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Project

—  “Detailed economic analysis of individual policy
instruments and measures for climate change adaptation”

—  Funded by: German Environment Agency

— Partner: Institute for Ecological Economy Research

. .
INSTITUT FUR OKOLOGISCHE
WIRTSCHAFTSFORSCHUNG
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—  Part I: Extreme weather events: Storm, Heavy rain,
Heatwave

e What are the macroeconomic effects?
* How can we adapt?
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News: Extreme weather in 2018 and 2019

Storm 'Friederike' caused €1 billion in Can Germany's supposedly crumbling
damages in Germany infrastructure hold up against extreme heat?

This week, a runway at Hanover airport cracked because of unusually hot temperatures
while some German roads have also buckled this summer. In an age of rising

temperatures, can the country’s concrete hold up?

The deadly winter storm "Friederike” that swept through western Europe is estimated to
have caused around €1 billion in damages in Germany. It was the second-most expensive

storm to strike Germany in the past 20 years. dw.com, 25.01.18

May and April 2018 hottest in Germany
since 1881

Germany has experienced its hottest May and April since the late 1800s. The German
Weather Service said the blazing temperatures could only be understood in relation to

climate change. dw.com, 04.06.18
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After the drought, the storm: German
weather chaos continues
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Modeling of climate damages and adaptation

Proceeding in 4 steps

e Literature-based (current research, insurance data, other important information)
e Combination of physical and economic parameters
1. Identification I Data based relations

URUCRSIEMIE o Estimates based on actual extreme weather events
extreme weather

events

e variables that change under climate change often cannot be found one-to-one in the catalogue of variables of an
economic model

e Translation important (e.g. energy production decreases, energy imports increase)

2. Translation . .
RS © Transparency of this procedure important ]

parameters

e |dentification of adaptation measures
e Translation into model

3. Including
adaptation

* Based on scenario comparisons

4. Simulation and
results
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1. Identification of the effects of extreme weather events

Data insurance industry: property insurance (only insured damages)

The ten most devastating natural disasters in Germany (simplified)

Year

2007

2002

2013

2013

1999

20162

2002

2015

2010

2014

Name Date Hazard Number Claims expenditure property insurance (Million €)
of damages

Kyrill 18o1-1901.  [*** 2060000 | )
August-Hochwasser 31.07.-0209. 4% 107.000
Juni-Hochwasser 2505.-1506. 4. 120,000
Lothar 2512.-2612.  [™** 550,000
Elvira, Friederike, Gisela 27.05.-09.06. ‘
Jeanett 27.10.-28.10.  [*** 995.000 760 %= Storm
Niklas 30.03-01.04. [  so0000 [ NEGEGED A Flood
Xynthia 2802. ™ 580000 Hall

& Heavy rain
Ela 09.06. [ 270000 [EEZ]

Source: GDV
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2. Translation of climate change into model parameters

= The macro-econometric PANTA RHEI depicts
macroeconomic relations and long-term structural changes
on an annual basis for Germany.

= Macroeconomic variables as well as individual economic
sectors (63 sectors) can be analyzed.

= |Important to remember while implementing extreme
weather events in the model:
— Not every damage is insured
— Some damages can be shifted (insurance)
— Some losses are not monetary

- Complete chains of action were analyzed for the economic
damages; in the following results for the example of storms
on the grid and electricity generation

- Full study includes 26 adaptation measures and instruments
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2. Translation of climate change into model parameters

Biophysical effects

DETNELES
from wind
throws

Damages to

I infrastructure .

Damages to
cables, grid
infrastructure

Economic sectors

Economic effects

Affected sectors

Macroeconomic effects

' Damages
from wind

throws

Damages
from wind
throws

Damages to
vehicles

Damage to
buildings

direct indirect
. Loss for forestry
. Private .
Loss of harvestable trees Companies, Households bottlenecks for fuel industry
Forestry state Price
. Damages to office space, Production disruption;
Industry production site, storage Companies delivery disruption, imports,
buildings price rise
Decreasing sales
. Decreasing productionin
Electrical . Power cut, turnover of Private industry
power supply utility lower, costs of Companies, Households Increasing prices to cover
repair, costs of back-up investment in back-up and
grid
Shipping
transport Alternative routes increase
. Production processes/ . Ioglstlc§ prices
Land . - Companies Increasing price level
logistics impaired : .
transport Decreasing consumption
Negative GDP effect
Construction Increased consumer
sector spending by private
More turnover Companies households on health
services
Positive GDP effect
Repairs Increasing prices
. Increased imports of
More turnover Companies

agricultural products
Negative GDP effect
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3. Including adaptation measures & instruments

= Adaptation to climate change:
— anticipating the adverse effects of climate change

— taking appropriate action to prevent or lessen the damage or
taking advantage of opportunities that may arise

= Selection of adaptation measures:
— Extreme weather event: storm, heavy rainfall, heat wave
— Need for action: medium or high
— Extent of decrease in damage
— Can be simulated with an economic model
— Economicinstrument, CC instrument, voluntary

/ / agreements
Taxes, subsidies, financial Cooperation
support, also: public Voluntary agreements

investment Regulatory instruments
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3. Storm: implementation of adaption measures in the model

Measure Instrument Implementation Adaptation effect

Investing in grid

Utilities i1 stabilizing the grid infrastructure

Reduction of production losses
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4. Simulation and results: Storm; Production cuts from power outages

Economic effects in years with a storm and without adaptation:

- Production cuts due to power outs have the following effects:
. Higher unit costs—> higher prices
. Lower productivity -> Lower wages—> lower income—> lower consumption
. Repairs replace /crowd out other
. higher imports

Adaptation: Stabilizing the grid

Operationalize:

. Increase grid capacity (redundancy), increase storage as back-up
— Translation into modeling parameters:

. Utilities invest (construction) (1 bn. €/ a)

. Less production losses (reduction by half)
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Details: Stabilizing the grid

Investment (construction)
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Summary and conclusions

=  Extreme weather events can lead to increased economic
activity (especially in the construction sector), as the damage
has to be repaired.

= Adaptation measures can shift the impact on GDP from "bad
GDP" with defensive expenditures to "good GDP":
Investments have a positive impact in non-loss years, while the
damage can be reduced in years with extreme weather event.

=  The reduction of GDP in years with extreme weather event can
be assessed negatively, but from a social (and ecological)
point of view the adaptation measures may be preferable

= Qver all simulated measures, the effects were small!

=  The results will be used to support the development of the
German adaptation strategy.
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4. Simulation and results: Cooling and facades

Implementation:

= Shading, green roofs, ventilation

Translation into the model PANTA RHEI:

= annual: Investment in residential and public buildings (0.6 - 1.3 billion
€/a)

®= In heat wave years:
= Improved labor productivity
= Reduction of increased beverage consumption
= Reduction of increased demand for healthcare services

= Reduction of increased power consumption for air conditioning
systems
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4. Simulation and results: Cooling and facades

Reduction of higher consumption of beverages:

Construction investment (real values)
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2033: heat wave plus adaptation

GDP effects of adaptation: GDP components (real values), Year 2033
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2035: no heat wave, but adaptation

GDP effects of adaptation: GDP components (real values), Year 2035
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4. Simulation and results: Cooling and facades

Seperation of GDP effects:
Differences between scenario with and without adaptation (cooling and facades)
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4. Simulation and results: Cooling and facades

Employment effects:
Differences between scenarios with and without adaptation (cooling and facades)
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2. Translation of climate change into model parameters

=  Translation of the effects of heat waves into the model:

Transport: Switching from water to road
Reduced labor productivity: Reduction in production

Increased electricity consumption for air conditioning systems and
decreased capacity of the grid: pressure on the electricity system

Increased consumption of non-alcoholic beverages
Increased demand for health services
Crop failures Agriculture: Increased imports

Higher oil prices due to restrictions in shipping: Adjustment of prices
for petrol, diesel and fuel oil

Baseline scenario, describing the economic development with
climate change impacts, but without any adaptation to climate
change

Selection of adaptation measures (and instruments) to influence the
aforementioned climate change impacts
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2. Translation of climate change into model parameters

Heat wave: GPD effects considering climate impacts (real values)
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BACKUP: Structure of PANTA RHEI

SPECIALISTS IN
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BACKUP: Example: Intermediate Inputs
SPECIALISTS IN
GLIS oo
— Many extreme weather events destroy buildings

— Construction sector benefits from the need for construction
work to repair the damages

— Adaptation measures often contain construction work

Intermediate Inputs

> e.g. Material (1) >

> e.g. Material (2)

Cost structure N

> Planning

> Employment
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BACKUP: Frequency of extreme events

Time series of extreme weather events

Storm every 10 years, damage equaling to Kyrill 2007
Kyrill was expensive for the insurance companies (€2.4 Billion)

- Lots of data available

« First storm event in the simulation: year 2023

Heavy rain every 3 years, damage amounting to an average
of the most expensive heavy rain events of the last decades
in Germany

In 2006-2016, there were four years of heavy rainfall events that
caused insured losses of €150 Million or more (= average)

First heavy rain event in the simulation: year 2018

Heatwave every 4 years, , literature-based information on

damages
First heat wave event in the simulation: year 2021
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BACKUP: Including measures and instruments

Type of instrument Map into economic model

Command and control The regulation is treated as binding

Planning If this results in a physical/monetary
change, it is mapped.

Price instrument Prices are implemented

Direct subsidy Subsidy is regarded as successful

Volontary agreement The agreement is considered to have been
fulfilled

Management of information and If this results in a physical/monetary

knowledge change, it is mapped.

Provision of basic data If this results in a physical/monetary

change, it is mapped.

Inspection If this results in a physical/monetary
change, it is mapped.
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