
Natural Hazards and Disaster



Class 17: Floods 
• Water (Energy) cycle 
• Flood Risk Management 
• Largest Floods 
• Deadliest Floods 
• River floods 
• Flash Floods 
• Monsoon 
• Water-Energy Cycle: Atmospheric Rivers 
• Changing Flood Risk 
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International Disaster Database
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  http://www.emdat.be/advanced search/.
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https://pmm.nasa.gov/education/sites/default/files/article_images/Water-Cycle-Art2A.png
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https://en.wikipedia.org/wiki/Water_cycle#/media/File:Diagram_of_the_Water_Cycle.jpg
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https://scied.ucar.edu/longcontent/water-cycle
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https://scied.ucar.edu/longcontent/water-cycle

Water Cycle

Aquifers are either confined 
or unconfined



https://scied.ucar.edu/longcontent/water-cycle

Water Cycle

Water cannot escape to surface

Confining bed - water cannot percolate through the 
rock

http://www.belmont.sd62.bc.ca/teacher/geology12/photos/erosion-water/aquifer.jpg

So what happens if we pump 
the water out faster than it is 
being recharged by rain and 
snow?

Aquifers are either confined 
or unconfined



Femtoseconds	(10-15	s)	
Angstroms	(10-10	m)

Years	(1012	s)	
Kilometers	(107	m)

Human	earth-system	
interactions
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http://www.geology.um.maine.edu/ges121/lectures/19-ocean-conveyor/conveyor.jpg

Ocean circulation
source: Broecker, 1991

sea to air heat 
transfer

Water-Energy Cycle

http://www.geology.um.maine.edu/ges121/lectures/19-ocean-conveyor/conveyor.jpg


http://images.encarta.msn.com/xrefmedia/aencmed/targets/
illus/ilt/T014098A.gif

ocean circulation driven by: 
 (a) wind

upwelling of cold water as wind 
pushes warmer water offshore

(b) evaporation

“thermo-haline” circulation

caused by changes in temperature 
(thermo)and salt (haline) content

colder, salty water is denser  
- sinks to bottom of ocean

warm, fresh water is less dense 
- stays near surface of ocean

Water-Energy Cycle

http://images.encarta.msn.com/xrefmedia/aencmed/targets/illus/ilt/T014098A.gif
http://images.encarta.msn.com/xrefmedia/aencmed/targets/illus/ilt/T014098A.gif


http://earthobservatory.nasa.gov/Features/BlueMarble/Images/land_ocean_ice_cloud_2048.jpg

Atmospheric circulation
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http://earthobservatory.nasa.gov/Features/BlueMarble/Images/land_ocean_ice_cloud_2048.jpg


http://www.newmediastudio.org/DataDiscovery/Hurr_ED_Center/
Easterly_Waves/Trade_Winds/Trade_Winds_fig02.jpg

Form in the Trade Winds belt (on either side of equator, 
between 30°N and 30°S)

equatorial “doldrums”  
- where warm, moist air rises

Hadley cells in tropical zones influence predominant wind direction across entire planet
Water-Energy Cycle

http://www.newmediastudio.org/DataDiscovery/Hurr_ED_Center/Easterly_Waves/Trade_Winds/Trade_Winds_fig02.jpg
http://www.newmediastudio.org/DataDiscovery/Hurr_ED_Center/Easterly_Waves/Trade_Winds/Trade_Winds_fig02.jpg


Hadley cells in tropical zones influence predominant wind direction across entire planet

http://www.geology.um.maine.edu/ges121/lectures/
20-monsoons/hadley.jpgequatorial “doldrums”  

- where warm, moist air rises

prevailing winds 
SE to NW

prevailing winds 
NE to SW

prevailing winds 
SW to NE

prevailing winds 
NW to SE

counter-
clockwise
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http://www.geology.um.maine.edu/ges121/lectures/20-monsoons/hadley.jpg
http://www.geology.um.maine.edu/ges121/lectures/20-monsoons/hadley.jpg


Hadley cells in tropical zones influence predominant wind direction across entire planet

http://www.geology.um.maine.edu/ges121/lectures/
20-monsoons/hadley.jpgequatorial “doldrums”  

- where warm, moist air rises

prevailing winds 
SE to NW

prevailing winds 
NE to SW

prevailing winds 
SW to NE

prevailing winds 
NW to SE

clockwise 
rotation

counter-
clockwise
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http://www.geology.um.maine.edu/ges121/lectures/20-monsoons/hadley.jpg
http://www.geology.um.maine.edu/ges121/lectures/20-monsoons/hadley.jpg


http://veimages.gsfc.nasa.gov/2429/
globe_west_540.jpg

equatorial “doldrums”

equatorial “doldrums” 

Hadley cells together with Coriolis Force (more later on this) influence prevailing wind direction

prevailing winds SE to NW

prevailing winds NE to SW

Water-Energy Cycle

http://veimages.gsfc.nasa.gov/2429/globe_west_540.jpg
http://veimages.gsfc.nasa.gov/2429/globe_west_540.jpg


Atmospheric Water Content

Water-Energy Cycle



https://water.usgs.gov/edu/watercyclesummary.html
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NASA & European Centre for Medium-Range Weather Forecasts (ECMWF) - ERA-40 Atlas
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Floods Risk Management

Rio Branco city, Brazil, when the River Acre, which meanders 
through the city, reached a flood crest of 18.4 m above normal 
stage on March 4, 2015.

Too often, individuals ignore warnings and build their homes in high 
flood risk areas, or try to cross flooded areas only to be swept away.

Flood warning signs are not merely ‘suggestions.’ 
They are meant to be taken seriously.

More than 150 individuals in the U.S.A. alone are 
killed each year while attempting to drive or walk 
through flooded streets. Most of those deaths could 
have been avoided if flood warning signs had been 
heeded.



Mortality risk is found by weighting the value of population exposure to floods for each grid cell by a vulnerability 
coefficient to obtain an estimate of risk. The vulnerability weights are based on historical losses in previous disasters. 
The mortality weights are applied to population exposure to obtain mortality risks. The weights are an aggregate index 
relative to losses within each region and country wealth class (classifications based on 2000 GDP) over the 20-year 
period from 1981 –2000. Dilley, Maxx, Robert S. Chen, Uwe Deichmann, Arthur L. Lerner-Lam, and Margaret Arnold. 

2005. Natural Disaster Hotspots: A Global Risk Analysis. Washington, D.C.: World Bank.
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Connor and Costa, 2011
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Evacuation Saves Lives: Early warning and evacuation procedures move 
vulnerable populations away from flood zones.

May 2009 flooding of the Brahmaputra River, 
Bangladesh, after Cyclone Aila. Towns and agricultural 
lands remained flooded through July 2009.

Residents rescued by boat in southern Louisiana, U.S.A.after 
more than 50 cm of rain in two days in August 2016. Although 
the flooding caused 9 fatalities and destroyed thousands of 
homes, evacuation of 20,000 people saved hundreds of lives.

Floods Risk Management



Population Relocation? If frequent flooding cannot be avoided, should 
entire populations be relocated?

A flooded town in the Lockyer Valley, Queensland, 
Australia after an 8 m-high flash flood. Heavy and 
persistent rains during a very strong La Niña event in 
December 2010 and January 2011 had already 
saturated the catchment area of the Lockyer and 
Brisbane Rivers before storms produced rainfall of 
40-50 mm (almost 2 inches) in a 30 minute period 
on January 10, 2011, triggering the flash flood.

Floods Risk Management



Designated Flood Zones: Cities around the world are creating flood zone 
maps that show the probability of future flooding.

Designated flood zones for the City of Charleston, SC, 
U.S.A. Darker blue = Atlantic Ocean mean sea level; light 
blue = developed areas at risk of flooding. The city has 
flooded more than 20 times since its founding in 1670, 
most recently in December 2015.

Flood risk map for the city of Norfolk, VA. 
Areas in blue = risk of flooding from 1 m sea level rise.
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Floodplain Management:  Allowing river floodwater to access 
its floodplain can help prevent flooding of towns and cities.

A floodplain management scheme that 
allows flooding of farmland in 10- and 
100-year flood events. Recommendations 
for the construction of new, and retrofitting 
of existing, properties are usually included.

Georgia Power Company released excess 
rainwater into the Chattahoochee River 
from two dams above Columbus, GA on 
December 25, 2015 as part of the city’s 
flood mitigation plan, deliberately flooding 
the city’s riverwalk in order to protect 
residences.

Flood Mitigation Plans: To be successful, flood 
mitigation requires a comprehensive approach 
that involves cooperation between people and 
governments.

A flash flood of the Santa Cruz River in 
Tucson, AZ, in October 2015. Over the past 
100 years, the river channel has been 
encased in a concrete-like soil-cement. 
Restoration of the river to a more natural 
state is part of the city’s flood mitigation plan.
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Largest Floods

Connor and Costa, 2011


