MIDTERM NOTES – NATURAL DISASTERS


INTRODUCTION

Hazard
	Potential threat to humans their welfare 

Risk 
	Probability of loss as a result of a particular natural event

Vulnerability 
	Potential loss, or degree of loss from the event 

Disaster
	A hazardous event affecting a community in an adverse way such that essential social structures and functions are disrupted 

Prediction and Forecasting
	Statement that a particular natural hazard will occur…. 
a) With given probability
b) During a certain time frame
c) In specified geographic area 

Mitigation 
	Efforts to reduce or minimize the effects of natural hazards on a community

Unpredictability
· Mother nature is non-deterministic
· Individual events are inherently unpredictable 
· This requires a statistical approach such as probabilities 

Recurrence Intervals 
Average time interval between the occurrence of two events of given magnitude 
Ex/ flood of 6m that occurs once every 50 years 
/ earthquake of magnitude 5 that happens once every 10 years 

Probabilities within recurrence intervals…

Flood – 1 in 50 chance = 2% probability of occurrence in any one year 
Earthquake – 1 in 10 chance = 10% probability of occurrence 



HURRICANES 

 
World’s deadliest Tropical Cyclones
· 20
· of the 20, 14 have occurred in South Asia (India, Bangladesh)
· DEADLIEST = Bhola Cyclone in Bangladesh 1970 
· The land is no more than 8 m above sea-level hundreds of miles inland
· Has a very shallow coastal shelf
· Even relatively modest storm surges inundate hundreds to thousands of square kilometers of the country
· Deadliest storm in the Atlantic Basin was in 1780 
· US:
· Deadliest storm was the Galveston Hurricane in 1900 
· There have been 10 deadly storms
· Only 1 has occurred since 1957, Katrina
· Canada:
· 4 hurricanes impact Atlantic Canada in any given year
· Deadliest hurricane in 1775 along the Newfoundland coast
· 2nd deadliest was the Nova Scotia hurricane of 1873

Economic Impact
· Rebuilding of damaged infrastructure
· The cost of evacuation
· The impact on energy production
· The cost of sever coastal erosion 
· Hurricane Katrina = biggest economic impact

Why is New Orleans vulnerable to storm surge?
	Below sea- level  
	Levees can help but in worst-case scenario actually make it worse 

Tropical Cyclone
· Warm core, low pressure system without any “front” attached
· Warm core means the warmest air is located at the center of the storm 
· It’s generated by latent heat release and subsidence
· Develops over the tropical or subtropical waters 
· Has an organized circulation w/ winds of at least 120 kph 
· Depending upon location, tropical cyclones have different names:
· Atlantic/Eastern Pacific Oceans – hurricanes
· Western Pacific – typhoons
· Indian Ocean – cyclones 

Latent Heat Release
1) Warm moist air moves over the ocean 
2) Water vapor rises into the atmosphere
3) As the water vapor rises, it cools and condenses into liquid droplets
4) The change of state = condensation releases heat into the atmosphere making the air lighter
5) The warmed air continues to rise with moist air from the ocean taking its place thus creating more wind 

Subsidence
· As the air in the eye of the cyclone sinks, it warms due to compression
· The winds going upwards must take a path downwards 
· This very strong air is called the eye itself 
· Size of the eye can vary substantially 
· As the air is subsiding very strongly, that air is undergoing air pressure 
· The eye wall and the center of the low pressure system contribute to a very strong warm core 
· Air is being compressed into a smaller space and thus it’s volume stays the same but pressure on it increases causing temperature to increase 

Life Cycle
	Tropical depression designated when the first appearance of a lowed pressure and organized circulation in the center of the thunderstorm complex occurs 
· Winds near the center are constantly between 20 and 34 knots 

As surface pressure continues to drop, a tropical storm becomes a hurricane when sustained wind speeds reach 64 knots 
- Hurricanes = low pressure
· A pronounced rotation develops around the central core 

Large curved bands of clouds and precipitation (thunderstorms) spiral away from the eye wall and are thusly called spiral rand bands: 
· Are capable of producing heavy burst of rain and wind and tornadoes
· Sometimes gaps between bands where no wind or rain in found

Storm Structure

Tropical Cyclone Size
· 300 miles wide but can vary
· Super Typhoon Tip – largest 
· Tropical Cyclone Tracy – smallest 



The Eye 
· Hurricane’s center 
· Calm, clear area of sinking air and light winds
· Winds don’t exceed 15 mph and typically 20-40 miles across
· Eye will develop when the max. sustained wind speeds go above 74 mph 
· The calmest part of the storm
· Can grow and shrink in size  
· Strongest precipitation is found here – in the North 

The Eye Wall
· A ring of tall thunderstorms 
· Produce heavy rains and the strongest winds 
· Changes in the structure of the eye and eye wall can cause changes in the wind speed 
· An indicator of the storm’s intensity 
· Double eye walls can form (concentric) 

Where and When 
· Tropical cyclones don’t form near the equator
· Storms curve to the North and East as they intersect w/ the westerlies 
· September in North Atlantic is when storms are most present
· At the equator, 
· We can’t get low pressure systems to rotate
· Without rotation, there is no storm 
· Not enough Coriolis force or deflection to allow rotation to develop
· Activity peaks in late summer when water temperatures are warmest 
· Sea surface temperatures are warmer along Eastern coats than Western coasts
· Warmest near Indonesia accounting for the strongest and most frequent activity 

6 important points about worldwide hurricane occurrences:
1) 66% occur in the Northern Hemisphere
2) Hurricanes never originate within 5 degrees of the equator
3) They rarely originate poleward of 25 degrees N or S
4) Of the 80 tropical storms that develop annually, between 50-70% develop into hurricanes 
5) The Western Pacific in the Northern Hemisphere produce the largest # of tropical cyclones 
6) Hurricanes form all over tropical oceans except the Atlantic and the southeast Pacific oceans 
· one recent exception to the South Atlantic “rule”
· Catarina March 2004


Tropical cyclone development

4 Main requirements for tropical cyclogenesis:
1) Enough Coriolis force to develop a low pressure center
2) A pre-existing low-level focus or disturbance
3) Sufficiently warm sea surface temperatures 
Approx.. 27 degrees C at least 60 m deep 
4) Low vertical wind shear 
· these conditions are necessary but NOT sufficient conditions for the formation of tropical cyclones 

Coriolis Effect
· Object in motion appears to be deflected from its course as if a force is pulling it sideways 
· Imagine a game of catch being played by 2 people on a merigoround, that spins like the Earth, but is flat
· Without rotation, the ball throws a straight path from thrower to catcher 
· When ball is tossed from center to somewhat at the edge, with rotation, the ball still travels in a straight line in space but bc catcher is moving, the ball misses 
· From view of catcher, ball appears to curve away to the right when following the path of the ball
· Bc the thrower is moving, the ball has a velocity component to the right 
· A throw across the merigoround, both people move with it, ball is thrown, although it flies straight, it gets deflected from its original path 
· = apparent deflection increases as the ball travels farther 
· In Southern Hemisphere, while moving, ball is averted to the left
· On Earth, all 3 moving objects including masses of air are subject to the Coriolis affect 
· In Northern hemisphere, objects are diverted to the right as viewed from direction of original movement
· In Southern Hemisphere, deflection is to the left 
· The apparent deflection of air due to the rotation of the earth
· Low pressure center where air is converging inwards on the surface is counter-clockwise
· High pressure center where air is diverging outwards on the surface is clockwise 

3 “Trigger” Mechanism for tropical cyclones
1. Intertropical convergence zone (ITCZ) 
· Migrates w. the Sun towards the summer hemisphere
· Slightly displaced towards the Northern Hemisphere since there’s more land mass
· Site where trade winds converge
· Belt of low pressure girdling Earth at the equator 

2. Easterly Waves
· Also called tropical waves 
· Inverted trough of low pressure 
· A trough is defined as a region of relative low pressure.
· Moving generally westward in the tropical easterlies 
· Thunderstorms forming on the convergent side (to the east) have the potential to organize into hurricanes
· Ex/ Hurricane Erika 1997 
· Majority of tropic cyclones form from eastery waves 

3. Middle latitude cold fronts 
· More common in the autumn months 
· Little pockets of low pressure can break off  can turn into a tropical thunder storm 
· Ex/ hurricane Kyle (2002) formed from thunderstorms developing from a cold front 

Intensity
· Why do we need warm sea surface temperatures?
· Heat is what continues the storm onward 
· The warmer our water, we get stronger thunderstorms and the capability to have a hurricane 
· There is a direct relationship between intensity (central pressure) of the most intense hurricanes and the temperature of the sea-surface over which the storms are moving 
· The 6 strongest hurricanes all occurred in the Western Pacific where sea-surface temps are warmest
· The 5 lowest pressures ever recorded in tropical cyclones all have occurred in the Pacific basin 
· Predicted maximum intensity of a hurricane based upon average ocean surface temperatures
· At or just below 800 millibars is the max. you can achieve 
· We also need to know how deep the warm water is 
· The storm itself can cool the sea surface by bringing up cooler water through upwelling 

Weak Wind Shear 
· Energy is derived from release of latent heat in the eye wall
· A concentration of energy is necessary for development 
· If the clouds are carried away by the high winds up, then the energy is no longer concentrated sufficiently for the hurricane to develop 

*Print how thunderstorms organize into a hurricane.. 



Summary of Hurricane Formation:

Trigger mechanisms for initial thunderstorms:
· intertropical convergence zone
· easterly waves in trade wind flow
· cold fronts extending into tropics

Environment required for Hurricane formation:
· sea surface temp > 27 degrees C
· deep layer of warm water
· weak wind shear
· at least 5 degrees from equator 

spin up of thunderstorm clusters into Hurricane
· wind induced transfer of heat from the ocean to the atmosphere
· conservation of angular momentum 


Hurricane Hazards
· Storm surge
· Wind damage
· Heavy rains (flooding) 
· Associated tornados 
· About 90% of fatalities are caused by coastal and inland storm surge 

Storm Surge
· It is an 8-160 km dome of water that sweeps over the coastline during landfall 
Ex/ tampa area – category 4 hurricane hitting at high tide 
	
· Strong onshore winds and low air pressure are responsible for a storm surge
· A sea-level rise of about .5 m for every 50 mb of pressure loss
· A surge is superimposed on the normal tidal oscillation, so that the danger is greatest at high tide
· Plus wind-driven waves up to 3m 

· The level of surge in an area is determined by the slope of the continental shelf
· A shallow slope off the coast will allow a greater surge to inundate coastal communities
· Communities with a steeper continental shelf will not see as much surge inundation 
· Although, large breaking waves can still present major problems 
Historical Hurricanes w/ storm surges 
· Galveston Texas 
· Single worst natural disaster in US in terms of loss of life 
· Most fatalities were drownings in a 7m surge 
· 75% of city was destroyed 
· Camille – 7.3 m surge 
· Bangladesh 
· Katrina
· Had weakened to a category 3 hurricane 
· Max. sustained winds estimated at 145 mphs 
· Storm surge of 8.4 m was maintained

The Wall Street of the Southwest
· Atmospheric pressure plunged in the morning
· Winds increased
· Islands were flooded
· Isaac Cline
· Dismissed the notion that a hurricane could destroy Galveston 
· This attitude contributed to the lack of any seawall construction
· Sent observations and warnings throughout the hurricane’s fury 

Flooding – Floyd 1999 
· Extensive flooding resulted in significant crop damage 
· Runoff from the hurricane created significant problem’s for the ecology of North Carolina’s rivers and sounds 
· Freshwater runoff, sediment, and decomposing organic matter caused salinity and oxygen levels in Pamlico Sound and its tributary rivers to drop to nearly zero.













El Ninos 
	And the Southern Oscillation

Background 
· Oceanic surface temperature are largely governed by a combination of solar radiation and surface wind patterns 
· Surface currents bring cool waters up along the West coast of South America

Origins of El Nino
· Spanish for “Christ Child”
· Originally used by fishermen along the coast of Peru and Ecuador in referring to a warm ocean current appearing near xmas and lasting a few months 
· Fish are less abundant during these warm periods because there is less “upwelling” of cold nutrient-rich water
· Some years the water stays especially warm and the break in fishing season extends into May

What makes El Nino unique?
· the trade winds weaken
· this allows the warm pool of surface water in the western tropical Pacific to extend farther east, to the Peruvian coast
· warm water suppresses upwelling of cold, nutrient rich water from below
· occurs every 3-7 years, a result of complex air-sea interaction in tropical Pacific

Why study El Nino?
· Association with unusual weather patterns that affect much of the world and persist for a season or more 
· Ocean surface temps may affect the intensity of individual extreme weather events
· They are becoming more frequent
· Increased oceanic surface temps can mean stronger and wetter storms for some parts of the world 
· The costs can be astronomical
· Associated w. fires in areas of relatively lush vegetation

Economic Impact
· Peruvian fishing is negative
· Seabirds that feed on fish also suffer 


Recent El Ninos
· Two dozen have occurred during the past century
· Most raised the ocean temps along the South American coast 
· Strongest events were 1982-3 and 1997-8

Southern Oscillation (SO)
· A change in atmospheric circulation 
· A sea-saw variation of surface pressure between western and eastern equatorial Pacific
· Equatorial easterlies alternately weaken and strengthen in response to So 
· Represents a variation of pressure

Normal weather pattern in the South Pacific: 
· Eastern region has little precipitation bc of downward motion near the high
· Western region has precipitation bc of upward motion near the low 

The clearest sign of the SO is the inverse relationship between surface air pressure at two sites: Darwin, Australia, and the South Pacific island of Tahiti. 
· High pressure at one site is almost always concurrent with low pressure at the other, and vice versa. 
· The pattern reverses every few years. 
· It represents a standing wave or "see-saw", a mass of air oscillating back and forth across the International Date Line in the tropics and subtropics.
· Darwin represents a warm area of Australia.
· SOI is the difference between the pressures. When these differences are positive, we have the opposite of el Niño which is la Nina.
· La Nina is an extreme opposite of El Nino which are cold temperatures in the Pacific 
· When the differences are negative, we have an El Nino..


El Nino and the Southern Oscillation (ENSO)
· When the atmospheric pressures rises in the eastern Pacific, it falls in the western Pacific and vice-versa
· SO is the “seesaw” of pressure in the South Pacific 
· When we have low pressures, there’s a tendency for low winds as well 

El Nino and the Weather

The Walker Circulation
· 1) Evaporation from warm ocean moistens lower atmosphere
· 2) trade winds carry moisture west
· a lot of winds are blowing in from the East
· upward motion from the west
· moisture that is picked up in the Eastern part of the Pacific is transported towards the West 
· 3) moist air rises and feeds rain
· 4) dry air cools and sinks 
· Changes to the Walker circulation during an El nino = becomes more complicated, most of the thunderstorm activity shifts to the East 

El Nino Conditions
· The easterly trade winds weaken (or even reverse)
· The warm waters of the western tropical Pacific come sloshing back to the east bc the trade winds are too weak to sustain the tilted sea level
· Will cut off the tendency of the Ocean 
· The upwelling or rising of the cold nutrient-rich waters off the South American coast ceases
· The upwelling is destroyed or suppressed by the strong wind from the West cutting off the Ocean circulation 
· Ex/ Peru has warmer waters instead of cold so it kills their fishing industry.. 
· The upward motion clouds and precipitation moves eastward into the central and eastern Pacific 

El Nino’s global consequences
· Droughts in Australia and Indonesia
· Can turn rivers into strings of pools = mosquito infested 
· Warm, rainy weather in the eastern Pacific and South America
· Can live on months on end
· Reduction in Atlantic Ocean hurricane activity 
· Very strong winds produce too much wind shear for a hurricane to continue to exist 
· Flooding and disease 
· In places of flooding, water born diseases became an issue ex/ cholera in Peru 
· Malaria, Plague, etc. 
· Wild fires – Indonesia
· Releases massive amounts of CO2 
· Huge health hazard – pollution wise
· Impact on agriculture in Australia
· Pressures to be relatively low in eastern Pacific
· Allowance for easterly winds to relax 

Effects in California
· Storm surge 
· Coastal erosion 
· Floods 
· [bookmark: _GoBack]Landslide 
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