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Outline

 What have we done in previous workshops? 

 July 2006

 February 2007

 What will we do in the scenario sessions in this 

workshop?

 January 2008
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July 2006 workshop

 What are scenarios and what is their purpose?

 Scenario types and characteristics e.g.

 quantitative vs qualitative

 forecasting vs backcasting

 What are emission scenarios?

 Examples of scenarios work done 

 Backcasting exercise 

 “Imagine a South Asian city in 2026.”

 example for a qualitative scenario



Feedback obtained after the

July 2006 workshop

 About which topics would you like to learn more to 

support your professional work? 



Feedback obtained after the
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support your professional work? 
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February 2007 workshop

 What are emission scenarios?

 Exercise: Building scenarios and Integrated 

Assessment with SIM-AIR tool

 SIM-AIR: tool to conduct Integrated Assessment and 

building scenarios on a city level

 Baseline and Alternative Policy Scenarios

 Evaluation and optimization of policy options for air 

pollution prevention and control



SIM-AIR model



Current Baseline (CBL) = emission inventory

Vehicle
numbers

Average 
emission 
factors

Average
activity rate 
per vehicle

Total 
emissions 

in 2007



Building baseline scenario by assuming a 

higher transport volume

Annual 
growth 
rates of 
vehicle

numbers



Baseline scenario

Average 
emission 
factors in 

target 
year

Even without policy 
intervention, these figures 
are likely to change in the 
future due to regular 
renewal of the vehicle fleet

Note: SIM-AIR 2.0 does not model 
these changes 



Building alternative policy scenarios 

Options for policy intervention

 Conversion of Diesel to CNG Buses

 Low Sulfur Diesel (ppm S)

 Removal of 3-Wheelers

 Inspection and Maintenance Program 
for cars

 Coal to LPG for domestic users

 Etc. 
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This workshop (January 2008)

 Case study: IEA Energy Scenarios for India for 

2030

 Methodologies for the building of emission 

scenarios
 Economic development and energy demand

 Energy demand, energy prices and fuel mix

 Energy demand versus electricity demand

 Technology change

 Policy intervention
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This workshop (January 2008)

 Exercise: Building emission scenarios for India for 

2030

 Two stages

1. Building energy scenarios and change of emission factors

2. Feed this data into scenario sheets of the Emission 

Inventory Workbook to calculate emission scenarios for 

your countries for 2030

 Presentation of results / discussion of further needs
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ADDITIONAL SLIDES

 What are emission scenarios?

 What are emission scenarios used for?



What are emission scenarios?

 A plausible quantitative

description of how emissions in 

the future may develop, based 

on a coherent and internally 

consistent set of assumptions

(“scenario logic”) about key 

relationships and driving forces. 

 Emission scenarios are neither 

predictions nor forecasts.

(adapted from IPCC)



General approaches for emission scenarios 

 socio-economic

 correlate emissions with socio-economic time series, 
such as GDP development, without accounting in detail 
for technological change

 top-down approach

 technology based

 considers explicitly technological change

 emission factor approach is widely used, mainly due to 
the fact that technological change became a prevailing 
parameter

 bottom-up approach, can be rather detailed and resource-
intensive



Technology-based, bottom-up approach

Technical 

measures

Emission 

factors

Volume 

measures

Activity 

rates

Social, 

economic, 

demographic 

parameters

Scenarios

Emissions
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The fundamental formula
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Activity rate, e.g.

- electricity consumption  

(kWh)

- transport volume

(Pkm / tkm)

- steel production (tons)

Process level

emission factor, e.g.

- gSO2 / kWhel

- gNOx / tkm

- gSO2 / tonsteel

Activity shares or 

penetration rates of a 

technology (k) within a 

sector

 eventually  

determined by the

behaviour of people

 legislative 

requirements

 technology 

acceptance

 etc. 

Sectoral

emission factor
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The link between inventories and 

projections / scenarios

 Each emission projection 

must be based on an 

existing emission inven-

tory as a starting point. national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)

national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)
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The link between inventories and 

projections / scenarios

 Each emission projection 

must be based on an 

existing emission inven-

tory as a starting point. 

 The main difference 

between an emission 

inventory and an 

emission projection / 

scenario is the time 

reference.

national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)

national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)
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What do we use emission scenarios for?

 The role of emission scenarios in the Air Quality 

Management Cycle



Air quality management cycle

Simplified air quality management cycle (Schwela, 2004)

Atmospheric 
transport and 

dispersion 
modelling

Valuation of 
environmental 

and health 
damage

Dose-effect / 
dose-response 
relationships

Bottom-up 
emission 
inventory

Technical 
measures & 
behavioural 

change

- Command & control
- Economic instrumets
- Self-regulation (VA)
- Informative instruments
- Infrastructure and 

public services

Defining 
targets

Selecting  
policy instruments

Effective enforcement
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Linking the air pollution scientific community 

with policy makers

Simplified air quality management cycle (Schwela, 2004)

Raising awareness  
about air pollution and 
its harmful effects 
(explorative function)

Evaluating policy options and 
control measures for air 
pollution prevention and control 
(decision support )
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Integrated Assessment Modelling (IAM)

Integrated 
Assessment 

Modelling

 IAM models the air quality

management cycle numerically.

 IAM collects and connects data

from different sources to obtain a 

comprehensive picture of reality. 

 Emission scenarios are typically 

one component of Integrated 

Assessment Models for air quality 

management. 

 Scenarios are used as a tool to 

explore how reality may evolve

under a set of different 

assumptions



Scenarios in IAM

Integrated 
Assessment 

Modelling

What happens if…? How to attain…?

”Vehicle numbers grow 
by annually 10%.”

”A new coal-fired 
power plant is built 

at location X.”

”Strict emission 
standards are 

imposed on large-
point sources.”

”Air quality 
standards according 
to WHO guidelines.”

”No (new) policies for air 
pollution prevention and 

control are implemented.” 

”New / higher 
taxation on the 
sulphur content 
of fossil fuels.”

”A reduction of particulate 
matter emissions by 70%.”

”Health and 
environmental 

targets in the most 
cost-effective way.”

”Health and 
environmental targets 

from the perspective of 
economic efficiency.”

Emission 
Scenario
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Business-as-ususal scenario

Simplified air quality management cycle (Schwela, 2004)

Emission 
scenario(s)

What emission load can we 
expect in the year 2030 

under a Business-as-usual 
(BAU) scenario?

What damage 
can we expect 
under a BAU 

scenario?

Crops

Ecosystems

Materials

Health

Under a BAU 
scenario, no 

additional 
policies are 

implemented. 

Purpose:

- Awareness raising

- Basis for decision support
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Alternative Policy scenario

Simplified air quality management cycle (Schwela, 2004)

Emission 
scenario(s)

What emission load can we 
expect in the year 2030 

under an Alternative Policy 
scenario?

What damage can 
we expect under 

an Alternative 
Policy scenario?

Crops

Ecosystems

Materials

Health

Under an Alternative 
Policy scenario, 

additional policies 
are implemented. 

Purpose:

- decision support
(comparing different policy alternatives 
with each other  and with the BAU scenario)
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Malé Projects

Simplified air quality management cycle (Schwela, 2004)

Monitoring

MATCH Model

Emission 
Inventory 
Workbook

Rapid urban 
assessment

Control and 
mitigation

Socio-economic 
issues

Air pollution 
policies and 
legislation

Crops

Ecosystems

Corrosion

Health

IIAS
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Emission scenario variants

T0 = now Tfuture

X0

Baseline / business-as-

usual (BAU) scenario
Xf1

Xf2

Alternative policy 

scenarios 

Tpast

emissions, 

environmental 

destruction, etc. 

Xf3

Xf4



Emission scenarios…

 …are an important tool to design and assess 

emission reduction strategies, which aim at 

achieving given emission reduction targets in the 

future

 …help to evaluate alternative abatement options to 

achieve these targets within given scenarios of 

societal trends 

 …help to allocate emission abatement measures in 

a temporal and spatial frame and to assess the 

future efficiency of a large variety of measures 
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Outline

1. Integrated Assessment Modelling (IAM) in 

the Air Quality Management process

2. Emission scenarios

3. Example: the Clean Air for Europe (CAFÉ)

scenarios
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The CAFE programme of the EU  

 Clean Air for Europe (CAFE) is an EU programme of 

technical analysis and policy development to support EU 

strategies with regard to air pollution

 CAFE aims to develop a long-term, strategic and 

integrated policy advice for “achieving levels of air 

quality that do not give rise to significant negative 

impacts on and risks to human health and the 

environment”; including “no exceedance of critical loads 

and levels for acidification or eutrophication”. 
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The CAFE programme of the EU  

 CAFE uses IAM and scenarios
 to project how air quality in Europe is likely to evolve until 2020

on the basis of current policies and measures

 to provide a benchmark against which other policy scenarios 
can be compared. 

 to assist the cost-effectiveness analysis of policy proposals for 
revised air quality legislation

 The scenarios address four environmental impacts of air 
pollution:
 Particulate matter (PM)

 Ground-level ozone (O3)

 Acidification

 Eutrophication
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CAFE Scenarios

 Five scenarios for the year 2020

 baseline scenario based on current legislation projection (CLE)

 maximum technically feasible emission reductions (MTFR)

 three joint optimizations (A, B, C) that combine with each other 

the lowest, medium and highest ambition levels of all four 

environmental endpoints (PM, O3, acidification, eutrophication)
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Loss in life expectancy attributable to 

exposure to fine particulate matter (PM2.5) 

2000
Baseline scenario   

for 2020

Source: IIASA 
Statistical loss in life expectancy in months
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Loss in life expectancy attributable to 

exposure to fine particulate matter (PM2.5) 

Source: IIASA 

Alternative A (2020) Alternative B (2020) Alternative C (2020)

Loss in statistical life

expectancy in months due to 

PM2.5 in

 2000

 2020 with current legislation

 2020 with alternative polices

A, B, and C

2000 Baseline CLE (2020)
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Acid deposition to forest ecosystems

2000
Baseline scenario    

for 2020

Source: IIASA 
Percentage of forest area receiving acid deposition above the critical loads
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Excess nitrogen deposition

2000
Baseline scenario    

for 2020

Source: IIASA 
Percentage of total ecosystems area receiving nitrogen deposition above the 

critical loads for eutrophication
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Impacts of ozone on the reduction

of wheat yields 

Baseline scenario    

for 2020

Source: IIASA 
Loss of wheat yield in the EU due to ozone (Tons) 

Alternative policy scenario C   

for 2020


