministries responsible for health, security, welfare, public works, etc. 

Predisaster activities should be coordinated in each country at different levels by bodies 

that are concerned with all stages of the disaster, so that the overall goal of vulnerability 

reduction is pursued. 

At national level, national disaster organizations (that may have a variety of names and that 

may be constituted in a variety of ways) should have the following features (Carter, 1991): 

 
They do: 

— provide a coherent approach to disaster management; 

— serve as a common reference point for departmental activities; 

— clearly allocate responsibilities; 

— provide a basis for coordinated action; 

— provide a setting within which to review and evaluate 

needs. 

They do not: 

— duplicate the normal government organization; 

— act independently of government; 

— seek to control other agencies; 

— act outside its legal authority. 

National disaster organizations are often composed of representatives from a range of 

government ministries and nongovernmental organizations that have a role to play in 

predisaster activities, disaster response and recovery. 

At various subnational levels, similar coordination and response bodies may also exist. 

They require resources, access to information, and authority to be able to operate effectively. 

 
 Prevention and mitigation: 

Disaster mitigation is the term used to refer to all actions to reduce the impact of a disaster that 

can be taken prior to its occurrence, including preparedness and long-term risk reduction measures. It 

includes both the planning and implementation of measures to reduce the risks associated with 

disasters.Mitigation efforts generally offer the best and most cost-effective long-term methods of dealing 

with disasters. With proper planning, most mitigation measures can be integrated into normal 

development activities at a relatively modest cost. Presently, most of the disaster-prone countries are 

spending huge amounts of money on post-disaster relief and rehabilitation measures. Instead of 

spending after the occurrence of disaster, it is better to invest on mitigation measures which will reduce 

the impact of disasters to a large extent. 
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Reducing the vulnerability of infrastructure is the main feature. Laboratories should 

beprotected from disasters so that they are immediately available during relief and recovery activities 

for testing water, soil and other materials for contamination, and for the analysis of biological samples  

as part of epidemiological surveillance. Although priorities for protection should include water-supply 

systems, waste-treatment plants and laboratories, other installations are by no means unimportant. 

Adequate storm drains can contribute to flood mitigation. If they are blocked by landslides or other 

disasters, they should be repaired so that flooding does not occur as a secondary hazard. Sanitary 

landfills and facilities for waste storage, collection and disposal can produce significant secondary 

hazards if they are flooded or burned during a disaster, or if they are so unstable and improperly sited 

that they contribute to a mass debris flow. 

 Preparedness and planning 
 

A general model for disaster-preparedness planning 

National, regional, district, and local emergency plans share many general characteristics 

so that the sequence of planning steps shown below will apply to all of them. 

1. Identify the hazards and estimate their effects: This is the process of vulnerability assessment 

2. Assess the likely needs: This involves making a preliminary list of everything that will have tobe 

done before, during and after the emergency. It may be helpful to assess needs in terms of percentages, 

e.g. X% of the people affected will need assistance with shelter, Z% will have to be provided with food, 

etc. This assessment should be done by considering local capacity and the extent to which additional 

external resources will be required to respond to unmet needs. 

 
3. Discuss the needs: This step involves including as many people as possible in the 

planningprocess. They are likely to think of things which may have been overlooked (e.g. 

specificcultural factors) and make constructive suggestions for improvements. 

4. Determine the operational procedures and review existing priorities:This step provides 

theframework for emergency operations. When planning for a range of emergencies, hazards should 

be prioritized, so that initial planning is concentrated on the most serious potential emergencies. 

Goals should be set and approved by the highest appropriate authority; this will help to provide a 

stablemanagement environment when an emergency occurs. 

5. Assign the responsibilities: A useful tool for defining roles and responsibilities for 

planningand action isstakeholder analysis. This is a participatory process that aims to: 

— identify and define the characteristics of key stakeholders; 
 

— assess the manner in which they might affect or be affected by the program/project 

outcome; 
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— understand the relations between stakeholders, including an assessment of thereal 

or potential conflicts of interest and expectation between stakeholders; 

— assess the capacity of different stakeholders to participate. 
 

6. Make an inventory of local capacity and available resources: Few jobs will be 

completelyself-contained and resources will have to be shared. All common resources 

needed for an emergency response, including human resources, materials, transport, 

special equipment (e.g. earth-moving, water purification) and money should be listed in the 

inventory. Local capacity should beincluded in this inventory. 

7. Review steps 2-5: This is the time to compare needs with resources and to create reserves. 

Itisusually helpful to tabulate. Shifts and rest periods should be taken into accountin human 

resources planning. 

8. Identify critical areas: These are the areas where potential responses will be subjected to 

thegreatest strain and which need strengthening beforehand. They are also the areas 

whichneed monitoring most closely when the plan is implemented. 

9. Confirm priorities: The priorities identified in Step 4 and discussed in subsequent steps 

need tobeconfirmed in the light of an understanding of both needs and resources. 

Prioritiescan change with time. 

 
10. Finalize the plan: A rigid format is not essential. What matters most is that the plan should 

beeasyto read; though where more than one plan is required it will obviously be helpfulif 

there is a standard layout. A suggested simple format is: 

Situation: A brief description of the hazard, its likely effects, the needs arisingfrom it 

and theplanning assumptions. 

Aim: A clear and concise statement of the aim of the plan. 

Concept of operations: A brief description of the overall policies, framework andgoals of the 

plan.  

Allocation of responsibilities: A clarification and assignment of rolesand tasks 

Coordination: Reporting procedures, channels of communication and 

arrangementsforestablishing and effectingappropriatecoordination.Standing operating 

procedures: These are routine procedures to be followed incertain circumstances, such as for 

the handling of warnings, or the proceduresto be used in emergency operations centres during 

an operation. 

Checklists and emergency operating procedures: These may make the total 

planmorebulky, but it will not be necessary for everybody to read the whole plan; whatthey 

need to know is how they fit into the overall concept and the details ofthose parts of the plan 

which are directly applicable to them. Supporting plansshould stand on their own. 
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11. Practice the plan: The planning process is in itself a very valuable learning experience. As 

timepasses, however, familiarity with the problem and the plan will fade. Plans should 

therefore be reviewed, updated and practised regularly so that the people who will be 

responsible for implementing them are brought up to date. Simulations can help to identify 

weaknesses in plans, which can then be remedied before the event. It is probably better to 

republish a whole plan than attempt to issueamendments. 

12. Evaluate the plan:If an emergency occurs and the plan is implemented, the effectiveness 

ofitsimplementation should be evaluated so that lessons can be learnt and applied. 

The planning process is a valuable learning experience that should be used to 

developthe skills of individuals and organizations 

 Institutional learning and memory 
 

One of the keys to improving emergency preparedness is the ability of organizations and 

individuals to learn from previous disasters and to incorporate that learning into practice. 

However, many of the lessons are not learned, for different reasons. Nevertheless, there are 

things that can be done to ensure that lessons are learned. 

 
 

It may be possible to make the periodic review of emergencies and disasters experience is shared 

with the various ministries concerned and to keep politicians and legislators up to date with current 

hazards and preparedness measures. One way to ensure that the evaluation lessons become included in 

practice is to integrate national experience into professional training curricula. 

 Warning indicators 

An extremely important component of preparedness, prevention and mitigation is the 

capacity to obtain and use early warnings of impending hazards or threats. Warning systems 

vary greatly, as does the amount of forewarning that they get. Warnings must give sufficient 

time to enable environmental health preparedness and prevention activities to be carried out. 

In the case of slow-onset hazards, such as drought and certain outbreaks of plant, 

animal and human disease, there is often a long warning time. Meteorological services are 

increasingly capable of reliable forecasts of climate patterns several months to one year in 

advance. A number of hazards have an intermediate range of warning times. Those responsible 

for environmental health should be among the first to be informed by the authority issuing the 

alert or provisional warning, in advance of any public announcement. An effective 

communication system should be established and the readiness of supplies, equipment, 

transport, communications and personnel should be confirmed. Many meteorological hazards 

have warning times measured in hours or days. Flash floods in semi-arid and arid watersheds 
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are perhaps the most sudden form of meteorology-related hazard. Cyclones can be detected by 

weather satellites in the form of small cells several days in advance 

 Emergency response phase 

Emergency response is the phase of the disaster-management cycle that often attracts the 

most attention and resources. During this phase, environmental health services may have a 

great impact on the health and well-being of affected communities. However, the impact 

achieved in the early days of the response is largely a test of previously-planned local and 

national preparedness and mitigation measures. Moreover, the way the emergency response 

has been planned and the way the emergency is managed will have a significant influence on 

post-disaster recovery and future development possibilities. The emergency response phase 

should therefore be seen as a critical part of the disaster management cycle.Emergency 

response is sometimes a cyclical process, involving repeated assessment, planning, action and 

review, to respond appropriately to needs and capacities as they evolve. 

 Assessments 
 

Following a disaster, rapid and effective action is needed to save lives, protect health 

and stabilize the situation, to avoid making the emergency worse. But even in an acute 

emergency, an assessment, however brief, is needed to ensure that any action undertaken is 

effective. This section deals primarily with two types of assessment: rapid initial assessments to 

establish the nature and scale of the emergency and the likely need for external assistance; and 

detailed sector assessments to plan, implement and coordinate a response. 

In acute emergencies, initial assessments should be rapid and produce the information 

required to start an appropriate response. In less acute emergencies, or once an acute situation 

has stabilized somewhat, a more detailed assessment is needed to design longer-term  

measures with adequate provision for monitoring and management. Whatever form the 

assessment takes, it is essential that information is collected and rapidly transmitted in a way 

that makes it clear what actions should be taken and why. 

o Purpose of emergency assessments 

Emergency assessments should allow the following (Adams, 1999): 
 

— an initial decision to be made on whether assistance is needed; 
 

— a decision to be made on whether local capacity is adequate or external resources are required; 
 

— priorities for intervention to be established and an intervention strategy identified; 

— necessary resources to be identified; 
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— base-line data to be collected, to facilitate monitoring; 
 

— information to be collected for fund-raising and advocacy work. 

o Field assessment techniques 

First-hand information may be gathered in the field using a variety of techniques, 

including the following: 

— on-site visual assessment, with both structured and nonstructured observation techniques 

(e.g. a health observation walk); 

— expert measurement and testing (e.g. water quality testing, or diagnosis of mechanical 

failure of a pump); 

— surveys, to provide statistically valid information from a sample 

of the population; 

— interviews with key informants, community leaders, groups of disaster-affected people, 

focus groups or household members; 

— participatory techniques, such as ranking or diagramming, to gain a rapid understanding of 

the way the disaster has affected different parts of the population and what peoples’ own 

assessment of the situation and options for response might be. 

Whichever assessment techniques are used, they should be adapted to the urgency of 

the situation and the degree of detail and accuracy needed to mount an appropriate response. 

 Evacuation 
 

Evacuation can be an important component of prevention, preparedness and response. 

It involves the temporary transfer of a population (and to a limited extent, property) from 

areas at risk of disaster to a safer location. Environmental health staffs are involved in ensuring 

that evacuations do not create health hazards. 

o Organized evacuation: Organized, pre-impact evacuation  is  commonly  

carriedout on a massive scale in some countries in response to warnings of tropical storms (e.g. 

in India and the USA). Various forms of evacuation may be organized as a precautionary 

measure in response to the threat of air attack or other military action. 

Organized post-impact evacuation may also occur in response to industrial accidents and after 

earthquakes (e.g. in the severe winter conditions following the Armenian earthquake of 

 

 
December 1988). Officially supported and comprehensively organized population relocation 

has also occurred extensively after volcanic eruptions. 
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o Spontaneous evacuation: Spontaneous pre-impact evacuation commonly 

occurs in response to a perceived threat, such as tropical storms, volcanic eruptions, droughts, 

floods and chemical or nuclear accidents. Military operations can also set off massive 

migrations. 

Communities facing severe food shortages may move en masse in search of food or 

income to avoid starvation. 

Post-impact spontaneous evacuation occurs in response to the loss of shelter or 

essential services in an area. In tropical storms and flooding, there is a tendency to move to the 

periphery of an affected area, especially where some existing services remain, or to higher 

ground or raised roads, such as happened in Bangladesh and Mozambique. In many 

emergencies, those relocating will move quickly to stay with friends and relatives, in 

preference to staying in public facilities (public buildings, schools, stadiums, military camps, 

etc.). 

 Disaster warnings and emergency instructions 
 

The following points should be borne in mind when designing and implementing 

disaster warnings and instructions for public evacuations or other emergency measures 

(adapted from Walker, 1989): 

— language used should be simple and non-technical; 
 

— if different warning systems are used, they should not give conflicting messages, or people 

will tend to ignore them; 

— messages should state clearly the exact nature of the impending threat and its implications 

for the target population; 

— the potential victims of a disaster should be clearly identified. 
 

Even if the warning creates awareness of an impending disaster, people may fail to 

react, and it is likely that environmental health workers will be part of a broad effort to 

persuade the population that the warning must be taken seriously. 

 
Radio broadcasting is likely to be restored relatively quickly and should be used to the 

fullest extent. Reliable information will enable the survivors to understand the situation, how 

the problems are being addressed, and what steps they should take to ensure their safety and 

the success of the relief operation. 
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 Environmental health services on evacuation routes 
 

Travel time in evacuations should be kept as short as possible, but where longer 

journeys are necessary, the support of environmental health personnel is required. People 

travelling long distances on foot require considerable support to reduce risks to their health. 

Clean drinking-water should be provided, preferably at periodic rest stations along the 

way, at the rate of three litres per person per day in temperate climates, rising to at least six 

litres per day in hot desert areas. Safe water should also be provided for personal hygiene. 

Priorities in the acute emergency phase include: 

— providing facilities for people to excrete safely and hygienically; 
 

— protecting water supplies from contamination; 
 

— providing a minimum amount of water for drinking, cooking and personal and domestic hygiene; 
 

— ensuring that people have enough water containers to collect and store water cleanly; 
 

— ensuring that people have sufficient cooking utensils, equipment and fuel to cook and store 

food safely; 

— ensuring that people have the knowledge and understanding they need to avoid disease; 
 

— ensuring that people have soap for hand washing; 
 

— containing or removing sources of chemical or radiological contamination, or evacuating 

people, to ensure they are no longer exposed to these hazards. 

 Search and rescue operations 
 

The most effective search and rescue action is usually taken by people in the affected 

community before national and international teams are mobilized. Training and support can 

help local people involved in search and rescue work more effectively and safely. 

Environmental health staff may find themselves directly involved in local search and 

rescue activities, and may be required to provide leadership or technical assistance. In addition, 

environmental health workers are likely to be involved in providing: 

— services for hospitals and medical facilities; 
 

— services for emergency operation centres; 

— potable water supplies for organized rescue teams; 

— assistance in assessing the risks from hazardous materials during rescue activity and 

information on the location of hazards. In the case of volcanic eruptions, this can include 

information on ash toxicity and any other effects; 
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— information about high-occupancy buildings to help in allocating rescue resources; 
 

— advice on emergency water and sanitation for large, isolated and trapped populations; 
 

— advice on handling human and animal corpses; 
 

— direct assistance with the retrieval, transportation and temporary storage of human bodies. 

 

 
In addition, environmental health services may be able to provide the following support: 

 

— communications equipment to link newly organized rescue teams; 
 

— fuel supplies for generators, and compressed gases for cutting equipment; 
 

— transportation for specialist teams; 
 

— specific equipment, such as power saws, drills, cutting devices, jacks, air bags; 

— portable generators for lighting and water supply; 
 

— support facilities for large volunteer teams. 
 

There needs to be a clear policy on the use of limited specialist resources during the 

relatively disorganized early stage of an emergency. For example, generators, water storage 

equipment, transportation and tools can quickly become dispersed and lost in an 

uncoordinated rescue effort. A record should be kept of where each major item of equipment is 

taken or used, and who is responsible for it. 

 Working with volunteers 
 

Volunteers will usually come forward in an emergency, often from existing community- 

based organizations, youth groups and sports clubs, etc. They may be able to provide skilled 

and unskilled help, and provide a communications channel with the affected community. They 

may be vital actors in the recovery process. 

All volunteers will need to be supervised by qualified environmental health personnel 

to ensure that they work effectively and that they take no unnecessary risks (particularly with 

chemical or radiological hazards, such as when using chemicals for vector control). 

 Equipment and supplies 
 

• Equipment and supplies – drawn up locally – any level of sophistication. 
 

• The needs to be met may range from a rural village to a major urban city. 

 
• Basic needs may sometimes include specific requirements, such as computers and 

communications equipment. 
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The categories of equipment to be considered include: 

— equipment for personnel; 
 

— equipment for emergency water supplies; 
 

— materials, tools and consumables needed to repair and operatedamaged items; 
 

— items used in monitoring and surveillance; 
 

— laboratory equipment and materials; 

— maps, reports and other materials that provide information on the and allow 

information to be updated and communicated;area and the disaster, 

— administrative and office items. 

 
 Transportation and logistics 

 

Transportation is needed for a range of environmental health operations during 

emergencies, including: 

— moving assessment and operational teams; 
 

— road clearance; 

— moving people affected by disaster; 
 

— moving equipment and supplies; 
 

— trucking water; 
 

— moving human bodies; 
 

— moving solid waste; 

— moving animal corpses (especially after floods and cyclones); 
 

— repair and reconstruction. 
 

The organization of transportation should be planned in advance. Vehicles and their supporting 

services are expensive and it is difficult to assemble reliable fleets at short notice. An organization 

should estimate what and how much it will need to move, and arrange for its existing resources to be 

increased during an emergency, if necessary. Any organization responsible for environmental 

health may eventually find itself using a wide variety of different vehicles, all of which will need 

maintenance and spare parts at some stage. Types of vehicles required Repairs and 

maintenance 
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 Telecommunications 
 

Telecommunications are the foundation of an effective emergency response on any 

scale. If installed from the start, they will ensure that the information on the situation is 

adequately transmitted, facilitating rapid reaction and personnel security. 

Use of standardized equipment allows an efficient telecommunications service to be 

provided with good user support and at a lower cost in the long run. The system used must be 

based on experience and field feedback. It is essential that personnel are trained in the use of 

telecommunications equipment, basic communications procedures and radio discipline, to 

avoid miscommunications and blocked communications channels. 

Types of telecommunications equipment 
 

The most basic communications equipment available worldwide include the following: 
 

Telephone. Fax and email 
 

Sources of radio communications 

Alternatives may include: 
 

— pre-established emergency radio networks; 
 

— groups of amateur radio operators; 
 

— armed forces or police radio; 
 

— couriers (to supplement radio, or for when radio is not available). 

Where radio equipment is widely used, it is essential to ensure that frequency 

allocations match the traffic likely to be carried. 

Local regulations for the use of radio and telephone communications should, if possible, 

include provision for emergency use by accredited international teams that bring their own 

equipment with them. 

 

 International assistance 
 

Primary responsibility for disaster relief almost always rests with the government of the 

affected country. Prior planning is needed both for requesting international health assistance 

and for handling such assistance. As far as possible, requests should be based on the field 

assessment of conditions. It may be appropriate to discuss major requests with local WHO 

offices and with the staff of major international relief agencies in the country, many of whom 

may have extensive previous experience. 
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5.3 Post-Disaster Stage 
 A distinction is usually made between immediate measures taken to support life and 

sustain morale, and the later activities dedicated to re-establishing the economic, 

social and cultural life of the people concerned and rebuilding damaged areas. 

 The first group of activities is called relief, while the second is collectively referred 

to as recovery. 

 There is no clear-cut boundary between the relief and the recovery periods. 

 Disaster management cycle – unbroken chain of human actions whose phases 

overlap. 

 Since the disasters change social, political, economic and even demographic realities 

irreversibly, there can be no return to the predisaster situation 

 Certainly, by the time the relief phase is changing into recovery, most people have 

very clear ideas about what they want to do to rebuild their lives. 

5.3.1 Assessment for recovery 

 Continuing relief efforts, such as the provision of emergency shelter, water, sanitation, etc., 

will not produce recovery alone. 

 More importantly, during the relief phase, populations are often supported by outside 

resources that are not sustainable in the long run. 

 At a certain stage, people in camps must either return home, become integrated with the host 

population, or settle in a third location. 

 Similarly, the self-sheltering population will need to support itself either in its old 

neighbourhoods or communities, or elsewhere. 

 The reconstruction of housing and of water-supply and sanitation systems are priority areas. 

 

5.3.2 Reconstruction of housing 

 
Before long-term plans for the reconstruction of housing and other forms of 

shelter can be drawn up, the following information is required: 

• The number of people concerned, their geographical distribution, age groups, etc. 

 
• The number of houses damaged and destroyed and the standard and pattern of housing 

before the disaster. 

• The number of families already engaged in repair or rebuilding; the way in which they 

are organized; the incorporation of risk-reducing features in rebuilding; 
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• The available resources (land, labour power, skills, materials, equipment, access to 

transportation, and financial resources to support self-help). 

• Remaining hazards that may be faced by people settling on certain sites. 

 
• Economic data (previous rent levels, land prices, costs of materials, and the source 

andamount of funds available for investment in housing). 

Housing policy should take this information into account and a thoroughconsultation 

process should be carried out. The goal is to find answers to the following questions: 

• What agencies should provide assistance to self-help rebuilding or engage directly in 

housing construction, and what partnerships with community organizations and the 

private sector are possible? 

• Should new housing be built on the previous site or elsewhere? 

 
• Should particular groups or families be given special consideration in rehousing? 

 
• Are there ways of encouraging those engaged in self-help rebuilding to incorporate new 

safety features against earthquakes, wind, flooding, etc., as appropriate? 

 
• Is it necessary to lower building standards that do not affect health or safety in order to 

build quickly and affordably ? 

• Should changes be made in the laws governing landlord–tenant relations? 

 
• Are laws needed during the recovery period to regulate speculation in urban land 

prices and the prices of building materials? 

5.3.3 Secondary damage assessment 

 
 Primary damage assessment involves in the rapid assessment of deaths, injuries and disease, 

and identification of damage to infrastructure, material resources and services, 

 Secondary damage assessment is concerned with the impact of the primary damage on the 

economic, social and cultural life of survivors. 

 The assessment of such damage should be concerned with the following three kinds of loss or 

disruption. 

o Loss of livelihood 

o Loss of social cohesion 

o Loss of cultural identity 
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 Loss of livelihood, including: 

 
— loss of capacity through physical disability or emotional disturbance due to the disaster; 

 
— loss of employment if the place of employment fails to reopen, or reopens only after a 

long delay; 

— loss of tools, raw materials, family labour (through death or injury), or other workers, or 

markets for the self-employed worker; 

— loss of agricultural land (due to landslides, salt spray, flooding, a river shifting its 

course, desertification, etc.), livestock, seed or farming equipment; 

— loss of boats, nets, other equipment, or markets for fish 

 
— indebtedness as a result of coping with a disaster, attempts to replace any one of the 

livelihood items mentioned, or attempts to rebuild a house 

Loss of social cohesion, due to: 

 
— multiple deaths in a family; 

— separation of family members; 

 
— being a refugee or a displaced person; 

 
— loss of status in the neighborhood, community, or family as a result of relying on 

support from outsiders; 

— loss of political influence at the municipal, state/regional, or national level because of 

deaths of party leaders, damage to party property, etc 

Loss of cultural identity, due to: 

 
— the destruction of significant cultural sites, places of worship, or religious objects; 

 
— the death of an important cultural/religious leader in the disaster; 

 
— the disruption of important cultural rites because of the disaster and its aftermath (e.g. 

the site of celebration has become inaccessible to perform the rite); 

— the need to violate food taboos or other cultural norms to survive in the aftermath of a 

disaster; 
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5.3.4 Secondary vulnerability assessment 

 
• The various kinds of losses discussed above under the headings of livelihood, social 

cohesion and cultural identity can create new vulnerability to future disasters or make 

existing vulnerability worse. 

• Failure to recover, or partial recovery, makes it more likely that people will be more 

vulnerable to the next stressful situation. 

• Recovery planning must therefore identify such people (or groups) and meet their 

needs for rehabilitation and reconstruction. 

5.3.5 Recovery Planning 

 
• The answers to the questions raised previously do not constitute a restoration “plan” by 

themselves. 

• A thorough evaluation of the relief response up to the point at which recovery planning 

begins, leads to secondary damage assessment and further activities of recovery and 

rehabilitation have to be started 

• In many countries, a specific governmental body is created for the purposes of 

coordinating and directing rehabilitation and reconstruction. 

• Elsewhere, an ad hoc task force consisting of officials from a number of ministries takes 

this responsibility. 

• In yet others, it is the national counter-disaster agency that also coordinates recovery. 

 
• Whatever the organizational form adopted, it is essential to ensure that the body will 

perform to the needs of disaster affected people 

• It is also necessary to guarantee that the body responsible for recovery is represented 

and has a strong voice in all routine economic planning and can review all major 

economic decisions. 

• Finally, post-disaster recovery requires true community involvement in planning and 

implementation, based on close consultation between planners, policy-makers and the 

communities concerned. 


