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Executive Summary
This report covers work as part of Tasks 5.7, 5.8 and 5.9, as Deliverable 5.3, Methods for
impact and cross sectoral assessment, socio-economic scenarios and cost calculations.
The aim of these tasks is to develop guidance on generic principles of impact assessment for
the IMPACT2C project, covering such issues as the integration of data relating both to
climate change and socio-economic change in future time periods; identification of the
relevant geographical level of detail; the integration of spatial levels of analysis, and
consideration of outputs to allow consistent results. The aim is to ensure a consistent and
harmonised analysis within the project, to ensure compatibility in analysis and reporting. It
also includes discussion of methods for economic costs and ensuring consistency of
economic analysis. Finally, it includes some discussion of the linkage to adaptation, and the
harmonised and consistent analysis of adaptation across the project.
The focus of the report is on pan-European impact assessment, to ensure the necessary
consistency between sectors. This will allow the later synthesis work to bring together the
information in a harmonised analysis for Europe.
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1 Introduction
A common task across Work Packages 5.7, 5.8 and 5.9 is concerned with the development
of guidance and generic principles of the climate change impact and costing assessment.
The DOW text is included below. Such a guidance document needs to cover a host of issues
in order to lay the foundation for coherent work of Work Packages 6 through 11.
Task 5.7: Development of guidance & generic principles of climate change impact assessment.
Lead: IIASA, Partners: PWA , WU
The task will develop guidance on generic principles of impact assessment, covering such issues as
the integration of data relating both to climate change and socio-economic change in future time
periods; identification of the relevant geographical level of detail; the integration of spatial levels of
analysis, and consideration of outputs to allow consistent results. Finally, it will include discussion of
methods for economic costs and ensuring consistency of analysis. This task will develop the methods
for the pan-European impact assessment, and ensure the necessary consistency between sectors in
terms of assumptions and socio-economic data. This will allow the later synthesis to bring together the
information in a harmonised analysis for Europe and also for the subsequent step of vulnerable
regions. The task will develop guidance on impact assessment, covering such issues as the analysis
of climate change and socio-economic change. It will also include discussion of the relevant
geographical level of detail, the integration of spatial levels of analysis, and consideration of outputs to
allow consistent results. Finally, it will include discussion of methods for economic costs and ensuring
consistency of analysis.
Task 5.8: Methods and guidance for cost calculation of climate change impacts.
Lead: PWA, Partner: IIASA
This task will provide guidance on undertaking the costing of climate change impacts in WPs 6-8. The
guidance will address the following generic methodological issues: discounting; equity weighting;
treatment of market- and non-market values, including protocols for selection of willingness-to-pay
(WTP) data; treatment of cost data under socio-economic scenarios; value transfer, and; common
price-years and exchange rate regimes (e.g. nominal vs Purchasing Power Parity (PPP)). Consistent
with the DG Research funded work in the valuation of externalities, including the PESETA (JRC) and
FP7 ClimateCost projects on costs of climate change impacts, a bottom-up, partial-equilibrium
approach will be adopted in the first instance. This approach is likely to be of most use in informing the
adaptation assessments in WPs 6-8. However, in order to account for general equilibrium economic
effects, multipliers will be derived from recent modelling [e.g. Bosello, 2006] and applied to the partial
equilibrium impact cost totals to estimate aggregate cost estimates at the national and EU scales.
Task 5.9: Provision of common future socio economic scenarios.
Lead: IIASA, Partners: WU, PWA
In addition to future climate data the different impact models also need scenario data other than
climate. The aim of the task is not to produce new socio-economic scenarios but only to guarantee
that all impacts harmonise their non climatic inputs as much as possible. This task will provide the
necessary socio-economic projections for the sectoral impact analysis. As well as capturing the
necessary data on Gross Domestic Product (GDP), population etc., the task will provide more
comprehensive ‘softer’ socio-economic information to allow the full analysis of impacts and adaptation
in the WPs 6-11. This task will also investigate available current and future land-use and water use
data to ensure that all impact potential use similar scenarios.
D5.3: Methods for impact and cross sectoral assessment, socio-economic scenarios and cost
calculation, Month 18.
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The first part of the report starts with an introduction on the general issues with impact
assessment. It then discusses guidelines for impact assessment (Task 5.7), which involve a
strategy comprising many elements with the aim of ensuring comparable outputs across
models (e.g. the different biophysical models and sectors). This also includes a discussion
of the new SSP framework (Task 5.9), noting that impact assessment needs to be carried out
against the background of harmonized assumptions on climate (WP1-4), but also
assumptions on these socio-economic scenarios.
The second part of the report looks at the inter-linkages between the different sectors (and
thus WPs) in close connection with the corresponding modelling suites that will be used for
the impact assessment.
In the third part of the report (Task 5.8), the proposal for moving beyond impacts to economic
valuation are presented – based on literature review and first insights from modelling – again
working towards approaches for sector assessment in a consistent manner.
In the final part of the report, of the extension of these principles and guidance to adaptation
is discussed.
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2
2.1

Impact Assessment
Introduction

The range of methods for climate change assessment was reviewed in the IPCC AR4 (Carter
et al, 2007). They broadly split methods into four categories: impact assessment,
vulnerability assessment, adaptation assessment and integrated assessment, highlighting
these had different objectives and approaches, as shown below.
Figure 1 Characteristics of Different Approaches to Climate Change Impacts, Vulnerability and
Adaptation Assessment.

Source IPCC AR4, WGII, Chapter 2, Carter et al 2007

In the European and Member State country context, the majority of previous climate change
studies have been built around scenario-based impact assessment, which focuses on the
impacts and risks of future climate change. Examples of such large-scale studies have been
undertaken for the UK (CCIRG, 1995), Portugal (SIAM, 2002), Spain (ECCE, 2005), Sweden
(SCCV, 2007) and many others, and also for Europe (Parry et al, 2000; Schröter et al, 2004),
and more recently as part of the PESETA project (Ciscar et al, 2009; 2011) and ClimateCost
project (Watkiss et al, 2011).
This scenario based impact assessment approach is also the primary method being adopted
within the IMPACT2C project.
Many of the more recent impact assessments have also included analysis of the economic
costs, as well as the impacts of climate change, for example studies in the UK
(Metroeconomica, 2006); France (ONERC, 2009) and Europe (Ciscar, 2009: Watkiss et al,
2011). Most of the costing studies are based on impact assessment results, i.e. bottom-up
(partial equilibrium) approaches (e.g. Metroeconomica, 2006) though some studies feed
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these subsequently into general equilibrium analysis and models (e.g. SCCV, 2007: Garnaut,
2008).
In advancing a similar impact assessment framework in IMPACT2c, there are a large number
of issues of methodology that need to be discussed and agreed in advance of modelling
analysis. A particularly important issue is to ensure methodological consistency, so that any
linkages between modelling teams is following the same methods, and so that all final results
can be directly compared. This involves a large number of issues, which includes:
•

The scenarios and climate model projections assessed

•

The baseline periods and future time slices.

•

The number of climate model projections to assess (uncertainty)

•

The socio-economic data sets and assumptions used.

•

The analytical framework, particularly for socio-economic and climate signals.

•

The method for physical impact quantification.

•

The economic analysis of monetary values, notably in relation to base year, price year,
uplifts and discounting).

An initial list of the key issues for impact harmonisation are included below.
Table 1 Key issues for harmonised impact assessment

Impact check list
Baseline climate
model and impact
data sets
Baseline to current
Future time
periods
Bias correction
Numbers and time
periods of
scenarios (number
of simulations)

Socio-economics

Description
Linkage to baseline climate modelling period (e.g. if 1971-2000)
Approach used in baseline, e.g. delta method, modelled baseline, historic
data sets. Real or modelled
How address the gap between the baseline period (1971 - 2000) and
'current' (e.g. 2010 – 2015 / first 30 year time slice). A number of options
were discussed at the kick off meeting.
Past convention has been 30 year time slices starting in 2010 but we
may want to do things differently.
Is this applied and how.
While noting the primary objective of IMPACT2C is focused on a 2
degree scenario, as discussed at the kick -off meeting, it would be useful
to discuss the alternative future time periods and scenarios. We
discussed it would be very beneficial if teams could do additional runs
with various scenarios, especially the new RCPs out to 2100. Note that
as the model teams can produce transient time slices through to 2100
this should not be an issue for the climate modellers, and I know most of
the impact teams want to do all runs possible.
Data sets and harmonisation. Which future socio-economic data sets,
harmonised to socio-economic scenarios (e.g. A1B 2 degrees with A1B
socio-economic in 2050). Consistent set of harmonised SES data for use
in all teams.
Reporting of results, baseline of socio-economic only first, with socioeconomic and climate change, then climate only
Socio-economic information. Level of socio-economic data, hard (GDP,
population) and soft (e.g. storylines about institutional developments and
policy focus)
Baseline counterfactual (announced policy). Inclusion of recent European
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Monetary
Valuation
Mapping / GIS
Country/EU vs
Europe
Uncertainty
Links to other
sectors
Autonomous
adaptation
Adaptation

policy and new adaptation policy in the socio-economic data and impact
assessment (e.g. heat alert in health, CAP policy in agriculture, etc)
Data for E1 – real constraints across sectors for deep cut scenario (8090% GHG reduction by 2050)
Common base year (e.g. 2010 prices) and reporting of values
(undiscounted, discounted, etc.)
GIS environment, map and grid format ?, platforms
Map format (EEA standard or other)
Whether report for MS for Europe or EU27
Level of breakdown (national ?)
How will address uncertainty on climate, socio-economic, impacts,
valuation. Reporting of uncertainty.
Soft and hard linkages (inputs and outputs) between the impact models
in different teams and discuss if it is possible to connect the models in
cross sectoral analysis
If and how included, e.g. farm level adaptation, household level action.
How adaptation will be assessed. Hard options only or hard and soft /
capacity building.
Objectives – linked to EU policy or other?
Framework (cost-benefit, cost-effectiveness)
How address uncertainty, and linkages to different climate scenarios

These are discussed in the sections below, and in subsequent chapters.

2.2

Selection of scenarios and climate model projections

In the assessment of the future damages of climate change, assumptions have to be made
about future conditions. The most widely used are the emission scenarios of the
Intergovernmental Panel on Climate Change (IPCC) Special Report on Emission Scenarios
(the SRES, Nakicenovic et al. 2000). These define a set of future self-consistent and
harmonised socio-economic conditions and emission futures that, in turn, have been used to
assess potential changes in climate through the use of global and regional climate models.
There is a wide range of future drivers and emissions paths associated with these scenarios.
Thus, the degree of climate change varies significantly, which significant effects the results.
More recently, these have been replaced by the Representative Concentration Pathways
(RCPs), with four RCPs. The four RCPs together span the range of year 2100 radiative
forcing values found in the open literature, i.e. from 2.6 to 8.5W/m2.: the high RCP8.5 (cf.
Riahi et al. 2011), the medium-high RCP6, the medium-low RCP4.5 and the low RCP2.6.
The scenarios cover the range from high emission futures to scenarios consistent with the
2°C target (van Vuuren et al, 2011).
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Figure 2 The Representative Concentration Pathways (van Vuuren et al, 2011)
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Source: van Vuuren et al, 2011
These are the inputs into the climate models, but note they have wider implications for
impacts modelling in terms of the broad consistency to the trajectories above, while noting
that the RCPs are different to the SRES in breaking the explicit link between socio-economic
scenarios, emissions, and impacts.
Indeed, the RCPs have not been designed as a new, fully integrated set of scenarios; the
focus in the development process has been on providing a consistent set of projections for
components of radiative forcing (emissions and land use) by using scenarios available from
the literature. Further, the socio-economic scenarios underlying each RCP should not be
considered unique.
IMPACT2C has agreed to assess RCP 2.6 and 4.5, with impact modelling teams encouraged
to also consider RCP 8.5. These will also be translated into sea level rise scenarios.

2.3

Bias Correction

The climate modelling teams are agreeing the approach on harmonisation of bias correction.
This will ensure a consistent and harmonised set of bias corrected results are used for the
impact assessment.

2.4

Selection of baseline periods

Care must be taken when comparing climate projections between studies and models. It is
necessary to be explicit about the baseline period (i.e. whether changes are relative to preindustrial 1961 - 1990, 1960-1990 as used in most previous IA in Europe, 1980 - 1999 (as
used in IPCC AR4), etc.
The initial proposal is for a baseline of 1971-2000, though this will be reviewed as the RCP
runs are completed.

2.5

Future time periods

There is a range of potential future time periods that could be considered, reflecting different
information needs. These vary from projections of short- and medium-term changes that can
help inform early adaptation priorities to more significant, longer-term changes that can help
inform mitigation policy.
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All climate data will be supplied in a transient data set from 1971-2100. All impacts model will
run their model for the complete time-series and deliver data and daily and/or monthly time
scale depending on the variable.
The initial proposal was for climate change impacts to be analysed for the following three
future periods.
•
•
•
•

2011 - 2040 (the ‘near future’ period).
2041 - 2070 (the ‘mid future’ period).
2071 - 2100 (the ‘far future’ period).
30 years around the year that 2 degree global warming is reached in the global climate
model forcing the regional climate model.

However, as the 2011 period is now current other suggestions are being considered. As
models are being run for the full transient period (1970-2100), the exact periods can be
compiled later, by averaging different periods, providing flexibility for the project.

2.6

Climate Model Uncertainty and Run Numbers

The standard approach for the development of climate scenarios is to run the above
emissions scenarios in general circulation models (GCMs) and, in turn, to downscale these
for a region such as Europe, with the use of coupled regional climate models (RCMs).
IMPACT2C follows this approach using the results of the ENSEMBLES project and more
recent analysis, with the emerging RCP runs.
However, different models may lead to very different results. Thus, the choice of GCM and/or
coupled GCM-RCM makes a large difference to modelled future climate change, and to the
impacts and economic costs.
This leads to an issue of climate model results and ‘uncertainty’. The term uncertainty is
often used very generally and can be interpreted in different ways. The key issues
associated with uncertainty, and climate models and outputs are described in the box below.
What is clear is that the consideration of uncertainty is critical for a project such as
IMPACT2C, both in relation to the impact assessment, but even more for the consideration of
subsequent adaptation.
The concept of uncertainty in climate modelling
The IPCC AR4 Glossary defines uncertainty as ‘an expression of the degree to which a value (e.g. the
future state of the climate system) is unknown. Uncertainty can result from lack of information or from
disagreement about what is known or even knowable. It may have many types of sources, from
quantifiable errors in the data to ambiguously defined concepts or terminology, or uncertain projections
of human behaviour. Therefore, uncertainty can be represented by quantitative measures, for
example, a range of values calculated by various models or by qualitative statements (e.g. reflecting
the judgement of a team of experts)’.
In general terms, uncertainty is used to describe all aspects of our lack of knowledge of the future
climate. This uncertainty can be divided into several, conceptually very different, parts.
One unknowable determinant of future climate is the timeline of future anthropogenic emissions of
various gases. This uncertainty can only be treated by doing simulations with several storylines and
comparing them, as has been done in the present report.
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The second relates to the fact that the climate system is inherently chaotic and, therefore, predictability
is inherently limited. Even the slightest perturbation or lack of knowledge of an initial state of the
system will grow. Climate research is about weather statistics and not about prediction - prediction is
the attempt to produce an estimate of the actual evolution of the climate of the future. Since the
chaotic behaviour of the climate system includes variations of annual and even decadal timescale,
even the statistical properties of some 30-year period in the future would only be predictable with a
limited accuracy, given a perfect model and a perfect knowledge of future GHG concentrations. The
best result that would be achievable with a perfect model and infinite computer resources would be a
probability distribution of climatic changes, according to which society could make adaptation plans.
Thus, in IMPACT2C, ‘climate projections’ is used rather than ‘climate predictions’.
In reality, climate models are based on simplified mathematical characterisations of the climate system
and do not all give exactly the same results. Furthermore, only a limited number of simulations can be
performed. The uncertainty of climate projections is normally split into the following parts:
•

Scenario uncertainty - the uncertainty due to the inherent lack of knowledge about future forcing.

•

Structural uncertainty - this is the effect of imperfect modelling. This can be estimated by using
several different models, global and regional. This is done systematically in the IPCC. The
structural uncertainty can be split into an uncertainty in climate sensitivity (i.e. how much the
global temperature changes for a given forcing), and a pattern of uncertainty about the exact
regional and seasonal changes associated with climate change of a given strength.

•

Statistical uncertainty - the effect of climate variability on annual and decadal scales. The
statistical uncertainty arises from the fact that the climate system has variations on many
timescales. Traditionally, at least 30 years have been considered necessary to assess climatic
parameters with any confidence – hence the use of the 30-year time-slices; some variability stills
remains even for periods of this length. The statistical uncertainty can be quantified by running
intra-model ensembles, i.e. several simulations with the same model.

In general, the confidence in a given model result is a question of signal-to-noise ratio (as well as
model reliability): the result of a forcing can be hidden in the statistical uncertainty. Therefore, it is
easier to identify and estimate larger climate change signals arising from large forcings or from
projections further into the future (i.e. in the period after 2050) than it is to look at short-term climate
change. Results from numerical climate models looking only a few decades into the future may not
exhibit statistically significant climate change.
Regional and seasonal climate change signals are normally associated with larger structural and
statistical uncertainties. However, in some cases, such changes can be more robust and meaningful
than grand-total averages (e.g. in the case of precipitation where the global average is constructed
from areas with increasing precipitation as well as areas with decreasing precipitation).

Whereas projections of average changes in temperature are relatively robust across climate
models, there is still considerable variability. It is stressed that the variation between model
outputs for any given emissions scenario is as large – and in cases larger - than across
different scenarios.
It is good practice in impact assessment to therefore use multi-model information to capture
at least some of the uncertainties associated with climate modelling and projections. A
number of approaches have been used in recent studies.
• Working with a low and high projections for temperature, and wettest and driest model
projections (e.g. World Bank,2009)
• Working with a large number of model outputs and reporting all values, ensemble means
and low and high values (e.g. Watkiss et al, 2011, ClimateCost)
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•

Working with a probability distribution like projection, e.g. UKCP09 probabilistic
projections (Murphy et al, 2009) and probability density function (PDF), as in UKCCRA
(HRW, 2012).

Within the IMPACT2C project, 15 different bias corrected climate scenarios/data sets will be
made available. For the fast track, RCMs are already available through ENSEMBLES
(http://ensembles-eu.metoffice.com). A preliminary model selection has been done (Task 5.1;
document is available on the WIKI (https://wiki.zmaw.de/impact2c/Results)) All simulation are
based on emission scenario A1B.
An additional five datasets five will be based on RCP 2.6 and five on RCP4.5. To make our
assessment more in line with the RCP-SSP framework we here suggest to add an additional
five scenarios based on RCP8.5.

2.7 Selection of Socio-economic Data Sets
A key part of the IMPACT2C project is to work with common future socio economic scenarios
(Task 5.9).
Socio-economic emission scenarios are derived from a wide range of other determinants that
are important in influencing future impacts. These include important primary drivers including
economic growth and demographic change (population).
Previous work has shown that these socio-economic drivers are important in determining the
size of future impacts, adaptive capacity and economic costs (Evans et al, 2004) – indeed,
they are often as large as climate change. While including these effects is challenging, they
need to be considered across the time frames of interest, otherwise it implies that projected
future climates will take place in a world similar to that of today.
There is therefore a need to input future socio-economic data to the impact assessment, to
populate the baseline against which climate change impacts are estimated. These data
need to be consistent amongst modeling teams – and in previous IA – they have also been
(self) consistent with the underlying emissions profile and socio-economic scenario (e.g. an
A1B climate model projection should be combined with A1B socio-economic data in impact
assessment).
Previous IA studies have used the IPCC SRES socio-economic data, matching this socioeconomic data to the climate model runs. These IPCC SRES scenarios were characterised
by quantitative socio-economic data on:
• Population: total
• GDP: US Dollars (1990 prices)
• Land Use: Croplands, grasslands, energy biomass, forest, other.
• Energy Use: Final and primary energy use by fuel; cumulative resource use.
Data are presented on a decadal basis to 2100. The population and GDP components of the
SRES scenarios were subsequently been downscaled to country and grid level (0.25°).
A new approach is now proposed, known as the Shared Socio-economic Pathways (SSPs).
This involves a new set of socio-economic data, but also the potential for a change in the
way the data are used, in matching up climate and socio-economic data, i.e. the RCPs and
the SSPs have not been designed as a new, fully integrated set of scenarios, but rather offer
the potential to mix and match alternative combinations.
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Nonetheless, a key issue will be on the consistency of these data across IA teams, e.g. for
European population and GDP projections, and the level of socio-economic analysis
introduced, i.e. whether quantitative or also qualitative.
The SSPs are shown in the figure below.

Figure 3 Shared Socio-economic Pathways (SSPs)

The main elements the SSPs are based upon are:
Population and human resources: Population growth, fertility & mortality, age and gender
structure, spatial distribution, migration, urbanization, education
Economic development: growth of per capita income, across-country income distribution,
within-country income distribution, economic (sector) structure, employment, international
trade, globalization
Human development: poverty, energy access, food security, public health and health care
access, equality and social cohesion, human development index
Technology: R&D investment, pace of technological development, state of physical
infrastructure, energy sector: direction of technological development in the supply sector,
energy intensity, carbon intensity, technology transfer, technology availability
Lifestyles: Consumption patterns, diet, values
Environment and natural resources: fossil resource use, natural resource use, land use,
agricultural productivity, environmental pollution, water availability, soil fertility
Policies and institutions: International cooperation, global power structures, environmental
policy orientation, effectiveness of institutions, quality of governance, availability of insurance
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Box: The SSP Storylines
SSP1 - Sustainable Development: This is a world making relatively good progress towards
sustainability, with sustained efforts to achieve development goals, while reducing resource intensity
and fossil fuel dependency. Elements that contribute to this are a rapid development of low-income
countries, a reduction of inequality (globally and within economies), rapid technology development,
and a high level of awareness regarding environmental degradation. Rapid economic growth in lowincome countries reduces the number of people below the poverty line. The world is characterized by
an open, globalized economy, with relatively rapid technological change directed toward
environmentally friendly processes, including clean energy technologies and yield-enhancing
technologies for land. Consumption is oriented towards low material growth and energy intensity, with
a relatively low level of consumption of animal products. Investments in high levels of education
coincide with low population growth. Concurrently, governance and institutions facilitate achieving
development goals and problem solving. The Millennium Development Goals are achieved within the
next decade or two, resulting in educated populations with access to safe water, improved sanitation
and medical care. Other factors that reduce vulnerability to climate and other global changes include,
for example, the successful implementation of stringent policies to control air pollutants and rapid
shifts toward universal access to clean and modern energy in the developing world.
SSP2 – Continuation/Middle of the road: In this world, trends typical of recent decades continue, with
some progress towards achieving development goals, reductions in resource and energy intensity at
historic rates, and slowly decreasing fossil fuel dependency. Development of low-income countries
proceeds unevenly, with some countries making relatively good progress while others are left behind.
Most economies are politically stable with partially functioning and globally connected markets. A
limited number of comparatively weak global institutions exist. Per-capita income levels grow at a
medium pace on the global average, with slowly converging income levels between developing and
industrialized countries. Intra-regional income distributions improve slightly with increasing national
income, but disparities remain high in some regions. Educational investments are not high enough to
rapidly slow population growth, particularly in low-income countries. Achievement of the Millennium
Development Goals is delayed by several decades, leaving populations without access to safe water,
improved sanitation, medical care. Similarly, there is only intermediate success in addressing air
pollution or improving energy access for the poor as well as other factors that reduce vulnerability to
climate and other global changes
SSP3 - Fragmented world: The world is separated into regions characterized by extreme poverty,
pockets of moderate wealth and a bulk of countries that struggle to maintain living standards for a
strongly growing population. Regional blocks of countries have re-emerged with little coordination
between them. This is a world failing to achieve global development goals, and with little progress in
reducing resource intensity, fossil fuel dependency, or addressing local environmental concerns such
as air pollution. Countries focus on achieving energy and food security goals within their own region.
The world has de-globalized, and international trade, including energy resource and agricultural
markets, is severely restricted. Little international cooperation and low investments in technology
development and education slow down economic growth in high-, middle-, and low-income regions.
Population growth in this scenario is high as a result of the education and economic trends. Growth in
urban areas in low-income countries is often in unplanned settlements. Unmitigated emissions are
relatively high, driven by high population growth, use of local energy resources and slow technological
change in the energy sector. Governance and institutions show weakness and a lack of cooperation
and consensus; effective leadership and capacities for problem solving are lacking. Investments in
human capital are low and inequality is high. A regionalized world leads to reduced trade flows, and
institutional development is unfavorable, leaving large numbers of people vulnerable to climate change
and many parts of the world with low adaptive capacity. Policies are oriented towards security,
including barriers to trade.
SSP4 – Inequality/Divided world: This pathway envisions a highly unequal world both within and
across countries. A relatively small, rich global elite is responsible for much of the emissions, while a
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larger, poorer group contributes little to emissions and is vulnerable to impacts of climate change, in
industrialized as well as in developing countries. In this world, global energy corporations use
investments in R&D as hedging strategy against potential resource scarcity or climate policy,
developing (and applying) low-cost alternative technologies. Mitigation challenges are therefore low
due to some combination of low reference emissions and/or high latent capacity to mitigate.
Governance and globalization are effective for and controlled by the elite, but are ineffective for most
of the population. Challenges to adaptation are high due to relatively low income and low human
capital among the poorer population, and ineffective institutions.
SSP5 – Conventional development: This world stresses conventional development oriented toward
economic growth as the solution to social and economic problems through the pursuit of enlightened
self interest. The preference for rapid conventional development leads to an energy system dominated
by fossil fuels, resulting in high GHG emissions and challenges to mitigation. Lower socioenvironmental challenges to adaptation result from attainment of human development goals, robust
economic growth, highly engineered infrastructure with redundancy to minimize disruptions from
extreme events, and highly managed ecosystems.
(source: Supplementary note for the SSP data sets, http://secure.iiasa.ac.at/web-apps/ene/SspDb/)

For the new Shared Socio-economic Pathways (SSPs), a key problem is the amount of
scenarios to be run by impact models. In addition to the two (plus one) suggested RCPs,
these would be combined with up to five SSPs.
SSP2 is the central scenario, which could be referred to as a Business As Usual (BAU)
scenario, as it relies on the extrapolation of current trends into the future. Usually, the SSPs
are presented along the dimensions of challenges to adaptation and mitigation (see figure
below). For example, in a world in which economic growth is high, there are sufficient
resources to adapt, but the challenges in mitigation are high. Note that the SSPs include a
qualitative component (narrative on global development such as fragmentation) and a
quantitative component (numerical pathways for certain variables such as GDP).
Looking at the relationship between RCPs and SSPs, it is possible to look only at a subset of
possible combinations of the two based on the feasibility of reaching an RCP. In the figure
below (based on van Vuuren 2012), each column describes the implications of increasing
levels of climate change, or decreasing levels of mitigation effort, for a given set of socioeconomic conditions. It might not be necessary to cover all cells of the matrix, however. For
example, an SSP with rapid renewable energies deployment, low population growth and
environmental orientation would probably not result in 6 degree warming, even without
climate policy.
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Thus it is possible to exclude a number of scenario combinations in a reasonable way
(without sacrificing important insights). While this would reduce the number of model runs,
more reductions might be necessary, which we suggest could be target-based by e.g.
focusing on the BAU (SSP2) as a reference and then two worlds in which challenges to
mitigation and adaptation are high and low respectively (e.g. by picking SSP1 or 5 and 3).
Finally, IMPACT2C should also explore the possibility to use the so-called SPAs (Shared
Climate Policy Assumptions), which are currently under construction and to be used for
policy analysis (see Kriegler et al. 2012). The key elements are:
•

Policy objective: RCP level or derivative

•

Policy instruments and measures: e.g. CO2 and energy taxes, cap & trade, regulatory
approaches

•

Implementation of obstacles and market distortions: e.g. regional and sectoral
fragmentation, trade barriers.

By considering SPAs, IMPACT2C could develop consistent recommendation at the mix of
adaptation and mitigation policy, while explicitly taking into account sectoral and intraregional developments.
These SPAs are still being developed, and thus further consideration will be needed of these
for the IMPACT2C analysis once these emerge.

2.8 Framework of Analysis
Looking at the issues above, a key issue is the standardised analysis and reporting of the
results of impact assessment.
Previous studies have shown it is important to report transparently on the outcomes due to
socio-economic change and the outcomes due to climate change, rather than reporting the
two together, because the impacts from socio-economic change would have occurred even
in the absence of climate change.
For this reason, recent IA assessments (Watkiss, 2011) have been very explicit in reporting
results, using the framework shown in the figure below.
Figure 4 Outline and steps of stylised framework

Source: Adapted from Boyd and Hunt (2006)
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This first considers a scenario of no climate change – i.e. socio-economic change only - as a
baseline scenario (e.g. which shows the level of change in damage that would occur in the
absence of climate change, and that is attributable to the projected changes in population
and GDP only).
The additional impact of climate change is then added (ΔCC) to give the total effects of
socio-economic change and climate change together. Strictly speaking, only the marginal (or
net) increase above the baseline in 1) is due to climate change, and this therefore allows
reporting of the gross (socio-economic and climate change) effect – and the net or marginal
increase due to climate change alone. However, this is complicated by the fact that the
overall marginal increase is the combination of climate and socio-economic change acting
together.
Adaptation needs can then be considered which address the combined effects (though
noting it may also be relevant to separate out as part of attribution analysis).
An example of the importance of these different combinations is given in the box below.
Box. Reporting of Climate versus Socio-economic results
As an example, Feyen and Watkiss (2011) provide results for Europe for river flooding using this
approach. In this case looking at both a climate only signal (with current socio-economics) and a
socio-economic signal (with no climate change) before looking at the two combined, for the number of
people flooded. The effects of socio-economic change therefore come through changing population
projections.
Table 2 EU27 EAP affected by floods for baseline period (1961-1990), 2000s (1981-2010), 2020s

(2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the A1B scenario (ensemble mean)
based on LISFLOOD simulations driven by 12 regional climate models.
EAP affected people/year for EU27, A1B scenario

a) Climate change only (static
socio-economics)
b) Socio-economic change only
(no climate)
c) Climate and socio-economic
change together
d) Difference from climate
change (c-b)

Baseline
(1961-1990)

2020s
(2011-2040)

2050s
(2041-2070)

2080s
(2071-2100)

167,400

298,000

301,900

387,400

167,400

168,200

160,900

149,400

167,400

300,200

291,100

359,300

131,900

130,200

209,800

Note that row c) is not the sum of rows a) and b), but is instead the cumulative effects of climate and
socio-economics acting together.
Source Feyen and Watkiss, 2011.

When economic attributes are combined, very different results arise from these assumptions, as
shown for EAD below.
Figure 3. EU27 EAD from floods in billions of Euros for baseline period (1961-1990), 2000s (19812010), 2020s (2011-2040), 2050s (2041-2070) and 2080s (2071-2100) for the A1B scenario based
on LISFLOOD simulations driven by 12 regional climate models (all numbers in constant 2006 prices,
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undiscounted), assuming no adaptation. The entries per time period relate to the first three rows in
Table 1, the marginal change represents the final row.

Source Feyen and Watkiss, 2011.

Within IMPACT2C, it is recommended that all teams separate the climate and socioeconomic components, then look at the two together, to allow the consideration of these
effects.

2.9

Existing Policy and Autonomous Adaptation

A key issue in looking at potential impacts – and for the role of planned adaptation - is to
assess what would happen in the absence of such action. In European Impact Assessment
studies, the default assumption has been to exclude all of these aspects, thus risks and
future impacts are usually reported as the maximum possible.
However, this assumption cannot really be assumed going forward for three reasons.
First, there are many existing European policies that will affect future risks and these need to
be factored into sectoral impact assessment. This includes consistency with European
energy policy and greenhouse gas emissions, but it also involves consistency with other
policies areas, e.g. new agricultural policy, because this will affect underlying socio-economic
development and baseline risks. These can be very complicated to include in the modelling
environment, but there is a need to consider major policies.
Second, it is clear that in the absence of intervention, there will still be autonomous
adaptation, which will reduce future impacts. The definition of autonomous adaptation does
vary, see box.
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Autonomous adaptation (IPCC, 2007) – Adaptation that does not constitute a conscious response to
climatic stimuli but is triggered by ecological changes in natural systems and by market or welfare
changes in human systems.
However, there are a number of issues in defining and interpreting this definition.
First, there is a wide interpretation of the exact what is – and what is not - autonomous adaptation.
While natural physiological acclimatisation and reactive autonomous behavioural and technological
changes at the individual and household level are widely accepted as autonomous, there is much less
agreement on other aspects.
Second, there are some issues with this definition of autonomous adaptation, for example, as
UNFCCC (2009) highlights, while autonomous adaptation does not require a policy intervention, it still
requires conscious action on the part of those individuals or private companies that take it (which
contradicts the definition above.
Finally, the traditional attribution of all private sector actions as being autonomous is problematic,
especially for the UK, which has many privatised sectors or activities, which are under national
planned control in other countries, and which are controlled and managed through a planned
government regulatory environment.

There are a large number of different types of AA. These will all reduce the impacts of
climate change in the absence of planned intervention, and thus can be considered part of
the do nothing scenario (or without planned adaptation counterfactual). They include:
• Physiological acclimatisation to future risks.
• Behavioural adaptation, such as changes in individual or household behaviour (noting
that these decisions can be encouraged and facilitated through information provision and
signals from the public sector).
• Technical autonomous adaptation, notably the introduction of technology, such as the
purchase of air conditioning units at the household level, and the increased usage
through thermostatic control.
• Market autonomous adaptation. Another form of autonomous adaptation can be induced
by changes in relative prices and in stocks of natural and economic resources, as well as
international trade effects. This is more important in other sectors, though there are
some relevant issues for health in relation to the private sector, productivity, etc.
Moreover, the assumption that all private sector adaptation is autonomous or unplanned is
considered less applicable, because of the nature of the public-private sector and PPP
arrangements in Europe.
Nonetheless, it is clear that some forms of autonomous adaptation will occur and these will
make a big difference to future impacts: as an example the inclusion of autonomous physical
acclimatisation for heat related mortality reduces future impacts by around a factor of two to
five (Watkiss and Hunt, 2012). The potential for autonomous adaptation will thus be
explored and discussion – and where possible quantification – will be considered across all
individual sectoral assessments.
Third, planned adaptation is now happening in Europe. As an example, recent impact
assessments of heat related mortality in Europe do not include heat alert systems, even
though these exist in around half of all Member States. It will be important to start looking at
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these existing policies as part of the IMPACT2C analysis. The potential to include these
planned policies within the quantification of impacts will also be explored.

2.10

The Full consideration of Uncertainty

The uncertainty in climate change (discussed above) reflects one element of uncertainty.
However, uncertainty extends far beyond climate projections. It includes the socio-economic
scenarios, impact modelling and valuation. Uncertainty is cumulative across this chain, as
shown below.
WIDENING UNCERTAINTY

Emissions
Scenario

Carbon
Cycle
Response

Global
Climate
Sensitivity

UK
Climate
Change
Scenarios

Range of
Possible
Risks

Range of
Possible
‘Prices’

Range of
Possible
Costs

There is a wider discussion needed on how to build overall uncertainty into the impact
assessments – and as importantly – how to report this uncertainty – in impact results and
mapped outputs.
Within IMPACT2C this is being considered through the analysis of alternative impact models
(see next section).

2.11

Presentation of Outputs

Tabular and gridded data will be produced. Gridded output is important, because of the need
to link to the European Climate Atlas.

2.12

Mapped and Gridded consistency

Model results of will be supplied where possible at 0.25 gridded scale. The area to be
analysed is identical to the Ensemble landmass. Where possible model will supply results on
a gridded basis, either at 0.25 degree or 0.50 degree. In addition the water models supply
information at (sub)-river basin level. A list of sub-basins will be defined in the coming
months.
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3 The IMPACT2C models: linkages and coverage
The IMPACT2C project is running a large number of impact models. In some cases, the
outputs of one model feed in as input to another model. A critical part of the study is
therefore to understand these linkages between these models, to ensure the models can
harmonise inputs-outputs. In other cases, the project employs different models to look at the
same sectors. This is critical in understanding the role of impact model uncertainty
(alongside climate model output uncertainty) in the project.
To progress this task, a survey covering all impact models has been carried out during the
project. The list of models is presented below.
Table 3 Models within the IMPACT2C project

Model Name

Institutions

Sector

Output

Remarks

VIC

WU

Water and
Energy

Cooling
water/hydropower

LPJml

PIK

WBMplus
LISFLOOD

ENEA
JRC

Water,
Agriculture,
Ecosystem
services
Water
Water

Grid based
(outputs also at
basin scale)
Grid based

CNRS-WRF
CLM
Wedda

JRC

EPC
G4M
Hype

IIASA
IIASA
SMHI

DSSAT
DIVA
Orchidee

Grid based
Grid based
(outputs also at
basin scale)

Floods

Energy

Uni
Southampton

Tourism, Energy
Demand
Agriculture
Forestry
Water
Agriculture
Coastal

Grid based
Nuts3
Grid based
Basin scale

Little time in
project

Grid based
Coastline

Water/Agriculture Grid based

The Figure shows the linkages of models across sectors thus showing the coverage of and
degree of integration between sectors across the different Work Packages. It is clear that we
will achieve some extent of consistency already by the fact that some models are linked or
have been part of model inter-comparison (MIP) exercises. However, it is also evident that
an effort needs to be made to e.g. identify the level of spatial detail and other such issues so
as to allow the later synthesis bringing together the information in a harmonised analysis for
Europe and also for the subsequent step of vulnerable regions.
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Figure 5 Coverage of sectors by models and linkages

Page 23 of 37

All models will run the set of essential scenarios five scenarios have been selected from
Ensembles and an addition 10 will be selected from Cordex (see figure). Five using RCP 2.6
and five using RCP 4.5. It is important that the results of the models are comparable
therefore a model inter-comparison protocol has been developed. This protocol will be used
by the different for the model runs of their impact model. Also for the uncertainty assessment
it is important that we have comparable outcomes from the different impact models. All
Models will (initially) be run without land use change. Model will submit result at .25 or .5
degree scale. For more details on the protocol see report on milestone 11

Figure 6 climate change impacts modelling framework

For the hydrological and water resources assessment, five different models will contribute to
the model inter-comparison (see figure below). Each of these models have partly common
output but also each focus on different sector. All model compute primary hydrological
variables such as run-off, evaporation and discharge. These variables will be compared and
used for model chain uncertainty assessment. Each model also has it particular focus, for
example Lisflood will be used for the flood analyses and LPJml for water for irrigation
assessments.
For the agricultural and bioenergy analyses the different IIASA models will be linked. (see
Figure). At the heart of the cluster is the Global Biosphere Management Model (GLOBIOM,
www.globiom.org ), a bottom-up, partial equilibrium model balancing demand and supply in
the agricultural, forestry and bioenergy sectors. It is based on input information from a suite
of biophysical models: the Global Forest Model (G4M), the crop model EPIC and RUMINANT
on the coefficients for livestock. GLOBIOM has currently a resolution of 52 regions, with a
representation of individual EU countries. GLOBIOM will share the major driver information
with the other participating models. In the socio-economic dimension, this will be based on
the SSPs, where the main inputs will be GDP and population. For climate data, these will be
used indirectly in the form of e.g. crop yields processed by EPIC, which will then be used as
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input to GLOBIOM. Changes in crop yields will translate into differences in land use, impact
on prices and production/consumption and trade flows. More detailed information on the
modelling can be found in Havlik et al. (2011).

Figure 7 . Impact2C cross sectoral water modeling framework

Figure 8 linkages of different iiasa models
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4

Costing Analysis

As highlighted earlier, many of the more recent impact assessments have also included
analysis of the economic costs, as well as the impacts of climate change, for example in
other European assessments such as PESETA and ClimateCost (Ciscar, 2009: Watkiss et
al, 2011). These studies are based on impact assessment results, i.e. bottom-up (partial
equilibrium) approaches (e.g. Metroeconomica, 2006) though some studies feed these
subsequently into general equilibrium analysis and models (e.g. SCCV, 2007: Garnaut,
2008). Following this recent tradition, the IMPACT2C project is also progressing towards
costing, based on partial equilibrium analysis.

4.1

Analysis of Economic Costs

The purpose of this step is monetise impacts (or opportunities) as far as possible. This
provides one way to help assess the relative importance of different climate change risks in
Europe, providing a common metric to compare direct impacts within and between sectors.
The general method proposed is to take the estimates of physical impacts estimated in the
impact assessment analysis from the models outlined in the previous sections (e.g. kWh of
energy used for cooling, number of health impacts) and convert these impacts in monetary
values using unit costs (a partial equilibrium approach).
The approach considers costs from the perspective of social welfare, as measured by
individuals’ preferences using a monetary metric- generally expressed through the
willingness to pay to avoid the risk.
It is stressed that this approach therefore aims to capture the relevant costs and benefits to
society. It aims to value both market and non-market impacts, and includes consideration of
environmental, economic and social costs rather than financial impacts alone..
These unit costs are based on the values typically used by the EC and Member State
Governments in appraisal in Europe, i.e. as used in regulatory impact assessment. In certain
cases, where cost data are not available, it will be sometimes necessary to use resource
cost-based approaches for valuation (e.g. repair or adaptation costs) to provide indicative
estimates.
These values represent direct costs only. They do not consider the wider economic costs
associated with damage costs or adaptation, nor do they consider potential feedbacks on
price levels and demand, though these can be assessed with Computable General
Equilibrium models. However, the IMPACT2C project does not include CGE, thus the
approach is one of partial equilibrium analysis.
The analysis by sector is outlined below.

4.2

Flood Damages

Both the Lisflood (river flood) and DIVA (coastal) models include damage cost estimation
within the modelling environment.
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The DIVA model estimates the total annual damage cost in Euros. This includes the number
of people forced to move due to erosion and submergence (assuming the cost for people
that move is three times the value of their per capita annual GDP (Tol 1995)), land-loss costs
(land below the 1-in-1 year flood level) taking into account dikes and direct erosion ignoring
nourishment, salinisation costs, and the expected costs of sea floods and river floods. The
analysis applies unit values for the impact categories covered, which evolve with the
population and GDP scenarios.
Lisflood also estimates the total annual damage cost in Euros. The hydrological model
calculates the changes in flood frequency and water level statistics, which provide an
assessment of the expected changes in flood hazard. The model expresses these as a
change in the discharge of a flood with a certain (e.g. 100 years) return period (change in
intensity) or a change in the return period of a certain event (change in recurrence) under a
changed climate. The high-resolution digital elevation data can allow this information to be
translated into flooded areas and flood (inundation) water depths. The analysis then uses
water-depth damage functions and land-use classifications from CORINE datasets to
estimate the direct damage from each flood event, by land-use class. Losses are then
accumulated over the frequency distributions to get an overall estimate of the changes in
losses.
The CATSIM (Catastrophe Simulation model) is a framework for probabilistic analysis of the
economic impacts of natural disasters within a risk-based economic framework, which allows
for accounting for the partial equilibrium macro- and microeconomic impacts as well as the
costs and benefits of measures for reducing those impacts.

4.3

Health and Air Pollution

The impacts on human health are more difficult to value than many other sectors, because
there are no observed market prices. However, it is possible to derive monetary values for
this non-market sector, by considering the total effect on society’s welfare. This requires
analysis of three components which each capture different parts of the total effect:
• The resource costs i.e. medical treatment costs;
• The opportunity costs, in terms of lost productivity; and
• Dis-utility i.e. pain or suffering, concern and inconvenience to family and others.
The first two components can be captured relatively easily. Techniques are also available to
capture the third component, by assessing the ‘willingness to pay’ or the ‘willingness to
accept compensation’ for a particular health outcome. These are derived using survey-based
“stated” preference methods and/or “revealed” preferences methods that are based on
observed expenditures such as on consumer safety.
IMPACT2C has made use of existing unit estimates for health based impacts, and adopts
established benefit value transfer procedures to apply these values.
There are several approaches for valuing the change in the risk of mortality, for the
analysis of heat and flood deaths. These can be valued using a long-established metric, the
value of statistical life (VSL - also known as the value of a prevented fatality, VPF) and this is
used for flood related deaths. However, in the case of heat mortality, an alternative metric
can be used: the Value of a Life Year Lost (VOLY). While the VSL is more commonly used in
economic appraisal, the VOLY provides a means of explicitly accommodating differing
lengths of remaining life expectancy. This is relevant for the heat assessment, because
studies have shown that a high proportion of heat-attributable deaths brought forward in the
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elderly (short term mortality displacement). Both metrics have been used in various EC
Impact Assessments (CEC, 2005) and both have strengths and weaknesses. For heat,
IMPACT2C has therefore used both valuation metrics.
For air quality, the approach follows that used in the European Commission’s Clean Air For
Europe (CAFE) Programme, following peer review guidance, and the ClimateCost project.
The main results use a VOLY of €60,000, which is consistent with the (low) value used in EC
CAFE assessment. The VSL is also applied, using values of €1.1 million and €3.8 million.
The lower figure is also broadly consistent with the EC CAFE analysis.
The same monetary values for mortality risk and morbidity are used across all European
countries.
This analysis adopts central values from recent empirical studies for air pollution impacts on
mortality (Alberini et. al. 2006a: b); Desaigues et. al. 2011; Lindhjem et. al. 2011). These
values have also been used in impact assessment by the European Commission (CEC,
2005). The values (in 2010 prices) are:
• Value of a Prevented Fatality: €1.16m
• Value of a Life Year: €63,000.
The same monetary values for mortality risk are used for all European countries.
For heat mortality, there is little robust empirical evidence regarding the length of time lost on
average, and in practice this will vary by age at death, region and level of exposure. For the
analysis here, based on studies of air pollution impacts, the analysis has used an average
value of 0.5 years of life is lost for each heat-related death.
For acute mortality from ozone, the analysis quantifies the number of ‘premature deaths’
(deaths brought forward) and these cases are valued using a VOLY approach, assuming that
on average, each premature death leads to the loss of 12 months of life.
For Salmonellosis, the analysis has used recent values from Watkiss & Hunt (2011), which
estimate the relevant cost components of the disease, i.e. treatment costs, opportunity costs
and dis-utility costs. The sum of these components provides a range of unit values for a case
of salmonellosis, weighted by the incidence of a range of severities, of between €3,500 and
€7,000, with a central value of €5,250 for all countries.
For the loss of labour productivity, a value is derived from the GDP per labour force
member. This represents the loss to society, differentiating it from a loss of earnings
measure that reflects the loss for the individual, only. Data on average labour productivity for
EU member states was based on available EUROSTAT data (European Commission, 2011),
with assumptions about effective working days per year. This does show considerable
variation across EU27 countries but in the EU analysis below, the summary results are
presented using EU27 average productivity cost value of €287 per day.
For air quality morbidity (non-fatal) impacts, a literature review has assessed the most
appropriate values.

4.4

Agriculture

For the agricultural sector, the GLOBIOM modelling suite will assess costs directly.
GLOBIOM is a deterministic global recursively dynamic partial equilibrium model integrating
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the agricultural, bio-energy, forestry and nature conservation sectors. The models assesses
future projections of demand and supply and future crop prices, noting that these vary with
different socio-economic scenarios and according to whether global climate change is
factored in.

4.5

Water

For the water sector, a number of different risks are involved. Those risks that impact on the
quantity of water resources available for use (e.g. for irrigation) can, in principle, be
monetised on the basis of their use values as reflected in market prices. However, water
pricing in Europe is subject to significant regulation that may introduce a distortionary effect
from the true opportunity cost of the resource. The full analysis of these effects requires
information on cross-sectoral supply and demand and the water balance/any water gap.
IMPACT2C multi-model ensemble will yield spatially explicit estimations of the future water
availability in Europe. The projected water resources will be combined with the water
demand scenarios in order to estimate future water stress and scarcity.
In addition to looking at average water availability there will be a specific focus on changes in
extremes and variability. The discussion of floods was included above. Additional analysis is
being undertaken for droughts. The analysis will assess impacts on agricultural production,
forestry and ecosystems, thus allowing the costing of impacts from droughts, by using WTP
estimates to avoid water rationing combined with current water market price data, as well as
changes in value of associated products that require a significant water input.
The risks that impact on water quality result in impacts on human welfare that are generally
not captured in market prices; rather, they rely on the derivation of non-market values.
Further, the metrics used to quantify these risks do not align directly with those estimates of
non-market impacts of water quality that exist in the literature, which makes valuation more
challenging. Some member state information is available, and the potential for benefits
transfer will be explored.

4.6

Other Sectors

IMPACT2C is considering the energy sector, looking at some of the effects on demand
(WEDDA) and on power generation supply, such as on availability of cooling water and on
hydroelectricity generation. Previous studies have used a variety of different approaches.
Some studies use the long run variable energy supply costs for electricity, and future
projections of these, as this reflects the long-term variable cost components of energy supply
and therefore excludes costs that will continue to be incurred at the same level in the long
run despite marginal changes in energy use. The variable costs exclude taxes and other
charges. However, there is an issue on using such values in non-marginal cases, i.e. when
changes would be big enough to affect the long run assumptions for factors such as the
marginal cost of electricity. It is also possible to express impacts using market prices (some
studies have adopted such an approach, such as using market prices used in current energy
allocation simulations publically available from e.g. the POLES energy model). Finally, other
studies have used the marginal costs of technology (e.g. MARKAL values) and valued
reductions in supply (kWh) using the value of the next unit of electricity delivered on the
marginal cost curve (for current and future cost projections). There is also an issue over
impacts on energy security of supply, which is different. In economic terms, the cost to
consumers of a unit of electricity not supplied is much greater than the cost of the unit
supplied. This includes disruptions from major events. This can be estimated using
monetary values to estimate the expected electricity not supplied (i.e. the probabilities of
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different sizes of interruptions to the supply of electricity relative to the demand at any point
in time) multiplied by the Value of Lost Load (VOLL) (i.e. the value that customers attach to
the electricity not supplied, which can be estimated using surveys or econometric analysis).
The impacts on forests can be used using a combination of market and non-market prices.
Market prices (timber) are available and can be used directly. The potential for non-market
prices (ecosystem service value see box) include the recreational value and carbon
sequestration value. There are also some WTP unit value ranges derived for specific biomes
by the recent UNEP-sponsored TEEB: The Economics of Ecosystems and Biodiversity
(TEEB, 2010), which provide biome-specific value ranges identified by TEEB are proposed in
the present study, up-dated to €2010 prices. Previous assessments (Hunt et al, 2011) have
reviewed the potential values for LPJ model outputs and these will be considered for use in
IMPACT2C.
Box: Ecosystem Services.
It is now widely recognised that ecosystems provide multiple benefits to human society, known as
‘ecosystem services’ that are much wider than just biodiversity. These include
• Provisioning services: include the production of basic goods such as crops, livestock, water for
drinking/washing, industry, hydro-power and irrigation; fodder/or pasture/grazing, timber, biomass
fuels, fibers such as cotton and wool; minerals for energy, construction, transport; and wild plants
and animals used as sources of foods, hides, building materials, and medicines
• Regulating services: include benefits obtained as ecosystem processes affect the physical and
biological environment around them; these include water storage, flood protection, coastal/tsunami
protection, regulation of air and water quantity/quality, regulation of water flow, absorption/biodegradation of wastes, absorption of carbon dioxide, control of disease vectors, and regulation of
climate
• Cultural services: include non-material benefits that people derive from ecosystems through
spiritual enrichment, recreation, tourism, outdoors-related sports, education, heritage, bequest
value and aesthetic enjoyment. These services also include societies whose cultural identities and
religions are tied closely to particular habitats or wildlife
• Supporting services: these services are necessary for the production and maintenance of the
three other categories of ecosystem services. Examples are water cycle, nutrient cycling,
production of atmospheric oxygen, soil formation, and primary production of biomass through plant
photosynthesis

The final major sector of analysis is tourism and the changes in visitation patterns. Previous
assessments of tourism comfort index (TCI) and valuation of impact results (Amelung et al,
2011) have assessed the changes in visitation patterns using two steps. First a visitation
model was estimated, based on historical data. Subsequently, the baseline and future
scenarios (under climate change) were simulated. The historical visitation model was
developed using regression techniques. These were combined with indicators for tourist
visitation, using bed nights. The study used regression analysis to derive the TCI elasticity.
With this elasticity value, the implications of changing climatic conditions for the visitation
patterns in Europe could be projected. These changes in visitation were subsequently
converted into changes in expenditure, by multiplying the number of bed nights by the
amount of expenditure per bed night. This approach will be adopted here.

4.7

Reporting of Economic Values

Consistent with all sector-based analysis, there is an issue of how to undertake and report
economic valuation results. A common approach in previous studies (e.g. Ciscar et al, 2011;
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Watkiss et al, 2011) has been to report values in terms of constant 2010 prices in Euros for
the three time periods considered (i.e. the 2020s, 2050s and 2080s), without any
adjustments or discounting. The results are presented in this way to facilitate direct
comparison, over time, and between sectors.
This is the approach initially recommended within IMPACT2C.
However, the use of the values in subsequent policy analysis (e.g. in looking at the costs and
benefits of adaptation options to reduce these impacts), would need to work with present
values (i.e. values that are adjusted and discounted as with standard economic appraisal).
A number of other protocols relating to valuation are also highlighted. Most IA analysis
applies constant unit values for the impact categories covered across time for scenarios,
though there is a discussion of the potential change in these values with future GDP growth.
In order to provide consistent sectoral results, the project will use the same metrics.
• Base year for prices. Probably 2010 Euro.
• The approach for discounting.
o We propose a first set of results be undertaken in current prices with no
discounting. This provides an internal set to allow direct comparison – note
that we do not advance this as the economically correct approach.
o For subsequent adaptation assessment, for discounted results, we are
proposing a range of values. It is appropriate to include the European
standard impact assessment rate (4%), plus some sensitivity that would
correspond to lower rates and declining rates.
o Guidance will be produced for adjustment of values over time to reflect
economic growth, changes in relative resource scarcity, etc .In some sectors
we will apply an uplift to figures, e.g. for health, reflecting the increased
willingness to pay as incomes rise.
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5 Adaptation
In IMPACT2C, Work Packages 6-11 are concerned with impact assessment and eventually
the estimation of adaptation strategies and adaptation costs. While adaptation does not
specifically fall within this work package or the deliverable, it is important to link the impact
harmonisation above to the adaptation analysis, in order to ensure a harmonised approach
within the project, and to align outputs from the IA to inputs for adaptation.

5.1

Adaptation in Impact Assessment Frameworks

Chapter 1 outlined a number of recent impact assessments at Member State and National
Level in Europe. The majority of the older studies do not have a focus on adaptation - in fact
adaptation is generally presented as a description of potential adaptation responses, or a list
of options. They have therefore not been particularly influential in driving adaptation policy.
As outlined by Füssel and Klein (2006), this is because they have:
• Insufficient consideration of more pressing immediate and short term policy issues;
• Insufficient knowledge of future climate conditions on the scale relevant for adaptation
decisions
• Insufficient consideration of the full diversity of adaptation options in most climate impact
models;
• Insufficient consideration of the factors determining the adaptation process itself,
including adaptive capacity;
• Insufficient consideration of the key actors and of the policy context for adaptation.
More recent studies are evolving to address these aspects, but the focus on scenario based
impact assessments is still towards the consideration of impacts, rather than adaptation.
More recent studies have assessed adaptation, and tried to include adaptation within a
scenario based impact assessment framework. Examples of this approach were undertaken
in the ClimateCost study (Watkiss et al, 2011), which looked at adaptation – and estimated
adaptation costs (and benefits) for coastal and river flooding, and some initial analysis in the
health, energy and agricultural sectors. These provide a useful starting point for IMPACT2C.
However, these types of impact assessment driven studies tend to treat adaptation as a
series of technical options, which reduce down impacts. More importantly to allow the
quantification of adaptation costs and benefits, they have to assume perfect foresight and
adopt a predict-and-optimise based approach, e.g. they pick a defined scenario, then look at
the amount of adaptation for that specific scenario for specific future time periods.
They largely omit capacity building and soft (non-technical measures) and they do not
consider the uncertainty associated with the range of scenario and climate model projections.
As a result, the adaptation information such assessments generate is limited – mostly
providing headline estimates of the cost and benefits (or cost-effectiveness) of adaptation,
but providing limited use for practical adaptation policy.
Further, they do not take account of the lessons over the past decade on adaptation, i.e. that:
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•

•
•

•
•
•
•
•

Adaptation is characterised by uncertainty, and the framework of adaptation has now
moved to decision making under uncertainty, and iterative adaptive management
frameworks. This emphasizes the need for robustness, resilience and flexibility.
Adaptation is best recognised as a process (Adger et al, 2005; Brown et al, 2011) rather
than a one off static decision.
There are likely to be existing adaptation deficits (Parry et al, 2009), and short-term
adaptation is more likely to be focused on existing and short-term climate variability,
rather than long-term trends.
The objectives of adaptation determine the level of adaptation, and the costs and benefits
(e.g. see Watkiss et al, 2011).
There will be large spatial variation in adaptation (adaptation is classically referred to as
local) and very large variations spatially and temporally.
Individual and organisational constraints apply, and there is a need to consider existing
conditions, and current policies and responsibilities (Berkhout et al, 2006).
Adaptation is about much more than climate change, and requires consideration of many
non-climatic drivers, many of which will be more important.
It will involve mal-adaptation.

These issues also translate across to the costs of adaptation.
It is very difficult to move beyond a classical predict and optimise based approach for
adaptation when using a classical impact assessment modelling framework, because this
requires framing the issue of adaptation differently – starting with the current and moving to
the future, and capturing many types of adaptation (such as capacity) and types of options
(non-technical measures) not included in the analysis.
Nonetheless, an IA framework does provide information that is useful for adaptation, even if
the analysis of adaptation subsequently happens as part of an off-line analysis (i.e. separate
to the model).

5.2

Including adaptation in the IMPACT2C models

Deliverable 5.2 has reviewed the issues on the consideration of adaptation within
IMPACT2C, and in particular, the consideration of uncertainty and the approaches that could
be used to address this. Building on this review, we consider the potential for adaptation in
the project, linking to the impact assessment and costing discussion the previous chapters.
The study has first conducted a review of the existing literature including an overview of the
different methods of costing adaptation and their use in the IMPACT2C models.
The DIVA model has adaptation built within the modelling framework. The model estimates
total annual capital adaptation cost in Euros (2005 prices). This includes the sum of sea
dikes, river dikes and beach nourishment. Dikes are constructed where population density is
greater than 1 person/km2 and is thereafter based on a demand for safety. Therefore, the
higher the population density, the greater the protection. Beach nourishment is estimated on
a CBA algorithm. This therefore includes hard adaptation for flood protection and soft
protection for coastal erosion. However, the analysis is limited to these specific adaptation
measures only. While this allows analysis of the costs and benefits for defined future
projections of sea level rise, this does not fully capture uncertainty and works with a very
limited number of options. Other effects (and linkages) are not included, for example,
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adaptation for salinisation, and wetland loss are not included. This can also lead to some
conflicts, for example, fixed coastal defences (protection) might lead to ‘coastal squeeze’
(preventing onshore migration of coastal ecosystems). Work within the project will look to
expand the existing framework, considering the potential for building uncertainty or iterative
pathways within the analysis (either within the model or through linked analysis).
The extension of the Lisflood model to consider adaptation has progressed (Feyen et al,
2011). The study considered minimum protection levels across Europe to a 1 in 100-year
event. It estimated the benefits of such protection levels and the costs of adaptation to
maintain these levels against future climate change (a future 100-year event may correspond
to a current 150-year event, in which case, future protection is against a current 150-year
event). The benefits were estimated directly in the model, by assessing future protection
levels under BAU and with minimum protection levels. The cost of adaptation was based on
previous assessments and CB ratios, rather than using an algorithm within the model to
estimate. Further work will be undertaken to expand this existing work, looking at specific
options, to see if the analysis can be incorporated more directly within the model, and looking
to consider adaptation within a robust or iterative framework that considers uncertainty.
The existing modelling suite for agriculture and forest already includes some potential for
adaptation. For foresty, the Global Forest Model (G4M) chooses which of the land use
processes (afforestation, reforestation, deforestation, or conservation and forest
management options) would be applied in a specific location, based on land prices, cost of
forest production and harvesting, site productivity, population density, and estimates of
economic growth. Similarly, many of the agricultural models in the study have farm level
adaptation options available. As an example, EPIC has many detailed routines simulating a
large set of management options (different irrigation options, crop rotations, planting dates)
that can be used as adaptation options. Finally, GLOBIOM is a deterministic global
recursively dynamic partial equilibrium model integrating the agricultural, bio-energy, forestry
and nature conservation sectors. In IMPACT2C, the plan is to reformulate GLOBIOM into a
fully stochastic version to be consistent with the proposed iterative risk management
approach. Furthermore, the study will explore trade-offs between mitigation and adaptation:
looking at the example of agriculture, international trade and more efficient irrigation might
offer some scope for adaptation in the face of the impacts of increasing temperatures on
yields, but this is in conflict with other existing policies.
The assessment of the other models currently shows more limited consideration of
adaptation, but the study will expand these to consider options. As example, for the health
sector, the analysis will take the impacts results and look at decision making under
uncertainty (following D5.2) and identify adaptation options that can be introduced for air
quality and climate related health impacts, considering this in terms of early options, shortterm and longer term options within iterative frameworks. The task will assess the potential
costs of these options at the pan-European level and assess the potential benefits.
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