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Emimrrwoeig AAAayRig KAipatog, Puoikég KataoTpoEg,
Oikovopoia

(ka1 TTWG va TTPOCAPHUOCTOUHE)
MepiAnyn:

O1 Tpoo@arteg ekBEoeIC TG AlakuBepvnTIKAG ETTITPOTIAC yia TNV KAIpaTik AAayn
(IPCC), deixvouv OTI Ol ETTITITWOEIC TTOU ATTOPPEOUV ATTO TNV KAIMATIK aAAayn €ival
TTOAAEG Kal TTOIKIAEC, eTTNPEACOVTAC (WTIKOUG TOMEIC TOU TTEPIBAANOVTOG, TNG
KOIVWVIAG Kal TNG OIKoVoMiag. O1 ETITITWOEIS TNG KAIMATIKAG aAAQyC gival
ONMUAvTIKES, TTNPEAlOVTAC TOV TTANBUOUO TOOO TWV ACTIKWY KEVTPWY OO0 KAl TWV
AYPOTIKWYV TTEPIOXWV. O CUVEXWGS aUCAVOUEVOI YUOIKOI KivOUVOI KOl KOTOOTPOPES
atroTEAOUV TTAEOV 0a@h Kal UTTAPKTO KivOUVO THS TTayKOouIag aAAayng, n otroia
KATAQEIKVUEI ETTITITWOEIC MEYOAUTEPEC KAl ATTO QUTEC TTOU TTPOPRAETTOVTAI ATTO TAV
IPCC. H kKAipaTiky aAAayn €ival Eva QaIvOUEVO TTOU ECEAICTETAI O€ NEYAAEC
XPOVIKEC KAIMAKEC, aVTIBETA E TOUG PUOIKOUC KIVOUVOUC TTOU TTPOKUTTTOUV ATTO
auTh, Ol OTTOIOI EPPaVIOVTAl O€ NIKPOTEPEG XPOVIKEC KAIMAKES, JE oUuXVA,
KATAOTPOPIKA ATTOTEAEOMATA. AUTOI Ol PUOIKOI KivOUuVvol aTTOTEAOUV TTEDIO MEAETNC
YIO TNV AVATITUEN TEXVOAOYIKWY OTPATNYIKWY TTPOCAPHOYNAS ME OTOXO TNV

AVTIMETWTTION TOUG. MavemoTAuio Aiyaiou 6/7/2011



H emioTAMN TNG TTAYKOOMIOG
OAAOYRC TOU KAINOTOG

MavemmoT Au1o Alyaiou 6/7/2011



[Taykoouia aAAayr, aAAayn Tou KAIJaTog
Kal B€puavon Tou TTAaVATN
. Global Change

*Occurs naturally
*Earth is dynamic, under continuous changes, planet

Climate Change
*Long term, naturally occurring (Earth & space-related effects)
*Over 100,000+ years (glacial, interglacial phases)
*Over millions of years, e.g. Cretaceous-Tertiary
*Extinctions (e.g. Neanderthals, dinosaurs)

*Global Warming

It has been occurring in the past 15,000 years since the last
Ice Age

*AUuTd Ta TPia Ogv €ival Ta idla
MavemmoTruio Alyaiou 6/7/2011



Difference (°C) from 1961 - 1990
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Period Rate
Years OC per decade
25 0.177+0.052
50 0.128+0.026
=mm= 100 0.074+0.018
= 150 0,045%0,012
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According to the
recent report
AlakuBepVvNTIKAG
ETITPOTTAG VI
TNV KAINATIKA
AAAayA (IPCC),
the mean global
surface
temperature has
increased by
0.74°C over the
last 100 years
(1906-2005)

11 of the 12
warmest years
have been
recorded in the
past 12 years
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Solar

Some solar radiation radiation

is reflected back to
space by cloud and
Earth surface '
I &

CO2, CH4, NOx, H20
: Heated surface
Solarenergy is  gmijts IR back to

absorbed by
Earth’s surface space
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Annual global emissions of CO, (as C) rose during the 20" century to roughly

6.5 GtC/yr from fossil fuel combustion
and about 1 GtC/yr from deforestation--and are now higher
® Fossil-fuels (Gt C)  m Land-use Change (Gt C)

9
8
7
Emissions 5
GtC or 5
billions (10%) 4 | * TTAYKOOMIEC EKTTOUTTEC
of metric 3 ¢ KaUON OPUKTWYV KAUCiNWV
tons of )
carbon 1
ODDDDDCJDDDDDDDDDDDDDDD
o n O n o mWw o L oW oW o mOoOMuomW oUW OoOLuwmWoOo
O 0 = N NN OO FT T OHD WO ONNNOD OO O
bum . X 3 T T L w b, i T A T T b, T bum b, s T T b, T . N
*

MavemoTrApio Alyaiou 6/7/2011  Year



PPM

400

350

300

250

200

390 PPM
2007

# 1958

[ CO2
| | l | NV/M\/M\\/VTN/[\\\WJ\NVAA/\\j/ |
400 350 300 250

I I
200 150 100 50 o KBP

MavemmoTriuio Alyaiou 6/7/2011



400

350

300

250

200

0 KBP

CO:
<

] 1 1 | ] ] 1 1 |

400 350 300 250 200 150 100 50
. Estimated global temperature from Antarctic ice core
MavemmoTtAud Alyaiou 6/7/20

l ] ] | ] 1 ] I

400 350 300 250 200 150 100 50

0 KBP



PPM

400 [—
350 —
°C
CO: Temperature
300 | — 2
— 1
5 —4 0
50 14
—_ -2
200 — - -3
1 | 1 | ] ] 1 ] 1-4
400 350 300 250 200 150 100 50 0 KBP

MavemoTApIo
Aiyaiou 6/7/2011

Warmer oceans release carbon dioxide
Cooler oceans store carbon dioxide via photosynthesis
Oceans are efficient in storing and releasing carbon dioxide
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Climate Change

IS
The Oceans

il
“How Inappropriate to call this planet Earth when
It is quite clearly Ocean.”

— Arthur C. Clarke -
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TTOU TTAEl N BEpuOTNTA;

Amount of heat absorbed by different
parts of the Earth's climate system
over the past 40 years

Atmosphere
(4%)

Oceans

(84%) —‘ Continents

(5%)

Ice
(7%)

OTOUC wKeavouc!! *
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The
Importance of
Observations
in Climate
Change
Decision

Making The .
(keeping “smoking i ‘
model runs gun” of 0 ],
g 00 3
honest) climate S
change
_ Global _ Global Land _ Global Ocean
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. 1900 1950 2000 1900 1950 2000 1900 1950 2000
Year Year Year

_ models using only natural forcings

models using both natural and anthropogenic forcings HGVETHO-Tr'"JlO AIYGI’OU 6/7/2011 ©IPCC 2007: WG1-AR4

observations
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Hot Spots around the World:

The clear and present danger of global change
Melting of polar ice, snow and glaciers

Sea level rise avodoc TNG oTABUNC TS BAAacoag
Strengthening of tropical cyclones KukAwveg

Increased floods au¢non Twv TTANUUUPWYV

Increased droughts and changes in the precipitation ¢npaoieg
Dust storms aupoBUeAAeC

Increased wild fires TTUpKQYIEC

Increased anthropogenic and natural aerosols and pollution
agpoAuuaTa Kal puTTavVon

Health impacts: Heat waves, pollution, spread of tropical
diseases, etc.  €mMTITWOEIC OTNV Uyegia MAVEMATNIO Alyaiou 6/7/2011
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<

arket-based tool to reduce carbon emissions by groups of sources

» Sets “cap” on a given source’s emissions
* If source emits more than cap allows, can purchase carbon credits from
a source that emits less

* Promotes more environmental protections at lower costs

* Incentives to lower emissions (can sell credits for profit), consequences if too

high (must purchase more credits)

 Can theoretically account for all emissions due to more accurate emissions

reporting

» Each source develops its own strategy for compliance, i.e.,

« trading carbon credits

« install pollution controls

 implement efficiency measures

- alter business strategies, etc.
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Green Growth and the Economy:
Examples

« Korea Government policy: “New Growth industries and the creation of jobs
are requisite to tide over the economic crisis, and green industries are the sole
alternative.” (Senior Presidential Secretary Jae-wan Park)

Deutsche Bank (2009 white paper): “Each government will have to come up
with a stimulus package to shore up their slumping economy in order to preempt
a recession in the next 2 to 3 years, ...this is a historic opportunity to invest in
the green infrastructure”.

*Report predicts that investments in the green growth sector will surge to $45
Trillion by 2050 globally. Areas such as clean energy generation, storage and
other infrastructure; management of sources like water, agriculture and sewage;
efficient use of energy and resources; and environmental services, will be major

Investment areas.
MavemoTApio Alyaiou 6/7/2011



Natural Hazards, Global and Climate Change,
Socio-Economic Issues KOIVWVIKO-OIKOVOUIKA BEpaTa

Impacts on Humans and
Nature 4F’s: Food and water ;
Health (Flu); Energy (Fuel);
Economy (Finance)

Nature: Ecosystem;
Biodiversity

Socio-Economic
Developments
Economic Growth
Technology Growth
Population Increase &
Migration
Policy (National, International)

N ¥

Emissions and
Concentrations

MavetmoTtuio Aiyaiou 6/7/2011

Hazards & Gradual Changes




Climate Change, Economy, Energy, Health and Decision Making

Climate Change

frastructure, etc.

Relationships?

Feedbacks?

ealth

Hazards: The big
unknown

MavemoTApio Alyaiou 6/7/2011

To understand the economic opportunities in climate change and
associated hazards, we have to understand the costs of damage



Grand Unified Theory of Global Change

Earth System 4 Human Society System )
Atmosphere ) | Ocean Land Cryosphere
s Political Local Intenational Food/
National | Local UN Agreements, Energy < Health
/ Biosphere System Treatios Water (
bservations Iéand t ggs:;stems /
cosystems \ National, Regional, Local
i l l T T T Economic System
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Climate System
Climate Model Pa'eoc“mate | Recent C"mate International, National, Regional, Local )| 4
Global | Regiona Vad /
r Global Continental/ Local
Regional § Developed Developing
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Weather Weather g
Models t ¢
“Global” Parameters Policy
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National Oceanic and Atmospheric Administration
“The 2010 State of the Climate Report”

10 key planet-wide indicators of warming climate:

* YNAOTEPEC KOVTA OTNV ETTIPAVEIQ BEPUOKPATIEC (TPOTTOCPAIPAC)
e YNAOTEPN UYpPACia

* PNAOTEPEC BEPUOKPOATIEC OTNV ENPA

* PNAOTEPEC BEPUOKPOATIEC OTOUC WKEAVOUG

* PNAOTEPEC BEPUOKPOATIEC TNGC ETTIPAVEIAC TNS BANACOAC

e MEYOAUTEPN TTEPIEKTIKOTNTA OE BEPUOTNTA TWV WKEAVWV

* YNAOTEPQ eTTiTTEdA TNG BAANACOAC

* AiyoTepol BaAdoaiol TTayol

* ANIlyOTEPN XIOVOKAAUWN

e OUPPIKVWON TWV TTAYETWVWV
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Global Climate Change, Economy and
Regional Impacts: How are they related?

* Climate change is global but its effects are regional or local

« COP 15 (Convention of Parties of the United Nations Framework Convention
on Climate change, 20uaon Twv pepwyv ouppBaon-TrAaiolo

Hvwpuévwy EBvwy yia Tnv kAipaTik aAAayr), UNFCCC), COP 16 in
Mexico, existing treaties such as Kyoto Protocol, how the dual issues of global
climate and global economy are related to each other, need to be addressed; and
the emergence of China, India economies.

*A lot of emphasis has been placed on carbon trading policies and the associated
economic issues but increasing impacts of hazards associated with climate
change need to be addressed seriously as they are the clear and present danger

of climate change
MavemoTApio Alyaiou 6/7/2011



OIKOVOMIKEC EUKAIPIEC YIA METPIAOUO
KOl TTpocapuoyn

Issues
* Investment in climate change mitigation or adaptation emmeévduon
*Tools for Decision Making -- epyaA&ia yia Tn A@n atmo@Aaoewy

Business opportunities (eukaipieg) in climate change mitigation:
* clean energy technologies
* better energy efficiency a1rodoTIKOTATA TNG EVEPYEIAG
* biomass (Blopada) to energy technologies
Opportunities in climate change adaptation:
» ecosystem restoration aTTOKATACTAON TWV OIKOOUCTAMATWY

- forest management dlaxeipion Twv dacwv
» water and watershed (udpokpitn) quality improvements
« waste management dlaxeipion Twv atToBAATWYV

* move away from danger areas (not yet)

 change living and food habits (not yet)
MavemoTApio Alyaiou 6/7/2011



SATELLITE OBSERVATIONS: Economic value will increasingly become greater
and greater

A —Train of NASA. Instruments include photometers, lidars, radar and hyperspectral,
following each other in short intervals

CLOUDSAT - I)ICASSO-CENA " G g S :

PARASOL



TOTTIKEC KAIUATIKEC AAAAYEC TTPETTEN
va JEAETNOOUV Kal va kaTtavonouv
KOAUTEPO
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Collaborative Research: NSF/DOE/USDA

TTPOCOMOoIWOoN TTOAAATTAWY HOVTEAWYV TWV ETTITITWOEWYV TG AAAayAG Tou
TTEPIPEPEIOKOU KAIMATOG OTN YEWPYiA KAl TA OIKOOUCTAMATA TWV VOTIOOUTIKWV

Hvwpuévwy MoAireiwv

Models & Remote Sensing . High Resolution Multi-model Analysis ) Goals and Objectives

Ecosystem Models

: S Regional ———
# Biome BGC model ] Model inter-comparizon ; .
o MC1 5 » Nested Modeling Multi-madel Weather Ecm:'t*:::;t
E » Downscaling [Global ta regional ) Hindcast & Climate :
& » Multi-model ensemble N / * Agriculture
® Skill test (NASA-MERRA, ERA- Interim} _ 2 g * Grasslands
Regional Climate Models “ * Bias correction : A Land cover changes
» WRF/ARW 2 e *Interactions
B e i Carbon cycle Interactions
® RAMS "E' * Model-Remate Sensing validation Response —_
z » Remate Sensing data assimilation *Feedback Water supply (irrigation issues)

e OLAM A

- Vegetation greenness (NDVI)

- VWepetation productivity (NPP) ._,_,_a'. Tvpe

Remote Sensing & Ground P ST ST}
y = = Land Surface Temperature [LST
® MODIS Terra & Aqua '.E - Land cover classification (IGEP) F t
® AIRS z - Forest fire (burned areas) orecas Ecosystem Spread of invasive species
e ASTER 8 - Digital Elevation Model [DEM} {IPCC regional :
8 _ climate change Carbon sequestration
® Ground data o scenario)

Two-way interactions [Global-Local)

Partners: Chapman University (P.I.F)l, UCLA, University of Miami, & USDA Awarded $850K for 3-years
MavemioTApio Alyaiou 6/7/2011 Region: California and south-west USA




CUMUTTEPOAOHOTA
* Climate variability and temperature increase over decades while hazards occur over short
timescales. Not easy to establish cause and effect but increased intensity and frequency of

hazards indicates a climate connection.

* As the IPCC indicates, signatures of climate change or global warming include extremes of
weather, rise of sea level, etc.

* Feedback mechanisms between hazards and global climate; regional models coupled to global
models, and observations by satellites and global networks need to continue.

 Impacts of anthropogenic hazards can have long-term regional effects, e.g. fires of Greece,
California, etc. They may even change the local climate.

*Natural and anthropogenic aerosol, cloud interactions and connection to biosphere need to be
understood more.

International collaborations are essential. Future economic losses could be large but also
economic opportunities would be large.

» More studies are needed by scientists economists and policy experts, particularly linking

computer models to observations from space, economic factors, etc.
MavemoTApio Alyaiou 6/7/2011



OUUTTEPAC AT

The need to organize and deploy multi-disciplinary expertise at the regional to national levels, to
develop adaptation solutions for the regions which are particularly at risk , will likely become an
international imperative. Expertise includes a variety of practicing economists, sociologists,
agricultural specialists, public health professionals, climate and hazards scientists, hydrologists,
engineers, and of course policy experts with regional knowledge. Existing wealth of scientific
knowledge has a great potential for addressing a multitude challenges, how to develop “policy under
deep uncertainty”.

We face huge challenges of both mitigation and adaptation as the science itself of coupling global
climate to regional impacts involves socio-economic impacts, energy policy, and understanding
Earth system processes. \We don't have yet the science to address the total system,
Earth/climate/society/economy, this would require a new interdisciplinary science (véa
oigmornuovikn mornun) combining different fields.

There are great business opportunities for investment and technology approaches. Governments and
businesses generating the right solutions, will provide economic opportunities beyond their own
nations.

MavemoTApio Alyaiou 6/7/2011
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