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Institute

Institute for Meteorology and Climate Research

Troposphere Research

(IMK-AAF)

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

Trace Constituents in the Strato-
sphere and Tropopause Region

(IMK-ASF) Research (IMK-IFU)

Atmospheric Environmental

Interaction Atmosphere/Biosphere

- 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

Interaction Atmosphere/Climate

- Variability and Trends of Atmospheric Parameters

- Coupled Model Systems

- Climaie Chiange ana | errestrial Hyarology

- Air Quality in Metropolitan Areas and Sensitive Regions

Centre for Stabile Isotope (CSI)

World Calibration Centre (WWC)
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Atmospheric
Research

Stratospheric
ozone depletion

FhiEREBFE

25 i _ EM SR

Biodiversity

Air Climate
Change

SIREA » i

DB

Desertification
o 4 [Tl & W
(source: IPCC 2001, WG1 Report, Summary) ( RJR : IPCC2001, WG13kss , MEILD )
Peter Suppan, Institute for # HELMHOLTZ Peking University School of Public Health

Meteorology and Climate Research (IMK-IFU) | GEMEINSCHAFT Beijing - 16. June 2009



W ixzare

B 5%

( BIN/ER )

(ENR)

XHRE

Peter Suppan, Institute for
Meteorology and Climate Research (IMK-IFU)

ﬁ HELMHOLTZ
I GEMEINSCHAFT

Peking University School of Public Health
Beijing - 16. June 2009



IMK-IFU Investigations ﬂ(".
IMK-IFU #5256 B

South-East-Asia
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Research Focus AT

Air Quality in Metropolitan Areas and Sensitive Regions

» Interactions between urban/suburban/rural regions and their feedback mechanism to the
air quality

» Impact of regional climate change on air quality

» Developing and validation of innovative measuring techniques for the assessment of the
air quality (e.g. urban agglomerations — close cooperation with epidemiologists)

» Coupling of models (e.g. MCCM, WRF-Chem, micro scale models)

» Real-time forecast of gas and particle phase pollutants

» Assessment of emission strategies (e.g. source attribution)

» Project “Risk Habitat Megacity” with the topic “Air Quality and Health”; anchor city
Santiago de Chile in co-operation with Universidad de Chile
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Mega Cities
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Geographical Situation AT

Urban population [million]
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Environmental Facts AT

Air pollution as the most significant environmental challenge,

followed by congestion issues
(Survey with 500 megacity - ,stakeholders®)

but

,1he environment matters, but may be sacrificed for growth®

Source: Siemens, 2007
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Problem: Health Impact ST

[ Health Impact Pyramid ]

mortality

hospital admissions

emergency room Vvisits

physician office visits

reduced physical performance
medication use

symptoms
impaired pulmonary function

Sub-clinical (subtle) effects

severity of
effect

<:| Proportion of population affected
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Problem: Scales AT

( Scales Pollutants \
Global GHG, O,
Regional O,, PM2.5

\ Local PM, NO,, CO )

W

Models } Measurements

Peter Suppan, Institute for g HELMHOLTZ Peking University School of Public Health
Meteorology and Climate Research (IMK-IFU) | GEMEINSCHAFT Beijing - 16. June 2009



Problems and Risks AT

> Land use

e
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Institute of Mineralogy and Geochemistry (IMG)
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Land Use Change AT

Santiago de Chile Mexico City
2002 2005
Population 6.061.000 19.410.000
Urbanized area (km?) 641 1800
Population density (p / km?) 9.500 10.800 Source:
Population growth (% / y) -1l 2P ~1,28 Poduje 2005 (Santiago de Chile)

/ APERC 2007 (Mexico City)
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Effect of land use change AT

Regional and Spatial Planning Sciences
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Problems and Risks
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> Land use

» Energy

Mumbali
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Energy Consumption

XIT

) Energy Consumption - China
Energy consumption 000
by sources
J [
2500 — -
|
5 = Y 2000 — i
S = 3
Q. 5 =
c * Q ——
(7)) Fol (9]
3 = = 1500 |—
~ o
Beijing 75% 8% 17% 1000
Shanghai 83% 10% 7% 500
Seoul 38% 25% 37%
0
Tokyo e — — 2003 2004 2005 2006 2007
Total Energy
Mexico City 38% 44% 18% Consumption | 1749.9 (2032.227| 2246.82 | 2462.7 | 2654.8
|v [2 Mill. Tons CE]
Gmw[t(;)]Rates 153 | 161 | 106 9.6 7.8

Source: APERC 2007, Shobhakar Dhakal (2004). Urban Energy Use

and Greenhouse Gas Emissions in East Asian Megacities

Source: China Statistical Abstract 2009
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Energy Consumption AT

Energy & Technology Assessment Disciplines
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> Land use

» Energy
» Mobility
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Traffic ‘\k‘( IT

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

qhi Transportation Sciences
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Problems and Risks

Land use

Energy

Mobility
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Climate Change

Global surface warming (°C)
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Climate Chane
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Climate Change Impact IT

Temperature
Difference in °C
W 12t 13
B 13t 1.4
1.4 to 1.5
15 to 1.6
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High resolution climate-
chemistry simulations
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Source: Working Group “Air Quality”
by R. Forkel (IMK-IFU)
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Land use

Energy

Mobility
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Climate Change

C Air Quality
» Health Impact

\%4

integrated
approach
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Health Effects AT

‘ Health / Epidemiological Disciplines
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Health Facts ﬂ("

IO

Health impact and | -~

_ _ : a — Decrease in life expectancy in months
air pollution J due to anthropogenic PM,

EU-average 2000 vs 2020:

- Life expectancy reduction of 9 months — reduced to 6 months

- Annual loss of 4 Mio. life years — reduced to 2.3 Mio

- Annually 386.000 premature deaths — reduced to 251.000

- Annually 110.000 serious hospital admissions — reduced to 63.000

Source: CAFE (Clean Air for Europe), 2005
by support of Alexandra Schneider (HMGU)
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Research Questions AT

» How can we overcome the complexity of the interaction between different
disciplines?

» Do we understand the complex links between emissions, air quality and

health impact?

How can act with the different scales?

How can separate information platforms be linked to the development of
an integrated approach to air quality assessment in mega cities?

» Which relationship exists between specific air pollutants like PM,, or NO,
and the appearance of environment-related diseases?

» How to develop scenarios that they are in line with the climate change
scenarios?

YV V
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Methodology AT

Satellite data Measurement data Emission data
Mean trop. NO. SC ({J!—]+1U/U()
B ' BT i
10N 9 \ / E
- % el
105 ]L Mﬁ/ ;
] / b _ L
1/ g z
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—-//“‘4‘ /C L
Integrated Air Rl T
Quality
Assessment
¢ Studies
munities, gov..
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Air qua“ty science based decision support Measures
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Vertical Measurements (IT

Vertical T
I |—*—8m . : o
m eaS U re m e ntS 1 < Period of the 29th Olympic Games 2008 in Beijing
= Belj I ng = 200 ” : d Mean Value of 42 ug/n?
. )
E 150 1
2 «
!
% 100 7 |$!
[
L K
0} b ot
’ I ! RS : ” ’
< ¢ >
0 & I A ‘g' ‘ ‘ :

80 T —=—280m
70 —=—120m ﬁ/.}/._:-—-\_\i'\\

8m
60 % :

Ozone in ppb

40

b %/
20 —

Source: X. Jinyuan (CAS), China 10
0 " t——F—+—
I B I B

August 2008
Peter Suppan, Institute for @ HELMHOLTZ Peking University School of Public Health

Meteorology and Climate Research (IMK-IFU) | GEMEINSCHAFT Beijing - 16. June 2009



2000

ME S L& E K]

1000

Heiaht above around ml
Ol
o
o

O l l
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00

Peter Suppan, Insi

Meteorology and Climate R¢ Local Time 26.02.2009 %ﬂhﬂ#fﬁj/ZOOQﬁZﬁ 26 H ;gglic Health




Adaptation Strategies AT

Power plants switched off 4 Ozone
| . g

e.g. Mexico City

NOx emission

250000
B Point
200000 +— MLine
O Area . .
150000 O;-difference in
[
= 100000 20 10
50000
o
Basel1998 Base2010 Scen IV Scen 2-rev
. ’ ;’, | O5-concentrations
350000 1
B Point ] ] 7 I n 20 10
300000 T m [ ine H I
250000 | DATEd - B
5 200000 r —
[
2 5 =
= 150000 N NOx Emissions
100000 —
50000 —
0 - L |
Basel998 Base2010 Scen IV Scen 2-rev

Basic information on present Land use
emissions and emissions of reduction
measures 7 i
Bty " ¥ 15 7
Topography

Source: Working Group “Air Quality”
by R. Forkel (IMK-IFU)
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Coupling of Scales ST

Threshold
exceedances

Meso-scale modeling
e.g. NO, with MCCM
| | | | | | | | | |

s
8 Source: EU-LIFE Project
Klagenfurt Graz Bozen

Micro-scale modelling
e.g. NO, with GRAL

Peter Suppan, Institute for ﬁ HELMHOLTZ Peking University School of Public Health
Meteorology and Climate Research (IMK-IFU) | GEMEINSCHAFT Beijing - 16. June 2009



Climate Change Impact

Peter Suppan, Institute for
Meteorology and Climate Research (IMK-IFU)
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Days with Threshold Exceedance

Difference 2031/2039 - 1991/2000
3.5
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uv20
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3
Ozone (ug/m~)

Threshold exceedances_in the future : .
D%tnguﬂon of daily O; maximum

— 1991-2000
— 2031-2039

Setup: 60-20 km grid
2x10 years period

Southern Germany

Source: R. Forkel (IMK-IFU)
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Research Project

Local Stakeholders

A

Cross-Cutting Concept:
Sustainable Development

Cross-Cutting Concept:
Risk

Cross-Cutting Concept:
Governance

Risk Habitat

Land - use management

Megacity
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Water resources and services

Programme Coordinator
Programme Steering Group

Waste management

Scientific Advisory Board

I: Scenarios -

I: Scientific training —

Development and
Dissemination of
Knowledge

Methods L

Indicators
Toolkits

Capacity Building

Training of practitioners |
Workshops

»
»

»
»
»
»
»
»

>
»

»
»
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Governance & Sustainability SIT

e Nitrogen Dioxide(NO2) em=Qzcone (O3) e Carbon Monoxide (CQO)

0.070 7.00
0.060 1997: Initiate the distribution of reformulated gasoline, G.00
Modernization of I/M Program [BAR 97 Tech]
1993: Initiate CING pilot program in buses and trucks
1999: Initiate substitution of catalytic
0.050 converters for model years 293 5.00 ( \
— 2000: Introduction of a NOx Alr Qual Ity
E emissions limit for I/ ..
& 0.040 progeam +00 | Management policies,
—
5 . .
= emission control
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B 9951996 s00 | programs and pollutant
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8 \trends In Mexico Cltyj
0.020 1993: Introduction of unleaded gasoline and 3way 2.00
catalytic converters in vehicles, lModernization of
I/M program [BAR 90 Tech]
1992: Initiate LPG program in vehicles
0.010 ) ) ) i 1.00
1991: Introduction of 2-way catalytic conwverters in vehicles
1989: Initiate “HINC” and “Inspection and Maintenance (I/I\/I)” programs
0.000 0.00
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Year Source: APERC (2007): Urban Transport
Energy Use in the APEC Regions
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Conclusions AT

Alir quality issues need an holistic and interdisciplinary approach

In order to understand the complex system of a mega city, further process
studies have to be done in each discipline

Link between the fields of land-use, energy, transportation, air quality, climate
change and health demonstrates the interaction and tackles central problems

In a mega city

Air quality and health impact assessment studies are essential prerequisites
for mitigation and adaptation strategies and for reducing e.g.

= environmental risks (air pollution, congestion, waste, ...)

= social risks (spatial segregation, health problems, ...)

= costs (healthcare system, transportation, production, ...)

Peking University School of Public Health

Peter Suppan, Institute for @ HELMHOLTZ
Beijing - 16. June 2009
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Co-operations AT

» Memorandum of Understanding (MoU) between IMK-IFU and the Universidad
Nacional Autonoma de Mexico (UNAM) about a cooperation in the fields of
research and education (e.g. Air Quality, Climate Change)

» Establishing of the International Competence Center for Sustainable Urban
Development (ISUD) in Santiago de Chile (“capacity building”; “multidisciplinary
research on Megacities”; “applying knowledge”) between FZK and Universidad de
Chile in Santiago

» Contract of Cooperation between the Institute of Atmospheric Physics (IAP) of
the Chinese Academy of Sciences (CAS) and IMK-IFU about “Monitoring and
Modelling of Air Quality at the Megacity, Beijing”
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