
2257-24

Joint ICTP-IAEA School of Nuclear Energy Management 

Ferenc Toth

8 - 26 August 2011

IAEA, Vienna 
Austria

 
 

 

Climate Change: 
Impacts, Adaptation and Vulnerability



Climate Change:
Impacts, Adaptation and Vulnerabilityp p y

Ferenc L. Toth
Senior Energy Economist

Planning and Economics Studies Section
International Atomic Energy Agency (IAEA)

Joint IAEA/ICTP School of Nuclear Energy Management
August 8-26, 2011
ICTP, Trieste, Italy

IAEA
International Atomic Energy Agency



Overview

1. Context for assessing CC IAV1. Context for assessing CC IAV

2. Climate change: impacts and adaptation

3 I t d d t ti i3. Impacts on and adaptation in energy 
systems

4. Summary and conclusions



1 C t t f A i Cli t Ch1. Context for Assessing Climate Change 
Impacts, Adaptation and Vulnerability



Climate Change – IPCC statements

FAR 1990: little observational evidence of a detectable 
anthropogenic influence on climatep g

SAR 1995: “The balance of evidence suggests a 
discernible human influence on the climate of the 20th 
century.“

TAR 2001: “There is new and stronger evidence that 
most of the warming observed over the last 50 years ismost of the warming observed over the last 50 years is 
attributable to human activities.”

AR4 2007: “Warming of the climate system isAR4 2007: Warming of the climate system is 
unequivocal, as is now evident from observations of 
increases in global average air and ocean 
temperatures widespread melting of snow and icetemperatures, widespread melting of snow and ice, 
and rising global average sea level”. (WGI SPM)



Exploring future emissions and impacts:
IPCC Emissions Scenarios – SRES 2000

Two orthogonal dimensions:
economic vs environmental orientation (A– B)( )
Globalization vs regionalization (1-2)

Four storylines:
A1: rapid growth and global convergence
A2: slower growth and regional/local 
fragmentation
B1: global convergence and emphasizing sustainability
B2: slower growth and regional/local initiatives

fragmentation

General features: future more affluent, regions converge, 
technology equally important (pop, econ)

Focus: on key drivers of GHG emissions & emission profiles
Note: limited applicability for VIA assessmts – New scenarios



Global mean temperature patterns

Source: IPCC AR4



Climate change response options:
Mitigation and Adaptation
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2 Cli t Ch2. Climate Change: 
Vulnerability, Impacts and Adaptation



2. Potential Climate Change Impacts2. Potential Climate Change Impacts
Health
Weather-related mortality
Infectious diseases
Air-quality respiratory illnesses

Agriculture
Crop yields
Irrigation demands
Pest outbreaks

Climate Changes

Forests
Change in forest composition
Shift geographic range of forests
Forest health and productivity
Pest outbreaks

Temperature

Precipitation
Water Resources
Changes in water supply
Water quality
Increased competition for waterSea Level Rise

Precipitation

p

Coastal Areas
Erosion of beaches
Inundation of coastal lands
Costs to protect coastal communities

Sea Level Rise

Species and Natural Areas
Shift in ecological zones
Loss of habitat and species

Source: EPA



2. Heavier precipitation,
more intense and longer droughts….



Most key impacts stem from reduced water availability



High confidence: hundreds of millions of people will be exposed to increased water stress.  
Here: Changes in run-off, 21st century. White areas are where less than two-thirds of 

models agree, hatched are where 90% of models agree (IPCC AR4 SYR) 



Crop yield responses: Important regional differences
The point of inflexion for wheat yield downturn is crucial, but unclear



Coastal areas: increasingly vulnerable



COASTAL SETTLEMENTS
Densely populated “megadeltas” especially in Asia and Africa, are most at risk. 
Tens of millions will be additionally at risk y



Selected health impacts of CC -
Most affected will be: the poor, elderly, young & marginalised



Committed
0.6oC

2.0oC target
(pre-ind.) 



Committed
0.6oC

2.0 target 
(pre-ind.) 



2. Climate change: impacts and adaptation
Summary

The most vulnerable people and places can now be 
identified

Most vulnerable regions are: 
Africa Asian mega-deltas small islands the ArcticAfrica,  Asian mega deltas,  small islands, the Arctic

Most vulnerable sectors are:
water in the dry tropicswater in the dry tropics 
agriculture in low latitudes  
human health in poor countries 
ecosystems at the margins: e.g. tundra, boreal, mountains or 
already stressed: e.g. mangroves, coral

In all countries, even those with high incomes, some 
i ll t i kare especially at risk: 

the poor, young children, the elderly



3. Impacts on and adaptation in 
energy systemsenergy systems

Weather Extremes and Energy Systems:
“If there is a 50-50 chance 

that something will go wrong
then 9 out of 10 times it will.”



3. CC - Weather extremes - energy systems

Vulnerability of Energy Systems to Climate Change and 
Extreme Events less exploredExtreme Events – less explored

Motivations:
CC possible increases in frequency and intensity- CC possible increases in frequency and intensity 
of extreme weather events

- Energy systems: vulnerable under current climate- Energy systems: vulnerable under current climate 
regime and weather patterns; efforts to reduce 
vulnerability

- IEA: USD 26 trillion investments to provide demand; 
+10.5 trillion to reduce GHGs - Clim/weather proofing

- IAEA: account for WEs in energy planning



3. CC - Weather extremes - energy systems



3. CC - Weather extremes - energy systems

 
Sector/ 
E treme

Tempera
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Precipit-
ation

Wind Tropical 
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Floods Droughts Coastal 
storms
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+

Landslides 
Extreme -ture ation cyclones storms + 

wild 
fire 

coal fuel cycle           
il doil and gas    

thermal power 
plants  

         

hydropower           
nuclear power     
solar energy           
wind power          
electric grid    g
 



3. Selected energy sources/technologies

Thermal and nuclear power plants –
l bl t tvulnerable to many extremes:

Temperature: icing, frost, heat
P i it ti h il h i / fl d /l tPrecipitation: hail, heavy rain/snow floods/low water
Wind: storm, blizzard, tornado, thunderstorm

Key: cooling water



3. Selected energy sources/technologies



3. Selected energy sources/technologies

Thermal and nuclear power plants –
d t ti tiadaptation options:

Cooling: water recovery from condenser and heat 
exchangersexchangers

Reduction of evaporation losses (waste heat coal drying)
Secondary water usage (oil/gas field coal mineSecondary water usage (oil/gas field, coal mine 

discharge, municipal waste water)
Use ice to cool air before entering gas turbineUse ice to cool air before entering gas turbine
Dry cooling towers + other dry cooling options



3. Selected energy sources/technologies

Electricity grid: overhead lines, underground cables, 
substations transformers control centressubstations, transformers, control centres

~50% of grid system faults caused by weather effects
Lightning: line earth wire transmission tower: flashoverLightning: line, earth wire, transmission tower: flashover
Wind: debris blown against conductors: short circuit;
line conductors swing or oscillate: flashoverg
trees blown over damage overhead line
very high winds: mechanical damage

High temperature: overhead line to trees: flashover
Ice: ice build-up on insulators, switchgear: flashover
Ice storms: freezes on overhead lines: collapse
Heavy snow: falling trees over overhead lines



3. Selected energy sources/technologies

Electricity grid – adaptation options:
Li ht i th i k tLightning: more earth wires, spark gaps, surge arresters
Protection: safety corridors, vegetation management,

h i l t tiphysical protection
Network redundancy: alternative supply routes
F t d i hFuture: design changes –

heavier snow and ice loading
hi h i d dhigher wind speeds



3. Weather extremes in energy supply models

IAEA: energy planning tools –
Energy supply model: MESSAGEEnergy supply model: MESSAGE

Model for Energy Supply System Alternatives and their 
General Environmental impactsGeneral Environmental impacts
Software designed for setting up optimization models 
of energy supply systems to assess capacityof energy supply systems to assess capacity 
expansion and energy production policies
A physical flow model: for a given vector of demands 
for energy goods or services, it assures sufficient 
supplies utilizing available technologies and resources

29/32

Based on specified criteria, it optimizes the system 
expansion and operation



3. Weather extremes in energy supply models

MESSAGE: powerful, flexible; Many options to include:
- impacts of extreme weather events: supply chains, p pp y ,
technology availability factors, technological 
specifications
- hedging against impacts: supply reliability 
requirements, reserve margins, technology options 
(e g dry cooling)(e.g., dry cooling)

optimal (least cost) energy portfolio w/extremes
Renewables and storage: already includedRenewables and storage: already included
Intermittency: simplified representation

Development need:

30/32

p
Better representation of extreme weather impacts –

Integrate risk analysis methods



4 Summary and conclusions4. Summary and conclusions



4. Summary and conclusions

Anthropogenic GHG emissions enhance the natural GH 
effect

Main anthropogenic GHG sources: CO2 from fossil fuel 
use and land-use change

IPCC AR4: “warming of the climate system is 
unequivocal”

G G fFuture GHG emissions uncertain, driving forces 
scenarios

IPCC SRES scenarios imply 0 6°C 3 8°C warming in 21stIPCC SRES scenarios imply 0.6 C - 3.8 C warming in 21st

century

Impacts differ across sectors/regions, getting severeImpacts differ across sectors/regions, getting severe 
beyond 2+°C  above present (1980-1999) climate



4. Summary:
Adaptation is necessary but not sufficient….

Adaptation to climate change is necessary to address 
impacts resulting from the warming which is alreadyimpacts resulting from the warming which is already 
unavoidable due to past emissions
However:

Adaptation alone cannot cope with all the 
projected impacts of climate change
Th t f d t ti d i t ill iThe costs of adaptation and impacts will increase 
as global temperatures increase

Making development more sustainable can enhance 
both mitigative and adaptive capacity, and reduce 
emissions and vulnerability to climate changeemissions and vulnerability to climate change



4. Summary: Energy systems

Extreme weather – energy systems: need to prepare
O ti f i th i tOptions for managing weather impacts:

adaptation: technological, operational adjustments
l bilit d ti i ti t t l hvulnerability reduction: existing: structural changes
new build: design and construction innovation

E l i it iEnergy planning - capacity expansions:
account for impacts on supply chains

k i l l f li / h d iseek optimal supply portfolio w/ hedging
Tool: energy supply model w/ risk analysis features

34
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