
Natural Hazards and Disasters

Why are you taking the class?

What is the relevance of natural hazards and disasters for you?



Natural Hazards and Disasters

https://www.postindependent.com/opinion/guest-opinion-finding-our-way-back-to-the-wilderness/

The science gets ever more dire. The politics runs the other 
way.


We've claimed hold of the planet, but cluelessly, like the 
sorcerer's apprentice. Welcomed to the Anthropocene: the 
age of humanity intertwined with nature.
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We have entered the “Anthropocene”
But we have not learned to wield the  

power wisely!

Having gained the power to 
change Earth, we need to 

take a new look at 
humanity and ask the 
question who we are

Plag, 2010The sorcerer's apprentice
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"Climate change is not a problem we have to make go 
away, in a sense that you don't make adolescence go away," 
astrophysicist Adam Frank said to Chris Hedges. "It is a 
dangerous transition that you have to navigate… The 
question is, are we smart enough to deal with the effects 
of our own power?"


The planet itself is transitioning, to God knows what. There 
may be no human race on the other side of that 
transition, but maybe there will be. Either way, we have to 
reach well beyond ourselves.



Class 1: Introduction to the Course and Basic Concepts (continued) 
• Practicalities 
• Course Contents 
• The Earth’s Life-Support System and Sustainability 
• Hazards, Vulnerabilities, and Disasters 
• Concept of Risk 
• Thresholds 
• Resilience 
• Disasters and Sustainability
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Disasters and Sustainability

Global Efforts to Reduce, Manage, Govern Risk

http://apogeospatial.com/category/articles/columns/on_the_edge/
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DISASTER RISK REDUCTION (DRR) 
There is no such thing as a 'natural' 
disaster, only natural hazards. 
Disaster Risk Reduction (DRR) aims to 
reduce the damage caused by natural 
hazards like earthquakes, floods, droughts 
and cyclones, through an ethic of 
prevention.
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Disasters often follow natural hazards. A disaster's severity 
depends on how much impact a hazard has on society and the 
environment. The scale of the impact in turn depends on the 
choices we make for our lives and for our environment. These 
choices relate to how we grow our food, where and how we build 
our homes, what kind of government we have, how our financial 
system works and even what we teach in schools. Each decision 
and action makes us more vulnerable to disasters - or more 
resilient to them.
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Disaster risk reduction is about choices. 
Disaster risk reduction is the concept and practice of reducing 
disaster risks through systematic efforts to analyse and reduce the 
causal factors of disasters. Reducing exposure to hazards, 
lessening vulnerability of people and property, wise management 
of land and the environment, and improving preparedness and 
early warning for adverse events are all examples of disaster risk 
reduction.
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Disaster risk reduction is everyone's business. 
Disaster risk reduction includes disciplines like disaster 
management, disaster mitigation and disaster preparedness, but 
DRR is also part of sustainable development. In order for 
development activities to be sustainable they must also reduce 
disaster risk. On the other hand, unsound development policies 
will increase disaster risk - and disaster losses. Thus, DRR 
involves every part of society, every part of government, and every 
part of the professional and private sector.
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Each Goal comes with up  
to 10 Targets and each 
Target with up to 2 
Indicators. 

Only Goal 11 addresses  
disaster risk in three 
Targets.
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Sustainable Development Goal 11: Sustainable Cities and Communities  
“Make cities and human settlements inclusive, safe, resilient and sustainable” 

Target 11.5: By 2030, significantly reduce the number of deaths and the number of people affected and 
substantially decrease the direct economic losses relative to global gross domestic product caused by 
disasters, including water-related disasters, with a focus on protecting the poor and people in vulnerable 
situations 

Target 11.b: By 2020, substantially increase the number of cities and human settlements adopting and 
implementing integrated policies and plans towards inclusion, resource efficiency, mitigation and 
adaptation to climate change, resilience to disasters, and develop and implement, in line with the Sendai 
Framework for Disaster Risk Reduction 2015-2030, holistic disaster risk management at all levels 

Target 11.c: Support least developed countries, including through financial and technical assistance, in 
building sustainable and resilient buildings utilizing local materials

Disasters and Sustainability



Class 2: Observing Hazards and Disasters 
• A dynamic Planet 
• Observing Systems for a Dynamic Planet 
• Reference Systems and Frames 
• Monitoring Small Changes
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A dynamic Planet

Science questions relevant for 
hazards: 
• Plate tectonics: location of and 

processes at plate boundaries;  
• Ice sheets/glaciers: ice load history, 

including present-day changes;  
• Sea level: quantification of different 

contributions; 
• Hydrological cycle: better 

quantification of fluxes; groundwater 
movements; land water storage; 

• Earthquakes: strain/stress 
accumulation and earthquakes; 
physical processes; 

• Volcanoes: location, state, 
              Modified from Rummel et al., 2009
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Observing Systems for a Dynamic Planet

Awareness 
Preparedness 

understanding the 
hazards and their 
potential impacts

Early Warning 
getting timely notice of a 
pending event; knowing 

precursors

Response 
having timely information 
on impacts and potential 

cascading hazards

Recovery 
planning reconstruction 
with better knowledge of 
possible future hazards

Disaster Risk Governance 
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USGS Monitoring System for Geohazards
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https://www.epos-ip.org
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GRACE

Observing Systems for a Dynamic Planet

See also: https://eospso.gsfc.nasa.gov/files/mission_profile.pdfFrom: https://eospso.gsfc.nasa.gov

https://eospso.gsfc.nasa.gov/files/mission_profile.pdf
https://eospso.gsfc.nasa.gov
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Observing Systems for a Dynamic Planet

Observation types: 
(1) Sensor-based: 
• In situ: observations of ambient conditions (e.g., thermometer)  
• Remote sensing: Using a signal to sense something in the distance (e.g., radar) 

(2) Sample-based: 
• in situ 
• in laboratory 
• counting, assessing 

Observation Mode: 
• on the Earth surface (fixed and moving); 
• satellite-borne 
• dedicated air-borne, ship-borne 
• opportunity (ships, airplanes, …)  
• balloons, robots, drones (within atmosphere, ocean, …) 
• citizen scientists 
• Big Data
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Measuring position and motion requires a coordinate system:
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Measuring position and motion requires a coordinate system:
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Assigning coordinates to points and objects on Earth, and to describe Earth's motion 
in space, we need to measure Earth's shape, gravity field, and rotation. 
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For this purpose, two reference systems are intrinsic in geodesy: 
- International Celestial Reference System (ICRS) 
- International Terrestrial Reference System (ITRS) 
and these are connected through Earth Rotation.
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Assigning coordinates to points and objects on Earth, and to describe Earth's motion 
in space, we need to measure Earth's shape, gravity field, and rotation. 

For this purpose, two reference systems are intrinsic in geodesy: 
- International Celestial Reference System (ICRS) 
- International Terrestrial Reference System (ITRS) 
and these are connected through Earth Rotation.

The two reference systems are realized through reference frames: 
- International Celestial Reference Frame (ICRF) 
- International Terrestrial Reference Frame (ITRF) 
and the connections is provided by the  
- Earth Orientation Parameters (EOPs). 

Reference Systems and Reference Frames
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http://hpiers.obspm.fr/icrs-pc/newwww/icrf/index.php
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http://hpiers.obspm.fr/icrs-pc/newwww/icrf/index.php

717 
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717 3414 objects
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http://itrf.ign.fr/GIS/ 

ITRF 2005 Stations
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Measuring land motion with 
respect to the center of 
mass of the Earth requires 
a stable, global reference 
frame well tied to the 
center of mass.

Global Geodetic Observing 
System
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Interferometric Synthetic 
Aperture Radar (InSAR) 
Spatial scales: order 25 m  
Temporal scales: < ~10 days
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InSAR-Determined Surface Displacements

Subsidence  1992-1997  

Four subsidence bowls 
Aquifer system response 
strongly controlled by  faults 
Faults are subsidence 
barriers 
Subsidence rate is 
decreasing 

•Amelung et al., 1999  
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GRACE: Gravity Recovery And Climate Experiment  
Spatial scales: > 150 km 
Temporal scales: 1 day to 1 decade

Monitoring Small Changes



http://grace.jpl.nasa.gov/information/
Satellite Gravity Missions (GRACE)
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JPL MASCON, secular trends 2003-2007, Watkins, 2008

Hydrology: Secular trends in Land Water storage
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GRACE Reveals Changes in Arctic Ocean Circulation Patterns

Morrison et al., GRL,2007

Monitoring Small Changes

Variations in the Arctic Ocean circulation are associated with clockwise and counterclockwise shifts in 
the front between salty Atlantic-derived and less salty Pacific-derived upper ocean waters.  
Orientation of the front is climatically important because it impacts sea ice transport.



GRACE Quantifies Massive Depletion of Groundwater in NW India
The water table is declining at an average rate of 33 cm/yr

During the study period, 2002-08, 109 km3 of groundwater was lost from the 
states of Rajasthan, Punjab, and Haryana; triple the capacity of Lake Mead

GRACE is unique among Earth observing missions in its ability to monitor variations in all 
water stored on land, down to the deepest aquifers.

Trends in groundwater storage during 2002-08, 
with increases in blue and decreases in red.  The 
study region is outlined.

Time series of total water from GRACE, simulated soil water, and 
estimated groundwater, as equivalent layers of water (cm) averaged 
over the region.  The mean rate of groundwater depletion is 4 cm/yr.  
Inset: Seasonal cycle.

Rodell, Velicogna, and Famiglietti, Nature, 2009
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Greenland:  
- mass loss increased from 137 Gt/yr in 2002–2003 to 286 Gt/yr in 2007–2009 
- acceleration of -30 ± 11 Gt/yr2 in 2002–2009.  
Antarctica: 
- mass loss increased from 104 Gt/yr in 2002–2006 to 246 Gt/yr in 2006–2009 
- acceleration of -26 ± 14 Gt/yr2 in 2002–2009.

GRACE Detects Accelerated Ice Mass Loss in Greenland and Antarctica

Velicogna, GRL,2009

During the period of April 2002 to February 2009 the mass loss of the polar ice sheets was not constant 
but increased with time, implying that the ice sheets’ contribution to sea level rise was increasing. 

AntarcticaGreenland
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