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| organisation des IMK T

Institut fir Meteorologie und Klimaforschung

Tropospharenforschung
(IMK-TRO)

Atmospharische Aerosolforschung

Atmospharische Spurengase und
Fernerkundung (IMK-ASF)

(IMK-AAF)

Atmospharische

Umweltforschung (IMK-IFU)
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| Was bedeutet Globaler Klimawandel AT
fur die Region?
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Es gibt verschiedene Grunde fur

IT

Anderungen des Klimas...

Sprachregelung:

naturliche Klima-Variabilitat anthropogener Klima-Wandel

(climate variability)

» Milankovi¢ Zyklen (extern)
e Sonnenaktivitat (extern)
» Vulkanismus (extern)
« Schnee/Eis Bedeckung (intern)
e Meeresstromungen (intern)

{- Globale Zirkulation (intern)
Z_B_{EI Nifio/ La Nifia

North Atlantic Oscillation

IMK-IFU Atmosphéarische Umweltforschung
Garmisch-Partenkirchen

(climate change)

» Treibhaus Gase (Veranderung)
* Aerosol

» Landnutzung

« Kondensstreifen (Tropopause)

KIT — die Kooperation von Forschungszentrum Karlsruhe
Forschungszentrum Karlsruhe GmbH 'ﬁ HELMHOLTZ l- in der Helmholtz-Gemeinschaft

und Universitat Karlsruhe (TH) ] GEMEINSCHAFT r



¥arisruhg Insioulg of Technology

I Der Treibhaus Effekt: keine neue ldee! A
Die , Vater® der Treibhaus Theorie

Horace-Bénédict John Tyndall Svante August Arrhenius
de Saussure (1820 — 1893) Irish natural (1859 — 1927) Swedish chemist and

. . philosopher. one of the founders of the science of
(1749 _-1799) Sw!s_s aristocrat, hvsical chemistry.
physicist and alpinist (Mont Blanc). phy y

Identified through laboratory Theorized that doubling the
,Heliothermometer*: simple experiments the absorption of amount of CO, in the
greenhouse warming thermal radiation by complex atmosphere might raise the
experiments molecules Earth's temperature by 5 or 6 °C.
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Dominantes Umwelt Phanomen:
Der Treibhaus Effekt

“naturlich” (H,O): AT =33 C
“erweitert” (CO, etc.): AT =35-36 °C (= + 2-3 °C)
(auf Venus, CO,: AT =450 °C)
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Global gemittelte Strahlungswirkung  SXIT
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Presentation Notes
IPCC 2001, Tech. Sum. Figure 9: Global, annual-mean radiative forcings (Wm−2) due to a number of agents for the period from pre-industrial (1750) to present (late 1990s; about 2000) (numerical values are also listed in Table 6.11 of Chapter 6). For detailed explanations, see Chapter 6.13. The height of the rectangular bar denotes a central or best estimate value, while its absence denotes no best estimate is possible. The vertical line about the rectangular bar with “x” delimiters indicates an estimate of the uncertainty range, for the most part guided by the spread in the published values of the forcing. A vertical line without a rectangular bar and with “o” delimiters denotes a forcing for which no central estimate can be given owing to large uncertainties. The uncertainty range specified here has no statistical basis and therefore differs from the use of the term elsewhere in this document. A “level of scientific understanding” index is accorded to each forcing, with high, medium, low and very low levels, respectively. This represents the subjective judgement about the reliability of the forcing estimate, involving factors such as the assumptions necessary to evaluate the forcing, the degree of knowledge of the physical/chemical mechanisms determining the forcing, and the uncertainties surrounding the quantitative estimate of the forcing (see Table 6.12). The well-mixed greenhouse gases are grouped together into a single rectangular bar with the individual mean contributions due to CO2, CH4, N2O and halocarbons shown (see Tables 6.1 and 6.11). Fossil fuel burning is separated into the “black carbon” and “organic carbon” components with its separate best estimate and range. The sign of the effects due to mineral dust is itself an uncertainty. The indirect forcing due to tropospheric aerosols is poorly understood. The same is true for the forcing due to aviation via its effects on contrails and cirrus clouds. Only the “first” type of indirect effect due to aerosols as applicable in the context of liquid clouds is considered here. The “second” type of effect is conceptually important, but there exists very little confidence in the simulated quantitative estimates. The forcing associated with stratospheric aerosols from volcanic eruptions is highly variable over the period and is not considered for this plot (however, see Figure 6.8). All the forcings shown have distinct spatial and seasonal features (Figure 6.7) such that the global, annual means appearing on this plot do not yield a complete picture of the radiative perturbation. They are only intended to give, in a relative sense, a first-order perspective on a global, annual mean scale and cannot be readily employed to obtain the climate response to the total natural and/or anthropogenic forcings. As in the SAR, it is emphasised that the positive and negative global mean forcings cannot be added up and viewed a priori as providing offsets in terms of the complete global climate impact. [Based on Figure 6.6]
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 Heutige Konzentration von Treibaus Gasen
bedeutend hoher als in letzten 20’000 Jahren

« Schwankungen schon immer, aber

* Anstieg des Strahlungseinflusses (radiative forcing)
In letzten 40 Jahren mind. 6 schneller als in letzten
2000 Jahren
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Figure TS.2. The concentrations and radiative forcing by (a) carbon dioxide (CO2), (b) methane (CH4), (c) nitrous oxide (N2O) and (d) the rate of change in their combined radiative forcing over the last 20,000 years reconstructed from antarctic and Greenland ice and firn data (symbols) and direct atmospheric measurements (panels a,b,c, red lines). The grey bars show the reconstructed ranges of natural variability for the past 650,000 years. The rate of change in radiative forcing (panel d, black line) has been computed from spline fits to the concentration data. The width of the age spread in the ice data varies from about 20 years for sites with a high accumulation of snow such as Law Dome, Antarctica, to about 200 years for low-accumulation sites such as Dome C, Antarctica. The arrow shows the peak in the rate of change in radiative forcing that would result if the anthropogenic signals of CO2, CH4, and N2O had been smoothed corresponding to conditions at the low-accumulation Dome C site. The negative rate of change in forcing around 1600 shown in the higher-resolution inset in panel d results from a CO2 decrease of about 10 ppm in the Law Dome record. {Figure 6.4}


IKIimawandeI — Klimamodellierung
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- Mit Modellen...

;:In die Zukunft schauen?
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Computer Modelle an Stelle von Labor Experimenten
(eigentlich kein grundlegender Unterschied):
Widerspiegeln diese Modelle die Realitat?
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IMK-IFU Atmospharische Umweltforschun KIT — die Kooperation von Forschungszentrum Karlsruhe
. p . g Forschungszentrum Karlsruhe GmbH g HELMHOLTZ r in der Helmholtz-Gemeinschaft
Garmisch-Partenkirchen und Universitat Karlsruhe (TH) | GEMEINSCHAFT [~



TKIimamodeIIe: Zeigen sie die Realitat? AT
(a) with solar and volcanic forcing only
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IPCC 2001, Tech. Sum. Figure 15: Global mean surface temperature anomalies relative to the 1880 to 1920 mean from the instrumental record compared with ensembles of four simulations with a coupled ocean-atmosphere climate model forced (a) with solar and volcanic forcing only, (b) with anthropogenic forcing including well mixed greenhouse gases, changes in stratospheric and tropospheric ozone and the direct and indirect effects of sulphate aerosols, and (c) with all forcings, both natural and anthropogenic. The thick line shows the instrumental data while the thin lines show the individual model simulations in the ensemble of four members. Note that the data are annual mean values. The model data are only sampled at the locations where there are observations. The changes in sulphate aerosol are calculated interactively, and changes in tropospheric ozone were calculated offline using a chemical transport model. Changes in cloud brightness (the first indirect effect of sulphate aerosols) were calculated by an off line
simulation and included in the model. The changes in stratospheric ozone were based on observations. The volcanic and solar forcing were based on published combinations of measured and proxy data. The net anthropogenic forcing at 1990 was 1.0 Wm−2 including a net cooling of 1.0 Wm−2 due to sulphate aerosols. The net natural forcing for 1990 relative to 1860 was 0.5 Wm−2, and for 1992 was a net cooling of 2.0 Wm−2 due to Mount Pinatubo. Other models forced with anthropogenic forcing give similar results to those shown in (b). [Based on Figure 12.7]


IKIimamodeIIe: Zeigen sie die Realitat?

IT

(b) with anthropogenic forcing only (greenhouse gases, ozone, aerosols)
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(c) with all forcings, both natural and anthropogenic
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Globaler Klimawandel: Scenarios fuhren zu Vorhersagen
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Klimawandel —Was kommt auf uns zu?
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Number of natural catastrophes ~ Kosten sind real!
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Presentation Notes
If the total amount of damage reaches an extraordinarily high level measured against “normal” conditions, the reference is to a catastrophe. A natural catastrophe is described as one being caused by natural forces. These include flooding, storms, earthquakes, tidal waves, drought/bushfire/heat, cold/frost, hail or avalanches. What precisely “extraordinarily high” is is obviously an issue of convention. For the reporting year of 2006, Swiss Re used, among others, the following definition: for insurance losses in ship-ping, 16.1 million U.S. dollars; in civil aviation,32.2 million U.S. dollars; and in other areas, 40million U.S. dollars. Smaller claims were there-fore not included in the sigma catastrophe databank. As well as that, adjustments for inflation were made to ensure consistency of data. 
The sources are the catastrophe data banks ofthe two largest reinsurance companies, Swiss Re and Muenchener Rueck. See the equivalent indices from sigma (www.swissre.com) and Topics Geo (www.munichre.com) 
If the total amount of damage reaches an extraordinarily high level measured against “normal” conditions, the reference is to a catastrophe. A natural catastrophe is described as one being caused by natural forces. These include flooding, storms, earthquakes, tidal waves, drought/bushfire/heat, cold/frost, hail or avalanches. What precisely “extraordinarily high” is is obviously an issue of convention. For the reporting year of 2006, Swiss Re used, among others, the following definition: for insurance losses in ship-ping, 16.1 million U.S. dollars; in civil aviation,32.2 million U.S. dollars; and in other areas, 40million U.S. dollars. Smaller claims were there-fore not included in the sigma catastrophe databank. As well as that, adjustments for inflation were made to ensure consistency of data. 
The sources are the catastrophe data banks ofthe two largest reinsurance companies, Swiss Re and Muenchener Rueck. See the equivalent indices from sigma (www.swissre.com) and Topics Geo (www.munichre.com)
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IBeispieI: Klimawandel und Wasser AT
Globaler Wandel — Regionale Konsequenzen

Flood Event Total Insured
= (M€) (M€)

Bayern 1999 | 393 30
Bayern 2005 | 205 46

= D/A/CH 1999 | 409
D/A/CH 2005
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Floodlng Catastrophles in the Alplne Region
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GIObaIer Wandel — Regionale Konsequenzen Karterute Inshoule o Tochmolegy
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Presentation Notes
„schädliche Menge“ hängt von der Lage ab wir sind an bestimmte Menge angepasst.
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Globaler Wandel — Regionale Konsequenzen

Anderung des Jahresniederschlags 1990er-2050er
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Denke Global,
Bewerte Regional,
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"Denke Global, Bewerte Regional, Handle Lokal" heisst es im Titel eines Editorials des Klimaforschers Charles Kennel vom Scripps Inst. of Oceanography (USA) in der wissenschaftspolitischen Zeitschrift "ISSUES in Sciene and Technology". Dies ist eine Anspielung auf das alte Motto der Umweltbewegung Earth Watch, "Think Globally – Act Locally". 
C.F. Kennel. 2009. Climate Change: Think Globally, Assess Regionally, Act Locally. Issues in Science and Technology, p. 1-8.

Was dieses Leitwort ausdrückt, ist die auch im IPCC 2007 Sachstandsbericht 4 vertretene Erkenntnis, dass der Klimawandel zwar ein globales Phänomen ist, das sich aber regional sehr unterschiedlich ausprägt.  Sowohl die Stärke, die Art und sogar das Vorzeichen des zu erwartenden Klimawandels kann sich von Region zu Region unterschiedlich entwickeln.
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* Observations + Modelling
 Downscaling and Upscaling
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|Blick in die Zukunft: SAT
Regionale Klimamodellierung

Precipitation dec-feb Precipitation  jun-aug
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Regionale Klimamodellierung
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|Blick in die Zukunft; SAT
Regionale Klimamodellierung

Tage mit Schneebedeckung:
1960-1989 i[m] e 2070-2099

Jan-Dez 1960-1989 = MM5 Jan-Dez 2070-2099 MM5
52" ] ‘ ' ] 52° ' ' ‘ ‘ :
A 180 _ 180
50" 4& N 165 50 & 165
150 | 150
135 135
120 120
105 105
%5 90 48" 90
- 75 - 75
60 60
| 45 45
30 30
15 15
46 WA : . : . | 0 46 0
8 10° 12 14
(Quelle: Kunstmann et al., FZK-IMK-IFU)
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|Blick in die Zukunft: SAT
Regionale Klimamodellierung

Die Zukunft des Wintersportes?
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IRegionaIe Modellierung AT
Globaler Wandel — Regionale Konsequenzen
Klimawandel und Luftqualitat

Luftqualitat — Einfluss von:
(+ Klima

e Landnutzung/
< Landbedeckung

« Energie Produktion g
.+ Mobilitat

o Luftqualitat :
e Gesundhelt

Bewertung braucht integrativen Ansatz
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ICIimate Change and Air Quality QAT

¥arisruhe Insioyle of Technology

Regional Climate Change in Southern Germany

Solar Radiation UV Radiation

Solar Radiation (W/m?) Jun-Aug UV-Radiation (mW/m?2)  Jun-Aug
Difference 2031/2039 - 1991/2000 uv20 Difference 2031/2039 - 1991/2000 uv20

(Forkel & Knoche, 2006. JGR)
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ICIimate Change and Air Quality AT

Regional Air Quality change in Southern Germany

Isoprene Mixing Ratio NO, Mixing Ratio
Isoprene (ppb) Jun-Aug NO, (ppb) Jun-Aug
Difference 2031/2039 - 1991/2000 uv20 Difference 2031/2039 - 1991/2000 uv20
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(Forkel & Knoche, 2006. JGR)
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ICIimate Change and Air Quality AT

“arlsruhe Inshoule of

Regional Air Quality change in Southern Germany

Ozone Maximum O, Exceedance Days
Daily Ozone Maximum (ppb) Jun-Aug Days with Threshold Exceedance Jun-Aug
Difference 2031/2039 - 1991/2000  uv20 Difference 2031/2039 - 1991/2000  uv20

(Forkel & Knoche, 2006. JGR) 8
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

¥arisruhe Insioyle of Technology

[ERENO-prealpine Observatorium
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-L:I;J.r-.f - TERRESTRIAL ENVIRONMENTAL OBSERVATORIES
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TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

Lokale Partnern in TERENO-prealpine Observatorium

 Wasserwirtschaftsamt (WWA) Weilheim:
-Liegenschaftsverwaltung — Auswahl geeigneter Standorte
-Interessen Uber messtechnische Synergie-Effekte

« LfU Bayern: Einbindung von TERENO in ,Messnetz 2000" (DWD/LfU)
(Niederschlag, rel. Feuchte, Temperatur, Globalstrahlung,
Sonnenscheindauer, Wind, Schneehohe etc.)

 TU Munchen, Lehrstuhl fur Bodenkunde (Prof. Dr. Kbgel-Knabner):
Partner in BayForkast Projekt im TERENO-Ammer Gebiet

« PROCEMA (VI): Internationale Projektgemeinschaft
"Regional Precipitation Observation by Cellular Network Microwave
Attenuation and Application to Water Resources Management*

« TU MUnchen, Lehrstuhl fur Vegetationsdkologie (Dr. M. Drosler):
BMLEF/VTI Projekt Treibhausgas Stoffumbau in renaturierten Mooren
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I Klimawandel — Klimaschutz? QAUT

“arlsruhe Inshoule of

Klimaschutz ist kein wirtschaftliches “Schdénwetter” Problem!

Extremsituatione
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I Klimawandel — Anpassung? g(rr

Strategien fur Anpassung an Klimawandel sind ndotig...
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Danke fur lhr Interesse!

_a

ported, in part, by

* HGF (Helmholtz Association of German Research Centres)
« BMBF (Federal Ministry of Education and Research)
» Freistaat Bayern (State of Bavaria)

Forschungszentrum Karlsruhe
r in der Helmholtz-Gemeinschaft
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