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Weather extreme events and economic impact

B |ncrease in intensity and frequency of
local weather extremes

» heat waves (Australia 2012/13: 0.33 to
0.47 % GDP loss)

» river floods (Europe 2002: USD 18 bn
property loss)

» tropical cyclones (Hurricane Irma 2017
in USA: USD 50 bn property loss)

IPCC (2013). ; Zander (2015). ; Helmer (2006). ; NOAA-1; Econews-1; S. Malsch; NASA-1
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Research on consecutive events

® Overlap of impacts of two or more disasters

B |ndependent & dependet consecutive events

B Spatial dynamics
Spatial overlap of different hazard types
Mostly local-scale case studies

B Temporal dynamics
Second disaster in the aftermath of first extreme event
Rarely studied: crucial time resolution, state of rebuilding
Increase vs. decrease of damage

B Qur approach of consecutive events
Independent disasters
Spatial dynamics: overlay of two or three regional extreme events
Temporal dynamics: overlay of regional aftermath due to different (local or non-local)
disasters

) o deRuiter et al. (2020).
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Loss-propagation model Acclimate

B Complex network of
heterogeneous economic .
Production site

agents:
g . ‘ o \ Consumption /
» Firms and regional Demand Production site

consumer
B Decision rationale: .  Storages ‘ .
. i —_—

» Demand driven economy Supply

» High temporal resolution

» Explicit modeling of P
inventories

» Transport delays for
commodity supply D D D O

» Recursive dynamic modeling § |

» Myopic, locally optimizing
agents

Transport paths

Otto (2017).
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Simulation setup

B Economic setup:

Baseline: EORA MRIO table 2012

Regions: 184 countries + dissagregated USA (51 states) and China (32 provinces)
26 economic sector + final demand sector (consumer)

Resulting 7, 236 economic agents

B Time range: 2000-2039

B Physical direct production reduction driver

Heat stress
River floods
Tropical cyclones

B Daily calculation of direct production losses, local optimization, demand shift for each
firm

)
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Hsiang (2010). ; Taylor (2012). ; Frieler” (2017). ; Willner et al. (2018).
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Simulation setup: consecutive extreme events scenario

B |ndependent natural disasters

® QOverlap of time series of damage
function of heat stress, river floods, T
tropical cyclones é ®
B Spatial and/or temporal consecutive
disaster

u DtOtal(rv S, t) =
Dys(r, s, t) + Dre(r, s, t) + Drc(r, s, t)
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Direct losses vs. indirect effects
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Results: worldwide losses per year

a
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. c
B Annual global consumption loss vs. S,
. . (2]
annual global direct production loss 2

B Equal direct loss s 150

. 5 1907
B |ncrease of consumption losses for E
consecutive disaster scenarios g
o

o Total impact
0 ~  Aggregated impact

0 400 800
Direct loss [bn USD]
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Results: global consumption losses

B Annual total global consumption <
losses vs. annual aggregated global §0.4
consumption losses s

® Consumption loss offset §

B |ncreasing aggregated loss: g
fampliﬁed total consumption loss T;
increase 02

= Loss amplification = 18%

— ACc~1.18-AC,

0.2 0.4
Aggregated consumption loss [%]
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Explanation: nonlinear price response

B Single supplier outage Price
» Increased demand among U -
non-disturbed suppliers due ” | | Demand
to SUpp“er O " 3o Consumption
» Higher prices & less output — O Price A 5 EEXX
consumption loss e '>omput v
B Qverlapping supploer outage 382
» Doubleriseindemand ~ cccoroiiiiieoiioeeoeoes APoap > 2APapf-------
» Non-linear (> twofold) Price
increase in production price “{ o
» At the end of supply chain: ' D_# Dgmand Consumption
Less goods/services for 382 N a B
significantly higher prices for O Demane e > el Seee> Egggg
consumer Output § ===§§
= Collapse in consumption 382
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Results: regional amplification & offset |

B Regional amplification rates
» A(USA) = A(EU) even if o4
D(USA) ~ 4D(EU) -
B China: 5
» A(CHN) = 23% <
» Aggregated Events: consumption g
gain possible éoz—
» Change from consumption gain to % '
consumption loss = Qualitative ke /

response shift
» Non-zero total consumption loss China: AC; = 1.23- AC; +0.1%
EU: ACq = 1.13- AC4 + 0.01%

for vanishing aggregated ay USA: AC - 1,13 4G, + 0.04%

consumption loss 00 00 02 04
regated consumption loss [%]
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Results: regional amplification & offset |l

B Negative amplification
(= Mitigation)
» Biggest Economies:
Brazil, Canada,
Russia, Sweden,
India, Mexico

B 79% of world
production: positive
amplification

Amplification [%]
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Take-home messages

B |ncrease of global
consumption losses
for consecutive
disaster scenarios =
loss offset

B [oss amplification
globally and regionally

B Regional response
shift possible

B Consecutive disasters:
significant impact on
welfare loss and risk
analysis
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