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Climate Change and Sea Level Hazards

Hazards:
Changes in means: Changes in extremes: Changes in dynamics and chemistry:
- air temperature - Storms (hurricanes, typhoons, - ocean circulation
- precipitation tornados, thunderstorms) - atmospheric circulation
— wind field/circulation - Floods - ocean temperature
- evapotranspiration - Droughts - ocean acidification
- humidity - Heat Waves - s0il, air and water chemistry
- soil moisture - lce storms and snow ftall
- permafrost Changes in biosphere:
- sea and lake levels - ecosystem health and services
- Inundation - migration
— river runoft - Invasive species
— desertification - extinction
- Ice and snhow cover
Questions:

- How well do we know the past and current changes”

- How well do we understand the processes and causes”?

- How are the hazards potentially going to impact human and non-human systems?
- lo what extent can we predict or anticipate future changes?

- Do we have foresight in terms of what might happen?
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Hazards:
Changes in means: Changes in extremes: Changes in dynamics and chemistry:
- air temperature - Storms (hurricanes, typhoons, - ocean circulation
- precipitation tornados, thunderstorms) - atmospheric circulation
— wind field/circulation - Floods — ocean temperature
- evapotranspiration - Droughts - ocean acidification
- humidity - Heat Waves - s0il, air and water chemistry
- soil moisture - lce storms and snow ftall
- permafrost Changes in biosphere:
- sea and lake levels - ecosystem health and services
- Inundation - migration
— river runoft ' 0 [

- desertification

- Ice and snow cover

Questions:
- How well do we know the past and current
- How well do we understand the processes and Causes’?
- How are the hazards potentially going to impact human and non-human systems?
- lo what extent can we predict or anticipate future changes?
- Do we have foresight in terms of what might happen?
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‘Understanding the Processes

What causes the sea level to change?

Terrestrial water storage,
extraction of groundwater,

building of reservoirs,
change% in runoff, and Surface and deep ocean

seepage into aquifers circulation changes, storm surges

Subsidence in river

delta region, As the ocean warms,
land movements, and the water expands

tectonic displacements

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

Exchange of the water
stored on land by
glaciers and ice sheets
with ocean water
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Local Sea Level: - ™
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LSL = short-period part + long-period part

Separation at a period of about 2 months:

High-frequency part)of LSL equation:

h’hft = H-‘(t) -+ h't.idn](t) + h'ntmm(t) + h'svi(']ws(t) .n h'rsunmni(t)'

Important for projection o@um ﬂoo@

Short-period variations are the result of local to regional processes

Long-period variations-are the

SL=-—short-period part + long-period part
Low-Frequency part)of the LSL equation:

Shu(Z,t) = N(Z,t) + S(Z,t) + C(Z,t) + F(X,t) + A(Z, t) +
)

N': nodal tide

S steric changes

C': changes in ocean currents

A: changes in atmospheric circulation

F': freshening

I': changes in the mass of the large ice sheets

Comments on the relation between mass
changes (exchange and redistribution)
and LSL

GG: changes in continental glaciers
T": changes in terrestrial hydrosphere
P: postglacial rebound

postg

Important fof projections of LSL
! esult of local to global processes
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Sea. level equation (Farrell&Clark, 1976)
SO M) =c(t)+ OO\ [L | TGO, NI Nt —1)

d
— O, N ) pwl(I, N ) + (L — O, N t)] pun(9, N, ')} sin@'d A dd dt’.
dt’ T

¢ local sea level change (distance to the deformable solid Earth surface),

. Green's function for sea. level,

0. ocean function,

n: cumulated water /ice load change due to mass added or removed from land,
pw and pr: densities of the ocean water and the load (water or ice), respectively,
c( t): quantity to ensure mass conservation.
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Sea. level equation (Farrell&Clark, 1976)
SO M) =c(t)+ OO\ [L | TGO, NI Nt — 1)

d
d_t' { O(ﬁ,’ )\,a t,)p\\'g(ﬁ’a /\’, tl) " [.l. — 0(19,, A,, t')] an(ﬁ" )\’, t’)} sin ¥ d Nd? dt’.

¢ local sea level change (distance to the deformable solid Earth surface),

(. Green’s function for sea level,

O: ocean function,

. curwlated water /ice load change due to mars added or removed trom land,
pw an' pr. densities of the ocean water and the 10ad (water or ice), rospectively,
c(t): quantity to ensure mass conservation.

LSL change Load on ocean areas

L oad on land areas
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Sea, level equation (Farrell&Clark, 1976)
E0, M) =clt) + 0D, M) ['os [T ST G(9, M9, N, t — 1)

1
dctl { O(0Ia )\,a t,)p\\":(ﬁ’, /\,, t,) ‘|‘ [1 - O('l?,, A,, t’)] an(ﬁ" )\', t’)} Sill 29,dA,dl9ldt,,

¢ local sea level change (distance to the deformable solid Earth surface),

(. Green's function for sea level,

O ocean function,

. curulated water /ice load change due to mars added or removed from land,
pw an' pr: densities of the ocean water and the 10ad (water or ice), rospectively,
c(t): quantity to ensure mass conservation.

psf hafi e All mass movements: L e i
- change the geoid
- displace the ocean bottom vertically Lol ot bl e

- redistribute the water masses in the ocean
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postglacial sea levels steric changes
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postglacial sea levels steric changes tide gauges
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postglacial sea levels
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Climate Change and Sea Level Hazards

Hazards:
Changes in means: Changes in extremes: Changes in dynamics and chemistry:
- air temperature - Storms (hurricanes, typhoons, - ocean circulation
- precipitation tornados, thunderstorms) - atmospheric circulation
— wind field/circulation - Floods - ocean temperature
- evapotranspiration - Droughts - ocean acidification
- humidity - Heat Waves - s0il, air and water chemistry
- soil moisture - lce storms and snow ftall
- permafrost Changes in biosphere:
- sea and lake levels - ecosystem health and services
- Inundation - migration
— river runoft - Invasive species
— desertification - extinction
- Ice and snhow cover
Questions:

- How well do we know the past and current changes”

- How well do we understand the processes and causes”?

- How are the hazards potentially going to impact human and non-human systems?
- lo what extent can we predict or anticipate future changes?

- Do we have foresight in terms of what might happen?
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IDCC
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CLIMATE CHANGE 2014
Synthesis Report

A REPORT OF THE

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

Summary
for Policymakers

Drafting Authors:

Us2 V. Alasandar (Austalia), Simon K Allen (SwitrariandMow Zesland), Nattankel L Bindoff
(Austraila), Fangois-Mark Bsion (Framca), Jotn A Church [Austalia), Ukich Cubasch
(Germany), Saita Emor (kapan), Piars Forster (LK), Plerme Frisdingstain (UK/Baiglum), Nathan
Gllstt {Canady), Jorathan M. Grogory (LK), Dernks L Harimamn [USA), Eystain Jensan
(Norway), Bon Krtman (USA), Reto Knutt! (Switariand), Krshra Kumar Kanfidcharia (Indi),
Fotor lemim [Cormany), Jochem Mantie (Gamany), Vakre Mason-Doimotin [Franca),
Gerald A. Machi [USA), igor |. Mokhow (Russian Fodaration), Shilong Plao (Ching), Glan-Kasper
Platiner (Switrariand], Qin Dzha (Chinz), eniatachalam Ramaswamy (USA), David Randal
(USA), Monica Rvin (Garmany), Malsa Rofas (Chiks), Christophar Sabing (LISA), Drow Shindl
(USA), Thomas F. Stocker (Switrertand), Lynna D Talioy (UISA), David G. Vaughan (UK), Shang-
Ping Xis (USA)

Draft Contributing Authors:

Myles R Allen (UK), Ofivier Bouchar [Franca), Don Chambers (USA), Jers Hessaibjorg Christonsan
(Danmark), Philippe Clals (Francs], Poter U. Clark USA), Matthow Colins (UK), Josafino C.
Comiso (USA), Vivizne Vasconcolos oo Moneres (Austaila@rard], Richand A. Fooly (USA)
Thiomy Fchalet (Beiglumi), Arkne M. Flore (USA), Gregory Fato (Canada), Jan Fugiestvedt
(Norway), Gatricke Hoger! (UK/Germany), Peu L Haeol (Boighum/USA), Grogory C Johnson
(USA), Goorg Kasar (Austriaiitaly), Vissimir Katsow (Russian Fedaration], John Kannedy (UK),
Albart MG Kiain Tanik (Nathertands), Corinne Lo Quird [UK), Gurnar Myhss (Norway), Timothy
Qsdarn (UK}, Amony L Rayre (UK), Judith Poriwitz (USA), Scott Fower (Australla), Michacl
Prater (USA), Stphen R Rintpu (Austails), Joorf Rogel| (Switrertand/Boighumm), Matiide
Rustcucd (Amgenting), Michacl Schutz (Germany), Jan Seckaéok (Switrsriand), Rotor A. Stott

(UK, Rowsn Sution (LK), Feter W. Thome [USA/NorwayUK), Donald Wusbiies (USA)

This Summary for Folicymakars should ba dted ax:

PCC, 2013 Summary o Policymalors. i Cimaw (hange 2013 De Aysial Scincs Sads. Coneridueian of
G [ 0o Fed Asesmay Rgore & v (neg vanmaneal Rond o0 Civas Bxange (S,

LE, 0 O, G-C Platnog M. Tignor, SC Allo, | Boscheng, A Mk, Y X3, V. Sax andd PM. Midgioy )}

Camiricige Untorsty Pross, Cambride, Unfiod Kingebm and Mow Yort, NY, USA




‘Understanding the Causes

IDCC

INTERGOVERNMENTAL PANEL oN ClimaTe chanée

CLIMATE CHANGE 2014
Synthesis Report

A REPORT OF THE
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

Summary for Policymakers

C. Drivers of Climate Change

Natural and anthropogenic substances and processes that alter the Earth's energy budget are drivers of dimate change
Radiative forcing'* (RF) quantifies the change in energy fluxes caused by changes in these drivers for 2011 relative to 1750,
unless otherwise indicated. Positive RF leads to surface warming, negative RF leads to surface cooling. RF is estimated based
on in-situ and ramote observations proparties of greenhouse gases and aerosols, and calal ations using numerical models
representing observed processes Some amitted compounds affect the atmospheric concentration of other substances The RF
can be reported based on the concentration changes of each substance' 5. Altematively, the emission-based RF of a compound
can be reported which provides a more direct ink to human activities. It includes contributions from all substances affected
by that emission. The total anthropogenic RF of the two approaches are identical when considering all drivers Though both
approaches are used in this Summary for Policymakers, emission-based RFs are emphasized.

Total radiative forcing is positive, and has led to an uptake of energy by the climate system.
The largest contribution to total radiative forcing is caused by the increase in the atmospheric
concentration of CO, since 1750 (see Figure SPM.5). 3.2, Box 3.1,83,85)

¢ The total anthropogenic RF for 2011 relative to 1750 is 2.29 [1.13 to 3.33] W m-2 (see Figure SPM.5), and it has increased

more rapidly since 1970 than during prior decades. The total anthropogenic RF best estimate for 2011 is 43% higher than
that reported in AR4 for the year 2005. This is caused by a combination of continued growth in most greenhouse gas

concentrations and improved estimates of RF by aerosols indicating a weaker net cooling effect (negative RF). {8.5}

¢ The RF from emissions of well-mixed greenhouse gases (CO,, CH,, N,0, and Halocarbons) for 2011 relative to 1750 is
3.00 [2.22 to 3.78] W m* (see Figure SPM.5). The RF from changes in concentrations in these gases is 2.83 [2.26 to 3.40]

Wm. {8.5)

e Emissions of CO, alone have caused an RF of 1.68 [1.33 to 2.03] W m (see Figure SPM.5). Including emissions of other
carbon-containing gases, which also contributed to the increase in CO, concentrations, the RF of CO, is 1.82 [1.46 to

218 Wm-. {8.3,8.5}

e Emissions of CH, alone have caused an RF of 0.97 [0.74 to 1.20) W m~* (see Rgure SPM.5). This is much larger than the
concentration-based estimate of 0.48 [0.38 to 0.58] W m-? (unchanged from AR4). This difference in estimates is caused
by concentration changes in ozone and stratospheric water vapour due to CH, emissions and other emissions indirectly
affecting CH,. {8.3, 8.5}

¢ Emissions of stratospheric ozone-depleting halocarbons have caused a net positive RF of 0.18 [0.01 to 0.35] W m-? (see
Figure SPM.5). Their own positive RF has outweighed the negative RF from the ozone depletion that they have induced.
The positive RF from all halocarbons is similar to the value in AR4, with a reduced RF from CFCs but increases from many
of their substitutes. {8.3, 8.5}

¢ Emissions of short-lived gases contribute to the total anthropogenic RE. Emissions of carbon monoxide (CO) are virtually
certain to have induced a positive RF, while emissions of nitrogen oxides (NO,) are /ikdy to have induced a net negative
RF (see Figure SPM.5). (8.3, 8.5}

- - - - -
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Greenhouse gas emissions by economic sectors
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Greenhouse gas emissions by economic sectors
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Mitigation and Adaptation Studies

Class 18: Knowing the Hazards: Climate Hazards, Public Health,
Food-Water-Energy Nexus R
Class 19: Foresight — = -~ S ™

Questions and Conclusions:

- How well do we understand past and current changes:

- We have comprehensive observations.that document the variability of the system
* - Detecting changes in dynamics and system state is nevertheless difficult due to large variability
—'-<no_vvje,dge about-changes in variables and underlying processes is evolving rapidly




Foresight and Foreseeability -—" -
Foresight, Foreseeabillity, anad Ision Maki
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The Role of Paradigms

Oxford English Dictionary: a paradigm is "a typical example or pattern of
something; a pattern or model’

Kuhn (1962). The Structure of Scientific Revolutions:
- Sciences go through alternating periods of normal science (existing model of reality dominates
a period of puzzle-solving), and revolution (the model of reality itselt undergoes sudden drastic

change).

or emulated. Underpinning
conditioning — the collection

- Paradigms have two different aspects in periods of normal science and scientific revolution
- Normal science: paradigm refers to a set of exemplary experiments that are likely to be copied
this set are shared preconceptions, made prior to — and

of evidence. These preconceptions embody guasi-metaphysical

hidden assumptions and elements, although the interpretations of the paradigm may vary

among Iindividual scientists.
evidence that might undermi
- Scientific Revolution: The ur

the Incumbent paradigm, ar

Conviction that the current paradigm /s reality tends to disquality
ine the paradigm itselt. This leads to unreconciled anomalies.
reconciled anomalies eventual lead to a revolutionary overthrow of
d its replacement by a new one: paradigm shift. Comparable to the

perceptual change that occurs when the interpretation of an ambiguous image shitts from one

state to another.
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Knowing the “paradigms”, “immutable truths”
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Knowing the “paradigms”, “immutable truths”

James Balog, 2013:

e “Slavery is necessary”

e “Child work is acceptable”
e “Women should not vote”



The Role of Paradigms

Knowing the “paradigms”, 1mmutable truths”

James Balog, 2013:

e “Slavery is necessary”

e “Child work is acceptable”
e “Women should not vote”

Recent “immutable truths”
e The oceans are invincible ...

"L beheve that the cod flsher'y the herrmg ftsher'y the
pilchard fishery, the mackerel fishery, and probably all
the great sea- fisheries are inexhaustable; that is to
say, nothing we can do seriously affects the number of
fish.”

- Thomas Huxley, Eminent British Biologist, 1883
HOWEVER
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Knowing the “paradigms”, “immutable truths”

James Balog, 2013: L\Vlﬂg Blue Planet RepOrt 2015

e “Slavery is necessary”
° “Ch]ld WOI‘k .iS acceptable” DATE: THIS PUBLICATION RELATES TO:

September 15, 2015 Ocean Habitat Overfishing Oil and Gas Development

e “Women should not vote”

Oceans

Recent “immutable truths™: GES v iweet
e The oceans are invincible ...

WWF's Living Blue Planet Report takes a deep look at the health of our oceans and the
impact of human activity on marine life. Data on marine ecosystems and human impacts ‘
upon them is limited, reflecting the lack of attention the ocean has received to date.

Nevertheless, the trends shown here present a compelling case for action to restore our
ocean to health.

https://www.worldwildlife.org/publications/living-blue-planet-report-2015

'_.“ -

Download (7.79 MB)
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The Role of Paradigms

Knowing the “paradigms”,

James Balog, 2013:

e “Slavery is necessary”

e “Child work is acceptable”
e “Women should not vote”

Recent “immutable truths”:
e | he oceans are invincible ...

e Growth is necessary for economic
prosperity

“.i

mmutable truths”

Living Blue Planet Report 2015

DATE: THIS PUBLICATION RELATES TO:
Septemoer 15, 2015 Ocean Habitat Overfishing Oil and Gas Development
Oceans

m W Tweet

WWF's Living Blue Planet Report takes a deep look at the health of our oceans and the
impact of human activity on marine life. Data on marine ecosystems and human impacts
upon them is limited, reflecting the lack of attention the ocean has received to date.

Nevertheless, the trends shown here present a compelling case for action to restore our
ocean to health.

https://www.worldwildlife.org/publications/living-blue-planet-report-2015

Download
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Foresight and Foreseeability
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Uncertainty or Probability” &

"A good understanding of the climate system is essential to allow society to prepare
for the future. Increasing populations, diminishing resources, changing weather
patterns and extreme events in combination with water scarcity and changing crop
vields will all put pressure on communities. The only sure thing is that the climate and
weather in the coming years will continue to have a degree of uncertainty and
surprise us.’

Nature Clim. Change, Editorial, 2013
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Aleatoric uncertainties: statistical uncertainties
Epistemic uncertainties: systemic uncertainties,
iIncluding knowledge gaps
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Half full or half empty?
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WORKING WITH A CHANGING
CLIMATE, NOT AGAINST IT

PROJECT REPORT
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Hydro-Meteorological Disaster Risk Reduction:
A Survey of Lessons Learned for Resilient Adaptation
to a Changing Climate

Is Resilience the key?
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Actions based on one's perceptions
of reality have real consequences.
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Complexity, creeping normalcy and conceit: sexy and
unsexy catastrophic risks

Author(s): Karin Kuhlemann , (School of Public Policy, University College London, London, UK)

Before delving into the existential vs sub-existential and sexy vs unsexy dichotomies, it is useful to
consider three cognitive weaknesses|2] that hinder recognition, engagement and rational responses to
GCRs: probabilistic thinking, caring about people we cannot see and valuing the future.

First, and stating the obvious, GCRs are risks. Engaging with risks of any kind requires probabilistic
thinking, at which human beings in general are notoriously poor (Dawes, 2001; Tversky & Kahneman,
1974). We tend to inappropriately focus on specific rather than general information, neglecting base rates
(Tversky and Kahneman, 1982; Welsh and Navarro, 2012). We are prone to overestimating the probability
of positive events and underestimating the likelihood of negative ones (Sharot, 2011), in particular when
predicting what will happen to ourselves (Weinstein and Klein, 1995; Weinstein, 1980, 1989) or those we
care about (Kappes et al., 2018). We tend to be particularly optimistic in predicting outcomes that will not
be known for some time (Armor & Taylor, 2002, pp. 339-340), and our optimistic beliefs tend to persevere
even In the face of contrary evidence (Garrett and Sharot, 2017). Faced with information about a risk, we
tend to assume that it will not actually materialise, or that its consequences will not really be catastrophic.
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‘Foresight and Foreseeability

Academic disciplines have a beginning, just like any other institution in society. The ancient
Greeks were particularly inventive in establishing many of the disciplines we take for granted today
— history, geometry, and a form of physics. We may be in a similar position today with the study of

the future. Before the Enlightenment
supplemented by a healthy dose of

well when the world was more order

iIntroducing the concepts of mathematical extrapolation and prediction. That approach served us

. religion was in charge of our knowledge of the future
superstition. The modern world improved on that approach by

v, but simple extrapolation does not do justice to a complex

and increasingly novel future. Never:

heless, we are still equipping our students to deal with the

future in this century with the tools from the last few centuries. My recommended change,
therefore, Is that every student in the world takes at least one required course on foresight and

futures studies in order to handle change in the world that they will live in rather than the world that

their parents and teachers did.

Peter Bishop, 2017, Fast Future Publishing
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Foreseeability

n. reasonable anticipation of the possible results of an action, such as what may happen if one is
negligent or consequential damages resulting a from breach of a contract.

The facility to perceive, know in advance, or reasonably anticipate that damage or injury will
probably ensue from acts or omissions.

In the law of Negligence, the foreseeability aspect of proximate cause—the event which is the
primary cause of the injury—is established by proof that the actor, as a person of ordinary
intelligence and circumspection, should reasonably have foreseen that his or her negligent act
would imperil others, whether by the event that transpired or some similar occurrence, and
regardless of what the actor surmised would happen in regard to the actual event or the manner
of causation of injuries.

West's Encyclopedia of American Law, edition 2. Copyright 2008 The Gale Group, Inc. All rights
reserved.


http://legal-dictionary.thefreedictionary.com/negligence
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In his law dictionary, Gifis (1991, 195-196) writes that “Foreseeability encompasses not
only that which the defendant foresaw, but that which the defendant ought to have
foreseen.”
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Lessons Learned
recognize mistakes

observe what works
document them
share them

Source: www.uowblogs.com

ABOUT LESSONS LEARNED

Why:

Philosopher Santana was noted as having said, “Those who do not
learn from history are doomed to repeat it.” There are now variations
on this theme, uttered by famous as well as the not so famous
indrviduals, but the core message remains: people must know history
i order to learn from it. People around the globe, through trial and
error, have forever been learning tactical and strategic responses to
their local and regional hydro-meteorological hazards and disasters.

Much of what they have learned in their local environments could
be of value to others facing similar hazards and disasters far AWay.
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Much of what they have learned in their local environments could
be of value to others facing stmular hazards and disasters far away.
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Comparison of world population projections Our World

Projections from 2015 onwards depict different fertility variants

in Data
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https://ourworldindata.org/future-population-growth
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Population Growth

~"Yet 1n all societies, even

those that are most vicionus Carrying Capacity = function of: Arable

the tendency to a virtuous ooy Land, Nitrogen, Phosphorous, Climate,
attachment is so strong that Water, Biodiversity, Land Use, Energy,
there is a constant effort Degradation, Technology, ...

towards an increase of
population” Malthus, 1798.

ropaion CC = FALN, PXCOMDB,)L, E, D, T, ..)

C=f(E L, ..)
W=f{(C
Carrying

Capacity p “That the increase of population 1s
necessarily limited by the means of
subsistence, That population does invariably
increase when the means of subsistence

> increase, and, That the superior power of
Time : .
population 1s repressed, and the actual
Lovelock: Carrying Capacity will be down to population kept equal to the means of
| Billion in 2050 subsistence, by misery and vice.”

Malthus, 1798.
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Population Growth
Millions in South Sudan in Urgent Need of Food, U.N.

By JEFFREY GETTLEMAN FEB. 20, 2017

Carrying Capacity = function of: Arable
. Energy | And_ Nitrooen Phnsphorous, Climate,

Land Use, Energy,
Why 20 Million People Are on Brink of Famine in a ‘World of Plenty’ )logy
gy, ..

AFRICA

By SOMINI SENGUPTA FEB. 22 2017 n ﬂ m ﬂ [_ - — .
Africa hit by worst famine crisis, 20 million people
face death

COMPILED FROM
WIRE SERVICES

Women who fled fighting in South Sudan waited for food to be
The United Nations has declared a famine in the country. Kate H

NAIROBI, Kenya — War and a collapsin
South Sudan, the United Nations annou

A Somali woman walks through a camp of people displaced from their homes elsewhere in the country by the
drought, shortly after dawn in Qardho, Somalia on March 9.

L I I ° = Nigerians displaced by Boko Haram insurgents last February at Dikwa camp in northe
Ove O C (. C a rrYI r United Nations raised the alarm on Wednesday about the risk of famine in northern N The worIdfaces the Iargest humanitarian crisis since the

oIl . - | United Nations was founded in 1945 with more than 20
I Bl I I IoNn IN 20 5 O million people in four African countries facing starvation

and famine, the U.N. humanitarian chief warned
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Population Growth

@ IO M 1. MIGRANT POPULATION (STOCKS) |6. DISPLACEMENT
UN MIGRATION

258 Million 68.5 Million

INTERNATIONAL MIGRANTS INDIVIDUALS
were counted globally in 2017 - people

e cou . were forcibly displaced worldwide due
residing in a country other than their to persecution, conflict, generalized
country of birth. This represented 3.4% violence, human rights violations, or

of the world's total population. other reasons by the end of 2017.

11. TRAFFICKING & MODERN 16. ENVIRONMENT

18.8 Million
PEOPLE

in 135 countries were newly displaced
by sudden-onset disasters within their
own countries in 2017.

SLAVERY

25 Million
VICTIMS OF FORCED LABOUR

were estimated in 2016. Out of those, 5
million may have crossed an
international border.
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SLAVERY

Population Growth
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Land use changes

Present

Future

|
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show state shifts
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Hazards and Disasters
NalCatSERVICE

Loss events worldwide 1980 — 2013 Munich RE
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Climate Change
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What are the
Impacts of
Climate Change”
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Climate Change
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Public Health

THE CONVERSATION o

Academic ngor, journalistic flaw

Arts + Culture Economy + Business Education Environment + Energy Ethics + Religion Health + Medicine Politics

How global warming is adding to the
health risks of poor people

January 27, 2019 4.14am EST

Pacple living in run-down, inner city apartiments, like these in Cairo, are at risk of heat-stress health problems.
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PU b‘lC He a‘th Humanitarian response‘ o
CycloneIdai crisis deepens as first cases

of cholera confirmed in Mozambique

Five people test positive for waterborne disease in flooded port
city of Beira amid warnings outbreak will spread

4y

R | e

A Residents survey the devastation caused by Cyclone Idai in the Mozambican city of Beira, where fears of a cholera

outbreak have been realised. Photograph: Karel Prinsloo/DEC
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Food-Water-Energy Nexusorio
ENERGY

COUNCIL

World Energy
Perspectives | 2016

-

P ad

THE ROAD TO RESILIENCE -

MANAGING THE RISKS OF THE

ENERGY-WATER-FOODNEXUS
!

IN PARTNERSHIP WITH MARSH & MCLENNAN COMPANIES
AND SWISS RE CORPORATE SOLUTIONS -

KEY FINDINGS

ENERGY IS THE SECOND LARGEST FRESHWATER USER after agriculture, Water is used all
1 along the energy value chain in primary energy production (coal, oil, gas, biofuels)
and in power generation (hydro, cooling). 98% of the power currently produced
needs water.

2 THE RISKS POSED BY THE ENERGY-WATER-FOOD NEXUS WILL BECOME MORE SIGNIFI-
CANT because of growing demand for energy, water and food. Moreover, some

of the regions that are currently water stressed are also likely to see significant
economic development, population growth and changing consumption patterns,

and a higher concentration of people and assets in critical areas, intensifying the risks
posed by the nexus.

3 ALONGSIDE GROWING DEMAND, INCREASING UNCERTAINTY ABOUT WATER

AVAILABILITY and quality - driven by climate change impacts such as declining
freshwater availability, increased ocean temperatures and more extreme weather -

will further increase the significance of risks posed by the nexus.’

4 ANALYSIS IN NATURE CLIMATE CHANGE? highlights that from 2014 to 2069, reductions
in usable water capacity could impact two-thirds of the 24,515 hydropower plants
analysed and more than 80% of the 1,427 thermal electric power plants assessed.

5 IN MANY CASES, THERE IS A LACK OF LOCATION-SPECIFIC KNOWLEDGE ON WATER

ISSUES and a lack of modelling tools to adequately reflect risks posed by the
nexus in energy infrastructure investment decisions. Such risks can be associated

with large economic stakes: in 2015, hydropower facilities in Brazil sustained eco-
nomic losses of more than US$4.3 billion due to drought-related energy and water
rationing measures.

6 THE RISKS POSED BY THE NEXUS ARE OFTEN EXACERBATED by the lack of sound
water governance such as well-defined water rights for competing users,
water pricing and trading arrangements.

CROSS-BORDER COOPERATION IS A KEY ISSUE. 261 international trans-boundary
basins cover 45% of the earth’s land surface, serve 40% of the world’s population

and provide 60% of the earth’s entire freshwater volume. This affects the operation
of planned and proposed energy infrastructures, and there is a need to ensure that

adequate cross-border water management frameworks are in place,
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Food-Water-Energy Nexus |
Science & Environment Interconnection between hazards

can only be understood in a
UN: Growing threat to food from decline systems thinking approach.

in biodiversity

By Matt McGrath
Environment correspondent

® 22 February 2019 B f © ¥ [ < Share

GETTY IMAGES

The plants, animals, and micro-organisms that are the bedrock of food
production are in decline, according to a UN study.
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Futures study is the systematic study of preferred, probable, and
possible futures including the worldviews and myths that underlie
each future. Futures research has moved from external forces
influencing the future—astrology and prophecy—to structure
(historical patterns of change, of the rise and fall of nations and
systems) and agency (the study and creation of preferred
images of the future).

-utures studies has been eagerly adopted by planning
departments in organizations and nations. Yet there are clear
differences between the planning and futures framework.
Planning seeks to control and close the future, while futures
studies seeks to open up the future, moving from the future to

alternative futures.

Inayatullah, 2013
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8 From a focus on predicting the future, the modern discipline of futures
studies has broadened to an exploration of alternative futures and

% deepened to investigate the worldviews and mythologies that underlie

| possible, probable and preferred futures.
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From a focus on predicting the future, the modern discipline of futures

studies has broadened to an

exploration of alternative futures and

deepened to investigate the worldviews and mythologies that underlie
possible, probable and preferred futures.

To understand the future(s), one needs a cogent theoretical framework. Four
approaches are crucial to foresight (Inayatullah, 1990). The first is predictive,
based on empirical social sciences. The second is interpretive, based not on
forecasting the future but on understanding competing images of the future.

The third is critical, derived f

| who benetfits by the realisatio

privilege certain types of futu

'om poststructural thought and focused on asking
N of certain futures and which methodologies

res studies. While truth claims are eschewed, the

price of epistemology is not: every knowledge decision privileges reality In
particular ways (Shapiro, 1992; Foucault, 1973). The fourth approach is
participatory action learning/research. This approach is far more democratic

"8 and focuses on stakeholders

developing their own future, based on their

assumptions of the future (for example, if the future is linear or cyclical) and

W what is critical to them (Inayatullah, 2007).
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From a focus on predicting the future, the modern discipline of futures
studies has broadened to an exploration of alternative futures and
deepened to investigate the worldviews and mythologies that underlie
possible, probable and preferred futures.

To understand the future(s), one needs a cogent theoretical framework. Four
approaches are crucial to foresight (Inayatullah, 1990). The first is predictive,
based on empirical social sciences. The second is interpretive, based not on
forecasting the future but on understanding competing images of the future.
The third is critical, derived from poststructural thought and focused on asking

who benefits by the realisation of certain futures and which methodologies

privilege certain types of futures studies. While truth claims are eschewed, the
price of epistemology is not: every knowledge decision privileges reality In
particular ways (Shapiro, 1992; Foucault, 1973). The fourth approach is
participatory action learning/research. This approach is far more democratic

. and focuses on stakeholders developing their own future, based on their
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assumptions of the future (for example, if the future is linear or cyclical) and

e AN ;| what is critical to them (Inayatullah, 2007).

The six pillars provide a theory of futures thinking that is linked to methods and
tools, and developed through praxis. The pillars are: mapping, anticipation,
timing, deepening, creating alternatives and transforming.
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Decision Making Under Uncertainty (DMUU):
Planning and preparing for a (somewhat) predictable future

 Choose a range of plausible trajectories (for droughts, heat waves, sea level rise, extreme events, ...)
* Determine the range of risks to be reduced based on these trajectories and vulnerabilities
 Adapt land use, building codes, protective measures accordingly
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Decision Making Under Foreseeability (DMUF):
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Imagining the “worst case” and facilitating adaptation to unpredictable future:

¢ understanding the vulnerabilities and comprehensively assessing the risks
¢ including the worst cases (food, water, heat waves, droughts, storms, sicknesses, social unrest, wars, ...)
¢ having early warning (for extreme events and rapid impacts)
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Decision Making Under Uncertainty (DMUU):
Planning and preparing for a (somewhat) predictable future

 Choose a range of plausible trajectories (for droughts, heat waves, sea level rise, extreme events, ...)
* Determine the range of risks to be reduced based on these trajectories and vulnerabilities
 Adapt land use, building codes, protective measures accordingly

Decision Making Under Foreseeability (DMUF):
Anticipating and preparing for surprises, developing general resilience

Imagining the “worst case” and facilitating adaptation to unpredictable future:

¢ understanding the vulnerabilities and comprehensively assessing the risks
¢ including the worst cases (food, water, heat waves, droughts, storms, sicknesses, social unrest, wars, ...)
¢ having early warning (for extreme events and rapid impacts)

How do we assess, and plan for, events that have never happened?

Knowing the paradigms our knowledge creations and decision making are
based on ...
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Decision Making Under Foreseeability (DMUF): Having Foresight

Given the the speed and magnitude of the complex climate system; deterministic

projections have little practice-relevant value
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Decision Making Under Foreseeability (DMUF): Having Foresight

Given the the speed and magnitude of the complex climate system; deterministic
projections have little practice-relevant value

Abrupt changes are happening (e.g., Arctic sea ice, biodiversity); more likely to come
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Decision Making Under Foreseeability (DMUF): Having Foresight

Given the the speed and magnitude of the complex climate system; deterministic
projections have little practice-relevant value

Abrupt changes are happening (e.g., Arctic sea ice, biodiversity); more likely to come

Abrupt sea level rise could (slowly) develop into a global disaster
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Decision Making Under Foreseeability (DMUF): Having Foresight

Given the the speed and magnitude of the complex climate system; deterministic
projections have little practice-relevant value

Abrupt changes are happening (e.g., Arctic sea ice, biodiversity); more likely to come

Abrupt sea level rise could (slowly) develop into a global disaster
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Paradigm shift to overcome normalcy bias:
Instead of
“Sea level is stable and coastlines don’t move”

(last 6,000 years) assume
“Sea level is variable and coastlines can migrate fast”



