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EXECUTIVE SUMMARY

This document provides Version 2.0 of the dossier C2 Cost Benefit Analysis (CBA) for the
PROMOTE Service Portfolio. The results are based on assumptions discussed and agreed
with partners and users of the PROMOTE project.

From a cost benefit point of view, it can be concluded that the PROMOTE project is a sound
investment since society as a whole will gain economic benefits amounting to two and a half
times the cost of providing the PROMOTE services including the costs of a dedicated
atmospheric space mission assumed to become operational in 2009.

What is at stake?

Climate change , depletion of the Ozone layer resulting in increased UV radiation at the Earth
surface, summer smog over large cities, acid rain, poor air quality - al have serious socio
economic consequences in the both the short and long term, for instance:

- Globally, insurance companies paid $57 billions of weather related losses in the first half
of 1990. In 1998 alone weather related catastrophes claimed 50.000 lives and cost
estimated $93 billions. Munich Re estimates that climate change resulting in more
extreme weather conditions could cost more than $300 billions a year in the decades to
come.[R13, 17]

- Half a million new cases of non-melanoma skin cancer are diagnosed each year and
10.000 dies of skin cancer every year in EU25 [R19]

- The high concentration of fine particles costs 3 millions life years in EU25, this is
equivalent to 288.000 premature deaths or a reduction in life expectancy of 8.2 months
per citizen [R24]

- The number of asthma patients are increasing dramatically in particular among children

- Acid rain, ground ozone and UV radiation causes huge damages to our eco systems,
materials, cultural heritage, crops and food stock

What will PROMOTE do?

PROMOTE will deliver operational services and products related to Stratospheric Ozone and
Surface Ultraviolet Radiation, and Air Quality. All three of these service lines address past,
present, and forecasts of various variables and constituents using information derived from
satellite data, ground-based measurements, and models.

Demand Drivers

PROMOTE services are public good services primarily driven by the Montreal (Ozone/UV)
and Kyoto (GG&A) Protocols, the Convention on Long-Range Trans-boundary Air Pollution
and the EC Framework Directives on Air Quality. Increased political and public concern for
climate change and its consequences and increased health concerns of air pollution are al'so
important when considering current and future demand for PROMOTE services.
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What are the added value of PROMOTE?

Satellite data are a unique source of information to monitor and increase our knowledge of
climate change. PROMOTE will ensure long term availability of key satellite data sources to
provide for long term consistent data sets for the main atmospheric parameters such as
stratospheric ozone, UV radiation, the level of air pollutant emissions and at a later stage
Green house Gases and Aerosols. PROMOTE therefore plays an essentia role as the
European contribution to GEOS. The political and strategic globa benefits of PROMOTE are
very large asit is important for Europe to play a dominant role in the scientific understanding
of global climate change and in the political debate surrounding it.

For the individual PROMOTE service lines the main benefits have been identified:

PROMOTE Service line PROMOTE added value

Ozone - Ensure long-term consistent global total ozone data sets

- Only Satellite data can provide global data sets and complements
ground ozone measurement stations
Enhancements of investments into GAV stations (Ozone ground
measurement stations)
Provides input to Weather Forecast models and improves accuracy of
5-10 days weather forecasts
Provides input to chemical transport model used for meteorological
analysis
w - Ensure long termtime series of surface UV expasure and radiation
intensity
Complements ground measurements
Improves accuracy of UV forecasting
Air Quality monitoring - Complement ground measurement by adding information for ‘in
between stations' or in geographic areas where ground stations are
lacking or scarce
Provides the global picture and long term air pollution trends

- Satellite data serves the purpose of validating and improve models
Air Quality Forecasting - Improves accuracy of Air quality forecasting

- Facilitate widespread use of Air quality forecasting services by
providing a pan European Air quality service

PROMQOTE Cost Profile

The main cost elements of PROMOTE are a dedicated atmospheric space mission,
investment in R& D and operational service delivery.

A dedicated ‘atmospheric space mission’ will be needed in the medium term to ensure
continuity of essential satellite data. This might be an element of the next Earth Explorer
programme. In the context of the current CBA we have assumed an investment of 300M
leading to ayearly capital and operational costs of around 60M from 2009.

Further R&D investments are needed in order to explore and fully to take advantage of
satellite datain air quality forecasting.

Ozone and UV services are public goods where the marginal cost of service provision is
practically zero. This is not necessarily true in the case of Air Quality services where
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considerable investment is needed for each city or area of interest. However for dedicated
consumer services such as *Your Air' and ‘Sun Burn Time' user payment is expected to be
the prevailing business model. Thiswill lead to service sustainability within afew years.

PROMOTE Benefits profile

By 2009 PROMOTE will generate benefits equivalent to around 150 M ayear.
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Near rea time Ozone service has proven useful as input to weather prediction models for
middle range forecasting (5-10 days) which is the big challenge for weather prediction since
huge socio-economic benefits are at stake. Longer lead time prior to an extreme wesather
event would allow authorities, industry, farmers and fishermen to prepare for and put into
place appropriate measures in order to reduce overall impact of a given disaster. According to
the insurance industry weather related disaster will cost in the order of 18B growing to 45B
by next decade in Europe alone. The PROMOTE impact has been estimated to be worth an
average of 38 M ayear by 2010.

Air pollution (ground ozone and fine particles) has huge socio economic costs in terms of
both morbidity and mortality. 288.000 premature deaths and some 83000 hospital admission
costs the European societies 159 B each year. Strict regulations are aready being
implemented to reduce air pollution. The PROMOTE air quality monitoring services will
provide for better means to monitor air pollution and in particular to optimise likely impact
on measures to be implemented to reduce air pollution.

Air quality forecast services are yet not main-stream across Europe, the pioneers being
France, Germany and UK. AQ FC services will in particular benefit citizens already suffering
from respiratory diseases or heart problems. Restricted activity days (loss of productivity)
and chronic bronchitis cost the European society in the order 84 B ayear. Experiences with
“Your Air" services in the UK suggests that the number of incidents can be reduced if
vulnerable people can be warned beforehand if excess values of critical air pollutants are to
occur and thereby prevent people to be fully exposed by ater their behaviour. We have
identified two distinct types of PROMOTE benefits derived from the AQ FC services. Oneis
the added value of satellite data to enhance accuracy of the forecast. The other is the
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multiplication effect, that due to PROMOTE more countries or regions will be able to
implement an AQ forecast service. In total we have estimated that the PROMOTE AQ
forecast service will contribute to the reduction of health costs due to acute incidents valued

at around 30M ayear.

Air quality

forecast

services
22%

Air Quality
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40%
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forecast
services
30%

Cost Benefit Result

The relative split of benefits among
the main PROMOTE service lines
are illustrated in the figure aside
(expressed in NPV). The Air
Quality services dominate as
potential benefits account for more
than 60% of total identified
monetary benefits.

At the aggregated level, the total costs and the total identified monetary benefits are
illustrated in the figure below. Expressed in NPV, the costs amounts to atotal of 573 M and

the benefits to a

180.000

160.000

140.000

120.000

100.000

80.000 4

60.000 -

40.000

20.000 4

MONETARY BENEHATS

total of 1460 M
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values. That results
in a cost benefit
ration of 1:2.5
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SCIAMACHY
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TEMIS
TOMS

UNEP

uv

VOLY

VSL

WHO

WMO

Aerosol Optical Depth

Air Quality

Regional Agency for the Prevention and the Environment
Cost benefit Analysis

Chlorofluorocarbon

Disability Adjusted Life Year

German Aerospace Centre

Deutsche Wetter Dienst

European Commission

European Centre for Medium-Range Weather Forecasts
European Monitoring and Evaluation Program
European Environmental Satellite

Earth observation

Global Atmospheric Watch

Global Earth Observation System

Greenhouse Gases & Aerosols

Global Monitoring for Environment and Security
Gross National Product

Global Ozone Monitoring Experiment

GMES Service Element

Integrated Global Atmospheric Chemistry Observation
Royal Netherlands Meteorological Institute

Net Present Value

Near Real Time

Numerical Weather Prediction

Ozone Depleting Substances

Organisation for Economic Coorporation and Development

Particulate Matter
National Institute of Public Health and the Environment

SCanning Imaging Absorption SpectroMeter for Atmospheric

CartograpHY

To be calculated

Tropospheric Emission Monitoring Internet Service
Total Ozone Mapping Satellite

United Nations Environment Programme

Ultra Violet

Value of a Life Year

Value of a Statistical Life

World Health Organisation

World Meteorological Organisation




L] REF : PROMOTE-020
@ GSE - PROMOTE ISSUE : 2.0
o C2 Cost Benefit Analysis for Service Portfolio | 0 2
oS enerti nalysis 1or service rFortroiio
PROMOTE 24.01.2006

1. INTRODUCTION

1.1 Purpose

The Cost Benefit Analysis (CBA) compares the overall benefits that can be achieved by the
Service Portfolio with the overall costsinvolved. It covers the time periods 0-2, 2-5 and 5-10
years and is based on information gathered at internal meetings, through desk research and on
the results from all PROMOTE tasks which are collected in a structured and traceable
manner.

The CBA presents all information necessary to make an independent, comprehensive
evaluation of the service-portfolio with respect to public benefits and public finding on the
European scale.

The baseline CBA methodology is characterised by the following:

Identity, size and nature of major sources of benefit and pre-requisite cost
elements

Identity, size and nature of major cost-drivers and directly consequent benefits

Annual cost profiles for all mgjor cost elements

Annual benefit profiles for all benefits categories

Uses cost and benefits ranges (upper, lower), rather than single values

Categories and structure of benefits according to their nature

Comparative and absolute measure for benefits of different kinds

Mapping of benefits onto the beneficiaries e.g. per country, per user-segment

All assumptions upon which CBA is based
The CBA is supported by databases, models, analysis and presentation tools. These allow
interactive what-if analysis and brainstorming of different scenarios to be performed at any
time. Thisallows modification of the following “variables’:

CBA Assumptions

Cost elements

Benefit elements

Beneficiaries and stakeholders

Service portfolio elements
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1.2 Scope

Thisversion 2.0 isthe final version of the CBA for PROMOTE services at the end of Stage 1.

benefit information for Ozone, UV and Air Quality Services.

From the four groups of proposed PROMOTE services, this document provides cost &
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1.4 Document overview
The document is structured as follows:

Chapter 2 sets out the CBA methodology and provides an overview of input used from other
PROMOTE deliverables.

Chapter 3 provides a brief overview of PROMOTE service objectives, service concept and
service portfolio. An overview of PROMOTE target users groups is also provided. What, to
whom, why, how and when are key for providing a basis for assessing both potential benefits
and costs. The distinction between first order (or “primary”) beneficiaries and second order
beneficiaries is important.

Chapter 4 provides the baseline for the CBA, e.g. what is the current service provision and
which are the given development trends both in terms of demand and supply. This will be the
‘do nothing’” scenario with which to measure or compare the additional benefits and
additional costs due to the PROMOTE initiative.

Chapter 5 assesses the future demand for PROMOTE services and will in particular focus
upon what drives such demand, what are the tendencies and where are the bottlenecks for
each type of target user groups.

Chapter 6 reports on the analysis of the cost of implementing the PROMOTE service
portfolio. This implies an identification of the cost elements, e.g. cost of infrastructure, cost
of service provision, etc. The distinction between investments costs and operational costs are
important to determine sustainability.

Chapter 7 reports on the findings of the benefit assessment. Types of benefits (efficiency
gains, cost savings etc) and order of beneficiaries is identified for each PROMOTE service
line. This is followed by a computerisation of the identified monetary benefits and an
assessment and cause-effect relationship of the various types of benefits.

Chapter 8 then provides an analysis of the results of both the costs and the benefit analysis,
including a documentation of all CBA assumptions.

Chapter 9 concludes the report.
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2. CBA METHODOLOGY

2.1 Rationale

Cost-benefit analysis (CBA) is a conceptua framework for the evaluation of public sector
investments and projects and is therefore highly applicable for the economic assessment of
GSE Service Portfolios. It is more than afinancial appraisal typically employed in the private
sector in that it considers al gains (benefits) and losses (costs) regardless of to whom they
accrue. That is, in addition to the financial costs of establishing and providing GMES
services, a CBA would also count indirect costs such as the time users might need to get used
to and accept new information sources. Similarly, in addition to the financia revenues made
by service providers, a CBA would also count Intangible benefits such as the establishment of
service provider-user relationships and benefits associated with Externalities & Public goods
including, for example, the improved monitoring of the earth’s natural resources such as air,
water and land.

It should be noted however that maximising benefits as a measure on its own might not
aways be desirable; a public investment or project must also improve equity. Equity seeksto
determine if costs and benefits are reallocated in ways that discriminate against citizens least
able to protect themselves, or in favour of citizens already enjoying advantage. This suggests
that project desirability encompasses more than economic efficiency. Thus, CBA supports the
decision making process, but does not provide afinal clear cut answer.

A CBA for each of the Service Portfolios will allow for:
A comparison of different solutions for the same kind of service
A comparison of various GMES service portfolios

A comparison to other public environmental projects

Such comparison will be possible by means of comparing Cost effectiveness and Benefit-to-
cost ratios and non-monetary metrics such as number of affected citizens, KM2 of affected
land, etc.

In order to be able to make such comparisons, strict requirements for the undertaking of the
CBA are necessary, for example:

All assumptions on which the analysisis based must be clearly stated

Full transparency and description of both cost and benefit items included in the
analysis

All data to be organised in an easy to use database to facilitate easy
modifications of input values
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2.2 Objectives

The CBA tasks to be conducted for the GMES Services Element are understood to be as
follows;

To develop a methodology for defining, categorising, aggregating and
quantifying costs and benefits;

To harmonise the PROMOTE CBA methodology with others so that it allows for
the aggregation of public policy and spin-off benefits from all GSE Service
Portfolios combined to justify the total public funding requirement for GMES;

To caculate benefit-to-cost ratios and measures of cost effectiveness to
determine whether the benefits justify the costs;

To develop a fully flexible yet simple to use model categorising benefits and
costs by the different geographic scopes (global, continental, regional, national
and local). The 2, 5 and 10 year views will be replaced with a single 20 year
view with annual figures;*

To alow for further categorisation such as benefits and costs arising from the
addition/subtraction of one particular service in the Service Portfolio (*Marginal
Benefit” and “Marginal Cost” of a service);

To develop a Stakeholder Model where benefits and costs can be attributed to
groups of stakeholders;

To support the strategic plan by indicating the long-term sustainability of
services identified;

To feed all CBA information into a master database which can be continuously
updated as aresult of, for example, feedback from end-user-organisations,

To conduct sensitivity and scenario analysis through calculating best/worst case
cost and benefit streams, the impact of varying assumptions and answering other
“what if?" type questions;

To compile project deliverables that document procedures and methodol ogy
followed, assumptions made and present qualitative and quantitative findings
with appropriate text and figures.

1 Following the recommendations stated in CBA Guidelines, GSE Co-location 1, March 2003.
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2.3 Approach
ControlWare has applied a pragmatic 10 Step approach” for the CBA of the PROMOTE

service portfolio. Such a Stepwise approach is a commonly adopted and well-tested way of
conducting CBAs for the provision of public goods and services.

STEP 1. Service definition |

ORIENTATION
STEP 2: Document current service process |

STEP 3: Estimate future service demand |

STEP 4. Define alternatives | DOCUMENTATION

STEP 5: Document CBA Assumptions |

STEP 6: Costs estimation |

STEP 7: Benefit estimation | DATA COLLECTIONSCOMPUTING

STEP 8: Discount costs and benefits |

STEP 9: Evaluate and Analysis |
|—> ANALYSISSREPORTING

STEP 10: Sensitivity or Scenarios analysis ‘

Figure 2-1 CBA 10 step approach

A pragmatic approach including pro-active actions has been applied in order for the CBA to
be carried out in a time-efficient way. Participation in project meetings, in particular at the
beginning of the project, has proved to be the most efficient means to understand the rational
of the project and to facilitate data collection. Due to the number of deliverables and the
timing of these input deliverables, it has not proved feasible to wait for final versions of main
deliverables. As a consequence the first version of the PROMOTE CBA was based on a
number of assumptions which have been verified for thisfinal version.

2.3.1 Data Collection

The development of Guidelines for the collection of CBA relevant data from each task has
been used to facilitate systematic gathering of comparable information. This has involved the
clear definition of the various cost and benefit elements to avoid the use of misleading
information. Data has been collected through PROMOTE deliverables desk research, co-
location meetings with partners and correspondence with other key stakeholders.

2 Similar approaches are recommended from various public agencies, for example, NIH (National Institute for
Health, US), NASA, Austrian model of Welfare CBA, etc.
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2.3.2 Database

All “background” information collected during the CBA has been stored in a logical manner
in a dedicated database created in Microsoft Excel. It is both qualitative and quantitative in
nature, sometimes factual and sometimes an opinion. It is essential to be able to trace the
source of information and to keep arecord of the type of information stored. This background
information has been organised into worksheets to provide the key elements for the CBA.
Exampletitles of each worksheet are listed in the Table below.

Service Portfolio Stakeholders
Assumptions Infrastructure
Direct and Indirect Cost Hements Market segments
Direct, Intangible and Public Good Benefit Supply Trends
Hements

Policies Demand Trends

2.3.3 Models

Each of the worksheets containing baseline information has been used to create mini-models
in Excel spreadsheets to quantify each of the cost and benefit elements to be included in the
master CBA model. For example, estimating “shadow prices’ for benefits resulting from
Externalities or Public Good or calculating the evolution of various cost elements over time.

2.3.4 Analysis

Although much of the initial analysis has been qualitative (e.g. the initial identification of
Intangible and benefits resulting from Externalities and Public Good, Policy analysis etc.)
amost all “variables’ will become quantitative and feed into the master CBA model.
However, it should be borne in mind that the process of turning many costs and especially
benefits into “a number” is highly debated and so ranges (upper, lower) will be used to alow
for transparency in the uncertainty evaluation. It is also sometimes useful to not only calculate
the absolute value of a cost or benefit but also comparative values. The quantitative nature of
the CBA modd will be especially useful for predicting the effect of different scenariosin a
fast and traceable manner. A CBA of this nature will primarily produce ‘an order of
magnitude’ results.

2.4 Inputs to CBA

The CBA methodology for the PROMOTE project has been adapted to respect the set-up of
the reporting cycle of the GSE projects as defined by ESA.
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Task 1 Task 2

Policy and strategic

Service Portfolio

planning construction and delivery

C3/4

*No direct costs or benefit items
*Only support information regarding
policy drivers, etc

C8/9

*Direct and indirect benefits to the users
Direct and indirect benefits to the
service providers

Costs to the users associated with
upgrading to PROMOTE services
«Costs of construction and delivery for
the Service providers

C13/14

«Costs of building infrastructure
eIndirect benefits associated with re-
use of existing infrastructure

C21/22

Costs of training

«Costs of promotion

*Benefits of training and promotion to the

Infrastructure Analysis

user

Task 3 Task 4

User federation

Figure 2-2 CBA elements of the 4 tasks

The table below provides an overview of major inputs from each of the four tasks 1-4.

Del. # [Title Input need for CBA
Ul  |Global User Classification of global user base into user segments - by region (or country), activity, policy
Needs Directory |etc.
Size of each user segment (humber of users, economic/social/palitical weight)
Structure of user segments (many small entities or few large organisations)
Commonalities/Major differences between end user organisations
Information needs (generic/specific, local/regional/global,
critical/marginal/groning/decreasing/volatile
Potential benefits of Service Portfolio
Cl  |Pdiicy Policies/Policy areas which will benefit from PROMOTE services
Foundations  |Future Policy trends - time schedules, when will planned policies be implemented?
Review
U5  |Core User Policy drivers
Needs Dossier  |Impact of current and future info. Needs
Scope for cost saving/performance improverment
S5 |Senvice Portfolio | Technical Specification for whole portfolio. Should include cost data?
Specifications
U2  |KeyUser Current budget for PROMOTE -like services and potential for increase in budget
Segment Profileskey operational timescales & future milestones ("Windows of Opportunity” for PROMOTE)
U4 |Senice Users views on utility and resulting benefits of PROMOTE service prospectus (current, 2
Prospectus year, 2-5 year and 5-10 year)
Appraisal
Sl |Strategic Plan  |High level document listing all key information and assumptions
S2  |Methods Available methods to deliver Service Portfolio (baseline)
Compendium
Cl10 |DataSources |Cost Hements of observation data sources - annual data procurement costs
Inventory
SO |Precursor Baseline system - CBA needs a value for existing service provision facilities which could

systens

general some or all of service portfolio.
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Del. # [Title Input need for CBA
inventory
S10 |Infrastructure  |Cost Eements of space, in situ, service and end user infrastructure - annual extra cost of
Systems using existing and planned infrastructure, annual cost of new infrastructure needed
Analysis
S3  |Senvice Definitive description of Service Portfolio
Prospectus
U7 |Service Utility  |Integration with other info sources
Reports Examples of user end-products
Assessment of impact and benefit
Utility for end user organisation
Comparison with alternative services and information sources
U8  |Core-user-group [Comparative Assessment of benefits for each user segment of core user group
Executive ReportValue staterment on service portfolio for each user segment
6 |Service Report from each service provider on demand, data supply production, quality, calival, user
Operations support, feedback problems, complaints.
Reports
Cl1 |Operational Growth scenarios for supply and dermand of service portfolio - input for overall CBA and
Scenarios scenario analysis.
Cl12 |Data Needs and |Programme of data acquisition - data costs over 3 mgjor timescales?
Availability
Prospecus
Table 2-1 CBA Input deliverables of four main tasks
2.5 CBA aim

In brief, the PROMOTE CBA is to assess whether the additional socio-economic benefits
following implementation of the PROMOTE service portfolio excess the costs of
implementation. Thisisillustrated in the figure below.

A COSTS A BENEFITS

S

Direct Benefits
First Order Beneficiaries

Indirect Benefits
Second Order Beneficiaries

Externalities
Public Good

Cost elements

Service provision costs Tangible Benefits

Infrastructure costs
R&D
Training costs

Economic

Promotion cosls

Figure 3- 1 CBA rationale
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3. PROMOTE SERVICE OBJECTIVES

3.1 Problem definition and rationale — What is at Stake?

The motivation for PROMOTE is well described by the Integrated Global Atmospheric
Chemistry Observations Theme (IGACQO) which summarises the main aspects of Global
change in atmospheric composition. Thisis replicated in the box below.

Motivation

The atmosphere, like the other components of the Earth system, is affected by the continuous increase in human
population and activity, which have resulted in a variety of remarkable changes since the industrial revolution of
the 19t century. Among these are:

the global decrease in stratospheric ozone and the attendant increase in surface ultraviolet radiation,
emphasised by the ozone hole appearing over the Antarctic;

the occurrence of summer smog over most cities in the World, including the developing countries, and the
increased ozone background in the northern troposphere;

the increase in greenhouse gases and aerosols in the atmosphere and associated climate change;
acid rain and the eutrophication of surface waters and other natural ecosystems by atmospheric deposition;
enhanced aerosol and photo-oxidant levels due to biomass burning and other agricultural activity;

the increase in fine particles in regions of industrial development and population growth with an attendant
reduction in visibility and an increase in human health effects; and

the long-range transport of air pollution to regions far from the industrial activity.

Many of these changes in atmospheric composition have socio-economic consequences through adverse effects
on human and ecosystem health, on water supply and quality, and on crop growth. A variety of abatement
measures have been introduced or considered to reduce the effects. However, continued growth in human
activities to expand economies and to alleviate poverty, will ensure that these effects continue to be important for
the foreseeable future.

Box 3-1 Global Change in Atmospheric Composition [R. 7]

PROMOTE provides information on atmospheric composition that supports policies on
stratospheric ozone, surface UV, air quality and climate change. PROMOTE services target
public organisations with a statutory obligation to inform the public on the environment in
particular and to perform tasks on environmental policies in general. PROMOTE services are
based primarily on satellite data, but the service development aims at the integration with
models and ground based measurements.

PROMOTE, is a pure public good and will provide substantial benefits to the ultimate end
beneficiary - mankind.

If one considers some of the empirical evidence on impacts of changes in atmospheric
composition the issues at stake become even clearer. The following table details some
identified examples of impacts.
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A sustained 10%decrease in atmospheric 0zone has been estimated to
increase the risk of cataract by 5% per annum (1.6-1.75 million additional
[R11] cases worldwide). The risk of malignant melanoma has increased by 10%
and the risk of nonmelanoma skin cancer by 26%

Half a million new cases of non-melanoma skin cancer are diagnosed each
year and 10.000 dies of skin cancer every year in EU25 [R19]

Globally, insurance companies paid $57 hillions of weather related losses in
the first half of 1990. In 1998 alone weather related catastrophes claimed
50.000 lives and cost an estimated $93 billions. Munich Re estimetes that
[R13,17] dlimate change resuiting in more extreme weather conditions could cost more
than $300 hillions a year in the decades to come.

The high concentration of fine particles costs 3 millions life years in EU25, this
is equivalent to 288.000 premature deaths or a reduction in life expectancy of
8.2 months per citizen [R24]

22,000 premature deaths each year in EU are due to high level of ground
ozone

23 %of European forests are endangered by excess of acid rain and that 63%
of the European ecosystems are endangered by excessive nitrogen
deposition

Many pollutants travel long distance making air pollution not only a local
problems but also a regional, national and global problem

The number of asthma patients are increasing dramatically in particular
among children

Despite ageneral growth in industrial activity impressive progress has been achieved over the
past decades to reduce air pollutant emissions. This is in particular true for SO2, VOC and
NOx emissions. For ground Ozone and Particular Matter however the situation is still very
critical in particular as it turns out that both pollutants have more serious effects on human
health and ecosystems than previously thought.
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Figure 10. Comparison of Growth Areas and Emissions. Between 1970 and 2003, gross domestic product increased 176%
WMT increased 155%, energy consurmption increased 45%, and population increased 39%. At the same time, emissions of NO,,
decreased 25% and VOC decreased 54%.

Figure 3-1 Comparison economic activity and AQ emissions

Source: [R 5] EPA

The table below recaps the essentials of air pollution compounds.

Sunlight and hot weather cause ground-
level ozone to formin harmful
concentrations in the air. As aresult, it is

known as a summertime air pollutant.

Substance Description Comments

Particular Metter PM10 denates all air born particleswitha | There is increasing evidence that PM causes

(PM10, PM2.5, diameter less than 10 micron; PM2.5 increased mortality. An important

PMLO). denotes particles with a diameter less anthropogenic source of PMis traffic which
than 2.5 micron, and so forth. emits ultra fine particles that are believed to
The composition of the particles is divers, | be the most dangerous for human health.
ranging from sea salt, sand to The EU has defined limit values for PM10
carboneous particles emitted by concentrations
combustion.

Ozone Ozone near the surface is a secondary Enhanced levels of ozone are harmful for
source of air pollution created by people suffering from asthma and breathing
chemical reactions that involve oxides of | problems. Ozone also affects vegetation and
nitrogen (NOx) and volatile organic causes reduce crop yield
compounds (VOC) in the presence of Many urban areas tend to have high levels of
sunlight. ozone during hot summer episodes, but

even rural areas are also subject to
increased ozone levels because wind carries
ozone and pollutants that form it hundreds of
kilometres away from their original sources.

: PROMOTE-020
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The level of ground Ozone has doubled over
the past century in the EU.

The EU has set limited values on ozone
concentrations

utilities, especially those that burn coal,
industrial facilities that derive their
products from raw materials like metallic
ore, coal, and crude oil, or that burn coal
or ail to produce process heat.

NOX Nitrogen oxide, or NOx, is the generic Nitrogen oxides formwhen fuel is burned at
termfor a group of highly reactive gases, | high temperatures, as in a combustion
all of which contain nitrogen and oxygen | process. The primary manmade sources of
in varying amounts. Many of the nitrogen | NOx are motor vehicles, electric utilities, and
oxides are colourless and odourless. other industrial, commercial, and residential
However, one common pollutant, nitrogen | sources that burn fuels. NOx can also be
dioxide (NO2) along with particlesinthe | formed naturally.
air can often be seen as areddish-broann | The EU has set limited values on NO2
layer over many urban areas. concentrations

So2 Sources of sulphur dioxide are electric Sulphate acid formed from SO2 contributes

to ‘acid rain’, which damages forests.

SO2 emissions have been reduced
dramatically over the past decades at least in
EU.

3.2 PROMOTE Service Portfolio Concept & Target Users

| Input: S5, S3, Internal Telcons

The services to be provided by PROMOTE are driven by the evident usefulness of EO
information to complement model and ground based information for the support of
implementation and monitoring of Protocols on atmospheric composition , e.g. Kyoto and
Montreal and to provide for improved means of forecasting weather, UV radiation and Air

Quality.

PROMOTE service portfolio are categorised as follows:

Ozone monitoring Service

Ozone forecasting and analysis Service

UV Monitoring Service

UV Forecasting Service

Air Quality Monitoring Service

Air Quality Forecast Service:

Greenhouse Gases and Aerosols

Figure 3.2 illustrates the importance of satellite data for the different services.

REF : PROMOTE-020
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Ozone monitoring
W
Ozone FC S

UV monitoring

- AQ monitoring

Figure 3- 2: Simplified PROMOTE Value Chain
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4. BASELINE — DOCUMENTATION OF CURRENT SERVICE
PROVISION

4.1 Current use of PROMOTE-like services by segment and
description of service provision

| Input: S5, S3,S9, S10, desk research

4.1.1 Baseline versus PROMOTE

PROMOTE service are largely based on various scientific results and pre-operational

services. The added value of PROMOTE isthat existing initiatives are:

Adapted to service explicit user needs

Steered in their further devel opment to better serve users

Copied and generalised to operate on a European level

Continued to bridge patchy budget sources

Integrated to provide consistent data sets.

4.1.2 Ozone Services

PROMOTE ozone services are grouped into total column and profile services. Column
services are operational, well-used and at the maximum of their achievable accuracy. Profile
services are less well developed.

Total Column Ozone Service

Total column ozone content (based on level 1 products)

Long-term strategy: multi-sensoral consolidated dataset

(TOMS, GOME, SCIAMACHY, GOME-2, OMI)
Availability: NRT and OL monitoring, forecast, long-term record
Phase 2 goal: consolidate service and demonstrate GOME-SCIAMACHY overlap
Users: ECMWEF (OL, NRT, combined), WMO (record), UV (forecast)

Product acronym

Product name

GSE-PRO-03-TO-2

NRT and OL total ozone

GSE-PRO-0O3-TO-F

Total ozone forecast
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GSE-PRO-03-TO-A Assimilated total ozone record (TM4)

Stratospheric Ozone Profile Service

Stratospheric ozone profiles (based on level 2 nadir, limb, and occultation products)

Long-term strategy: multi-sensoral consolidated dataset
(TOMS, GOME, SCIAMACHY, GOME-2, OMI)
Availability: NRT and OL monitoring, long-term record
Phase 2 goal: consolidate service
Users: ECMWEF (OL and NRT), WMO (record), SPARC (record)

Product acronym Product name

GSE-PRO-03-3D-R Assimilated ozone profiles (ROSE)

GSE-PRO-03-3D-M Assimilated ozone profiles (MSDOL)

Table 4-1 List of O3 products in the PROMOTE portfolio (S5)

Most of the ozone services have been devel oped before and outside the scope of PROMOTE.
PROMOTE has facilitated continuity and further development and integration of the services.

Future extensions will focus on the following:
an improvement of the spatial resolution
increasing the length of the covered data records into history and future based on
ENVISAT-SCIAMACHY, ERS-2-GOME, NASA-TOMS, EOS-AURA-OMI, and
MetOp-GOME-2 sensors.

Further integration of satellite data sets, in particular the three atmospheric sensors on
ENVISAT.

PROMOTE ozone services are operationa (in the sense that data production and service

delivery is possible) within well established data centers (KNMI, DLR, ACRI) and are part of
their operational archiving, processing and distributing infrastructures.

4.1.3 UV Services

PROMOTE UV service are grouped into monitoring, providing long-term records, and actual
information, including forecasts.
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UV Monitoring Service

UV monitoring (based on ozonelevel 2 products)

Long-term strategy: multi-sensoral consolidated dataset
(TOMS, GOME, SCIAMACHY, GOME-2, OMI)

Availability: long-term record: UV index and dose

Phase 2 goal: consolidate service

Users: SYKE, RIVM

Product acronym Product name

GSE-PRO-UV-M-S ESA based UV monitoring

GSE-PRO-UV-M-T NASA based UV record

GSE-PRO-UV-M-ST Multi-sensoral UV record

UV Forecast Service

UV forecast (based on level 3 ozone products)

Long-term strategy: user-specific and complementary forecast services

Availability: forecast: UV index and dose, sunburn / exposure time (UV-check), consulting
(MEDSUN)

Phase 2 goal: consolidate services

Users: RIVM, BVDD, public, meteorological services, ARPAT

Product acronym Product name

GSE-PRO-UV-F-CS Daily clear sky 5 day global UV index forecast

GSE-PRO-UV-F-CT Global cloudy and clear sky turbid UV index/dose forecast

GSE-PRO-UV-F-SB UV-Check service: Daily sunburn time forecast for Europe/Mediterranean

GSE-PRO-UV-F-ME MEDSUN service: exposure time and personal phototype

Table 4-2 List of UV products in the PROMOTE portfolio (S5)

Most of the UV services have been developed before and outside the scope of PROMOTE.
PROMOTE has facilitated continuity and further development and integration of the services.

The PROMOTE S10 dossier reports that PROMOTE UV services are aready globa with the
exception of the UV-Check sunburn time service. The following extensions are considered:

UV-check sunburn time service may be extended to further regions of interest (e.g.
Australia) or even global coverage.

For future operational processing current satellite instruments (SCIAMACHY,
TOMYS) need replacement by future sensors (GOME-2, OMI).
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Ongoing development of a consistent long-term UV time series back to 1979 (TOMYS)
exploiting several subsequent and/or overlapping satellite instruments and extending
this dataset into the future (GOME-2, OMI).

Improved spatial resolution of UV forecasts will be achieved by use of higher spatial
resolution of the MSG cloud input and PROMOTE ozone forecasts.

PROMOTE UV services are operational within well-established data centers (DWD, KNMI,
DLR, FMI) and are part of their operational archiving, processing and distributing

infrastructures.

4.1.4 Air Quality Services

PROMOTE air quality services include satellite measurements on air pollutants and air
quality model calculations. The integration of model, satellites (and groundbased) is the aim

for the next period.

Air Quality Monitoring Service

AQ monitoring

Long-term strategy: complementary user-specific services
Availability: OL, NRT, and long-term record: pollutant concentrations

Phase 2 goal: demonstrate and inter compare/eval uate services

Users: regiona and national environmental agencies, and data assimilation for analysis and forecast

Satellite NO2 monitoring

Satellite NO2 products: tropospheric column

Product acronym

Product name

GSE-PRO-AQ-M-N-G

Global tropospheric NO2 using TM4 model

GSE-PRO-AQ-M-N-R

Regional tropospheric NO2 using ROSE/EURAD model

GSE-PRO-AQ-M-N-V

Tropospheric NO2 using limb-nadir matching

Satellite aer osol monitoring

Satellite aerosol products: AOD, type indicators, PM values; different scales

Product acronym

Product name

GSE-PRO-AQ-M-A-SY

Synergetic aerosol optical depth and type (Europe/Africa; global)

GSE-PRO-AQ-M-A-AT

Aerosol optical depth / Angstrom coefficient (Europe and selected regions)

GSE-PRO-AQ-M-A-ME

AQOD (Europe; global)
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GSE-PRO-AQ-M-A-MO | AOD; fine fraction and PM2.5 (ltaly)

GSE-PRO-AQ-M-A-DD | Desert dust indicator (Mediterranean)

Other satellite monitoring

Further satellite products: total column

Product acronym Product name

GSE-PRO-AQ-M-S SO2 column

GSE-PRO-AQ-M-F HCHO column

GSE-PRO-AQ-M-C CO column

Table 4-3 List of AQ products (part 1) in the PROMOTE portfolio (S5)

Ground based aerosol database

Ground based validation database: in situ (surface) and photometer (column) aerosol properties

Product acronym Product name

GSE-PRO-AQ-M-A-GB | CREATE aerosol database

Air Quality Analysis Service

AQ analysis (based on satellite monitoring products and in-situ obser vations)

Long-term strategy: complementary user-specific services

Availability: OL, NRT, and long-term record: pollutant concentrations (partly: O3, PM, NO2, SO2,
CO)

Phase 2 goal: demonstrate services with data assimilation

Users: regional and national environmental agencies

Product acronym Product name

GSE-PRO-AQ-A-E German air quality analysis system (EURAD)

GSE-PRO-AQ-A-P French air quality analysis system(Prev’ Air)

GSE-PRO-AQ-A-L LOTOS aerosol analysis system

Air Quality Forecast Service

AQ forecast (based on analysis products)
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Long-term strategy: complementary user-specific forecast services

Availahility: forecast: pollutant concentrations (O3, PM, NO2, SO2, CO, HCHO, benzene) and AQ
indices (national), with different (partly nested) scales (250 -1 km) and coverage (hemisphere to
local)

Phase 2 goal: demonstrate services with data assimilation

Users: regional and national environmental agencies

Product acronym Product name

GSE-PRO-AQ-F-E Forecast of near-surface air quality (pollutant concentrations and indicator)
(German system)

GSE-PRO-AQ-F-P Forecast of near-surface air quality (pollutant concentrations and indicator)
(French system)

GSE-PRO-AQ-F-A High resolution air quality forecasts (South-East France)

GSE-PRO-AQ-F-Y High resolution AQ forecasts for cities (initially Greater London)

Table 4-4 List of AQ products (part 2) in the PROMOTE portfolio (S5)

Most of the AQ services have been developed before and outside the scope of PROMOTE.
PROMOTE hasfacilitated continuity and further development and integration of the services.
A PROMOTE development is the High resolution AQ forecasts for London.

4.1.5 Greenhouse gasses and aerosol Services

The Greenhouse gasses and aerosol services serve Climate model development and emission
inventories by providing atmospheric composition data which is required to assess climate
change. The service is still in a demonstration phase in which the first greenhouse column
data from SCIAMACHY is delivered. The next step is to provide greenhouse gas emission
derived from satellite to support emission inventory obligations for Kyoto and post-Kyoto.

Greenhouse Gas (and Aerosol) Monitoring Service

Greenhouse gas monitoring

Long-term strategy: provide new satellite based datasets
Availahility: long-term record: total columns; emissions
Phase 2 goal: demonstrate service

Users: national environmental agencies

Product acronym Product name

GSE-PRO-GA-M-1 Columns of CH4

GSE-PRO-GA-M-2 Columns of CO2

Aerosol records
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No services yet

Table 4-5 List of GA products in the PROMOTE portfolio (S5)

4.2 General Development Trends

Observed development trends affecting the need for data on Atmospheric Composition are
listed below in Table 4-6 according to a PESTEL analysis (political, economic, social,
technological, environmental and legislative drivers).

Political trends

Treaties, Conventions and policies creating the need for monitoring
atmospheric change. E.g. Montreal Protocol, Kyoto Protocol

Stricter EU air quality directives (e.g. CAFE)

Increasing need and willingness to integrate European air quality monitoring
networks

Increasing awareness of importance of large scale transport of air pollution
inciting international cooperation.

Economic trends

Need to make effective decisions with respect to protocol/policy
implementation to avoid unnecessary, costly mitigation strategies.
Level of funding to facilitate protocol ratification (trends?)

Maintenance of the EO data archives on a long-term perspective is not
guaranteed, since archive funding usually covers only the lifetime of a
sensor/satellite.

Social trends

An increasing public anareness and interest in atmospheric changes
Human behaviour (traffic, agriculture, CFC emission, sun bathing)

Strong Public concern on global warming, particle emission and air quality in
general in particular urban areas

Technological trends

Foreseen reduction in available Earth Observation data after 2009.
Industrial innovations (e.g. cars fuelled by gas)

Increased ability to integrate various source of information

Increased ability of satellites to monitor air quality and greenhouse gasses
Increasing capabilities of sensors (resolution, accuracy)

Environmental trends

Expected decrease of stratospheric ozone depletion and dangers of UV
radiation on human health, plants and wildlife

Aquatic consequences of UV radiation (e.g. decreased fish stocks)
Improved overall air quality but increased concern of PM resuiiting asthma,
lung diseases etc and impacting life expectancy

Increase in extreme weather events, sea level rise due to climate change

Legislation

Requirements to monitor ozone, UV
Requirement to monitor air quality

Structural trends

Environmental assessments are increasing at local, national and international
scale

Table 4-6 PESTEL analysis of observed development trends

Obviously, the most important demand side development trends affecting PROMOTE are
environmental (i.e. observed and predicted changes in atmospheric composition and the
resulting adverse effects on people, wildlife and natural resources) and political since
PROMOTE services are an important input for policy making and implementation. On the
supply side, the future availability of relevant EO sensors and data combined with our
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researcher capabilities to provide clever results and new and more precise measurements and
forecasts is of paramount importance for the continuation of PROMOTE long-term services.

4.3 Summary baseline

The CBA baseline is characterised by the types of PROMOTE-like services available today
(“precursor” services). PROMOTE has adopted many precursor services. The added value of
PROMOTE is to increase usefulness and continuity and to define a future path for
development (See Section 4.1).

In the case of Ozone and UV services, PROMOTE services are regarded as operational in the
since production and delivery facilities form part of the general activities of service suppliers.
Users use the data streams in their operational system (ECMWEF, UV forecasts). . The Air
Quality services based on models are operational and have been developed largely outside
PROMOTE in cooperation with users. . However, the added value of PROMOTE for these
servicesis yet to be demonstrated and thus, in terms of service delivery, these services are not
yet operational.

The second aspect of the CBA baseline is the general development trends that affect the need
and use of PROMOTE-like services. The continuity of relevant EO missions, the societal
conseguences of changes in atmospheric composition and the existence and evolution of
international protocols and national policies are clearly the most significant development
trends.




L] REF : PROMOTE-020
@ GSE - PROMOTE ISSUE : 2.0
® C2 Cost Benefit Analysis for Service Portfolio | 0 2
oS enerti nalysis 1or service rFortroiio
PROMOTE 24.01.2006

5. FUTURE DEMAND

Input: C1, desk research |

5.1 Identification of demand drivers of relevance for PROMOTE
services

5.1.1

The demand drivers which will influence the future growth of PROMOTE services can, to
large extent, be derived from the observed development trends described in the previous
section. The table below identifies the main supply and demand drivers which have led to the
design of PROMOTE services. The way in which these factors change in the future and could
“trigger” achange in the roll-out of PROMOTE services.

Demand Supply
Palicy/International Protocol requirements - Improved EO sensors
Importance atmospheric composition - Improved models
issues on political agenda - Increased possihilities for integration of data sources
Extreme Weather events including - Future availability of EO sensors
adverse weather conditions (e.g. summer - PROMOTE marketing, promotion and training.
droughts or natural disasters such as . User friendiiness of services
floods) creating public awareness and

interest in “Global Change”

Skin cancer and other UV related human
health effects creating need for information
regarding dangers of UV radiation

Health problems (e.g. asthma) and
deaths/decreased life expectancy due to
air pollution/low air quality

Press exposure of satellite measurements
of air pollution (NO2 map)

Demand for validated and certified

senvices

Table 5-1 PROMOTE Supply and Demand Drivers.

Policy Drivers

Policy drivers are possibly the most significant demand drivers affecting serviceroll-out. The
main policy drivers and their timelines are summarised in the following table (based on
information provided in the PROMOTE dossier C1).

This list of policy drivers indicates a clear need for PROMOTE services for monitoring
purposes over a period of up to 35 years (in the case of the current Montreal Protocol). The
table aso highlights how PROMOTE services may be used for future policy formulation and
amendments through use as input in periodic assessments (e.g. of Montreal Protocol by
UNEP).
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Policy Driver % Targets / Need for PROMOTE Services
8|32
Montreal Protocol For all the baseline substances defined in 2.2.1.1 a total phase out is reguired in 2005, except
for HCFC were a total phase out is scheduled for 2030. For Developing countries schedules
are more relaxed: total phase out of CFC, halons, fully halogenated CFC and carbon
tetrachloride is required by 2010, methyl chloroform and methyl bromide in 2015, whilst HCFQ
x| x is required to be phased out in 2040. To meet this request, a Scientific Assessment Panel, an
Environmental Effects Panel, and a Technology and Economic Assessment Panel have been
commissioned. Every 3 to 4 years, major assessments have been prepared that update the
state of understanding. These reports have been made available to the Parties in advance of
their meetings at which they will consider the need to amend or adjust the Protocol.
United Nations Conference on Every five years the status of the implementation of Agenda 21 is monitored. Tin 2003 the CSY
Environment and Development: X adopted a multi-year programme of work consisting of cycles of two years, with each cyclg
Agenda 21 on the effects of UV focusing on a selected thematic cluster of issues. Atmospheric issues are included in the
radiation 2006/2007 cycle. The programme ends in 2017.
The United Nations Economic The twenty-eight session of the Steering Body of EMEP met in Geneva in Septermber 2004 for
Commission for Europe (UNECE) it's annual meeting. The draft EMEP monitoring strategy and measurement programme fo
Convention on Long-Range Trans- = 2004-2009 was discussed in this meeting, and in the Executive Body meeting November 2004.
boundary Air Pollution (CLRTAP)
Gothenburg Protocol The Gothenburg protocol give limit values and set ceilings to be reached for nation total
X emissions of sulphur and nitrogen dioxides, ammonia, and VOC, in 2010. This protocal has,
however, not entered into force.
EU air quality directives 96/62/EC and The limit values for sulphur dioxide and for nitrogen oxides should be fully met by 1 January
its Daughter Directives and 2005 and 2010 respectively, for PM10 and lead by 1 January 2010. Except for zones and
Amendments agglomerations where time-limited extensions have been given, the limit value for benzene
should be met 1 January 2010, and by 1 January 2005 for carbon monoxide. Target values as
X X well as long-term objectives have been set for ozone. The target value should be estimated
through three year averages, taken as specified in the ozone Directive, by using the 2010 data
as the first year. The long-term objective uses the year 2020 as a benchmark and shall be
reviewed by the end of 2004 when the Commission submits a report based on the experience
of the application of the Directive to the European Parliament.
Clean Air for Europe (CAFE) Baseline scenarios will be used to help understanding how air quality in Europe most likely will
evolve between now and 2020 on the basis of current policy and measures. This will provide &
X benchmeark that can be compared with other policy scenarios. CAFE will lead to the adoption of
a thematic strategy on air pollution under the Sixth Environmental Action Programme by mid
2005.
The United Nations Framework Controls of emissions that are legally binding are formulated in the Kyoto Protocol which has &
Convention on Climate Change distinct timeline of the policy process
(UNFCCQO)
Kyoto Protocol to the UN Framework The Kyoto Protocol contains legally binding emission targets for developed (Annex 1 in C1)
Convention on Climate Change countries, which together must reduce their combined emissions of six key greenhouse gases
(UNFCCCQ) by at least 5% by the period 2008-2012, calculated as an average over these five years. Fo
the European Union as a whole this target amounts to 8% GHG emission reduction. COP-10 S
scheduled for 6-10 Decermber 2004 in Buenos Aires, Argentina.
The Decision of the European The Mechanismis overseen by the Climate Change Committee of the European Commission
Parliament and of the Council and is chaired by DG Environment. The committee oversees three working groups . The
concerning a Mechanism for Working Group | on Monitoring and Reporting meets two times a year to prepare input to the
Monitoring Community greenhouse Climate Change Conmittee meeting, which also meets twice a year and takes decisions.
gas emissions and for implementation
of the Kyoto Protocol (280/2004/EC)
Table 5-2 Policy Drivers
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6. PROMOTE COST ASSESSMENT

| Input: S10, S5, Desk Research

6.1 ldentification of cost elements

The table below provides an overview of the main PROMOTE cost el ements.

Cost element Description
Service provision costs  The cost of producing PROMOTE services

Cost associated with investing and maintaining the infrastructure needed to supply
Infrastructure costs PROMOTE services in the future. Includes bath space system, ground system, data
handling, archiving facilities, data access.
BExpected investments in R&D in order to meet requirements or plans for PROMOTE

XD service development, e.g. new types of product, new delivery methods, etc
Training ggr\s; gefstralnmg users in order for the users to take full advantage of the PROMOTE
Costs associated with promoting and communicating the advantages of the PROMOTE
Promotion costs project towards key stakeholders, e.g. user federations, political stakeholders, broader
public, etc
All costs items are allocated over time from 2005-2020. Net Present Value (NPV) has
Total costs been calculated.

Table 6-1 Promote Costs element — overview

6.1.1 Net present value

In accordance with the CBA coordination work a common discount rate of 3% p.a. has been
agreed. The NPV of costs and benefits are given by the following formula:

NPV = C; / (1+d)'

Where t = year in which the cost occurs (year 0 is 2004 and year 15 is 2020), d = discount
rate.

6.1.2 Service provision costs

A detailed cost assessment has been undertaken based upon the information provided in S10.
We have done certain assumptions in order to compute the individual service provision costs.
Concerning labour costs, a monthly rate of 8 KEURO has been applied rising to 10KEURO
by 2009. An average cost of 25KEURO has been assigned to the cost of hardware and
software licences per year. The results are provided in Table 6-2 overleaf for each of the three
time periods considered.
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KEURO per yearl 2004-2005 Costs per year 2006-2008 Costs per year 2009-2013 Costs per year
Manpowe.
T Archive Archive Manpowe Manpowe Archive
. Person  KEUROIY GB/mont  costs HW  sw T T Archive Archivecosts HW  SW Manpower Manpower  Archive costs HW sw
Promote Services month R GB per year licenses  Total |#FT staff KEURO GB/month GB per year licenses  Total | #FTstaff KEURO  GB/month GB per year licenses  Total
8 0,00017 25 25 9 0,00017 25 25 10 0,00017 25 25

Ozone monitoring and forecast services 424] 545 673]
GSE-PRO-03-TO-2 NRT/OL total ozone 1,0 8 2 0 25 25 58 1,0 9 2 0 25 25 59| 1,0 10 2 0 25 25 60
GSE-PRO-03-TO-F Daily total ozone forecast 1,0 8 1 0 25 25 58| 2,0 18 40 0 25 25 68| 2,0 20 200 0 25 25 70
GSE-PRO-0O3-TO-A Assimilated ozone record 10 8 2 0 25 33| 4,0 36 30 0 25 0 61 6,0 60 1000 2 25 0 87
GSE-PRO-03-3D 3D Ozone profile (ROSE) 4,0 32 250 1 25 0 58| 4,0 36 500 1 25 0 62 4,0 40 2500 5 25 0 70!
GSE-PRO-03-3D-M Assimilated ozone profile record

(MSDOL) 24,0 192 3 0 25 0 217] 30,0 270 12 0 25 0 295 36,0 360 38 0 25 0 385
UV monitoring services 98 118| 128
GSE-PRO-UV-M-S GOME/SCIAMACHY/MSG UV

dose/index record 1,0 8 7 0 25 0 33| 4,0 36 20 0 25 0 61 4,0 40 500 1 25 0 66,
GSE-PRO-UV-M-T TOMS UV dose/index record 5,0 40 100 0 25 0 65 3,5 32 200 0 25 0 57, 3,5 35 1000 2 25 0 62
UV forecast services 326 426
GSE-PRO-UV-CS Daily clear sky 5 day global UV index

forecast 10 8 0 0 25 25 58| 4,0 36 0 0 25 25 86 4,0 40 0 0 25 25 90
GSE-PRO-UV-FC-CT Daily cloudy and clear sky turbid UV

index/dose forecast 3,0 24 2 0 25 0 49| 50 45 2 0 25 0 70 7,0 70 5 0 25 0 95
GSE-PRO-UV-SB Daily sunburn time forecast for

Europe/Mediterranean 2,0 16 250 1 25 0 42| 4,5 41 360 1 25 0 66 4,5 45 360 1 25 0 71
GSE-PRO-UV-F-ME MEDSUN exposure time and personal

phototype 3,0 24 2 0 25 25 74 6,0 54 6 0 25 25 104 12,0 120 30 [ 25 25 170;
Air Quality monitoring services 625 1.123] 965
GSE-PRO-AQ-M-N-G Global Tropospheric NO2 using TM4

model 1,0 8 70 0 25 25 58| 6,0 54 200 0 25 25 104 4,0 40 4000 8 25 73
GSE-PRO-AQ-M-N-R Regional Tropospheric NO2 using

ROSE/EURAD model 2,0 16 1000 2 25 0 43 4,0 36 50 0 25 0 61 4,0 40 200 o 25 0 65
GSE-PRO-AQ-M-N-V Tropospheric NO2 using limb-nadir

matching 0,0 0 200 0 25 0 25 4,0 36 200 0 25 0 61 3,0 30 200 0 25 ] 55
GSE-PRO-AQ-M-A-SY  Aerosol optical depth and type 6,0 48 4000 8 25 0 81] 12,0 108 20000 41 25 0 174 3,0 30 40000 82 25 0 137,
GSE-PRO-AQ-M-A-ME  MERIS global Aerosol Optical

Thickness 3,0 24 200 0 25 0 49 3,0 27 4000 8 25 0 60| 3,0 30 4000 8 25 0 63
GSE-PRO-AQ-M-A-MO  MODIS Aerosol 6,0 48 100 0 25 0 73] 10,0 90 150 0 25 0 115 4,0 40 150 0 25 0 65
GSE-PRO-AQ-M-A-DD  MSG Desert dust indicator 4,0 32 2 0 25 0 57, 8,0 72 30 0 25 0 97 2,0 20 60 0 25 0 45|
GSE-PRO-AQ-M-S SO2 column 10 8 70 0 25 25 58 6,0 54 200 0 25 25 104 4,0 40 4000 8 25 25 98
GSE-PRO-AQ-M-F HCHO column using TM4 model 1,0 8 70 0 25 25 58 6,0 54 200 0 25 25 104 4,0 40 4000 8 25 25 98
GSE-PRO-AQ-M-A-GB  CREATE database 12,0 96 25 0 121] 24,0 216 25 0 241 24,0 240 25 0 265
Air Quality Analysis services 182 265 | 283
GSE-PRO-AQ-A-E State of near-surface air quality

(German system) 6,0 48 40 0 25 0 73] 120 108 160 0 25 0 133 12,0 120 400 1 25 0 146
GSE-PRO-AQ-A-P State of near-surface air quality

(French system) 03 2 9 0o 25 0 271 o3 2 9 0o 25 0 27 03 25 9 [ 0 28
GSE-PRO-AQ-A-L LOTUS-EUROS aerosol analysis

system 4,0 32 2 0 25 25 82| 6,0 54 8 0 25 25 104 6,0 60 12 0 25 25 110;
Air quality forecast services 422 784 | 1.220]
GSE-PRO-AQ-F-E Forecast of near-surface air quality

(pollutant concentrations and indicator)

German system 6,0 48 60 0 25 0 73| 120 108 240 0 25 o 133 120 120 600 1 25 0 146
GSE-PRO-AQ-F-P Forecast of near-surface air quality

(pollutant concentrations and indicator)

French system 1,0 8 210 0 25 25 58 1,0 9 210 0 25 25 59 1,0 10 210 o 25 35
GSE-PRO-AQ-F-A High resolution air quality forecasts

(South-East France) 24,0 192 60 0 25 0 217 30,0 270 360 1 25 0 296 36,0 360 1440 3 25 25 413
GSE-PRO-AQ-F-4 High resolution air quality forecasts

(Greater London) 6 48 7 0 25 0 73 30 270 22 0 25 0 60 600 43 0 25 0 625!
TOTAL COSTS 1.973 3.695

Table 6-2 PROMOTE service provision costs

Cost item Stage 1 Stage 2 Stage 3 Operational stage
KEURO NPV 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Service provision costs
Ozone monitoring and forecast 8.039
services 424 424 545 545 545 673 673 673 673 673 673 673 673 673 673 673 673
UV monitoring services 1.602 98 98 118 118 118 128 128 128 128 128 128 128 128 128 128 128 128
UV forecast services 4952 223 223 326 326 326 426 426 426 426 426 426 426 426 426 426 426 426
Air Quality monitoring services 12480 625 625 1.123 1.123 1.123 965 965 965 965 965 965 965 965 965 965 965 965
Air Quality Analysis services 34871 182 182 265 265 265 283 283 283 283 283 283 283 283 283 283 283 283
Air quality forecast services 13369 422 422 784 784 784 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220
Total Service provision costs 43929 1973 1.973 3.161 3.161 3.161 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695

Table 6-3 PROMOTE costs summary per service line

The Ozone service line will cost in the order of 670KEURO per year from 2009.

The UV monitoring service will cost in the order of 130 KEURO per year from 2009.

The UV forecast service will cost in the order of 430KEURO per year from 2009.

The AQ monitoring service will cost around 1 MEURO per year from 2009.
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The AQ analysis service will cost just under 300KEURO per year from 2009.
The AQ forecast service costs 1.2 MEURO per year from 2009.
In net present values, in other words the total costs per service over the 15 years considered,
are shown below. The AQ services (monitoring, analysis and forecast) account for two thirds
of al costs.
18.000 ~
16.000 +
14.000 4 Costs per service line NPV %
12.000 1 Ozone monitoring and forecast
10.000 services 8.039 18%
8.000 1 UV monitoring and FC service 6.554  15%)
6000 1 Air Quality monitoring services 12.480 28%
‘;ggg AQ analysis and FC services 16.856 38%
v 0+ Total Service provision costs 43.929
Ozone monitoring UV monitoring and Air Quality AQ analysis and FC
and fo!'ecast FC service monitoring services services
Figure 6-1 Cost comparison per service line
6.1.3 Infrastructure costs

Additional costs required to ensure sufficient capacity of the PROMOTE infrastructure have
been assessed. As far as the Space segment is concerned, different scenarios for securing
future availability of key satellite data sets have been investigated. The following three types
of scenarios for the space segment have been identified:

Estimate costs (orders of magnitude)
Low cost scenario Marginal costs of using data from Practically close to zero
METOP and MSG satellites to be
operational by Eumetsat by 2007
Use of ENVISAT and ECS-AURAill
2010.
Most likely scenario Key sensors to “piggy-back” on other Similar or cheaper compared to the
satellite, e.g. it does not need an cost of SCIAMACHY, MIPAS, GOMOS,
ENVISAT AATSR and MERIS on ENVISAT
No estimate provided.

Most optimal scenario

Dedicated satellite for atmospheric
monitoring

Assuming 300 M of capital costs
Lifetime of satellite 5 years

Yearly costs roughly 60M  per year
starting from 2009

Table 6-4 Infrastructure Cost Scenarios

For simplicity the most optimal scenario has been used in the subsequent cost calcul ation

6.1.4 Research and Development
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PROMOQOTE is likely to be one of the more research oriented projects among all the GSE
projects. Research and development is a significant aspect of PROMOTE service
development, in particular within the Air Quality service line. Research results from linked
national and EU projects will be used. No detailed analysis has been undertaken to access the
need for R&D per PROMOTE service line. In the context of the CBA therefore it is assumed
that an additional of 10 scientists to work full time over a period of 6 years from 2007-2012
will be required to develop the envisioned operational AQ service based on integrated
satellite, ground based and model information.

6.1.5 Training costs

6.1.6

A flat rate of 10% of service provision costs are used as indication for expected costs of
training costs.

Promotion costs

A flat rate of 10% of service provision costs are used as indication for expected costs of
promotion costs

6.2 Results of cost assessment

Cost item Stage 1 Stage 2 Stage 3 Operational stage

KEURO NPV 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
1|Service provision costs

Ozone monitoring and forecast 8.03

services 424 424 545 545 545 673 673 673 673 673 673 673 673 673 673 673 673

UV monitoring services 1.60. 98 98 118 118 118 128 128 128 128 128 128 128 128 128 128 128 128

UV forecast services 4951 223 223 326 326 326 426 426 426 426 426 426 426 426 426 426 426 426

Air Quality monitoring services 12.48 625 625 1.123 1.123 1.123 965 965 965 965 965 965 965 965 965 965 965 965

Air Quality Analysis services 3.48 182 182 265 265 265 283 283 283 283 283 283 283 283 283 283 283 283

Air quality forecast services 13.36 422 422 784 784 784 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220 1.220

Total Service provision costs 43929 1,973 1973 3.161 3.161 3.161 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695 3.695
2 Infrastructure costs

Atmospheric space mission | 515-134 0 0 0 0 0 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000 60.000
3 Research and development

10 scientists full time | 4-754 0 0 0 960 960 960 960 960 960 0 0 0 0 0 0 0 0
4 Training costs

Assuming 10% of service provision 439%

costs : 197 197 316 316 316 370 370 370 370 370 370 370 370 370 370 370 370
5 Promotion costs

Assuming 10% of service provision 439{

costs : 197 197 316 316 316 370 370 370 370 370 370 370 370 370 370 370 370

Total costs 572659 2.367 2.367 3.793 4.753 4.753 65.394 65.394 65.394 65394 64.434 64.434 64.434 64.434 64434 64.434 64.434 64.434

Total identified monetary benefits 146130

0 5220 34.922 77.919 108.293 139.004 140.036 141.069 142.101 147.334 148.366 149.399 150.431 151.464 152.496 153.529 154.561

Table 6-5 Promote Total Costs

It is evident that the costs of the space segment, e.g. investment in a dedicated atmospheric
satellite mission increases the operationa costs considerable. In fact the space mission costs
accounts for nearly 90% of the overall costs compared to 8% for the actually service
provision.
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Training costs  romotion - Service
Research and 1% CODStS provision
development e oo Service provision costs 43.929
v Infrastructure costs 515.185)
Research and development 4.759
Training costs 4.393
Promotion costs 4.393
NPV of Total Costs 572.659
Infrastructure
costs
89%

Figure 6-2 Split of cost among cost items

6.3 ldentification of risks and uncertainty

The table below indicates the level of uncertainties associated with each of the estimated cost
estimates.

Cost element ID of main risk and uncertainty

Price estimates are based on current experience. The increase in cost
of the time is mainly due to up scaling of the services. The level of
confidence of the cost estimates provided is rather solid.

Several almost duplicate services now exist. These will be integrated in
the future reducing the costs.

Uncertainty interval +- 15%

Uncertainty concerning price estimate for dedicated atmospheric
mission is +- 15%

The main uncertainty relates to whether alternative solutions could offer
sufficient data security

Current estimate is a ‘back on an envelope’ assessmert.

1 Service provision costs

2 Infrastructure costs

3 R&D Uncertainty +/- 50%
- No mgjor risks nor uncertainties
4 Training costs Uncertainty level +- 5%
No mgjor risks nor uncertainties

5 Promotion costs Uncertainty level +/- 5%

Overall the cost estimate can be evaluated as over estimated mainly
due to the inclusion of the ‘most optimal’ infrastructure solution e.g.
Overall dedicated space mission accounting for nearly 80%of overall costs

Table 6-6 Identification of risks and uncertainties — Cost elements

6.4 Cost Analysis Summary

A cost assessment has been provided for the main cost categories. According to current
calculations, PROMOTE annua costs are in the order of 64 million from 2009 onwards.
Over a 15 year period, the NPV of PROMOTE of total costsisinthe order of 572 million of
which 515 millions are derived from the investment of the space segment. Yearly cost of
pure service provision islessthan 4 millions.
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Some conclusions regarding service provision costs are worth noting:

PROMOTE services are clearly public goods where the marginal costs of one more
user is practically zero.

The only exception is the high resolution AQ forecast services where an initial
investment is needed for each city. Such a cost however is expected to be covered by

the city itself
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7. PROMOTE BENEFIT ASSESSMENT

7.1 Types of benefits and order of beneficiaries

Benefits can be structured according to the generic approach given below.

Direct benefits Examples
Which can be identified at the level of the Cost savings
first and second order beneficiaries as Tangible Cost avoidance
having an impact on beneficiaries further Efficiency gains
down the chain Impact gains

Intangible | Strategic benefits
benefits PR/Image

Indirect benefits

. . " " . Life saved
\é\gr:;ti] C(i::r?et;e identified within end- i';e:jri]rgelglte Reduced d to properties, food
stocks and land

Intangible | Improved life quality for citizens
indirect Strategic benefits at Country level

Externality/Public good

L Environmental benefits
Wgﬁ? will accrue among the broader Intangible | General improvement of life quality
R Global public good benefits

Table 7-1 Generic types of benefits

Direct benefits are to be identified at the level of the First Order Beneficiaries. These are the
organisations or entities using the PROMOTE services directly, which include the
PROMOTE core users. Benefits achieved at this level can be both tangible and intangible.
Tangible benefits can be in the form of cost savings, efficiency gains, cost avoidance and
impact gains.

Second Order Beneficiaries are the organisations, entities and in some cases individual
citizens who are the users of the output of the first order beneficiaries. This could also be
called the chain of beneficiaries or also referred to as upstream beneficiaries and downstream
beneficiaries.

Not all benefits can be expressed in economic terms neither directly nor indirectly. Many
benefits are intangible in form of social benefits (e.g. improved life quality), strategic benefits
(that Europe want an independent source of information or desire to play a globa dominating
role in climate change, environmental benefits e.g. air quality and UV exposure also impact
our eco systems.

The figure overleaf isillustrating these types of benefits.
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Direct Benefits Indirect Benefits Externalities
First Order Beneficiaries |l Second Order Beneficiaries Public Good
Tengible Beneiits
‘ Economic ‘ LegaliRegulatory

ETH
Technological m

Figure 7-1 Order of beneficiaries and types of benefits

7.2 Overall assumptions and benefits

Based upon the overall vison of PROMOTE, the following overall benefits have been
assumed:

1. That PROMOTE will ensure long term availability of key satellite derived data sets of
key importance for delivering the products as described in the PROMOTE product
portfolio

2. Improved coordination and harmonisation of PROMOTE pre-curser systems leading to
cost efficiency and enlarged user base

3. Improved coordination of existing resources leading to improved means for defining
R& D needs and thereby improvements of services for future needs

4. Improved means for operationalisation of scientific products/services and for ensuring
continuation of precursor projects or service which otherwise would out phase due to lack
of funding (e.g. TEMIYS)

The types of benefits associated to the individual PROMOTE service lines are summarised in
the table below. The relevant Protocols and other policy drivers are likewise listed.

PROMOTE Service Promote benefits Protocols
line
Ozone - Ensure long-term consistent global ozone data Montreal protocol:
sets Ozone trend monitoring

Only Satellite data can provide global data sets
complementing ground 0zone measurement
stations

Enhancements of investments into GAW stations
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PROMOTE Service Promote benefits Protocols
line

(Ozone ground measurement stations)
Provides input to Weather Forecast models and
improves accuracy of 5-10 days forecasts
Provides input to chemical climate models used
for climate analysis

Allows UV forecasting by ozone forecast

w - Ensure long termtime series of surface UV
exposure and radiation intensity

Complements ground measurements

Improves accuracy and standardisation of UV

forecasting
Air Quality - Complement ground measurement by adding CLRTAP, EC Directives,
monitoring information for ‘in between stations’ or in CAFE
geographic areas where ground stations are National legislation
lacking or scarce Air Pollution emission
Provides a homogeneous quality across state verification
boundaries Air Pollution trend monitoring
Provides the global picture and air pollution
trends on that scale

Satellite data serves the purpase of validating
and improving models

Air Quality - Improves accuracy and standardisation of Air EC Directives
Forecasting quality forecasting National legislation
- Facilitate widespread use of Air quality

forecasting services by providing a pan European
Air quality service

Allow easy implementation of street-scale air
pollution forecasts in Cities.

Greenhouse Gases | - Ensure long term availability of key satellite data | Kyoto protocol:

and Aerosols sets to monitor GHG and Aerosols Greenhouse Gases emission
- Satellite data on GHG and aerosol provide the verification

global view, which is necessary to monitor the Greenhouse Gases

global climate system monitoring

Satellite data are likely source of information for

supporting Kyoto and past-Kyoto Protocol

Satellite images represents a unique way for

communicating and illustrating the problem of

GHG towards paliticians and the general public

leading to increased awareness and

understanding of the GHG issue

R&D benefits and thereby strategic benefits for

Europe to take a lead role globally

Table 7-2 PROMOTE benefits
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7.3 ldentified benefits per Promote service line

The types of users who will use PROMOTE services have been described in some detail in
the PROMOTE dossiers U1 and U2. For the purpose of the CBA, these users have been
grouped into first-order (or “primary”) beneficiaries and second-order beneficiaries.

Services Brief Description Service Provider

1st Order Beneficiaries 2nd Order Beneficiaries
Who uses the 'output’ from 1st
Who uses/will use the service? order beneficiariy?

[Ozone monitoring

Long term Total Ozone record Long-term global total ozone data sets for ozone monitoring KNMI
and use in trend studies and reports for policy makers.
Global synoptic maps based on SCIAMACHY, GOME and
TOMS observations (and OMI in future)

Daily 3D ozone record Existing service providing global 3D ozone distributions DLR,
(DLR) Servcie

|Ozone Forecast and Analysis Service

SCIAMACHY total ozone forecast Existing ozone forecasts internet service based on near-real- KNMI
time ozone columns of GOME and ozone data from
SCIAMACHY (and OMI in future)

|Uvrvbnitoring Service

Long term UV dose/index record New service providing a long term time series of surface UV KNMI, FMI
exposures and radiation intensity for global and European
distribution maps. Based on TOMS, GOME and
SCIAMACHY (and OMI/Aura in future).

IUV Forecast Service

UV Check/MedSun Service providing individual sunburn time via SMS or internet DLR, FlyBy
at any time and at any place in Europe.

Daily global UV index forecast Existing service based on GSE-PRO-O3-NRTTO KNMI, DWD

|Air Quality Monitoring Service Global long-term air quality data

Tropospheric Nitrogen Dioxide NO2  Daily global tropospheric NO2 estimates based on GOME ~ KNMI
and SCIAMACHY observations and long term records

Aerosol 4 aerosol optical thickness products for (1) overview maps of DLR, ACRI, TNO,
the distribution of aerosols and (2) input for data assimilation CGS
into chemistry transport models for AQ forecasting.

SO2 column Sulphur dioxide data for global maps (monthly, compostie 3 DLR, BIRA, KNMI
days and daily) based on GOME and SCIAMACHY
observations
Formaldehyde CH20 CH20 data for global mapsbased on GOME BIRA, KNMI
Carbon Monixide CO R&D stage, CO data based on SCIAMACHY IFE
Environmental
agencies,
researchers

|Air Quality Forecast Service

European chemical weather forecast Provides a 3 days forecast for Ozone, NO2, SO2, benzene, RIU, DLR, LISA,
CO, PM10, PM 2.5. Spatial resolution is from 125 km ACRI
(European scale), 15km, 5km and 1 km

Your Air: High resolution air quality ~ New system delivering daily air quality forecast for London ~CERC

forecasts

Source: S10, S5, S3

Additions and correction by Roeland van Oss, KNMI, 21.01.2005

and Ronald van der A, 29.11.2005

WMO, ECMWF, Research Environmental Agencies,
Organisations, UV centers Governments, International policy
makers, General Public

ECMWEF, researchers

ECMWEF, UV centers, researchers, Governments, Policy Makers
general public

Research organisations, Medical ~ Governments, Policy Makers
organisations, R&D of Cosmetics
Industry

General public
General public

Environmental agencies Governments, Policy Makers,
general public

Air Quality models, Environmental
Agencies, researchers

Aviation agencies, researchers

Researchers

Environmental agencies, General Governments, Policy Makers,
Public general public

General Public, Health
Organisations

Table 7-3 PROMOTE Services - overview

7.3.1 Ozone services

The primary beneficiaries are those users that actually use the service in their work and the
second-order beneficiaries are those who will benefit from the output of primary
beneficiaries. Each type of user will incur different types of benefits by using PROMOTE
services. The first and second-order beneficiaries for Ozone and related benefits are depicted

in Figure 7-2 below.
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Complementary ground measurements of Strategic benefits through Europe’s
Czone — efficiency gains, enhancement of contribution and major role in fulfiling the
existing invesimants, cost savings Mantreal Protacol

RE&D benefits as European researchers play
a major role in understanding the Ozone
layer depletion phenomenon

Improved means for understanding Ozone
depletion — improved decision making

Impraved weather forecast — cosf

: Improved weather forecasts leading to
avoldance

improved means for establishing preventive
measures in case of extreme weather
events - cost avoidance

Figure 7-2 First and second order beneficiaries of Ozone Services

One of the main users (and thus “first order beneficiary”) of the Ozone monitoring service in
particular is the World Meteorological Organisation (WMO). It is expected that this Ozone
service will contribute to the next WMO Ozone Assessment Report which is due in 2006.
This Report together with other WMO publications is used by a variety of intergovernmental
and national organisations whose tasks include monitoring and implementing the
requirements of the Montreal Protocol. Since these organisations also (indirectly) benefit
from PROMOTE Ozone services, they are referred to as “second order beneficiaries’. Other
direct users (first order beneficiaries) are the Meteorological services including the European
Centre for Medium-Range Weather Forecasts (ECMWF) and national Met offices,
Environmental Agencies and Research Institutions. The output from these organi sations will
in the end also benefit intergovernmental organisations, policy makers (International, EC and
national ministries) and the general public.
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7.3.2 UV services

Improved UV services — efficiency gains Fublic awareness UV exposure risks to
human health — cost avoidance

Complementary ground measurements of

Ozone, W — efficiency gains, enhancement Improved knowledge of risks to crops,

of existing investments livestock, ecosystems and man-made
material due to LW radiation — cost

Improved UV research — efficiency gains avoidance

Industrial benefits to UV protection
manufacturers

Figure 7-3 First and second order beneficiaries of UV Services

In the case of PROMOTE UV services, the direct users (first order beneficiaries) are again
the National metrological services, Environmental Agencies and Research Institutions but
also Health Institutions such as national radiation protection agencies and cancer prevention
organisations. In case of the UV service “UV Check” which calculates individual sunburn
time, the general public are also direct users obtaining information via Short Message Service
(SMYS) or over the internet. As with the Ozone service, the genera public, as well as
Intergovernmental Organisations and international/national policy makers, are of course also
second order beneficiaries of all UV services. Another group of second order beneficiaries
include commercial organisations such as UV protection manufacturers and certain
manufacturers of construction materials. The types of benefits are listed in Figure 7-3.

7.3.3 Air Quality service

The PROMOTE Air Quality services can be divided into monitoring services and forecasting
Services.

The satellite-based monitoring services will first of all add value to the conventional methods
of measuring air quality at the surface (the ground measurement network). Satellite based
measurements have the advantage of providing daily maps of air pollutants in contrast with
the point measurements from the surface. These maps cover the globe each day or severa
days. The satellite derived measurements differ from the ground measurements as the
satellites measure the total column and not the actual value in 2 meter altitude (nose level).
Also the satellite view is obstructed by clouds, they measure average values over surfaces of
a least 10 km and satellites have a fixed daily overpass time, thereby missing the diurnal
variability. Therefore satellite measurements can never replace ground measurements. The
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satellite derived information is to be seen as complementary to ground measurements.
Scientists are still experiencing how to take full advantage of the complementary information
from satellites. The satellite derived data has in particular proved valuable to track and map
pollutants travelling long distances — trans boundary pollution. Providing such synoptic views
can help support interpretations of ground measurements and visa versa. The trans-boundary
pollution are becoming increasingly relevant in the public particle debate as it turns out that
the majority of these ultra fine particles in fact can have travelled by the wind several
thousands of kilometres. For example, 80% of ultra fine particles measured in Denmark
originate from German sources [R 30]. Also satellite data provides for information in between
measurement stations and in particular over ocean and other parts of the globe with scarce or
non-existing ground measurement networks.

Complements and enhances investments in Improved understanding of the impact of
A ground measurement infrastructure trans-boundary polluters
Improved knowledge of Trans-boundary Better policies, better targets for threshold
pollution walues — improve AQ and thereby public

. . health in the longer term
Frovides the global picture, lang term trends
Additional tool to support public debate A picture is better then a thousands wo_rds

Improved Public awareness and education

International conwventions: improved means

for monitoring of 3 party countries Public awareness of Air Quality as a Global
compliance to agreed values 15502

Figure 7- 1: First & Second Order Beneficiaries of Air Quality Monitoring
Services

We have identified as first order beneficiaries for PROMOTE all those entities directly
involved in and responsible for monitoring air quality in Europe, the EEA, nationa and
regional Environment Agencies. Research Institutions, often embedded in the Environmental
Agencies, clearly plays an important role in constantly providing new findings to improve our
understanding of the complexities and causalities of air quality. The cost to society of
continuously measuring the air quality in Europe is actually relatively high and reflects the
political as well as public concern of air pollution. Several hundreds measurements stations
across Europe continuously measure the air quality in both urban environments and rural
environments (background pollution). The costs to society of investing in and maintaining the
measurements stations are counted in millions. PROMOTE services add value to the existing
measurements and can therefore be seen as an enhancement of an existing public investments.
The long term impact of particular matter to human health constitutes a serious threat
comparable to that of smoking measured in terms of average reduction in life expectancy.
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Recent research suggests [R 24] that life expectancy is reduced by 9 months. The political
ambition is to reduce emissions and human exposure to Ozone and fine particles. Much is at
stake, economically and socialy, if services like PROMOTE can just make small
contributions to meet the ambitious goals of the Air Quality directive much has been gained.
The subsequent section will transform these identified benefit items into monetary
equivalencies as far as possible.

The PROMOTE air quality forecasting services again is a different story in terms of the
nature of potential impact of the servicesto be provided. Forecasting air quality isarelatively
new thing and a capability and a service that only afew countries in Europe have yet invested
in and implemented e.g. France, Germany and UK. While it is mandatory to monitor the air
quality it is not yet mandatory by legislation to provide forecasts on air quality. One could
argue what it is worth to know beforehand that air quality is going to be critically the
following day. Most people will go off to work in any case without thinking about it.

Figure 7- 2: First & Second Order Beneficiaries of Air Quality Forecasting
Service

However, for people with respiratory or heart problems the possibility either to stay at home
or to choose a mean of transportation with less exposed to air pollution could have huge
consequences. Also one can minimise or prevent children to play outside and not walk or
cycle to and from school at days with critical air quality.

There are mainly two streams of benefits to be derived from the PROMOTE AQ services.
The first type refers to the additional value of satellite data in terms of improving the quality
of the current AQ forecast services. This requires some way of incorporating the satellite data
in a model, ideally by data assimilation. It is expected that this will lead to more accurate
model results. A rough estimate is that the accuracy of the forecast could be improved
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through the use of the chemical weather forecast models with up to 25%. This has not been
shown yet and other specialists argue the improvement isless.

The second stream of benefits to be derived from PROMOTE is the multiplication effect. Due
to PROMOTE other countries or regions have got ‘easy’ access to capabilities and service
developed in other countries e.g. France and Germany. Austria is an example of this where
the Austrian Environmental Agency is in the process of getting an agreement with the French
service provider LISA. In other words due to availability of a Pan European air quality
forecast service, which
can be provided at
different scales
(regional and down to
street  level) more
citizens, more cities,
more  regions  will
ultimate benefit.

The two types of
PROMOTE delta
benefits for AQ FC
services are illustrated
in Figure 7-4.

Figure 7-4Two
types of benefits

The size of the 1 depends upon the following key questions:

How critical isthe accuracy of the AQ FC?

How much can we improve the AC FC through the Chemical Weather prediction
models (to be discussed further in the following section 7.4)

Whilethesize of 2 depends on the service roll-out and market uptake of the PROMOTE AQ
FC service.

7.4 Identified monetary benefits — underlying assumptions

The following analysis provides a first step towards providing a monetary value for the
benefits identified in the previous section. It should be noted that each item is associated with
anumber of assumptions.
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Promote Ozone services
1.1 WMO/GAW— efficiency gains Ozone monitoring

1. WMOis responsible for the international assessment and coordination of the monitoring of strataspheric
ozone. This is done through the Global Atmaspheric Watch (GAW) programme [U2, R9)

2.  GAW:is responsible for the operation of approximately 140 ozone ground measurement stations globally,
of which 10 (assumed) are calibration and data quality centres. Funding is most often provided by the host
countries. International funds often provided for less favoured countries.

3. ltisassumed that yearly operational costs amounts to 50K for each of the Ozone measurement stations
(total of 7M ).

4. Itis assumed that each Ozone measurement station costs 500K  to establish (capital costs) —that
represents a total value of 70M

5. ltis assumed that each calibratior/data centres costs 2M  in yearly operational costs (total 20M )

The existence of satellite derived Ozone data complements and enhance the value of ground based
measurements

7. ltis assumed that satellite derived Ozone data enhance the value of the ground based measurements
with at least 30% (in-between station measurements, calibration, etc) and hence provide better and more
comprehensive global ozone data sets

8. That means that due to satellite data the value of the ground based measurements is improved by 30% In
money terms that means a yearly efficiency gains of 8M [(7M +20M )*30%. We assume that this
benefit in terms of an efficiency gain is applicable at present

1.2 WMO — cost savings GAW Ozone monitoring stations

1. Without satellite data, many more ground based Ozone stations would be required. We assume that
ancther 100 stations in particular in the developing countries would be required in the future

2. Iflong term satellite monitoring capacity can be guaranteed to complement the ground based observing
capacity, the global community can avoid providing financing for an additional 50 Ozone measurements
stations in the future.

This represents a value of 25M  (capital costs) and 2.5M  in yearly operational costs

it is assumed that the capital costs are capitalised over 20 years, 3%interest rate

In economic terms that means a yearly costs saving amounting to 4.2M
e assume that the timing of such investment would otherwise have been from 2013

o0~ W
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1.4 ECMWF —improved weather forecast resulting in cost avoidance to society

1. Near real time Ozone product has proven useful as input to weather forecast models resulting in higher
accuracy of weather forecast. Thisis used on an operational basis by ECMWF

2. Improved accuracy of 5-10 days weather forecasts do constitute a value to society in particular in case of
extreme weather events such as heat waves, storms, flooding, extreme cold weather etc. as appropriate
measures can be put in place to limit potential damage.

3. The cost to society of extreme weather conditions is difficult to measure. Insurance claims however can be
used as an indicator for the order of magnitudes of the costs of damage

4. Globally, insurance companies paid $57 hillions of weather related losses in the first half of 1990. In 1998
alone weather related catastrophes claimed 50.000 lives and cost an estimated $93 hillions (of which only $15
billion were insured). Munich Re estimates that climate change resulting in more extreme weather conditions
could cost more than $300 billions a year in the decades to come. [R 13, 17] See figure below.

5. The graphs next page provides similar numbers for weather related disasters in Europe. Last years have
shown a steep but constant increase in econoric losses averaging around 15-20 M per year. Given also
individual events (see point 6 below) we assume that European share of global weather related disasters
amounts to 15%of global numbers. Main European types of weather disasters include storms, flooding, heat
waves, and forest fires.

6. The heat wave of summer 2003 claimed 27.000 lives across Europe. In Portugal alone, forest fires caused
100M inlost properties, crops and livestock. [15]

7. Improved accuracy of weather forecast provides the means for authorities, industry (shipping, aviation,
agriculture, and fishery) to prepare and put in place appropriate measures in order to reduce the overall
damage of a given event.

8. ltis assume that improved weather forecast (5-10 days) reduces overall damages by 5% representing a
yearly economic value of 900M  in cost avoidance at the current level of economic losses, growing to
2250M by 2020

9. ltis assumed that Promote NRT Ozone service improves accuracy of weather forecast by 2% This represent
a yearly economic value of 18M at the current level of economic losses in Europe growing to 45M by 2020

(see table for Europe next page)
10. Itis further assumed a gradual uptake over four years from 2005-2009.
5000 Global Weather related Natural disasters 1950-2000 [R 13]
4500 + |m Economic losses B$ ]

4000 | & Number of Natural

Disasters

3500 +

3000

2500 +

2000 +

1500 +

1000 +

500 +

1950-59 1960-69 1970-79 1980-89 1990-99 2000-09 2010-09

Weather related disasters Globally 1950-2010

B$ per Decade 1950-59 1960-69 1970-79 1980-89 1990-99 2000-09 2010-09
Note 2 Note 3

Number of Natural Disasters 280 511 795 1575 2139 4500

Economic losses B$ 41,8 54,8 82,8 130,5 439,1 1200 3000

Insured loss B$ (Note 1) 0 6,1 12,1 23,9 101,2 400

Note 1: Unknown for 1950-59

Note 2: Known figures for 2000-04 times 2 | ) (0TS

Note 3: Munich Re estimate b
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Europe MEURO per year 2000-09 2010-20
Economic losses per year 15% 18000 45000
Value of improved weather FC 5% 900 2250
Share of Promote 2% 18 45
Promote UV services

2.1 Reduced health costs —non melanoma skin cancer

1. Eachyear about half a million new cases of Nor-melanoma skin cancers are diagnosed in Europe. This
equals 12 people out of 200.000. This ratio has risen threefold during the last 25 years and is likely to
continue to rise due to increased UV radiation and changes in lifestyle.

2. ltis assumed that the yearly health costs of treatment per patient is in the order of 1.5KEURO, a yearly
total cost of 2.5M

3. We will assume that due to PROMOTE we will experience an increased awareness of the UV exposure
risk leading to a reduction of new cases of non-melanoma skin cancers per year by 1% This equals a
delay of the incidence by 1 year per patient from an average now around 50 years of age to 51 years of
age.

4. That leads to a yearly saving of 7.5M on the health budget in Europe

5. We assume that impact will take effect from 2007

2.2 Reduced costs of mortality of skin cancer

1. Each year approximately 10000 Europeans die from skin cancer (Melanoma), this is to be compared with
that approximately 40000 die in the traffic a year and 80.000 die fromair pollution

2. Ininsurance terms a life is normally evaluated at a monetary value of around 1 M . Thisis based ona
calculation of the NPV of lifelong earnings per person at the age of 24 years [R31]. The value is slightly
higher for men than for women. Here we are assuming an average value of 1 MEURO and a yearly value
of 20KEURO

3. Itisassumed that the educational value and the value of awareness among the citizens of the potential
danger of overexpasure to UV will be improved due to Promote UV services

4. ltis assumed that due to increased awareness, the timing of the incident can be delayed by 1 year, which
equals an reduction of 200 new cases of skin cancer per year

5. Thisleads to a yearly saving of 200 times 20K  per year or 4M

6. We assume impact will take effect from 2007
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Promote Air Quality monitoring services
3.1 Enhancement of investments in AQ ground measurement infrastructure

1. Investments in Air quality measurement ground stations have been estimate to amount to a total of a
minimum of 250MEURQ in EU25 countries. We assume a life time of measurement station of 15 years.

2. We assume that yearly operational costs amounts to 5%of total investment costs of the stations

That results in a yearly costs (capital costs and operational costs) of around 30M a year

4. According to the Promote AQ Experts Promote AQ monitoring services complements the ground
measurements as they provide the overall picture and provide a long term data trends

5. The experts estimates that the overall value of the combined measurements can be improved by 10%

6. That represents an economic value of 3 MEURO per year
3.2 Reducing loss in life expectancy /chronic mortality

1. Anumber of measures and strict threshold values on emissions of air pollutants are being implemented
according to current legislation across Europe to reduce the health impact of poor air quality

2. Therecent CAFE report [R 24, R22] suggest that the current level of Air pallution in EU25 claims an
average reduction of 8.6 months of total life expectancy per person

3. According the CAFE CBA, the quantification of health impacts addresses the impacts related to both long-
term (chronic) and short term (acute) exposures. The current assessment relates to the long term effects.

4. Current policies due to reduce emissions of air pollutants by 2020 are expected to save 2.3 months of life
for the EU population. This is the equivalent of saving 80000 premature deaths and 1 millions years of life
[R24,R22]

5. Based on the resits of the CAFE CBA [R24] the monetary value of reduced mortality in 2020
implementing current regulation equals more than 57BEURO (low estimate, see reference table below)

6. Continuously monitoring of the long term trends on air pollutants and monitoring impact on air pollution
measures are essertial to ensure the long termgoal of reducing air pollution and thereby to optimise
implementation of cost effective measures.

7. We assume that high quality air pollution measurements contribute to the overall efficiency of air pollution
measures by 5% For instance by simulating the prevailing routes of Trans-boundary pollutants, planning
of newindustrial sites, traffic corridors etc.

8. Therefore in order to achieve the goals of saving 2.3 months of life expectancy by 2020, we assume that
high-quality air emissions measurements will account for 2%%to achieve this goal. Of these 2%we
assume that the enhancement and complementarities of PROMOTE services accounts for 5%

9. Thisis equal to a yearly value of PROMOTE AQ monitoring services of 60MEURO to take effect from
2009
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Promote Air Quality Forecasting Services
4.1 Reduced health costs - Reducing acute numbers of morbidity

1. The morbidity effects of poor air quality that has been quantified in the CAFE CBA include major effects,
e.g. Hospital admissions and the development of chronic respiratory disease. They also include less
serious effects, likely to affect a greater number of people, e.g. frequency of use of medicine to control
asthma and days of restricted activity. [R24]

2. Reduction in total morbidity effects expressed in monetary terms has been estimated in the CAFE CBAto
account for 30.7BEURQO in 2020 (low estimate, combined O3 and PM morhidiity) See reference table
below.

3.  The AQforecast experts within the PROMOTE project claim that the accuracy of current AQ FC services
can be improved by 25% by applying the satellite measurements for chemical weather forecasting.
Satellite assimilation techniques are in particular useful in case of extreme weather situations likely to
cause excess values of air pollutant emission

4.  Asdescribed in section 7.3.3 we have identified two distinct types of PROMOTE benefits for the AQ FC
service. Thefirst (1) relates the added value of using satellite data. The second ( 2) relates to the
multiplication effect, e.g. the market uptake of AQFC services in general.

5. There are obviously huge uncertainties associated with assessing the potential impact of both 1 and
2. Also we are unaware of the assumptions used in the CAFE CBA concerning the use of AQFC
services. Most likely the CAFE CBA has not taken this potential impact into account, e.g. that if informing
patients with respiratory and heart problems of the likelihood of excess air pollution in advance might
reduce the patients exposure to the danger

6. We assume that the multiplication effect (  2) is likely to be more important that the actual accuracy of
the AQ FC service. In other words, the awareness and education of the exposed citizens are likely to
have a larger impact than an improvement in the accuracy of the forecast

7. Implementation of the air quality legislation and all the measures this might imply in itself is believed to
result in the monetary benefits of 30.7 hillions by 2020

8. According the CAFE CBA the current yearly health costs of morbidity due to poor air quality is 84.2
BEURQO in 2000 numbers and based on the low estimate (see reference table below). Thisis the
equivalence of 187  per citizen in EU25

9. Based on the experiences of the “Your Air’ services, it has been estimated that the yearly health costs of
poor air quality in greater London (7.5 millions inhabitants) is in the order of 900millions £ (1.35B ). This
equals 184 per London citizen. Compared to the CAFE CBA average nurmber for all EU25 of 187 we
have to conclude that the two independent estimates is in full accordance with each cther.

10. The experience with “Your Air’ has shown that there is a benefit for respiratory patients to be warned
beforehand in case of a day with poor air quality. Measures to be taken is for instance to stay indoor and
not to be physical active in the traffic, etc. “Your Air’ estimates that at least 1% can be saved on the health
budget if preventive actions are taken to limit patients to be exposed to excess poor air quality.

11. Of the 1% positive impact of AQ FC services —we assume that PROMOTE  1and 2 account for a very
conservative estimate of 5% (combined effect of added value of satellite measurements and market
uptake )

12. Further it is assumed that the change in health damage (morbidity health costs) will decline over the years
from 2000 to 2020 as assumed in the CAFE CBA. In other words fromthe 2000 level of 84.2B t053.5
M in2020 (see reference table below)

13. Itis assumed that PROMOTE impact will start to kick in by 2006 with full effect from 2009
14. Onthis basis the PROMOTE benefit is in the order of 35M in 2009 ending at 26M in 2020
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[Ro4] CAFE CBA

7.4.1 Summary monetary benefits analysis

The monetary benefit itemsidentified and analysed are summarised in Table 7-4 below.

Identified monetary benefits Stage 1 Stage 2 Stage 3 Operational stage
KEURO 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
1 Ozone monitoring and forecast services
1,1 WMO/GAW enhancement of
investment 0 1.620 3.240 4.860 6.480 8.100 8.100  8.100 8.100 8.100  8.100 8.100 8.100  8.100 8.100 8.100 8.100
1,2 WMO-cost savings GAW monitoring
stations 0 0 0 0 0 0 0 0 0 4.200 4.200 4.200 4.200 4.200 4.200 4.200 4.200
1,3 ECMWF - improved weather forecast
0 3.600 7.920 12.960 18.720 25.200 27.000 28.800 30.600 32.400 34.200 36.000 37.800 39.600 41.400 43.200 45.000
2 UV
2,1 UV Reduced health costs 0 0 0 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500 7.500
2,2 UV Reduced mortality 0 0 0 4.000 4.000 4.000 4.000  4.000 4.000 4.000  4.000 4.000 4.000  4.000 4.000 4.000 4.000
3 Air Quality monitoring services
Enhancement of AQ ground
" measurement infrastructure 0 0 0 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458 1.458
3,2 AQ Reduced loss of chronic mortality 0 0 14.388 28.777 43.165 57.553 57.553 57.553 57.553 57.553 57.553 57.553 57.553 57.553 57.553 57.553 57.553
4 Air quality forecast services
AQ Reduced loss of morbidity -
' reduced health costs 0 0 9.374 18.364 26.970 35.193 34.425 33.658 32.890 32.123 31.355 30.588 29.820 29.053 28.285 27.518 26.750
Total identified monetary benefits 0 5.220 34.922 77.919 108.293 139.004 140.036 141.069 142.101 147.334 148.366 149.399 150.431 151.464 152.496 153.529 154.561

Table 7-4 PROMOTE monetary benefits
By 2009 PROMOTE will generate benefits equivalent to around 150 M ayear.

Near real time Ozone service has proven useful as input to weather prediction models for
middle range forecasting (5-10 days) which is the big challenge for weather prediction since
huge socio-economic benefits are at stake. Longer lead time prior to an extreme weather event
would allow authorities, industry, farmers and fishermen to prepare for and put into place
appropriate measures in order to reduce overall impact of a given disaster. According to the
insurance industry weather related disaster will cost in the order of 18B growing to 45B by
next decade in Europe alone. The PROMOTE impact has been estimated to be worth an
average of 27 M ayear by 2010.
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Figure 7-5 PROMOTE monetary benefits

Air pollution (ground ozone and fine particles) has huge socio economic costs in terms of
both morbidity and mortality. 288.000 premature deaths and some 83000 hospital admission
costs the European societies 159 B each year. Strict regulations are already being
implemented to reduce air pollution. The PROMOTE air quality monitoring services will
provide for better means to monitor air pollution and in particular to optimise likely impact on
measures to be implemented to reduce air pollution.

Air quality forecast services are yet not main-stream across Europe, the pioneers being
France, Germany and UK. AQ FC services will in particular benefit citizens already suffering
from respiratory diseases or heart problems. Restricted activity days (loss of productivity) and
chronic bronchitis cost the European society in the order 84 B a year. Experiences with
“Your Air’ services in the UK suggests that the number of incidents can be reduced if
vulnerable people can be warned beforehand if excess values of critical air pollutants are to
occur and thereby prevent people to be fully exposed by alter their behaviour. We have
identified two distinct types of PROMOTE benefits derived from the AQ FC services. Oneis
the added value of satellite data to enhance accuracy of the forecast. The other is the
multiplication effect, that due to PROMOTE more countries or regions will be able to
implement an AQ forecast service. In total we have estimated that the PROMOTE AQ
forecast service will contribute to the reduction of health costs due to acute incidents valued
at around 30M ayear.

The relative split of benefits among the main PROMOTE service lines are illustrated in the
figure below (expressed in NPV). The Air Quality services dominate as potential benefits
account for more than 60% of total identified monetary benefits.
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Air quality Ozone
forecast monitoring and
senices forecast
1 services 440.800 22% senices
2 UV 118.881 30%
3 Air Quality monitoring services 585.218
4 Air quality forecast services 316.407
TOTAL NPV of PROMOTE benefits 1.461.307

Air Quality
monitoring
senices
40%

Table 7-5 NPV of main PROMOTE service lines

The focus of the current CBA analysis has been on the health impact and the associated costs.
However, poor air quality also affects animals, material, crops, forests, other ecosystems,
freshwater and ground water. A preliminary rating of the likely impact has been provided in

the CAFE CBA, Table 7-6 overlesf.

Table 7-6 Preliminary rating of likely impact of poor air quality on food

stocks, materials and ecosystems
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8. CBA RESULTS AND ASSUMPTIONS

8.1 CBA results

The results of the cost analysis and the result of the benefit analysis are combined and
presented in Table 8-1 below. The result should be regarded as an * order-of-magnitude’ result

only.
NPV of all future COSTS (2004-2020) = 573 million
As identified today
NPV of all future monetary BENEFITS (2004-2020) = 1461 million

As identified to data (Ozone)
The cost-benefit ratiois 1 to0 2.5

Figure 8-1 graphs the costs versus monetary benefits over time.

180.000
160.000 MONETARY BENEFITS
140.000 —
120.000 /—'
100.000 /
80.000 /
/ COSTS
60.000 /A
40.000 -
20.000 -
0 - : : : : \ \ \ \ \ \ \ \ \ \ \ \
F TS TIPS

Figure 8-1 PROMOTE cost-benefit results
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8.2 CBA assumptions

A number of CBA assumptions have been made in this document. This section listsall
assumptions quoted in previous sections to enable an assumption overview at a glance.
These assumptions have been reviewed by consortium members as well as backed up by
additional desk research.

The discount rate for NPV calculations is set at 3% per annum.

Labour costs is set at an average of 8KEURO per month, increasing to 10 by 2009
Archive costs is set at 0,17 EURO per GB per year

Hardware costs is set at an average of 25KEURO per year

Software licenses costs are set an average of 25KEURO per year

For infrastructure costs, the @wost optimal scenario@as been used. This inplies investment ina
dedicated atmospheric mission at a value of 300MEURO, 60MEURQ in annual costs from 2009

Investment in R&D is set to the equivalent of 10 additional scientist working fulltime from 2006
ending in 2012

Aflat rate of 10%of service provision costs are used as indication for expected costs of training
Aflat rate of 10%of service provision costs are used as indication for expected costs of promotion
It is assumed that satellite derived data enhance the value of the ground based measurements by
3%

It is assumed that due to the existence of satellite derived ozone data only half of the estimated
additional 100 ozone measurement stations will be required in the future (mainly in the developing
countries).

It is assumed that improved weather forecast (5-10 days) reduces overall economic losses by 5%
It is assumed that PROMOTE NRT Ozone service improves accuracy of weather forecast by 2%
It is assumed that PROMOTE UV services will improved awareness of the risk of UV exposure
leading to a delay of the incidents to take effect of 1 year for both non-melanoma and melanoma
skin cancer

It is assumed that the complementary value of satellite based AQ monitoring is at least 10%
compared to ground measurements. In other words satellite derived data enhances current
investments in AQ measuring by 10%

We assume that high quality air pollution measurements contribute to the overall efficiency of air
pollution measures by 5% For instance by simulating the prevailing routes of Trans-boundary
pollutants, planning of new industrial sites, traffic corridors etc.

Therefore in order to achieve the goals of saving 2.3 months of life expectancy by 2020, we
assume that high-quality air emissions measurements will account for 2%to achieve this goal. Of
these 2% we assume that the enhancement and complementarities of PROMOTE services
accounts for 5%

The AQ forecast experts within the PROMOTE project claim that the accuracy of current AQ FC
services can be improved by 25% by applying the satellite measurements for chemical weather
forecasting. Satellite assimilation techniques are in particular useful in case of extreme weather
situations likely to cause excess values of air pollutant emission

The experience with “Your Air' has shown that there is a benefit for respiratory patients to be
warned beforehand in case of a day with poor air quality. Measures to be taken is for instance to
stay indoor and not to be physical active in the traffic, etc. “Your Air' estimates that at least 1%can
be saved on the health budget if preventive actions are taken to limit patients to be exposed to
EXCess poor air quality.

Of the 1% positive impact of AQ FC services —we assume that PROMOTE  1and 2 account
for a very conservative estimate of 5% (combined effect of added value of satellite measurements
and market uptake )
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9. CONCLUSIONS

The baseline for the CBA is described in terms of the CBA teams understanding of the
PROMOTE users, services and general development trends.

Users have been grouped into first and second order beneficiaries where the former are
“operational” users which actually use the service in their work and the latter are “ end-users’
who will benefit from the output of first order beneficiaries. Operational users include the
PROMOTE core users and end-users include their customers such as intergovernmental
organisations, national ministries and the general public.

In the case of Ozone and UV services, PROMOTE services are regarded as operational since
production and delivery facilities form part of the general activities of service suppliers.
Users use the data streams in their operational system (ECMWF, UV forecasts). The Air
Quality services based on models are operational and have been developed largely outside
PROMOTE in cooperation with users. However, the added value of PROMOTE for these
servicesis yet to be demonstrated and thus, in terms of service delivery, these services are not
yet operational. Air quality analysis and forecast services represent the potential largest
beneficiaries for PROMOTE. Two distinct types of benefits have been identified. The first
type refers to the additional added value of integrating satellite data to improve the accuracy
of the forecast. The other type of benefit refers to the multiplication effect meaning the due to
PROMOTE we will see the emergence of a pan European AQ forecast service allowing more
countries, more regions more cities and consegquently more citizens to benefit from the
existence of areliable AQ forecast service and thereby reduce the effect on morbidity.

General development trends are described with the aid of a“PESTEL”* analysis which is then
used as a basis for the identification of demand drivers and factors influencing the future
PROMOTE service roll-out. It is clear that policy factors such as the development and
implementation of international treaties, conventions and protocols is the main demand driver
for PROMOTE.

Cost and benefit items have been identified and have been computed and as far as possible
been transformed into monetary benefits. On both the cost side and in particular on the
benefit side, however, some estimates are still concerned with some level of uncertainty. The
overall results of this CBA therefore should as always be regarded as an order of magnitude
assessment.

The major cost items estimated include investment into securing long term satellite data
availability, service provision costs, R&D costs to ensure maximum utilisation of satellite
data for the purpose of improving AQ monitoring, analysis and forecast add costs of
promotion and training. The main conclusion to be drawn from cost calculations is that it is
evident that PROMOTE Ozone, UV services and AQ monitoring are true public goods
services where the marginal costs of one more users is practically zero. In the case of high
resolution AQ forecast services, this is not strictly true since considerable investments are
needed for each city.

The main benefit items resulting from the PROMOTE services are:

% Policy, Economic, Structural, Technological, Environmental, L egislative trends.
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Efficiency Gains to Met services using Ozone services through improved westher
forecasting resulting in cost avoidance for the individual citizen, businesses and
insurance companies

Cost avoidance due to reduced public health expenses since less people will suffer
from skin cancer, asthma and bronchitis

Reduced number of mortality due to improved air quality and AQ forecast services
The major indirect benefits include:

Strategic benefits to Europe with respect to meeting the requirements of Montreal
Protocol.

Cost avoidance as a result of preventive measures possible due to improved weather
forecasting.

Public awareness concerning dangers of UV radiation will lead to cost avoidance
(health costs) and improved quality of life.

Awareness concerning UV risk to crops, livestock, ecosystems and man-made
materials will lead to cost avoidance.

Industrial benefits will occur to sun-protection manufactures

Benefits to European research benefits as a result of European researchers' leading
role in the understanding of Ozone, UV and global change issues.
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APPENDIX A. GLOSSARY

Ozone layer The Earth®atmosphere is divided into several layers. The lowest region, the troposphere,
extends from the Earth® surface up to about 10 kilometres (km) in altitude. Virtually all hurman
activities occur in the troposphere. The next layer, the stratasphere, continues from 10 kmto
about 50 km. Most commercial airline traffic occurs in the lower part of the stratosphere.  Most
atmospheric ozone is concentrated in a layer in the stratosphere, about 15-30 kilometres above
the Earth® surface. Ozone is a molecule containing three oxygen atoms. It is blue in colour and
has a strong odour. The ozone layer absorbs a portion of the radiation fromthe sun, preventing
it from reaching the planet® surface. Most importantly, it absorbs the portion of ultraviolet light
called UVB.

UV radiation WV (Ultraviolet) radiation is a portion of the electromagnetic spectrum with wavelengths shorter
than visible light. The sun produces UV, which is commonly split into three bands: UVA, UVB,
and UVC. UVAis not absorbed by ozone. UVB is mostly absorbed by ozone, although some
reaches the Earth. UVC is completely absorbed by ozone and normal oxygen

UVBiis the type of UV radiation that has recently caused several harmful effects, particularly
effective at damaging DNA. It is a cause of melanoma and other types of skin cancer. It has
also been linked to damage to some materials, crops, and marine organisnms. The ozone layer
protects the Earth against most UVB coming from the sun

Greenhouse gases Some greenhouse gases occur naturally in the atmosphere, while others result from human
activities. Naturally occurring greenhouse gases include water vapour, carbon dioxide, methane,
nitrous oxide, and ozone. Certain human activities, however, add to the levels of most of these
naturally occurring gases:

Carbon dioxide is released to the atmosphere when solid waste, fossil fuels (ail, natural gas,
and coal), and wood and wood products are burned.

Methane is emitted during the production and transport of coal, natural gas, and ail. Methane
emissions also result from the decompoasition of organic wastes in municipal solid waste
landfills, and the raising of livestock.

Nitrous oxide is emitted during agricultural and industrial activities, as well as during combustion
of solid waste and fossil fuels.

Very powerful greenhouse gases that are not naturally occurring include hydro fluorocarbons
(HFCs), perfluorocarbons (PFCs), and sulphur hexafluoride (SF6), which are generated in a
variety of industrial processes.

Aerosols An aerosol can be defined as a dispersion of solid and liquid particles suspended in gas.
Atmospheric aerasols, unsurprisingly, refer to solid and liquid particles suspended in air.
Aerosols are produced by dozens of different processes that occur on land and water surfaces,
and in the atmosphere itself. Aerosols occur in both the troposphere and the stratosphere, but
there are considerable differences in the size ranges, chemical nature and sources of the
aerosols that occur in these two atmospheric layers. Many research efforts are under way to
measure, characterize and model aerosals. This is because aerosols have important
consequences for global climate, ecosystem processes, and human health. Aerosals influence
the amount of solar radiation reaching the surface of the earth, a consequence that is described
as climate forcing, or radiative forcing or Global dimming.

Numerical weather Numerical modelling is the process of obtaining an objective forecast of the future state of the
prediction atmosphere by solving a set of equations that describe the evolution of variables (temperature,
wind speed, humidity, pressure) that define the state of the atmosphere.
http:/Awwmetoffice.comiresear | The process begins with analysing the current state of the atmosphere by taking a previous
chimap/numerical/index.htmi short range forecast and using observations to amend this forecast so that the best guest of the
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current true state of the atmosphere is obtained. A computer model is then run to produce a
forecast.

All numerical models of the atmosphere are based upon the same set of governing equations
which are described here in non-mathematical terms. Numerical models differ in the
approximations and assumptions made in the application of these equations, how they are
solved and also in the representation of physical processes.

Skin cancer There are three main types of skin cancer: malignant melanoma, basal cell carcinoma (BCC)
and squamous cell carcinoma (SCC). The latter two are known as non-melanoma skin cancers
(NMSC).

Malignant melanoma is the most dangerous form of skin cancer and can be fatal, as it tends to
spread early to lymph nodes and other organs.

The non-melanoma skin cancers, squamous cell carcinoma and basal cell carcinoma, mainly
occur in older people. In the region of 57,000 cases of non-melanoma skin cancer are recorded
each year in the UK although these statistics are incomplete [27]. Over 95 per cent of these
cancers are curable, but they can be disfiguring if not diagnosed and treated early [34].

UV radiation The largest problemwith the depletion of the ozone layer are likely ecological impacts. Even
Ecological impacts though some species respond positively, extensive tests in several countries have shown that
hundreds of species of plants and animals display negative effects from an increase in UV
radiation.
Effects on phytoplankton

Ultraviolet radiation can harm phytoplankton in the oceans. This is of great concern as this type
of plankton is the first link of the marine food chain. Variations in its population could potentially
cause greater disturbances in the balance of other life forms like fish or whales. Specifically the
effects of UV on phytoplankton inhabiting the Antarctic weters are extensively investigated by
scientists as UV-B exposure in these waters has greatly increased during the last decades due
to the seasonal ozone hole (This is one of the reasons why the NSF network has stations in
Antarctica).

Effects on plants

Another issue that may seem more relevant to the human population is the effect of UV on
plants and food crops. Greater exposure of plant life to UV-B can result in a decrease in
production rates, meaning less food available world-wide.

Throughout the world efforts are being made to increase the level of UV resistance in staple
crops, such as rice, where some species are extremely sensitive to UV radiation, and other
species of rice can withstand a great increase. With this knowledge, scientists can find the most
effective and economical species to use in rice farming, thereby increasing the UV resistance of
muich of the world®food supply.

Air quality vocabulary

Ground Ozone Ozone (O3) is a gas compased of three oxygen atoms. It is not usually emitted directly into the
http:/Amwv.epa.goviairiurbanair’ | air, but at ground level is created by a chemical reaction between oxides of nitrogen (NOx) and
ozonefwhat hirmi volatile organic compounds (VOC) in the presence of sunlight. Ozone has the same cherical
structure whether it occurs miles above the earth or at ground level and can be "good" or "bad,”
depending on its location in the atmosphere. "Good" ozone occurs naturally in the stratosphere
approximately 10 to 30 miles above the earth® surface and forms a layer that protects life on
earth fromthe sun®@harmful rays. In the earth®lower atmosphere, ground-level ozone is
considered "bad."

VOC + NOx + Sunlight = Ozone

Motor vehicle exhaust and industrial emissions, gasoline vapours, and chemical solvents as well
as natural sources emit NOx and VOC, that help to form ozone. Sunlight and hot weather
cause ground-level ozone to formin harmful concentrations inthe air. As aresullt, it is known as
a summertime air pollutant. Many urban areas tend to have high levels of "bad" ozone, but
even rural areas are also subject to increased ozone levels because wind carries ozone and
pollutants that formit hundreds of miles away from their original sources.
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Health Problems

Ozone can irritate lung airvays and cause inflammation much like a sunburn. - Other symptoms
include wheezing, coughing, pain when taking a deep breath, and breathing difficulties during
exercise or outdoor activities. People with respiratory problems are most vulnerable, but even
healthy people that are active outdoors can be affected when ozone levels are high.

Repeated expasure to ozone pollution for several months may cause permanent lung damage.
Anyone who spends time outdoors in the summer is at risk, particularly children and other
people who are active outdoors..

Even at very low levels, ground-level ozone triggers a variety of health problems including
aggravated asthma, reduced lung capacity, and increased susceptibility to respiratory illnesses
like pneumonia and bronchitis.

Plant and Ecosystem Damage

Ground-level ozone interferes with the ahility of plants to produce and store food, which makes
them more susceptible to disease, insects, other pollutants, and harsh weather.

Ozone damages the leaves of trees and other plants, ruining the appearance of cities, national
parks, and recreation areas.

Ozone reduces crop and forest yields and increases plant vulnerahility to disease, pests, and
harsh weather.

NOx Nitrogen oxides, or NO¥, is the generic termfor a
hittp:/Avww.epa.gov/air/urbanair/ group of highly reactive gases, all of which
noxfindexhtm contain nitrogen and oxygen in varying amounts.
Many of the nitrogen oxides are colourless and
odourless. However, one common pollutant,
nitrogen dioxide (NO2) along with particles in the
air can often be seen as a reddish-brown layer
over many urban areas.

Nitrogen oxides formwhen fuel is burned at high
temperatures, as in a combustion process. The
primary manmade sources of NOx are motor
vehicles, electric utilities, and other industrial,
commercial, and residential sources that burn
fuels. NOx can also be formed naturally.

So2 Sulphur dioxide, or SO2, belongs to the family of sulphur oxide gases (SOX). These gases
http:/Aw.epa.goviair/urbanair’s | dissolve easily in water. Sulphur is prevalent in all raw materials, including crude oil, coal, and
o2fhatL.htm ore that contains common metals like aluminium, copper,
zinc, lead, and iron. SOx gases are formed when fuel
containing sulphur, such as coal and all, is burned, and
when gasaline is extracted fromail, or metals are
extracted from ore. SO2 dissolves in water vapour to form
acid, and interacts with other gases and particles in the air
to form sulphates and other products that can be harmful
to people and their environment.
Over 65%0f SO2 released to the air comes from electric
utilities, especially those that burn coal. Other sources of
SO2 are industrial facilities that derive their products from
raw materials like metallic ore, coal, and crude ail, or that
burn coal or ail to produce process heat. Examples are
petroleumn refineries, cement manufacturing, and metal
processing facilities. Also, locomoatives, large ships, and
some non road diesel equipment currently burn high sulphur fuel and release SO2 emissions to
the air in large quantities.
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CO Carbon monoxide, or CO, is a colourless, odourless gas that is formed when carbon in fuel is
http://\/\iMr/T\t/fipagW/aif/Ufbanaif/C not burned completely. It is a component of motor vehicle exhaust, which contributes about 56

percent of all CO emissions nationwide. Other non-road engines and vehicles (such as
construction equipment and boats) contribute
about 22 percent of all CO emissions
nationwide. Higher levels of CO generally
occur in areas with heavy traffic congestion.
In cities, 85 to 95 percent of all CO emissions
may come from motor vehicle exhaust.  Other
sources of CO emissions include industrial
processes (such as metals processing and
chemical manufacturing), residential wood
burning, and natural sources such as forest
fires. Woodstoves, gas stoves, cigarette
smoke, and unvented gas and kerosene space
heaters are sources of COindoors. The
highest levels of COin the outside air typically

occur during the colder months of the year when inversion conditions are more frequent. The

air pollution becomes trapped near the ground beneath a layer of warmair.




