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Research Network AT

Karlsruhe Institute of Technology

Unique Situation in Karlsruhe:

Close cooperation of the University and Forschungszentrum since 15 years

26 professors are working at both the University and Forschungszentrum
Close proximity, comparable size, overlapping topics

AIT

Forschungszentrum
Karlsruhe GmbH

10 Programs
31 Institutes
3690 Employees

408 Mio € Budget

Natural and Engineering Sciences
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Institute AT

Karlsruhe Institute of Technology

Institute for Meteorology and Climate Researc

Aerosols and Heterogeneous
Chemistry in the Atmosphere
(IMK-AAF)

Troposphere Research
(IMK-TRO)

Trace Constituents in the Strato-

sphere and Tropopause Region Atmospheric Environmental
(IMK-ASF) Research (IMK-IFU)

Bio-Geo-Chemical Processes

- Ecosystems of Meta-fluxes and Trace Gases

- Biological Processes of N- and C-Trace Gas Production
- Organismic Interactions and Biodiversity

- Regionalization of Trace Gas Emissions

Regional Climate System

- Atmospheric Variability and Trends

Wn Terrestrial Hyarorogy
« - Air Quality in Metropolitan Areas / Coupled modellina ]D

Centre for Stabile Isotope (CSI)

World Calibration Centre (WWC)
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Atmospheric
Research

Desertification
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Change
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(source: IPCC 2001, WG1 Report, Summary
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The Challenge AT

Karlsruhe Institute of Technology
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IMK-IFU Investigations AT

Karlsruhe Institute of Technology
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Facts and Problems AT
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Geographical Situation AT
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Some urban facts (l) QAT

Karlsruhe Institute of Technology
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Urban settlements - épa'ces of S("'
opportunities and risks (I)
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Urban settlements - spaces of \
opportunities and risks (II) S(IT
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Atmospheric Brown Clouds (ABC) QAT

Karlsruhe Institute of Technology

Beijing

Source: Peringe Grennfelt. Air pollution &
Climate Change. Two sides of the same coin.
Chapter 9. ISBN 978-91-620-1278-6

Shanghai

e ” A £ i "'.".;J
NASA/GODDARD / NYT
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Aerosol Pollution AT

Karlsruhe Institute of Technology
[ Beljing ]

400.00
% bad poll, Heating time in Beijing|
3 midle poll.(2) e
a o0 middle poll.(1) ' ‘ ‘

| light poll.(2) L ‘ l .

ignt pol " [+ 4 Lk 1 o) U ] Iil s |I _ \/}M

fne |4 L] 23 R 'ilil i il’ SRk

excellent

strong west wind
sand and dust strom time

17-Apr 17-May 16-Jun 16-Jul 15-Aug 14-Sep 14-Cct 13-Nov 13-Dec 12-Jan 11-Feb 12-Mar 11-Aor 11-May 10-Jun 10-Jul

0.00

2005/01/18

Pictures: Matthias Tesche, IfT
Source: Stefan Norra, KIT

16 02.11.2010 Peter Suppan

Universidad Tecnolégica Nacional Buenos Aires



Driving Force: Health Impact AT

Karlsruhe Institute of Technology

Health Impact
Pyramid

mortality /\

hospital admissions severity of

emergency room visits effect

physician office visits
reduced physical performance
medication use

symptoms
impaired pulmonary function

Sub-clinical (subtle) effects

<:| Proportion of population affected |:>
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Meteorology / Climate: Impact
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Karlsruhe Institute of Technology
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Source: Vandentorren et al. 2004
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Mortality rates on PM,4 Increase QAT

Karlsruhe Institute of Technology

Region Percentage change | Reference
Asia 0.49% (0.23-0.76) HEI, 2004
Europe 0.60% (0.40-0.80) Katsouyanni, 2001
Latin America 0.61% (0.16-1.07) PAHO. 2005
United States 0.21% (0.09-0.33) Dominici, 2003
Worldwide 0.65% (0.51-0.76) Stieb, 2002

* Lo : : ~ . :
lo, Sant de Chil
PAN American Health Organization, 2005 Based on studies in Mexico City, S&o Paulo, Santiago de Chile
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nnual average PM,, concentrations (png/ms3)

PMy, [Hg/m?]
=
o1
o

=
o
o

50

Reduction benefit is 10 times higher as for

Karachi
New Delhi
Kathmandu

Dhaka
Calcutta
Shanghai
Beijing
Gangzhou

Ho Chi Minh City

Asia

Arequipa
BuenosAires

/r\

Lima
Fortaleza
Bogota
Cochabamba

Santiago
San Salvador

Meddelin

Latin America

Mexico City

Sao Paulo

Cairo

Vereeniging

Johannesburg
Cape Town

Africa

ozone, e.g. Mexico City about $2 Bill.
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Prague
Turin
Bucharest
Milan
Rome
Cracow
Berlin
Erfurt
Oslo
Palermo
Seville
Bologna
Helsinki
Budapest
San Diego
St Louis
LosAngeles
Knoxville
Houston
Pittsburg

Barcelona

Europe N.America

M. Krzyzanowski & H-G. Mucke, WHO
update by Jordan et al, CEPAL

Molina and Molina, 2002
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Research needs..... QAT

Karlsruhe Institute of Technology

The complex chemical interactions of emission —
transmission - air pollution - deposition / exposure need
detailed investigations on the causal chain, e.g.

e« Source apportionment

« Particle interaction / composition
 Deposition rates /accumulation
 (real) Exposure

Circulation patterns = Regional-Urban interactions
Climate Change Impact on these topics

Only multidisciplinary approaches allow a holistic
analysis

Peter Suppan Universidad Tecnoldgica Nacional Buenos Aires



Research Project AT

Local Stakeholders

Karlsruhe Institute of Technology

Risk Habitat
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Programme Coordinator
Programme Steering Group

Water resources and services

Air quality and health

Scientific Advisory Board

Development and
Dissemination of
Knowledge

Methods
Indicators
Toolkits

. I: Scenarios

Capacity Building

I: Scientific training
Training of practitioners |-
Workshops

|
Waste management

»
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Risk Habitat Megacity

¢sostenibilidad en riesgo?
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Integrated Approach AT

Karlsruhe Institute of Technology

Urban Development

Measurement Data

|

. -p1]
= i
P2
=3 —
e Wy
Pl -
-ps| z
o
P =
-7 _—
[ el
> 4

Mortality

| . N S o
Alr Qua“ty & Subclinical Effects
Climate Change
Approach

Health Impact Stakeholder
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Impact on Air Quality AT

Karlsruhe Institute of Technology

> Land use
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Natural Land Use Change (Impact)

Source: Stefan Norra, KIT
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[ ann
1: Beljing
2. Desert Gobi

\_

3: Desert Takla Makan

J

Beijing/VR China
39°57'NM16°19E

Monat |Temp. |Wied,
(°C) | (mm)
JEN -47 4
FEB | -18 5
MRZ 48 i
AFR 137 17
HAT 201 35
JUH | 247 T
JUL 281 M3
AlG 249 141
SEP 1895 58
ORT 128 18
WOV 38 11
DET | -27 3
Temp.-Jahresmittel
118°C
Hiederschl ags summe
619 mm




Karlsruhe Institute of Technology

Dust Storms QAT

[ Beijing J

18.04.2006
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Photos by Stefaﬁ Norra
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SEM Images QAT

Karlsruhe Institute of Technology

Kali-Feldspar i " - Anthropogenic
' 2 particles

UNI KARLSRUHE 'H™ EHT=10.00 KV Mag= 2500 KX Signi.
Date :8 Dec 2008 |—! File Mame = IMG-557_ 0101 ‘-

UNI KARLSRUHE 'F™ EHT=1500kV Mag= 3000 KX Signal A=InLens LEQ 1630
Date :15 Oct 2008 [————— Fil Masm = IMG 540,15, 10 WD = 7.7 mm VI

Source: Stefan Norra, KIT

UMNI KARLSRUHE
LEOISH  LEMpp

EHT =10.00 kV Signal A = InLens
File Name = 1Tag2W_06.uf Date :30 May 2005
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Source: U. Weiland, E.
Banzhaf, A. Ebert, A. Kindler,
R. Hofer (UFZ)
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Land Use Eﬁénge AT
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\_

Santiago de Chile

2002
Population 6.061.000
Urbanized area (km?) 641
Population density (p / km?) 9.500
Population growth (% /y) ~1,32

Mexico City
2005
19.410.000
1800
10.800
~1,28

Source:
/ Poduje 2005 (Santiago de Chile)

o g @R by

de Chile "

APERC 2007 (Mexico City)

%2
15045

13076

3056]
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Effect of land use change AT

Karlsruhe Institute of Technology

‘ Regional and Spatial Planning Sciences
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Impact on Air Quality

> Land use

» Energy

Mumbal
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Energy Consumption

Energy Consumption - China
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2003

2004

2005

2006

2007

N
Energy consumption
by sources
J
— = Y
2 ) )
c 7 o
n S )
s o 2
Beijing 75% 8% 17%
Shanghai 83% 10% 7%
Seoul 38% 25% 37%
Tokyo 41% 37% 22%
Mexico City 38% |v44% 18%

Source: APERC 2007, Shobhakar Dhakal (2004). Urban Energy
Use and Greenhouse Gas Emissions in East Asian Megacities

31
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Total Energy
Consumption
[1 Mill. Tons CE]

1749.9

2032.227

2246.82

2462.7

2654.8

Growth Rates
[%]

15.3

16.1

10.6

9.6

7.8

Source: China Statistical Abstract 2009

Universidad Tecnolégica Nacional Buenos Aires



Global final energy consumption QT

Karlsruhe Institute of Technology

Traditional biomass

0,
Nuclear 13%

3%

Renewables

0,
Fossil fuels 18%

79%

Large hydropower

3.0% Power generation

0.8 %

Biofuels
0.3 % _— Hot water / Heating

Source: REN21, Renewables 2007, Global Status Report 1.3%

32 02.11.2010 Peter Suppan Universidad Tecnolégica Nacional Buenos Aires



33

Emission Reduction Strategies AT

RN

- Energy & Technology Assessment
Disciplines
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Impact on Air Quality AT

Karlsruhe Institute of Technology

> Land use

» Energy
» Mobility

@ M ertins

34 02.11.2010 Peter Suppan Universidad Tecnolégica Nacional Buenos Aires



Traffic QAT

titute of Technology

Economical background of vehicle ownership
Vehicle purchase max GDP 3000-4000 $

Which will be reached in China in about 20 y
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Measurements AT

Karlsruhe Institute of Technology

Measurement sites: LAPC tower, ceillometer, DOAS
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Traffic & Emission Modelling: Santiago AT

Karlsruhe Institute of Technology

61 vehicle categories

Emission factors
experimental results

MODEM

Temporal
disaggregation

Driving profiles

Vehicular ‘
disaggregation

fleet composition ‘

\

Annual Emissions ‘ ‘ Hourly Emissions

Ejjc[o] =TF;lveh/h]*L;[km]*VD; *TF;* EF[g/km];
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Buses licitados Diesel convencional
Buses licitados Diesel tipo 1

Buses licitados Diesel tipo 2

Buses licitados Diesel tipo 3

Buses licitados Dlesel tipo 3 Articulando
Buses licitados Diesel tipo 2 con filtro
Buses licitados Diesel tipo 3 con filtro
Buses Interurbanos Diesel convencional
Buses Interurbanos Diesel tipo 1

Buses Alimentador Diesel tipo 2

Buses Alimentador Diesel tipo 3

Buses Alimentador Diesel tipo 3 con filtro

5 categories of emissions

cold emissions

hot emissions

evaporation

resuspension (= abrasion tyres, abrasion brakes)

6 emission pollutants

PM10

S0O2
NOXx
HC Input data for the
CO . . .
co2 simulation of traffic

[Gasoline consumption] emissions

Universidad Tecnolégica Nacional Buenos Aires



Coupling of Scales AT

Karlsruhe Institute of Technology

‘ Transportation Sciences
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Impact on Air Quality

> Land use

» Energy

» Mobility

» Climate Change
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Global surface warming (°C)

AT
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Consequences of Climate Change AT

Karlsruhe Institute of Technology

- L S
Climate Change b i _ P | | —

Impact On Urban :;Mi}drifjf ;R'Dme o F{}o 1000 :'!715-00 K
Agglomerations

Kamal-Chaoui, Lamia and Alexis Robert (eds.) (2009), “Competitive Cities and Climate Change”, OECD. Regional
Development Working Papers N° 2, 2009, OECD publishing.
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Climate Change AT

Karlsruhe Institute of Technology

_ )
Climate Change

Impact on Urban
Agglomerations

Resolution too coarse for regional impact analysis !
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Dynamical Downscaling AT

Karlsruhe Institute of Technology

Domain 1 Domain 2 Domain 3
2000
34.0 - 34.0
i 1600
— ~ —33.0
z i i B 1200
. B B g
g a a =)
= - - ~32.0 2
3 : I 2
i L L 800
- — = ~31.0
1 - - 400
30.0 T T T [ T T T T [ T T T T [ T T 11 L L L L L T L L L L L L L T L L 30.0
33.0 34.0 35.0 36.0 37.0 33.0 34.0 35.0 36.0 37.0 33.0 34.0 35.0 36.0 37.0
Longitude (°E) Longitude (°E) Longitude (°E) [mm]o

Yearly Mean Precipitation 1961-1975

Validation of the simulation results by comparing
simulated observed precipitation
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Regional Climate Change Impact AT

Karlsruhe Institute of Technology

| |
Temperature - 24.0 = Difference in
Difference in °C | | 0zone concentrations
MW 121013 ,Q L in ppb
M 13t 14 B L W 225t -1.75
14 t0 15 | | 220 | l 1750 -1.25
15 to 1.6 | ' W 125 to -0.75
16 to 1.7 [ B 075 to -0.25
17 to 1.8 +Gluadalajara il -0.25 to 0.25
1.8 to 1.9 1 J i r 0.25 to 0.75
B 19t020 | 7 200 = B 0.75 to 1.25
W 20t 21 7 g 3 1.25 to 1.75
W 211022 = 3 1.75 to 2.25
z .| M 22510 275
18.0 L W 275 to 3.25
- 16.0
104.0 102.0 100.0 98.0 96.0 94.0 104.0 102.0 100.0 98.0 96.0 94.0
Longitude (°W) Longitude (°W)

High resolution climate-
chemistry simulations
- Mexico -

Source: Renate Forkel (IMK-1FU)
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Regional Climate Change Impact AT
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‘ Air Quality / Climate Change

ZX1U years period
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Impact on Air Quality AT

Karlsruhe Institute of Technology

Land use

Energy

Mobility

YV V VvV 'V

Climate Change

A\

Air Quality

: » Health Impact

Integrated
Approach
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Adverse Health Effects: Santiago QAT
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10,0

%
Chronic lower resp. dis.
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Influenza and pneumonia

Other heart diseases

110 - 113 120 - 125 130 - 151 J11-J18 J40 - J47

disease group

Source: Ulrich Franck, UFZ

Maximum Mortality Risks
per 10 ug/m3 PM,,
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Adverse health effects of PM,5in 2006 AT

20% | [

‘ Health / Epidemiological Disciplines
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Conclusions AT
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» Air quality & Climate Change issues need an holistic and multidisciplinary
approach

» Strong links to

» Regional and Spatial Planning Sciences
Energy & Technology Assessment Disciplines
Transportation Sciences
Health / Epidemiological Disciplines
Social Sciences

> Link between these fields tackles central problems in mega cities

» Complex system of mega cities, needs further process studies in each
discipline

» Air quality and health impact assessment studies are essential prerequisites
for mitigation and adaptation strategies and for reducing e.g.
= environmental risks (air pollution, climate change impact, congestion,
waste, ...)
= social risks (spatial segregation, health problems, ...)
= costs (healthcare system, transportation, production, ...)

48  02.11.2010 Peter Suppan Universidad Tecnoldgica Nacional Buenos Aires
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